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Abstract: This paper analyses the firms’ chances to consider circular economy as a part of the corporate
strategy. The analysis of four Italian firms engaged in circular economy programs allows us to detect
its connections with the corporate strategy, the real activities involved, the supply chain network
ensuring circularity, the industrial symbiosis, as well as the links with performance. Our findings
highlight that circular economy is a true business lever when the corporate strategy complements
and supports its development. This allows firms to achieve high level targets that go beyond the
traditional targets of social, environmental, and economic performance, and include circular supply
chain, eco-innovations, and industrial symbiosis.
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1. Introduction

Our planet is experiencing accelerated climate change and environmental degradation [1].
The material consumption is expected to double over the next forty years along with an annual waste
generation increase of 70% by 2050 [2]. Furthermore, the public pressure on environmental issues,
strict regulations, and the high levels of competition push firms to include environmental concerns,
actions, and targets into their strategic planning and progressively adopt circular business models [3].
Firms adopting a circular economy (CE) can significantly contribute to achieve climate neutrality by
2050 and decouple economic growth from resource use. In fact, CE is indeed a key approach for the
transition to a more sustainable economic paradigm that enables the minimization of resource usage,
waste, emissions, and energy leakages as well as the closing of material and energy loops [4].

Embracing the CE systems and strategies requires changes at macro and micro levels. At the
macro level, the European Union has sponsored the Circular Economy Action Plan in 2015. This
plan specifies the opportunity for countries to invest in the area of CE and be evaluated by a specific
monitoring platform called the Circular Economy Monitoring Framework. Italy has undertaken the
EU’s plan by initializing the National Strategy for Sustainable Development (approved in 2017), which
consists of a national CE strategy and action plan. This plan, used at a micro level, allows firms to have
a great opportunity for implementing CE systems and being supported by the Italian government’s
actions and funds.

Sustainable economic systems and circular business models are attracting the attention of both
researchers and practitioners. Companies are progressively integrating sustainability into their
corporate goals and are actively engaging with their stakeholders on corporate social responsibility
(CSR) targets [5]. In this context, as highlighted in Ref. [6], CE represents a real opportunity to integrate
sustainability into the company’s vision and reconcile CSR goals. This paper seeks to find how CE,
besides sustainability, can also exert a real business opportunity for companies and a tool to integrate
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within the Supply Chain (SC) network. In fact, the CE paradigm needs the firms’ boundaries be
extended to supply chains partners that have the same orientation towards circularity. Among the
extant literature, Ref. [7] have conceptualized a unifying definition of circular supply chain (CSC)
management. The latter consists of a set of green strategies and CE practices enabling the continuous
circulation of value and resources, collaborations with both upstream/downstream partners as well as
industrial partners [8]. CSCs are sustainable enablers that currently require more investigation [9]. In
fact, firms still need to identify the path for developing CSCs [7]. Accordingly, this research aims at
investigating the current CE practices available to successfully implement CSCs.

From the methodological side, this study develops a multiple case study analysis of four Italian
companies working in different sectors. Our findings show that CE is a business opportunity for
companies. However, its success requires both the shareholders’ and top management’s engagement to
drive technology and innovation projects as well as industrial partnerships with the intent to implement
integrated CSCs and effectively push for both cultural and organizational changes. Therefore,
companies engaging in CE enjoy growth and competitiveness along with social, economic, and
environmental benefits

This study is organized as follows. The next section provides a literature review on circular
economy and circular supply chains, CSC implementation aspects, and CE main benefits. Then, the
methodology section provides details on the research approach used to collect data. The findings
and discussion sections present key results and provide answers to the questions emerging from the
literature. The study ends by providing conclusions and limitations.

2. Literature Review

2.1. Introduction to Circular Economy and Its Implementation

Environmental impacts are jeopardizing the Earth’s life-support systems [10,11] and the
conventional business modus operandi “take-make-dispose” is no longer sufficient [12]. In this
context, the concept of CE has acquired growing attention from both researchers and practitioners and
was motivated by ecological degradation, changing socio-economic needs, and dynamic regulatory
landscapes. We used the definition by Ref. [13] according to who a CE is “an economic system that is
based on business models that replace the ‘end-of-life’ concept with reducing, alternatively reusing,
recycling and recovering materials in production/distribution and consumption processes; thus, it
applies 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 by
creating environmental quality, economic prosperity, and social equity, and benefits for both the current
and the future generations”. The implementation of CE consists of reducing materials’ usage and
substituting them with easily upgradable and long-lasting products or products made with renewable
resources and/or through resource recovery processes (recycling, upcycling, downcycling). When
adopting CE, companies need to involve and integrate all the business functions over their network
through the implementation of circular supply chains (CSCs). In this context, companies should also
consider the EU Waste Framework Directive and its hierarchy of waste, which allows us to identify the
main practices that companies can implement:

� Prolong and share: prolong product/material lifespan through proper design and maintenance;
share products to provide access to the related services as well as to other customers;

� Reuse/redistribute: use multiple times or also redistribute to new users;
� Refurbishing/remanufacturing: implement an “aesthetic process” to repair generally without

disassembling; replace bad components to bring the product at a “like new state”;
� Recycle: reduce to basic materials and reuse at least a part of them to generate new products;
� Cascades: implement the biological cycle until the material returns as a nutrient to the soil.
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Considering that the knowledge and the tools for bringing CE into practice still need to be fully
developed and deeply analyzed [8], we seek to answer the following research question:

RQ1. How is circular economy really implemented by companies?

2.2. Circular Economy Role within Corporate Strategies

Nowadays, firms need new corporate strategies and models to safeguard profitability and
competitiveness as well as the heritage of natural resources. Governments and international
organizations promote initiatives to accelerate the shift to new policies [14]. In view of the external
pressure, firms have to achieve the triple bottom line, pursuing economic performance, improving the
environmental impacts and contributing to society [15]. These targets can be achieved by progressively
integrating sustainability into the corporate goals [5]. An active engagement on CSR generates favorable
stakeholder attitudes in supporting green initiatives. As highlighted by Ref. [6], CE represents an
enormous opportunity to integrate sustainability into the company’s vision and reconcile economic,
environmental, and social goals. In Ref. [16], the authors show the benefits that companies obtain when
they move from a non-integrated to an integrated CE program, which requires trust, commitments, and
support from the top management. The top management attention and leadership are fundamental to
drive CE strategies towards long-term growth and competitiveness [17].

Indeed, firms can respond to sustainability challenges in a different way, either proactively or
defensively, according to the business models and priorities. Some firms promote green and circular
initiatives to pursue “ethical leadership” and generate positive impacts on the corporate’s image [18];
other firms mainly target cost reduction through a better usage of raw materials while other firms
focus on energy consumption and savings [19]. Nonetheless, the adoption of CE principles requires
a fundamental shift in the way of conducting business, focusing towards designing out waste and
pollution, keeping products and materials in use, and regenerating natural systems. Following these
principles and practices, CE implementation articulates on the following main pillars and related
business models [20]:

� Circular inputs: use of bio-based or potentially completely recyclable material; use of renewable
energy to reduce the environmental footprint;

� Sharing platforms: collaborative models between users and owners for the use/access of goods
and services to increase the usage rates;

� Product as a service: leaving the product ownership to the producer in order to increase
resource productivity;

� Resource recovery: recover usable resources/energy from waste or products;
� Product use extension: prolongation of product use and life through modular design, repair,

upgrading, and resale.

Considering that sustainable development and, in particular, the CE adoption and implementation
are long-term goals that require the intervention and guidance of top management, we seek to address
the following research question:

RQ2. How does circular economy relate to corporate strategy?

2.3. Circular Supply Chains

SCs allow coordination with partners that also considers environmental practices [8,21]. This
coordination becomes a key element to achieve a successful CE since SCs allow firms to align also in
terms of environmental targets [22] and sponsors the development of Circular Supply Chain (CSC)
Management. CSC is defined as “the integration of circular thinking into the management of the supply
chains and its surrounding industrial and natural ecosystems. It systematically restores materials
toward a zero-waste vision through innovation from product/service design to end-of-life and waste
management, involving all stakeholders” [4,7].
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CSCs imply new design approaches that incorporate the concept of lifetime extension, reuse/

recycling processes as well as take back, refurbish, and resell tasks [4]. CSCs also include green
manufacturing and cleaner production, focused on high levels of eco-efficiency that is reached through
environmental protection and resource conservation [23]. In particular, Ref. [24] have conceptualized
the transition from the linear supply chain to the circular supply chain. Considering the backward
flows, the reverse logistics process is a key driver to make it possible [25]. Reverse processes can imply
closed-loop systems, where materials or products are returned back to the original manufacturers [26],
or open-loop systems when the end-of-life/use goods are recovered by other parties [27].

CSCs enable processes that improve the lifespan of products, the material regeneration [28],
and the value recovery from waste through the collaboration with organizations in other industrial
sectors [29]. In this latter case, collaborative business approaches that increase the resource efficiency
are known with the term industrial symbiosis (IS). “IS engages multiple organizations in a network
to foster eco-innovation . . . creating and sharing knowledge . . . for novel sourcing of required
inputs, value-added destinations for non-product outputs, and improved business and technical
processes” [30]. The resulting mutual benefits in terms of cost reduction, increased revenues, and
competitive advantages transform synergies into attractive business opportunities.

The implementation of CSCs can be fostered through technologies that enable higher levels of
efficiency and transparency. Blockchain is a typical technology that can help firms implement the CSC
by granting information transparency, reliability, and traceability [31,32]. By using an optimization
algorithm to solve a problem with a complex supply chain with four tiers, Ref. [33] shows that the
use of blockchain technology in a circular economy can help companies and SCs to record emissions
over the SC and develop a true green SC. Some new technologies enable the production of specific
materials—“material technology”—designed to fit with biological and technical-circular processes and
are thus biodegradable or easily recyclable/dismantlable. Three-dimensional printing and augmented
reality are instead more suitable for product design and manufacturing processes [34]. In Ref. [35],
the authors demonstrated that the artificial intelligence system developed by IBM and named Supply
Chain Insights allows firms to reduce the uncertainty linked to environmental collaboration and global
sourcing management. In Ref. [7], the authors introduced a survey on CE and identified the main keys
to optimize the CE network. They suggested taking a closer look to all Industry 4.0 technologies since
they offer potential benefits to improve CE performance. An effective CE requires synergies among all
actors and across industries and sectors [36].

In this complex system, firms need to develop CSCs to monitor and track performance [37]. Among
the institutional initiatives developed for CE measurement, the EU “Circular Economy Monitoring
Framework” (EMF) is an important tool that consists of four dimensions: production and consumption,
waste management, secondary raw materials, competitiveness and innovation. These dimensions seek
to track CE systems [38]. Furthermore, the EMF has elaborated an index to specifically support the
entrepreneurial system, the Material Circularity Indicator. This latter is composed by 10 sub-indicators:
the first four relate strictly to the CE and include the percentage of virgin raw material, the amount of
non-recoverable waste, the percentage of material with linear flow, and the product usage intensity.
The remaining six sub-indicators refer instead to the additional risk and impact factors [37].

In line with the aforementioned indicators, the Life Cycle Assessment (LCA) is a tool that quantifies
the sustainability impacts of various products, processes, and industrial systems for both research and
practical needs [1,39]. Based on life cycle thinking, the LCA defines the consumption of resources
(materials, water, energy) and the impacts on the surrounding environment at all the stages of the
product/service life cycle [40]. The steps included are the definition of goals and scope, the definition
of the life cycle inventory (input–output), the assessment of the environmental impacts and the final
interpretation of the results [41]. The evolution in the use of the LCA approach was studied in Ref. [42],
from a mere energy analysis to a more comprehensive assessment including measurements of resource
requirements, emission loadings, and the generated waste. The comprehensive scope of the LCA makes
it useful not only to provide a complete evaluation but also to prevent a shift among phases, geographic
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regions, or environmental issues [43]. In the end, in view of the role of CSCs as enablers of the business
response to the principles of the CE and the needs for a more comprehensive understanding, we sought
to answer the following research question:

RQ3. What are the sustainability programs adopted for implementing circular supply chains?

2.4. The Relational Dimension of the Circular Economy

The CE thinking implies adjustments/changes at all the stages of the supply chain and requires
a shared CE-oriented vision among all the stakeholders involved [44]. The involvement of multiple
stakeholders and the development of deep working relations can, indeed, be fundamental to pursue
mutually supporting progress and a higher level of competitiveness [45].

The literature has documented the importance of the relational structure within SCs; how
collaboration and interactions between SC members can lead to superior operational and environmental
performances [24,46]. Around 70% of the products cost refers to raw materials [47]. In particular, the
stakeholders’ involvement can support a more effective sustainability approach and the transition
toward the CE [26]. Consortia are fundamental in CSCs as they enable the valorization of waste as new
resources, contribute to a growing recovery system and material usage. Furthermore, Ref. [48] have
empirically analyzed supplier participation in green initiatives and have shown how suppliers can
foster the greening transformation and ensure high efficiency and responsiveness [49]. Furthermore,
critical SC relationships can lead to resources and knowledge sharing, better risk management and
higher organizational sustainability [50,51].

Considering these data, supplier and partner selection is becoming a crucial routine for
implementing successful CSCs. The modern selection criteria go beyond standard features like
price, quality, and lead time [52] and include green practices, programs, and attitudes [53]. Companies
look for suppliers that are concerned about environmental issues and are able to provide technically
restorative and regenerative materials [26]. The new criteria for sustainable supplier selection can
include environmental certifications, pollution control indicators, the level of substitution of discarded
products with respect to original virgin materials, and processes implemented to be green (quality
checks, disassembling, etc.) [34]. The sustainability efforts of manufacturers, suppliers, and retailers
should be aligned to meet the expectations of the targeted market segments; much of the SC success
depends on the ability to predict and meet customers’ expectations [54]. In particular, customers have
an active role in the recovery of products and the recycling of waste materials; companies should
encourage green purchasing behaviors [55], and support higher levels of awareness and education on
sustainability issues [7].

Within the relational dimension, industrial symbiosis (IS) is progressively contributing to the
development of CE. The role of IS as a modern device to foster eco-innovation and sustainability was
recognized by the authors in Ref. 30]. Creating and sharing knowledge among companies provides
mutually profitable transactions for the novel sourcing of inputs, valuable destinations for non-product
outputs, and improved processes [30]. More recently, Ref. [45] also showed how companies can find an
innovative and optimized source of inputs through IS. IS is a fertile ground for eco-innovation leading
to environmental benefits, competitiveness, and economic growth [56,57]. In this context, the concepts
of sustainable oriented innovation (SOI) and of collaborative circular innovation (COI) are emerging.
COI, in particular, is emphasizing the role of collaborative approaches for the development of the
radical innovations required by CE and fosters additional related benefits such as access to resources,
new markets, and enhanced skills, as well as eventually shared risks [58]. In order to better identify the
main stakeholders and understand how they interact in the CE context, we investigated the following
research question:

RQ4. Which stakeholders and IS do contribute the most to the implemenation of circular supply chain?
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2.5. Circular Economy Main Benefits and Opportunities

The implementation of CE is motivated by the potential benefits related to environmental, economic,
and social performance, that is, the Triple Bottom Line. The pressure from climate change and global
warming are accelerating firms’ willingness to adopt CE. The authors in Ref. [59] have explored the
impacts of green practices on financial and operational performances and have concluded that the
adoption of green practices (GPs) is conducive to enhance organization environmental performance.
Accordingly, companies can increase operational efficiency and reduce the costs associated with
waste and energy consumption. It was demonstrated in Ref. [46] that greening the supply chain can
positively contribute to a firm’s economic performance, reducing costs, and to exploiting new market
opportunities. Cost reduction, in particular, is a short-term benefit induced by process innovation [60]
and low environmental taxes [61]. Firms can increase revenues mainly due to the introduction of
new green products, flows exchange (selling waste as input to another industry) [62], and market
reputation effect [16]. In addition, especially considering product-service models, firms can obtain
concrete benefits from enhancing relations with customers [63] and improving their customer behavior
understanding [64].

The literature highlighted that some of the economic benefits were aligned with environmental
benefits. The authors in [65] estimated that firms adopting process innovations based on Industry
4.0 investments can decrease their emissions by up to 30% and get a positive side effect on demand
of up to 20%. Considering that “Circular economy draws from the purest values of CSR and puts
them to practice” [66], both CE and CSR can help achieve the sustainable development goals for
citizens, institutions, and corporations. An effective corporate commitment to involving stakeholders,
shown in Ref. [66], can have relevant implications in terms of CSR reporting, since companies
maintain a continuous and interactive dialogue with their stakeholders to obtain their support and
positive engagement.

Moreover, many studies have shown that, throughout CSR activities, firms can obtain favorable
consumer awareness and attitudes with also positive effects on corporate image and reputation in
the long run [67,68]. In the case of voluntary environmental disclosures, companies can benefit from
positive impacts even with poor performances. Corporate reputation, in particular, is a result of the
company’s management actions and behavior and CSR engagement can be a particularly effective
to build reputation as a form of strategic investment [69] and gain competitive advantage. Beyond
companies’ initiatives and reporting, governments can have an active and crucial role. Governmental
initiatives relate to removing barriers, shaping markets, influencing behaviors, and promoting public
demand for sustainable products [70]. All this can translate into appropriate policies and guidelines and
more concretely, into strategic plans and incentives that can provide a financial support to companies
for CE implementation and environmentally oriented innovation. In this context, the European
Commission, with the European Green Deal’s Investment Plan and a specific “Circular Economy
Action Plan”, will mobilize public and private funds to promote initiatives for the transition towards
circular practices and green economy [71].

In the end, considering the need to further investigate the potential opportunities offered by the
CE implementation and the importance of having concrete proof of them, the fifth research question is:

RQ5. What are the main opportunities for firms through circular economy?

2.6. Conceptual Framework

Starting from the literature review, the conceptual model displayed in Figure 1 has been developed
to provide a theoretical background to answer to the research questions.
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Figure 1. Conceptual Framework.

3. Methodology

To answer the research questions 1–5, a multiple case study approach was adopted. This method
allows a flexible data collection, appropriate for analyzing supply chains and managerial issues
through empirical enquiries [72,73]. This method is appropriate to address qualitative questions such
as “how” in the research process [74], also enabling a holistic and in-depth investigation. Following the
recommendation of Ref. [75], four stages were followed in the case study implementation: designing
the case study, conducting the case study, analyzing the evidence, as well as developing conclusions,
recommendations and implications, as detailed in Figure 2.
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Figure 2. Research design about Circular Economy (CE) and Circular Supply Chain (CSC).

3.1. Case Selection

This study concentrated on one country to have more homogenous results and as it was considered
desirable before moving to a wider European analysis. Italy was selected as it is the country that,
according to “The Circularity Economy Update”, that provides an overview of CE in Europe, is among
the countries with the highest compounded ranking for CE implementation.

To pursue the objectives of our study, two main sources were used as a starting point for the
analysis: the “100 Italian circular economy stories” produced by Enel/Symbola [74] and the “Circular
Economy” project by Confindustria in 2019. Enel S.p.A. is an Italian multinational energy Group
and one of the main global integrated operators in the electricity and gas sectors. Symbola is an
Italian foundation, networking different subjects in politics, economy and institutions, focused on
sustainability. Confindustria is the main organization representing Italian manufacturing and service
companies. A first set of companies has been selected from the ones listed in the two studies,
including the ones producing a sustainability report or having a comprehensive CE section in their
corporate website. A subset of exemplary companies, operating in various industrial sectors, have been
preliminarily contacted and the final selection of the cases has been done focusing on those companies
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having implemented more interesting and successful CE models. Given the variety of industrial sectors
represented and the diversity of sustainable activities being performed, the cases were selected from
four different industrial sectors. Table 1 provides an overview of the case studies under analysis.

Table 1. Case companies overview.

AQUAFIL FAVINI FERALPI ITELYUM

Industrial sector Textile industry Paper industry Steel industry Materials regeneration and industrial
waste management industries

Type Manufacturer Manufacturer Manufacturer Manufacturer
Revenues 549 million € 160 million € 1302 million € 300 million €

Main CE ouput
Regenerated and

infinitely recyclable
nylon

Ecological paper from
the creative reuse of

industrial waste

Steel from scrap,
by-products and additives

from production waste

Regenerated waste oil, recovered
exhausted pharmaceutical streams,

hazardous waste valorization

3.2. Data Collection

Both primary and secondary data were used in conducting the study. The secondary data include
the two aforementioned studies, providing an extensive set of companies active in the Italian CE
context, the companies’ sustainability reports and websites as well as national and European reports
about CE and environmental issues such as the EU Environmental Implementation Review 2019,
Country Report—ITALY” [71] and the “The Circularity Economy Update”. Primary data are made of
the information collected through a specific questionnaire followed by semi-structured interviews and
further follow-up contacts for clarifications and additional details. We interviewed professionals linked
to the area of environmental management as well as managers and experts occupying positions in the
business units specialized in green strategies. The open-answer questionnaire has been conceived to
collect a wide set of information and insights about CE adoption and CSC implementations, within
different industrial sectors.

3.3. Data Analysis

As suggested by Ref. [75], multiple sources of evidence have been used to ensure and construct the
study validity. The triangulation of the questionnaire and interviews outcome has been performed with
the secondary data sources. Initially, the information collected was structured in a database to enable an
overall overview of the Italian CE scenario. Then, the information gathered from the questionnaire and
the interviews was integrated with the data from the companies’ reports and websites and organized
into four individual case files. In view of the conclusion drawing, data reduction and display were
implemented selecting only the most significant content and organizing it in a matrix format. In
addition, the displayed data supported comparative analysis and conclusions.

4. Case Description

4.1. Aquafil

Aquafil is a leading international player in the production of premium synthetic yarns and
polymers operating mainly in Europe, US and Asia. Founded in 1965 (Arno, Italy), the company is
listed on the Milan Stock Exchange since 2017 and in 2019 it recorded EUR 549 million in revenues.
Starting from standard caprolactam, obtained from oil derivatives, and ECONYL caprolactam, internally
produced from pre- and post-consumer waste, Aquafil’s main product areas are:

- Bulk continuous filament (BCF): flooring solutions for contract, automotive and residential markets;
- Nylon textile filament (NTF): textile solutions for clothing and fashion, swimwear and

sportswear sectors;
- Engineering plastics (EP): polyamide and polyester polymer plants for compounders.

Since the 1990s, Aquafil has demonstrated a strong commitment to the CE; developing high-quality
products from recovered resources and launching many circular projects. The most important result of
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CE adoption by Aquafil is ECONYL®, a regenerated and infinitely recyclable nylon that has the same
quality characteristics and performances as the virgin nylon and with a much lower environmental
impact. ECONYL® is obtained from pre- and post-consumer waste (such as fishing and aquaculture
nets, old carpet, textile and plastic industry waste) through an innovative patented regeneration
process, the ECONYL® Regeneration System (Figure 3).

Sustainability 2020, 12, x FOR PEER REVIEW  9  of  25 

‐ Nylon  textile  filament  (NTF):  textile  solutions  for  clothing  and  fashion,  swimwear  and 

sportswear sectors; 

‐ Engineering plastics (EP): polyamide and polyester polymer plants for compounders. 

Since  the 1990s, Aquafil has demonstrated a strong commitment  to  the CE; developing high‐

quality products from recovered resources and launching many circular projects. The most important 

result of CE adoption by Aquafil is ECONYL®, a regenerated and infinitely recyclable nylon that has 

the  same  quality  characteristics  and  performances  as  the  virgin  nylon  and with  a much  lower 

environmental impact. ECONYL® is obtained from pre‐ and post‐consumer waste (such as fishing 

and aquaculture nets, old carpet, textile and plastic industry waste) through an innovative patented 

regeneration process, the ECONYL® Regeneration System (Figure 3). 

 

Figure 3. Aquafil’s process. 

The  adoption  of  CE  in  Aquafil  is  part  of  a  specific  corporate  strategy,  supported  by  the 

shareholders, which has defined a set of internal principles (ECO PLEDGE) to guide and inspire the 

work of the company towards excellence and innovation with the commitment to sustainability. 

Within  the ECONYL Regeneration  System, Aquafil has  activated  the ECONYL® Reclaiming 

Program,  a  reverse  supply  chain  system  for  waste  recovery.  On  the  one  side,  it  involves  net 

producers, fishing and aquaculture industries and other players involved in the sorting and selection 

of the materials; on the other, in terms of carpets and rugs, Aquafil has developed a partnership with 

Tarkett for using their innovative technology to separate carpet tiles at the end of their life cycle into 

their  two main  components  (yarn and  its backing) maintaining over 95% yarn purity. Moreover, 

Aquafil has created two plants in the US entirely dedicated to the recycling processes (deconstruction 

and fractionation). In addition, Aquafil has recently launched take‐back programs with big fashion 

players such as Napaijri, Gucci and Speedo. 

The Bio‐Nylon initiative has been activated, since 2017, through a multiyear cooperation with 

Genomatica Inc. aiming at using only renewable plant‐based materials, replacing those derived from 

crude oil. At the same time, Aquafil started the coordination of the EFFECTIVE project, one of the 

main  industrial  initiatives  in  the bio‐nylon  field,  financially  supported by  the European  research 

program H2020. 

An industrial symbiosis initiative was initiated by AquafilSLO, a company of the group, which 

gives excess  thermal energy  to  the Atlantis water park  in Ljubljana,  reducing  the  impact and  the 

energy waste  of  its  activities.  Since  2016, Aquafil  is  also  implementing  the ECONYL® Qualified 

Programme  for  the  development  of  an  environmental  qualification  protocol  for  suppliers.  The 

program  defines  the  required  environmental  criteria  in  terms  of material  usage  and  production 

process management to reduce the impact of the whole ECONYL® supply chain. 

Moving from traditional products to ECONYL®, Aquafil, as certified by an external LCA study, 

has obtained an 80% reduction in the greenhouse gas emissions generated by the production of raw 

material  and  has  also  regenerated  a  great  amount  of  waste material  that  would  otherwise  be 

landfilled or  end up polluting  the  environment. Moreover,  around  the  70% of  the Group’s  total 

consumption of electricity and thermal energy comes from renewable sources. In terms of economic 

benefits, the implementation of CE has been inspired by a long‐term vision that has enabled Aquafil 

to match  the growing demand of sustainable products and achieve company growth and market 
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The adoption of CE in Aquafil is part of a specific corporate strategy, supported by the shareholders,
which has defined a set of internal principles (ECO PLEDGE) to guide and inspire the work of the
company towards excellence and innovation with the commitment to sustainability.

Within the ECONYL Regeneration System, Aquafil has activated the ECONYL® Reclaiming
Program, a reverse supply chain system for waste recovery. On the one side, it involves net producers,
fishing and aquaculture industries and other players involved in the sorting and selection of the
materials; on the other, in terms of carpets and rugs, Aquafil has developed a partnership with Tarkett
for using their innovative technology to separate carpet tiles at the end of their life cycle into their
two main components (yarn and its backing) maintaining over 95% yarn purity. Moreover, Aquafil
has created two plants in the US entirely dedicated to the recycling processes (deconstruction and
fractionation). In addition, Aquafil has recently launched take-back programs with big fashion players
such as Napaijri, Gucci and Speedo.

The Bio-Nylon initiative has been activated, since 2017, through a multiyear cooperation with
Genomatica Inc. aiming at using only renewable plant-based materials, replacing those derived from
crude oil. At the same time, Aquafil started the coordination of the EFFECTIVE project, one of the
main industrial initiatives in the bio-nylon field, financially supported by the European research
program H2020.

An industrial symbiosis initiative was initiated by AquafilSLO, a company of the group, which
gives excess thermal energy to the Atlantis water park in Ljubljana, reducing the impact and the energy
waste of its activities. Since 2016, Aquafil is also implementing the ECONYL® Qualified Programme
for the development of an environmental qualification protocol for suppliers. The program defines the
required environmental criteria in terms of material usage and production process management to
reduce the impact of the whole ECONYL® supply chain.

Moving from traditional products to ECONYL®, Aquafil, as certified by an external LCA study,
has obtained an 80% reduction in the greenhouse gas emissions generated by the production of raw
material and has also regenerated a great amount of waste material that would otherwise be landfilled
or end up polluting the environment. Moreover, around the 70% of the Group’s total consumption
of electricity and thermal energy comes from renewable sources. In terms of economic benefits, the
implementation of CE has been inspired by a long-term vision that has enabled Aquafil to match
the growing demand of sustainable products and achieve company growth and market penetration.
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Current developments include: the replacement (by 2021) of all nylon used by Prada with ENONYL®,
the first circular economy jacket by Napapijri, the new special line of rugs by Sarawagi Rugs and the
new sunglasses collection by Karün.

4.2. Favini

Favini is a worldwide leader company in the design and production of textile and finishing
solutions for fashion, luxury, design, IT, and technical sportswear sectors. Favini also makes stationary
for the leisure and high-end office market. With around EUR 160 million in revenues, its roots can
be traced back to 1906 when the Favini family purchased an old paper factory (1736) in Rossano
Veneto. Since the 1990s, Favini has paid attention to ecology and environmental protection. Initially,
the company introduced the Alga Carta, a special paper containing algae, created to use the build-up
of algae that was harming the ecosystem of the Venetian Lagoon. Subsequently, Favini has become
specialized in manufacturing paper using industrial scraps/residues and is now a leading global
producer of graphics specialties, based on natural fibers, for the packaging of luxury and fashion
industries. The main outcome of CE adoption by Favini is the paper obtained from the creative reuse
of industrial residues from other supply chains (agro-industrial, leather, and textile sectors). These
practices have led to the development of specific paper product lines:

- Shiro Echo: produced with 100% recycled fibers;
- Tree Free: made with fibers from annual plants such as bamboo and cotton linters;
- Alga Carta: produced with algae coming from at-risk lagoon environments;
- Crush: produced with 15% cellulose from agro-industrial by-products (corn, citrus, kiwi, olives,

almonds, hazelnuts, coffee, lavender, cherry and grapes);
- Refit: made with 15% by-products from wool and cotton textile processing;
- Remake: containing 25% of leather offcuts and shavings.

Since the 1990s, CE adoption has been an important element of the corporate strategy. Favini
started out by implementing the circular model when the demand for ecological paper was practically
zero and companies were not yet geared towards sustainable supply chains (see Figure 4 for all details).
Favini indeed is now able to reap the benefits of having been a first mover and can boast important
results, compared to other companies in the sector that are still mainly involved in pilot projects.
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Driven by the search for alternative solutions to use by-products and residues as raw materials for
the production of low environmental impact papers, Favini invested a lot in research to fully apply the
upcycling process. In this context, Favini has built an important partnership with Barilla. From a joint
R&D activity they have created the “Carta Crusca”, the first fine paper made from bran residues (20%).
In addition, Favini produces other ecological papers such as Refit Wool, Refit Cotton and Remake,
deriving from industrial symbiosis programs with the textile and the leather sectors as well as from
partnerships for fiber processing. Refit Wool and Refit Cotton papers are made using scraps/residues
from wool and cotton spinning processes consisting of fibers that, due to their short length or other
inadequate characteristics, are discarded. All these textile scraps are of Italian origin and do not require
the use of additional chemicals. Remake paper is produced from leather residues; shavings occurring
at the tanning phase and scraps from the manufacturing process. Even these products are all from
traceable Italian origin, ensuring the use of vegetable tanning and free from chromium/metals.

The excellent results achieved have allowed Favini to collaborate with important brands of the
fashion industry (Benetton, Vivienne Westwood, Louis Vuitton) to create ecological packaging for
specific product lines. Favini is also supporting circular projects such as Circo, for valuing the waste
deriving from coffee roasting, and HUB&SPOKE, for a new business model in the post-consumer
management of hygienic absorbent products (AHP) in Europe.

From the environmental point of view, the main benefits are deriving from the exploitation of
residues that would otherwise need to be removed. In addition, since the beginning of this sustainable
path (2009), Favini has reduced its water consumption by 40% thanks to the implementation of a closed
water cycle system, it has reduced CO2 emissions by 21% with 4,920t/CO2 eq prevented thanks to the
self-production of hydroelectric energy and has reduced the energy consumption by 15% through the
continuous investment in energy efficiency. The main economic advantages are linked to the cost of
raw materials; for algae and agro-food products, costs are lower than cellulose. Other resources such
as leather, instead, have higher costs and imply the application of a mark-up by the company; however,
they enable the production of premium products, providing higher sensory experiences to customers,
and opening up new markets.

4.3. Feralpi

The Feralpi Group is one of Europe’s leading manufacturers of steels for the building construction
industry. The parent company Feralpi Siderurgica was set up in 1968 in Lonato del Garda (BS); over
the years, the company has grown to form a group of companies that in 2019 has recorded revenues of
EUR 1302 million with presence in Europe and North Africa.

The main markets and related products are:

- Building construction industry: bars and rolls for reinforced concrete used in the construction
of load-bearing structures, as well as spacers and pylons used in the formation of walls and
prefabricated structures.

- Manufacturing industry and industrial applications: pre-worked steel products, premium quality
steel intermediate products and services concerning the pre-processing of steel products.

Since the very beginning, Feralpi has focused not only on producing high-quality steel but also on
doing it in the most sustainable way. The Feralpi Group has become a benchmark for circular economy
thanks to its steelmaking production cycle with its electric arc furnace and through a steel from scrap
approach, considering its durability, steel can be reused numerous times without losing its intrinsic
properties. In addition, the Group recovers various production waste (black slag, refractory materials,
non-ferrous metals, dust and flue gases, rolling scale) transforming it into various by-products and
additives for construction. See Figure 5 for all details.
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Sustainability is an important element of the governance model adopted by the Group and is one
of the five pillars of its business strategy. Moreover, the Group has the specific “Sustainability and
External Relations” Unit that responds directly to the Group’s chairman and interfaces with all the
Group’s operations.

Specific recovery programs have been implemented by Feralpi for various production wastes
and for the re-use of the heat generated. Black slag is used to produce Greenstone, through a specific
treatment process developed with and operated by an external specialized partner, and rolling scale is
used to produce Green Iron, sold to plants specialized in the production of ballasts and concrete. Heat
recovered from the cooling water system and the flue gases of the Riesa (Germany) still mill is partly
provided to the Goodyear Dunlop Tires and partly used to generate electricity. Heat recovered from
the Feralpi Siderurgica (Italy) still mill is instead used to heat the buildings inside the plant and some
public and residential buildings in town.

The Group has also implemented various R&D projects co-funded by the EC Horizon 2020
Programme. The Fissac project developed “Ecocemento” and “Green Concrete”, the first products
obtained from the combined recovery of white and black slag for the building construction sector.

Moreover, Feralpi has built a partnership with an external company for the co-development of the
slag treatment process for the Greenstone product and is pursuing the development of new methods
for recycling plastic/polymers materials to be used as reducing agents instead of coal into their electric
arc furnace. The RimFoam project has demonstrated the re-use of car fluff obtained from car demolition
while the OnlyPlastic project is pursuing the re-use of waste obtained from recycled packaging.

The quality of the scrap used in their process is a priority for the Group, which purchases only
from authorized national and foreign suppliers. In particular, the Group adopts the TenP Sustainable
Supply Chain Self-Assessment Platform, a digital platform created by Global Compact Network Italia,
with the aim to create a company vendor list for selecting the most responsible suppliers. Feralpi
steel production from recycled materials has reached 93.4% of the total production with consequent
environmental benefits in terms of the minimization of the waste produced, prevented raw materials
extractions, and reduced landfill from end-of-life steel products. Developments of new methods for
recycling plastics/polymers also contribute to reducing waste from other sources.

Economic benefits deriving from Feralpi CE adoption include the reduction in the cost of basic raw
materials and additives as well as the cost of the landfilling of waste that would be higher than recycling.
In addition, thanks to its commitment towards sustainability, Feralpi has been able to access new green
financial tools to support its business development. Feralpi is the first Italian steel manufacturer that
obtained the sustainability-linked loan provided by BNL Gruppo BNP Paribas: a credit line of EUR 20
million, with conditions linked to specific, measured, and monitored sustainability targets.
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4.4. Itelyum

Generated by the synergic union of 16 well established companies, Itelyum is an international
leader in the regeneration of waste oil, the purification of chemical and oil streams, and the responsible
management of industrial waste. It operates internationally in Europe, Asia, Africa and the U.S., and
in 2019 it recorded EUR 300 million in revenues.

Itelyum has built an integrated and sustainable offer, based on various symbiosis patterns, where
the Group implements the CE model through recycled products, responsible waste management, and
the supply of products from virgin streams to customers who are also suppliers of the waste to be
recycled within the group’s plants.

In particular, the CE is concretely implemented across its three business areas, managed by three
specific subsidiaries:

- The regeneration of waste oils. Starting from used lubricating oils and recycling processes, Itelyum
produces new lube-based oils and other valuable fractions to be returned to industrial cycles
(Itelyum Regeneration Solutions);

- The recovery of spent solvent streams from pharmaceutical chemistry that, after advanced
distillation phases, are returned to the same company in a close partnership (Itelyum Purification
Solutions);

- The valorization of organic waste streams from different sources to engineer products for other
markets (Itelyum Environment Solution).

Guided by a proactive management and supported by its reference shareholder, Stirling Square
Capital Partners, Itelyum has made sustainability its strategic foundation targeting the implementation
of an advanced CE model, through a fully integrated and sustainable supply chain. See Figure 6 for
all details.
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In the waste oil regeneration sector, Itelyum Regeneration Srl, in solid collaboration with the
French company Axens, has developed an innovative process to regenerate the used lube oil providing
the highest levels of product quality and environmental performance. Moreover, the Group adheres
and works closely with the National Consortium for the Management, Collection and Treatment of
Used Mineral Oils (CONOU). The good results achieved in the waste oil collection makes Italy the best
performer in Europe and a clear concrete reference for a CE model.

In the sector of the recovery and purification of spent solvents and chemical/pharmaceutical
waste streams, Itelyum Purification Srl has built strong partnerships with important players in the
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pharmaceutical/petrochemical industries for the implementation of symbiosis relations with the
pharmaceutical and fine chemical sectors.

Itelyum Environment Srl offer a comprehensive range of environmental services in the sector of
hazardous waste through the coordination of 13 companies and a network of partners.

Suppliers are an integral part of the Itelyum production and organizational process and are carefully
selected in order to offer the highest possible guarantees in terms of quality, safety and environment.
The company is evaluating the adoption of the TenP Sustainable Supply Chain Self-Assessment Platform
created by the Global Compact Network Italia Foundation, of which they are members, with the aim
of supporting companies in the self-assessment of their sustainability strategies and performance.

In environmental terms, by extrapolating the LCA results, Itelyum CE activities supported the
responsible valorization of waste coming from other production cycles and helped to prevent the
emission of almost 500,000 tons of CO2, the release of more than 1000 tons of air pollutants, the
withdrawal of almost 15 million m3 of water and the consumption of more than 400 hectares of land.

These environmental benefits are also linked to lower production costs, in terms of less energy
consumed, with the possibility of bringing more competitive products to the market compared to
those from the production of virgin raw materials. Itelyum has also performed an integrated P&L
analysis that assessed a net value of about EUR 30 million of externalities, about EUR 40 million of
internalized economic value and the same amount in EUR of socio-economic value. Recently, they
have extensively evaluated their “circularity” using the Circulytics protocol developed by the Ellen
MacArthur Foundation, obtaining a level A score on a scale from E (worst) to A+ (best). In addition,
the Group uses an internal circularity index to evaluate the mass balance between the input and output
towards value destinations, such as recycling, recovery and waste water depuration.

5. Analysis and Comparison of the Cases

In line with the five RQs, a comparative analysis was conducted, with all details displayed in
Appendix A. This analysis has been done with the aim of finding the main similarities and differences in
terms of CE adoption and consequent CSC implementation. To provide a more detailed and consistent
analysis, each research question has been broken down into more specific parameters/dimensions.

The four companies have all implemented new CE solutions in view of the principles of durability,
renewability, reuse, and reduced material. This implies new goods/services, new/significantly improved
production/logistic/recycling processes and/or a fully circular business model based on a new value
creation logic. Moved by these same principles, their outputs differ considering the industrial sector,
the size, and the adopted business model. Appendix B summarizes the results and provides an
overview of the main findings.

Our results show that many companies are ready to renew themselves by developing CE
solutions that align their economic and sustainability objectives. In recent years, networks, best
practice exchanges, public/private alliances, as well as awareness-raising initiatives have proliferated.
The European Union has made an excellent start, but the pace of change differs among the member
states and is largely determined by the initiatives activated by each country. Italy performs very well
in terms of CE economy indicator rankings, as stated by the EU’s monitoring framework for a CE and
by the European Federation of Sustainable Business.

The four selected cases are in line with the overall Italian scenario and offer additional in-depth
understanding of the initial expectations and drivers, the progressive introduction of CE principles
and their concrete implementation through CSCs.

5.1. Circular Economy Role within Corporate Strategies

CE implementation requires huge investments, cultural/organizational changes, and offers
economic benefits that are not always easily predictable and quantifiable. Therefore, there is a need
for a clear company vision, shared between company owners, and top management. These elements
identify the CE potential and motivate its adoption to achieve efficiency and growth along with
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competitiveness and improved reputation. In each company, CE has an important role in defining the
corporate strategy; in all cases, the top management has created a strong path towards CE, integrating
new objectives, looking for fresh financial resources, sponsoring the industrial symbiosis, and guiding
both the cultural and the organizational changes.

Itelyum has made sustainability its strategic axis developing an advanced fully circular business
model. Aquafil has chosen sustainability to stay at the forefront of its sector and has re-designed its
processes with a circular perspective; all is realized by integrating and using recovered raw materials.
Feralpi, operating in a sector with low product differentiation, has strategically decided to make
sustainability its distinctive competitive advantage by making innovative products derived from its
industrial scraps. In the end, Favini has transformed the algae reuse activity aimed at restoring the
lagoon environment into an innovative new business in high-end market segments, by extending the
same principle to produce ecological paper with other industrial scraps.

The direct involvement of top management is key for redefining relations with the main SC actors
and establish collaborative industrial partnerships. Suppliers, partners, and all internal organization
units must all be aligned in an integrated CSC guided by a common vision and strategic collaboration.
Itelyum is a perfect example; born circular, it has developed an integrated and sustainable offer of
products, solutions, and services. Aquafil, main the adoption of CE, encountered more difficulties than
expected and only the firms’ commitment enabled the successful implementation of the CSC.

These findings allow us to identify a first proposition:

Proposition 1. The implementation of CE requires strategic decisions and commitment by the shareholders and
the top management, to identify new business opportunities, promoting an integrated CSC, and guiding both the
cultural and organizational changes required to accommodate CE principles.

5.2. Circular Supply Chains, Innovation, and Suppliers’ Selection

CE requires and can be fostered by new technologies and innovation strategies. Innovation
deriving from the implementation of CE can require the introduction of new products and/or the
implementation of new processes, with the objective to reuse the waste and scraps generated either
internally or by other industries (industrial symbiosis), support new business opportunities (reach
new markets and businesses), and improve the firm’s overall efficiency (lower energy consumption,
usage of virgin material, waste). In particular, the innovation linked to CE need collaborative and
joint programs with CSC partners to be realized by combining technologies, knowledge, and cultures.
These synergic processes continuously stimulate companies to select suppliers that have an aligned
CE strategy.

Aquafil has developed an innovative technology to recover carpet tiles and a process to use
only renewable plant-based materials for the Bio-Nylon production. Favini has created a new fine
paper from the agro-industry. Feralpi has achieved higher process efficiency and has developed new
by-products. Itelyum has developed an innovative process to regenerate the used lube oil with high
quality and performance levels, also for the pharmaceutical sector.

Cross-cycles and cross-sectoral activities are two important common practices: industrial scraps
and waste can in fact enter different cycles or different SCs with respect to where they were generated.
All the cases present high performing resource-recovery systems, Feralpi using iron scrap and internal
production residues, the others (Aquafil, Favini, Itelyum) exploiting scraps coming mainly from other
industries. In particular, Favini successfully reuses scraps coming from the agri-food and the textile
industry, Aquafil uses fishing/aquaculture nets, old carpet, textile and plastic industry waste, Itelyum
instead operates with partners from the pharmaceutical and oil sectors.

These forms of structured collaboration that involve the use of a company in another industry
sector waste as an input, take the form of industrial symbiosis networks on a long-term basis and reduce
both waste disposal and material requirements. Firms create a “circular ecosystem” by involving
CSC partners and collaborating with all stakeholders to create a harmonious framework where CE
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programs and practices function effectively. In particular, suppliers can strongly influence the level of
sustainability of the final product and service, implying pressures for acquiring ad hoc certifications and
providing evidence of their environmental commitments. Three out of the four companies analyzed
have introduced specific supplier selection protocols with a particular focus on product traceability
and environmental certifications; Aquafil and Itelyum rely on internal suppliers’ evaluation systems,
while Feralpi uses the TenP platform.

These findings allow us to get a second proposition:

Proposition 2. Green technologies and eco-innovations are the core of a CSC and imply collaborative programs
with partners and stakeholders to successfully manage the industrial symbiosis.

5.3. Circular Economy Benefits and Opportunities

The European Circular Economy Action Plan identifies CE as an essential element of a broader
transformation towards climate neutrality and long-term competitiveness. Indeed, CE makes it possible
to combine environmental sustainability with economic sustainability.

The comparative case analysis shows that the main environmental benefits obtained by the
companies are resource recovery from waste regeneration and exploitation, resource efficiency (water
and energy consumption), circular inputs, and the reduction in CO2 emissions.

In terms of economic benefits, the main returns are: raw material cost reduction and increased
processes efficiency, new markets penetration and business opportunities, as well as access to green
financial opportunities and funding programs. By adopting CE principles, Favini has remarkably
reduced the use of virgin material and consequently, its raw material costs; Feralpi has improved
resource efficiency within its production processes as well as at a system level, resulting in a highly
successful CE strategy through which it has obtained financial grants from BNL (BNP Paribas). Thanks
to the adoption of CE programs, Aquafil and Itelyum acquired EU funding by means of which they
launched new eco-innovation projects to strengthen their CE even more.

Additional benefits from CE adoption include: innovation, cooperation opportunities, and
public funding, as well as improved competitiveness, brand differentiation/reputation, and a deeper
relationship with existing customers. Aquafil and Itelyum gained competitive advantages by increasing
their market share and drive the transformation as leaders; Feralpi exploited their CSC by enabling
their clients to achieve high scores in public tenders; Favini obtained brand recognition from new
market penetration, in particular from accessing the luxury and fashion sectors. To implement CE, the
companies necessarily introduced green technologies and eco-innovation, and making partnerships
and CSCs at the same time. Therefore, CE activates technological development, innovation strategies,
and partnerships, all substantially contributing to achieve high outcomes and performance targets.
These findings allow us to identify the third and last proposition:

Proposition 3. Along with environmental benefits, CE grants positive economic outcomes in terms of cost
savings and efficiency and opens up new business opportunities ensuring long-term competitiveness and growth.

6. Conclusions

In this study, we investigated the modern ways for implementing a successful circular economy
(CE) program considering its relevance for supply chains, corporate strategies, and industrial symbiosis.
Our findings demonstrate that CE is a real business accelerator as it grants the opportunity for
companies to improve their environmental impact and social contribution as well as to discover new
and atypical business opportunities by engaging top management and shareholders, supply chain
members, industrial partners, and consumers.

We carry out a comparative case study by identifying companies emerging in secondary reports
and research projects as excellence in the area of CE. We then select four companies that have successfully
implemented CE programs, to discover the secrets for successfully adopting CE programs. Therefore,
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we seek to complement the existing body of knowledge in the literature, which provides limited
practical and real evidence and the analysis of CE.

The companies that we analyzed started adopting CE several years ago, when CE was not yet a
hot topic, and they have been guided by a clear vision and the commitment of their shareholders and
top management. In fact, the successful implementation of CE requires the support of a long-term
vision and the full engagement from top management; the latter should effectively communicate the
new strategy and manage both a cultural and an organizational transformation that also include the
stakeholders, partners, and consumers. Our findings reveal that firms should extend the applicability
of a CE to further products and processes by expanding their business horizons, collaborating with
circular supply chain partners, establishing strong industrial symbiosis, and be heavy eco-innovators.
Overall, firms can obtain benefits from CE programs by embracing a “circular thinking” approach
extended to the entire eco-system. This allows firms to achieve savings and exploit new business
opportunities, along with creating an environmentally and socially sustainable business.

The study analysis focuses only on four Italian companies in different industrial sectors. To
overcome this limitation, a wider analysis could consider a larger number of companies to provide more
generalized findings, while performing a cross-country analysis could lead to a more comprehensive
comparison of the CE implementation within different national industrial structures and business
scenarios. Further research could also explore theoretical methodologies and practical tools for a more
systematic assessment of the economic performance achieved by CE programs, to provide reliable
feedback for successful managerial plans and decisions.
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administration, C.M.; funding acquisition, P.D.G. All authors have read and agreed to the published version of
the manuscript.
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Appendix A

Table A1. Data collection.

How is CE concretely
implemented by

companies?

Industrial sector:
- Textile industry

Industrial sector:
- Paper industry

Industrial sector:
- Steel industry

Industrial sector:
- Materials regeneration and industrial waste
management industry

CE implementation:
- Regenerated and infinitely
recyclable nylon (ECONYL®)
obtained from an innovative patented
regeneration process of pre- and
post-consumer waste

CE implementation:
- Creative reuse of industrial
residues/scraps and
development of new specific
ecological paper product lines:
Shiro, Crush, Refit, Remake

CE implementation:
- Steel from scrap
- By-products and additives (Green Stone, Green
Iron) from production waste valorization for the
construction industry

CE implementation:
- Regenerated waste oil
- Recovered exhausted pharmaceutical streams
- Hazardous and organic waste valorization
- Wastewater depuration
- Responsible waste management

How does CE relate to
the corporate strategy?

- Multiyear path supported by all the
shareholders and guided by specific
internal sustainability principles
(ECO PLEDGE)

- CE is fully integrated in the
corporate strategy and enables
them to be the first movers in
the paper industry

- Sustainability is a pillar of their business strategy
with a dedicated company organization unit
reporting to the Chairman

- Sustainability and implementation of an
advanced CE model with a circular supply chain
are at the core of their creation

Which are the
sustainability programs

in the circular supply
chains?

Resource recovery
- Nylon from carpets and rugs for
ECONYL®

Resource recovery
- Wool, cotton, seaweeds, leather
and agro-industry production
scraps (upcycling)

Resource recovery
- Steel scraps
- Production waste (black slag, refractory materials,
non-ferrous metals, dust/flue gases, rolling scale)
- Plastic/polymers materials from various sources
- Recovered heat for buildings inside and outside
the plant

Resource recovery
- Used lubricating oils
- Spent solvent streams from the pharmaceutical
industry
- Industrial waste

Circular input
- Organic material for Bio-Nylon
production
- Energy self-generation from
photovoltaic system

Circular input
- Algae and annual plants for
Shiro paper
- Energy self-generation from
hydroelectric system and new
aeolic system

Circular input
- Energy self-generation from renewable systems

Circular input
- Energy self-generation from high-performance
co-generation
- Energy from fuels recovered from waste streams
- Energy self-generation from photovoltaic system

Specific reclaiming program
- Reclaiming Program for waste
containing nylon
- Take-back programs with big
fashion players

Specific reclaiming program
NO

Specific reclaiming program
NO

Specific reclaiming program
- Wasted oil from automotive and spent solvents
from pharmaceutical

Industrial symbiosis—materials
NO

Industrial
symbiosis—materials
- Creative reuse of
agro-industrial, leather and
textile scraps

Industrial symbiosis—materials
NO

Industrial symbiosis—materials
- Recovery of spent solvent from/for
pharmaceutical industry
- Recovery of waste oils

Industrial symbiosis—energy
- AqualifSLO excess thermal energy
to Atlantis water park in Ljubljana

Industrial symbiosis—energy
NO

Industrial symbiosis—energy
- Recovered heat to buildings inside the plant, to
Goodyear Dunlop Tires and to public and
residential buildings

Industrial symbiosis—energy
NO
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Table A1. Cont.

Which are the
sustainability programs

in the circular supply
chains?

Process and product innovation:
- Bio-Nylon from only renewable
materials (e.g., plants)
- New materials and innovative
processes

Process and product
innovation:
- New fine paper from
agro-industry (Carta Crusca,
Crush Cacao, Crush Grape,
Crush Fagiolo)
- Post-consumer absorbent
hygienic products

Process and product innovation:
- First intermediate products obtained from the
combined recovery of white and black slag
(Ecocemento, Green Concrete)
- Re-use of fluff from car demolition
- Recycling of plastic packaging
- product quality and process optimization
- Increase energy efficiency and reduce impact and
emissions, in line with an Industry 4.0 approach

Process and product innovation:
- Improvement of plants flexibility, making them
suitable for receiving and handling variable and
different charges
- Increase in process transformation efficiency,
optimizing raw materials and waste management

Which are the main
stakeholders that
contribute to CSC
implementation?

Suppliers selection
- Environmental qualification protocol
for supplier selection (ECONYL®

Qualified Programme)

Suppliers selection
- No specific program but
requirement for no use of
metals, chrome and pollutants

Suppliers selection
- Scrap purchases only from authorized national
and foreign suppliers
- Use of Sustainable Supply Chain Self-Assessment
Platform (TenP)

Suppliers selection
- Internal criteria
- Sustainable Supply Chain Self-Assessment
Platform (TenP) being implemented

Partnerships and collaborations
- Tarkett for an innovative technology
to recover carpet tiles
- Genomatica Inc. to use only
renewable plant-based materials in
the Bio-Nylon production

Partnerships and
collaborations
- Industrial collaborations for
fiber processing
- Fashion industry (Benetton,
Vivienne Westwood, Louis
Vuitton) to create ecological
packaging for specific product
lines

Partnerships and collaborations
- Partnership for the co-development of the slag
treatment process for the Greenstone product
- University R&D

Partnerships and collaborations
- Axens for an innovative process to regenerate the
used lube oil with high quality and performance
levels
- Chemicals and lubricants industrial sectors

Which are the main
environmental benefits

generated by the CE
implementation?

Environmental benefits:
- Waste regeneration and exploitation
(used carpets/rugs)
- Reduction in water consumption
(internal water recycling)
- Reduced CO2 emissions
- Electric energy from renewable
sources

Environmental benefits:
- Industrial scraps regeneration
and exploitation (from agro and
fashion industries)
- Reduction in water
consumption (internal water
recycling)
- Reduced CO2 emissions
- Electric energy from
hydroelectric and new Aeolic
project to compensate CO2
emissions

Environmental benefits:
- Waste regeneration and exploitation (metal waste)
- Reduction in water consumption
- Reduced CO2 emissions
- Energy self-generation from photovoltaic source

Environmental benefits:
- Waste regeneration and exploitation (used oil)
- Reduced water withdrawal
- Reduced CO2 emissions and prevented tons of air
pollutants
- 700 tons of dangerous waste responsibly managed
- Lower land consumption/pollution

Which are the main
economic benefits

generated by the CE
implementation?

Economic benefits:
- Risk mitigation thanks to lower raw
material cost volatility
- Revenues from new market
segments through new eco-products
(ECONYL ®)
- EU-funded projects

Economic benefits:
- Cost reduction for certain raw
materials
- Revenues from new market
segments (fashion, food,
stationary) through new
premium paper (Crush, Refit,
Remake)
- EU-funded projects

Economic benefits:
- Cost reduction for landfilling
- Access to new green financial tools and EU
funded projects
- Compliance with national regulations

Economic benefits:
- Internalized socio-economic value (sustainable
approach provides success levers for improvement
of turnover and economic margins, mitigation of
enterprise risk, the attraction of capital and
investors and the consolidation of the brand)
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Appendix B

Table A2. Case comparison and analysis.

Core Questions Question Items AQUAFIL FAVINI FERALPI ITELYUM

How is CE concretely implemented
by companies?

Product innovation X X
Process innovation X X X X
Business model innovation X X X

How does CE relate to the
corporate strategy? CE as a key element in the corporate strategy X X X X

Which are the sustainability programs in
the Circular Supply Chains?

Resource recovery X X X X
Circular inputs X X X X
Specific reclaiming programs X X
Industrial symbiosis—materials X X X
Industrial symbiosis—energy X X
R&D for product/process innovation X X X X

Which are the main stakeholders that
contribute to CSC implementation?

Supplier selection program X X X
Partnerships X X X X

Which are the main environmental
benefits generated by the

CE implementation?

Waste regeneration and exploitation X X X X
Reduced water consumption X X X X
Reduced CO2 emissions X X X X
Self-production of energy from renewable sources X X X X
Reduced land consumption X

Which are the main economic benefits
generated by the CE implementation?

Cost reduction for raw materials X X X X
Cost reduction for landfilling X X X

Cost reduction for water and energy consumption limited limited limited X
Risk mitigation X X
New market segments penetration X X X
Increased revenues/turnover improvements X X limited X
Access to green financial tools X X X (*) X
Brand consolidation and competitiveness improvement X X X X
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