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Which innovations for Circular Business Models?
A Product Life-Cycle approach

Elisa Chioatto’, Emy Zeccea® Alessio D’ Amato’
Abstract

The Circular Economy concept has emerged to face current unsustainable economic trends. Circularity requires to
go beyond mainstream linear business models in favour of new design strategies and production processes able to
support an efficient use and a continuous flow of resources. Clarifying and promoting tools for embedding
circularity in firms’ business models is becoming crucial to increase resource productivity and achieve competitive
advantages. Notwithstanding eco-innovation has been recognized as a fundamental link to connect circular economy
with business models restructuring, still little consensus exists on the boundaries and interlinkages among the
concepts of Eco-Innovation, Circular Economy and Circular Business Models. This research contributes to the
intersection of these different streams of the literature, and aims to understand which innovations can favour the
transition from linear to closed-loop processes, and then to identify circular business models. Relying on a review of
circular-oriented innovations, we recognize three main groups of innovations that are expected to change firms’ way
of doing business in accordance with circularity, leading to the identification of an original Product Life-Cycle
Archetype. Finally, relying on survey data in Emilia Romagna region, we check for the reliability of our theoretical
framework in practice, analysing firms’ business strategies from a practical perspective and assessing the current
implementation of an innovative path in accordance with circular priorities. The analysis reveals a positive
engagement amongst the analysed firms in Emilia Romagna, in terms of cleaner production strategies. By contrast,
any business innovation linked to the circular use of products has been found to be implemented

Keywords: Resource Efficiency, Eco-Innovation, Circular Economy, Circular Eco-Innovation, Circular Business
Models, Small and Medium Enterprises,

1. Introduction

Last decades have demonstrated the necessity of detaching economic growth from resources exploitation

and waste accumulation. The increase in population, urbanization, and of wealth standards have

compromised raw materials’ quantity, quality and accessibility. While the economic growth has provided

prosperity and alleviated poverty in many countries, an ecological debt has gained a foothold, which

threatens the natural system’s ability to continue guaranteeing future human wellbeing.

Resources-related issues are exerting increasing pressure on industrial business (Lieder and Rashid,

2016). Price volatility, resource supply risks, and accessibility to scarce materials have indeed become

factors of major concern for firms’ competitiveness. In this scenario, the concept of Circular Economy (from

now on CE) has been recognized as a centre-piece in the reorientation of the traditional economic approach,

calling for a change in firms’ linear mind-set. This model places the conservation of resources at the heart of
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the industrial business. While in the traditional economic structure raw materials are extracted, processed,
consumed, and straightforwardly discarded, the CE allows preserving materials in a unique closed flow. In
this way, «the value of products, materials, and resources is maintained in the economy for as long as
possible, and the generation of waste is minimised» (European Commission 2015). In this view, «products
need to be designed with the awareness of CE» (Lieder and Rashid, 2016). Industries must, therefore,
endorse new Business Models (form now on BM), which create value based on material input minimization,

economic output maximization and respect environmental limits (Flachenecker and Rentschler, 2019).

Cleary, Eco-Innovation (from now on EI) has been recognized as a catalyst for BMs conversion. The
holistic transformation required to turn the conventional way of doing business toward circularity cannot be
set without the support of new technologies, processes, and organizational structures. On the other side, these
changes must be necessarily able to re-orient BMs trajectories in line with the circular priorities. As a
consequence, the circular transition not simply demands innovative BMs, but especially eco-innovative BMs.
However, despite the relation among the concepts of EI, CE, and Business model innovation (from now on
BMI) seems quite intuitive, it is still not clear in which ways and in which dimensions EI can support CE and
therefore circular-oriented BM innovations. On the one side, indeed, despite multiple contributions have
been advanced to provide a clearer framework of the interlinkages between CE and EI e.g. (De Jesus et al.,
2018); (De Jesus and Mendonga, 2018); (Prieto-Sandoval et al., 2018), a clear picture of CE-related
innovations is still lacking, as observed in Cainelli et al., (2020). On the other side, multiple analysis have
been provided to clarify how the CE principle can be applied to BMs through different categorization of
Circular Business Models (from now on CBMs), such as in Bocken et al., (2016); Bocken et al., (2018);
Linder and Williander (2017); Geissdoerfer et al., (2018) and Diaz et al., (2019) to mention a few. However,
assessing how theoretically define the innovation in BMs for CE remains an open issue. In addition, the
literature provides an insufficient number of case studies in this field, which also affect firms’ capacity to

understand how to innovate their BMs and identify circular design alternatives (Evans et al., 2017).

Against this background, this paper is concerned with the exploration of the links among EI and CBMs.
Specifically, it attempts to draw a red line that links the theoretical concepts of EI and CE to the business
level, by having BMI and CBMs as key factors. The purpose is therefore understanding which innovation
types fit with CE and hence favour the passage from mainstream BMs to CBMs. This implies first the
identification of eco-innovative strategies able to vehicle CE principles within BMs, and second the
understanding of the effects of such innovations at BM level, hence identifying which CBMs will be created.
Our analysis starts with the selection of eco-innovative practices throughout the existing literature on the
topic. These innovations can act on different stages of products’ life, which are connected with different
BMs. We, therefore, classify the selected circular-oriented practices according to whether they bring changes
on the input, use, or end of life products’ phases, and in light of this we create a new key of interpretation for
CBMs. It results into an original products’ life based CBMs archetype, that we call Product Life-Cycle

Archetype. In addition, giving the lack of practical research on the topic, we have conducted a survey



analysis on Emilia Romagna firms in order to try to verify the adaptability of our theoretical archetype with
field information, matching the CE-oriented innovations identified from the literature with the measures that

firms are actually putting in practice.

This study contributes to the existing literature in three ways. First, we systematize and deepen current
analysis on the connections among CE-EI and CBMs through the creation of an original archetype of CBMs
based on circular BMI classified per products’ life stages. Second, by relying on firms’ representative data,
this study tries to verify the applicability of academic results from the literature, hence on the one side it
gives a wider perspective to the theoretical analysis on the topic, and on the other it provides useful hints to
local actors to better understand how to apply CE to their business, to learn from their peers, and therefore
adjust their efforts. Third, the identification of circular-oriented innovations, in theory and in practice, allows

us to contribute to the debate on the interlinkages among EI and CE.

The paper is structured as follows. Section 2 examines the link between the concepts of CE and EL
Section 3 goes through the existing literature on BMs and CBMs with the extent to first identify a list of CE-
oriented practices and then to classify them into a broad CBMs archetype. Section 4 presents the practical
application of our archetype, qualitatively analyses the result of the Survey conducted on 8 firms in Emilia

Romagna, and matches the case studies with the CBMs archetype. Finally, Section 5 leads the conclusions.

2. The link between EI-CE

The existing scientific evidence about natural disasters, scarcity of resources, and climate change, among
others, have triggered significant research and reactions at firms, consumers and public authorities’ level.
The related challenges require a deeper transformation involving the three different dimensions of
sustainability: economic, social, and environmental. As O'Riordan (1993) has argued this represents a
political and social goal instead of a practical application. In this context, the concept of CE appears
disruptive belonging to the strong version of sustainability (Dietz and Neumayer, 2007) having as priority
the design of products that at the end-of their life already have the way marked for a second one. In other
words, products should not be planned for disposal, but to be used as resources for new production
processes. Murray et al., (2017) defined the CE as a regenerative process that aims to set up new routines in

the production processes, and a new way of thinking about the final product obtained.

CE and EI are two concepts covered by the same umbrella. The not so young literature on CE cannot
disregard the analysis of EI, being two essential tools for achieving sustainable transition. CE is not only an
operational principle to be applied to the current production system but, representing a complete
reconfiguration of the current model, it requires transformative changes, i.e. the process of breaking-out to a
sustainable and sustained trajectory of development (Schot and Steinmueller, 2016;Schot and Steinmueller,
2018). In this process of change and transformation, EI acts as a support tool investing the micro, meso, and

macro levels.



As de Jesus et al., (2019) argued CE refers to a systemic innovative strategy rather than solely improving
resource use, stressing the role of being innovative to be circular. This broad definition, the current debate
has adopted different analytical perspectives in order to better understand the dynamics, characteristics and
determinants of EI (Arundel and Kemp, 2009; Beise and Rennings, 2005; Berkhout 2011; Cainelli and
Mazzanti, 2013; Marin, 2014; Jabbour et al., 2015) and its link with the circular transition process, since the
transition path towards CE cannot be separated from intensive innovation and EI activity (Cainelli et al.,

2020).

Starting from the standard definition of EI given by economic literature (Cleff and Rennings, 1999;
Barbieri et al., 2016), the analysis of the CE-EI link requires accounting for several heterogeneous
dimensions such as design, productive process and governance. The heterogeneity of these aspects and their
possible combinations can play a strong proactive role in fostering the transition. Carrillo-Hermosilla et al.,
(2009) have shown the capacity of EI to enhance new business opportunities and strategies, helping to
generate a change in the whole economic system and accelerating in this way the transition from linear to

circular model.

The traditional brunch of EI literature distinguishes among product, process, and organizational
innovations, but considering the link between EI and CE the most recent contributions highlighted the
difference between incremental and radical forms of Els. Carrillo-Hermosilla et al., (2010) have defined
incremental Els as those that bring gradual modifications and improvements in products, processes and
organization settings, while they described radical Els as a disruptive concept bringing to deeper
modifications capable of introducing new systems. Following this school of thought overall environmental
sustainability can only be achieved with radical EIs which have the potential to completely replace the
current polluting mechanisms. In this context, the need for radical innovations seems to be necessary to exert
the turnaround required by the new CE paradigm. Radical changes would go beyond the standard innovation
(product, process and organizational) in order to achieve a systemic change that would influence also the
institutional and social setting. Structural changes require particular dispositions of decision-makers,
institutional commitment, technological development and user acceptance which constitutes the many facets

of EL.

From a circular point of view, undertaking the transition path implies the interaction of different
trajectories. Companies have to modify their products, processes, and organizational structure, but they also
have to consider if these changes are enough to bring them in line with a circular-oriented strategy. The latter
needs the interplay between incremental and radical innovations, with incremental innovation acting as a tool

in support of more radical changes.

On the basis of these considerations, the “new” strategy requires that BMs are able to adapt to the new
paradigm, to shape themselves according to different needs, and interacting with the EI to change
perspective. At the same time, innovative BMs may also represent an opportunity for companies, which,

while reducing the impact on the environment, they might contemporary increase the value created.
4



Given these assumptions, the discussion highlights that the link between EI and CE requires a deeper
analysis, which concerns, among the others, the identification of BMs types coherent with the

implementation of CE priorities, without which the transition to CE cannot be achieved.

3. From Business Models to Circular Business Models

BMI in the domain of CE represents a strategic value-added for business. From this perspective the
contribution of EI appears necessary in modelling new circular business strategies, highlighting how crucial
for BMs is being eco-innovative in order to be circular. The current need for decoupling resources
consumption from output requires changes in the way firms do business as a means to avoid environmental
degradation while gaining economic benefits (Pieroni et al., 2019 ). In this regards, CBMs will help to
«reconcile resource efficiency with creation of commercial value» (Salvador et al., 2019, p. 5). However,
there is no conceptual consensus around the terms business models, business model innovation, and Circular
Business Models (Evans et al., 2017), and it exists a lack of agreement on the empirical boundaries and the

interception of these concepts.

The concept of BM has spread in the 1990s. Since this period, hundreds of papers have been published to
define the term. Generally, BM refers to organisation's value proposition, value creation and delivery, and
value capturing (Geissdoerfer et al., 2018). In a nutshell, BM indicates the way a firm does business by
transforming resources into economic value. The most used tool to frame BM is the BM Canvas, a
methodology proposed by Osterwalder and Pigneur, (2010) to visualize and express the main concept of
business in nine building blocks i.e. key activities, key partnerships, key resources, value proposition,

customer relationships, channels, customer segment, cost structure and revenue streams.

In parallel to this literature, the notion of BMI has received increasing attention over the past 15 years. It
refers to changes of single or multiple components in the BM, which guarantee a novel way to create,
deliver, and capture value while ensuring companies’ survival and growth (Bocken et al., 2018). In this view,
BMI is considered on the one side, as the enabler of structural innovative (product/process) changes, and on

the other as the source of firms’ competitive advantage (Pieroni et al., 2019 ).

Given the above-mentioned considerations, the economic literature has recently started to examine BMI
in the specific area of CE. However, research related to the synergies among these concepts (BM, BMI and
CE) is still recent and scarcely explored. This body of the literature has primarily focused on the theoretical
systematization of the concept in Lewandowski (2016); NuBholz (2017); Merli et al. (2018); Pieroni et al.,
(2019); Rosa et al., (2019). Then, several analyses on how CE principles can be incorporated into BM have
been conducted in Bocken et al., (2016); Geissdoerfer et al., (2018), which recognize the role of specific
design and different business strategies in supporting a resource efficient CE. From a CE perspective,
companies must think differently: «they need to think in systems around products and reinvent how they can
generate revenue by creating and maintaining value over time» (Bocken et al., 2018). Although this process

is aimed at creating positive organizational and environmental impacts, CE-oriented BMI may be associated
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with a high level of uncertainty, challenges and complexity. For instance, some authors (Tura et al., 2017;
Linder and Williander, 2017;Evans et al., 2017; Salvador et al., 2019) have focused on the barriers and
drivers of CBMs implementation. Finally, existing differences between sectors of the economy require a
different application of CE-oriented innovations. In this concern, still few authors have driven empirical

analysis around CE-BMI (Unal et al., 2019; Bocken et al., 2018; Heyes et al., 2018).

It emerges that researchers’ discourses seem to focus on identifying implementation levers and designing
BM concepts for CE, while overlooking the importance of in-depth practical research. (Pieroni et al.,2019 ).
In addition, notwithstanding multiple attempts to create comprehensive conceptual archetypes, still no
common framework to define, design, and implement CBMs exists. It seems that the rapid growth of this
reasearch field and the multidisciplinary contributions, have generated confusion and ambiguity in the
interpretation of BMI and its synergies with CE. Against this background, next sections attempt to move a
step forward both the clarification of the boundaries of CE and BMI, and to provide useful evidence for
embedding circularity within BMs of specific firms. Specifically, from now on we try to 1) Identify CE
practices related to BMI, 2) Cluster the practices into main categories for the creation of a unique archeype,

and 3) Match circular oriented BMI and CBMs.

3.1 Classification of CE-oriented practices

As clarified so far, implementing circular business strategies requires eco-innovative approaches capable
of transforming the notion of BMI toward a circular version. In light of this, the first step is identifying
which are the innovative strategies linked to CE innovations that companies must endorse to re-define their
managerial choices. We define CE-BMI as the implementation of technological and non-technological
practices by companies with the aim to achieve an increasing resource efficiency, resource longevity, and

economic growth.

In relation to this, we reviewed recent contributions describing CE-oriented practices in industry to select
our measures, see Table 1. Further to this, we condensed the long list into a shorter format following the

different stages of products’ life.



Table 1 CE-oriented practices

Input based Use Renewable Energy (Bocken et al.,2016)
practices Use bio-based, biodegradable, compostable | (Ellen MacArthur Foundation 2015)
materials (Lewandowski, 2016)

Use Recyclable materials
Reduce material/energy use per same output
Use secondary raw materials

(NuBholz, 2017)
(Diaz et al., 2019)

Design for durability (Salvador et al., 2019) _
Design for reuability ('\'an Renswoude et al., 2013)
Design for trust (Unal et al., 2019)
Design for repair/remanufacture (Guldmann, 2016)
gesﬁgn gor gpgrade o (Heyes et al., 2018)
esign for dis-reassembly -
Design for compatibility (Segaard J. and Remmenb, 2018)
Use based PSS lease Product renting
practices PSS Product rent or pooling
PSS performance based
Product sharing

Product co-ownership
Virtually access

End-of-life Upgrading

based practices = Remanufacture
Repair
Upcycling
Recycling

Energy recovery from non-recyclable waste
Supply of waste materials
Reverse logistic

Source: own elaboration based on the literature

In accordance, Table 1 clusters CE-oriented practices in three main categories: input-based practices
(concerned with how to produce the product or how to develop the process of production) use-based
practices (concerned with how to deliver and use products) end-of-life-based practices (concerned with the
management of products after their end of life phase). Notice that the above-mentioned strategies are not
necessarily related to BMI, but they are all concerned with a novel conception of business in line with CE

that are likely to stimulate BMI.

3.2 Classification of CE-oriented Business Models

Doing circular business implies turning the core of profit from the sale of goods to the flow of materials
and products over time (Bocken et al., 2016). Thus, a CBM is concerned with gaining profits from the
maintenance of the value in use (Evans et al., 2017) by recurring to innovative strategies. To distinguish
linear BMs to closed-loop models we recognize specific strategies that characterize their implementation
providing a new key classification. In the existing literature, other authors have classified CE practices
supporting BMI for CBMs according to the changes in resources’ flow i.e. by slowing, narrowing, and
closing (Bocken et al., 2016), or according to CE actions i.e. regenerate, share, optimize, loop, virtualize,

exchange (Ellen MacArthur Foundation 2015); rather we follow a logic based on the life-cycle of products.
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Indeed, starting from the list of practices in Table 1 we identify three main groups of CBMs: BM based on
circular input, BM based on circular use, and BM based on circular output. The results of our effort are

reported in Table 2.

Next to the traditional structures presented in the literature so far, the following archetype is built using
innovative circular practices and placing them along products entire life. This exercise leads to a new

categorization of CBMs that from now on we define Product Life-Cycle Archetype.

Table 2 CE-oriented practices and CBMs: the Product Life-Cycle Archetype

Circular mput Cleaner Production Use Renewable Energy

Use bio-based, biodegradable, compostable
materials

Use Recyclable materials

Reduce material/energy use per same output
Use secondary raw materials

Design for durability

Design for reliability

Design for trust

Cannnd 1:6a Deadisnts an Nasimn Far ranair ramanufantra
o A/8S1E0 10T ITpall Idimanuialoac

Design for upgrade
Design for dis-reassembly
Design for compatibility

Circular Use

Product-service systems
®sS)

Collaborative Consumption

PSS lease Product renting
PSS Product rent or pooling
PSS performance based

Product sharing
Product co-ownership

SV, | R

Circular Output  Second life for products Upgrading

Remanufacture

Repair

Upcycling

Recycling (Downcycling)

Energy recovery from non-recyclable waste
(Downcycling)

Supply of waste materials

Reverse logistic

Second life for matenals

Take back management

Source: own elaboration

3.2.1 Business models based on circular input

CE has to start from production. Not only firms must choose the least impactful options for the
manufacturing of new goods (i.e. Cleaner Production), but above all, they must change products design to
make their use compatible with the circularity transition (i.e Extended-life span Production) and for the
optimization of the impacts of products’ end of life (i.e. Second life-Production); the strategy is thinking

about the end since the beginning. In particular, this approach is coherent with the CE literature referring to



the “cradle to cradle” by McDonough and Braungart, (2002), which sustains the idea of thinking about

products as if they should never become waste.

Cleaner Production is based on the choice of safe resources, their efficient exploitation, and capturing
value from waste. In this type of business, firms select resources that have low impact but equal performance
and that allow the closure of loops (e.g. renewable energy, bio-based, biodegradable, compostable,
recyclable materials). In this concern, Bocken et al., (2016) distinguish biological and technological cycles.
Indeed, goods produced with safe materials may be converted into nutrients for the natural system after
product decay, and this may enrich the ecosystems. Whereas, generating products with technical nutrients
implies using resources that can be continuously recycled and used for new goods since they maintain
equivalent properties’. Further to this, Cleaner Production includes manufacturers that, through the
development of new processes, are able to generate the same output by reducing the amount of raw materials

needed (hence waste generated), and to substitute virgin materials with secondary sources.

BMs focused on Extended-Life Span Production are concerned with the design of long-lasting and high-
quality products. This regards the manufacturing of durable artefacts that ensure a long utilization before
breaking down. Similarly, designing reliable products provides users the warranty of the product’s
functionality for a specific period of time without manifesting signals of deterioration. Besides technical
obsolescence (not repairable or upgradeable), this type of business faces the problem of emotional
obsolescence (Segaard J. and Remmenb, 2018). In this case, the attention is addressed to the production of
goods able to arouse emotional attachment, which will be liked and trusted longer, to contrast the rush to
new products’ models. These types of businesses are therefore centred on quality, justifying a higher price,

rather than on cheap mass consumerist products or built-in obsolescence.

Second-life Production considers products’ end of life and their impact since the design phase. For
instance, manufacturers deliver not only products with longer life but also provide services that support the
restoring of either the entire product or components. This business may overlap with Extended-Life Span
Production. Notwithstanding, the difference is that while this last exclusively concerns creating long-life
products, Second-life Production is especially focused on planning how to give them new life. Indeed,
designing high quality/high-performance items, which ensure durability, also incentive the possibility of
products to be reused, repaired, upgraded or remanufactured. Some firms, however, can decide to bring after-
sale support or services (e.g. reparability, maintenance, warranty) as part of their business and provide users
with the possibility to repair their products (this is linked with the Extended Producer Responsibility applied
in EU to many products e.g. electronic) or reuse product within the second-hand market. Additionally,
companies in this business can create interchangeable components, which can be used after one product
decay. This process is also supported by designing for disassembly/reassembly, which makes products

component easily separable or to be reassembled and reused for other products or to be disposed of safely.

* This refers to upcycling. Differently, downcycling refers for example to the transformation of waste into energy in which materials
are transformed into low-value products and hence do not allow the continuous flow of resources.
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3.2.2  Business models based on circular use

An emerging type of BM related to products use is the product/service-based business concept. These
models integrate physical goods with intangible services able to satisfy customers’ needs (Evans et al.,
2017). Companies offer the use (use-oriented) or the results (result-oriented) from the product and consumers
pay to accede or exploit its functionalities. In brief, instead of paying per ownership, users pay per use, or
pay low period fees for access. Some examples are product leasing, renting, pooling, pay-per-service. It has
been argued by e.g. (Linder and Williander, 2017) (Salvador et al., 2019), that since producers maintain the
ownership over the product, the return flow of used goods is facilitated, hence these businesses support the

practices of repair, remanufacturing, upgrading, recycling.

Similarly, the business of Collaborative Consumption is linked to product or service sharing or renting, in
which customers share the full use and divide the payment with other customers. It concerns sharing e.g.
house, car, office. In this context, the concept of using for a limited period of time overcomes the more
deeply rooted concept of ownership. This complies with the emerging concept of “sharing economy” as a
new way of thinking about goods’ and services’ use. Another type of this stream of business is the co-

ownership, which is nonetheless still scarcely implemented (Rosa, et al., 2019).

Finally, companies may decide to change the way consumers use products through dematerialization. In
this concern, the use phase is guaranteed for example through virtual access, as it is the case with streaming

media services.

3.2.3  Business models based on circular output

The last category of CBMs is concerned with the after-use phase, which is related to the creation of new
market offering through the exploitation of the value retained in used products. CE, indeed, consists of two
supply chains, forward and reverse (Antikainen and Valkokari, 2016) and this requires the establishment of
return flows. In accordance to this, circular output BMs refer to direct management of after-use products and

the reintegration of entire products, components, materials into the production phase.

An example of these business are Second-life for Product through which companies, acting as third
parties (different from producers), take the responsibility of maintenance services for reusing damaged

products’ otherwise discarded. This comprises upgrading, remanufacturing, repairing activities.

On the other side, Second-life for Materials includes business practices aimed at recovering valuable
resources within discarded products - e.g. upcycling, recycling, energy recovery from non-recyclable waste -

and reintroducing them into the market - e.g. supply of waste materials.

Finally, take back management systems tie the output phase with the input phase and ensure the closure
of the resources’ loop. Indeed, as suggested in Lewandowski (2016) in order to assure material circles,
products/components/materials need to flow back in order to be reused/remanufactured/recycled and, besides

collection, this requires reverse logistic systems.
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4. Practical approach and survey analysis

After having theoretically defined what happens through the application of the life cycle logic to the
circular business strategies , we try to move to a more practical level by considering firms as the protagonists
of these changes. Firstly, we analyse some strategical options that firms have to consider before adopting a
CBM. Table 3 presents several cases and indicates, per each CBMs, possible business adjustments that a
firm must undertake to convert its traditional business plan. This exercise helps us to better understand firms’
choices in their trajectories towards CBMs. Given these assumptions, we subsequently present a survey

analysis conducted on a selection of firms, heterogeneous per sector, situated in the Emilia Romagna Region.

Table 3. What changes in the business plan? Some examples with CBM classification

Main category  Cases

Circular input

Circular Use

Circular
Output

Use of recycled material
in the production process
(Cleaner Production)

The company tries to
replace the inputs and
change the design
(Extended-life-Span or
Second-life Production)

Extend product life
(Extended-life-Span)

New needs

Studying the current
regulations

Ensuring supply on the market

of the second raw materials
The asset could be modified

There may be a product
modification

New machinery may be
needed

The volume of sales of new
products may be affected

Business adjustments

Need for legal advice

Check cost trends

Conduct specific product tests
Conduct specific product tests

Need for new fixed asset

Recalculate sales estimates for the new
warehouse

The company maintains
ownership of the good
used by the consumer
(es, car sharing)

It is more difficult to get the
guarantee of good condition
(for example car condition)

It is necessary to increase the control costs

Repair maintenance
service
(Second life for products)

Possible reverse logistic
(Take back management)

Need for new skills

Need for new means
The product must have the
characteristics for the best

possible reparability

Customer loyalty

Inconsistent supply of goods

Need for collection platforms
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Recruitment of new staff
Need for New fixed assets
Specific design study for the best

reparability

Acquiring new customers and increasing
sales

Encouraging the collection




and warehouses Need for new fixed assets

Need infrastructures for the

collection
Increasing transportation costs
Put a used product back Having a warranty on used Strengthen control activities
to the market equipment
(Take back management)
Defining a competitive price Need for compensation of the reduced price

compared to the new

Source: own elaboration

To this aim, we have conducted a series of video interviews with 8§ companies in the Emilia Romagna
Region’. The choice of this region was due not only to its geographical proximity, but also because Emilia-
Romagna is one of the most lively regions in Italy from a circular point of view. Indeed, according to the
recent data of the ART-ER and Emilia-Romagna Region Report (2020)° in the three-year period 2016-2019,

Emilia-Romagna has activated over 430 research and innovation initiatives on CE issues.

We have submitted to the companies a questionnaire of 8 questions, in order to investigate on the one
side, their general approach to environmental and social sustainable innovation strategies, and on the other to
verify which product or process CE-related innovations they implemented’. During the interviews,
companies answered whether they had undertaken an innovation path and in what area they had decided to
innovate. The questionnaire focuses the attention on the characteristics of this innovative path, investigating
the weight of the "circular’ adjective in firms’ choices and the details about the adopted innovations. This has
allowed us to frame the change in firms BMs and compare it to the Product Life-Cycle Archetype presented

in the third section of this work.

a. Case study: Firms interviews and analysis

As mentioned above, firms’ set® tries to cover different processes in order to give a panoramic overview
on what happens to the BMs when different companies try to embrace a circular perspective. We have
chosen eight firms belonging to the following sectors:

e wood

e fiberglass

e agribusiness

e packaging

e FM transmitters

’ Firms have allowed the treatment of sensitive data released during the interviews and reported in this paper.
® Accelerare la transizione verso ’Economia Circolare in Emilia Romagna, ART-ER and Regione Emilia Romagna, March 2020
7 For the video interviews we used the google platform of meet due to the impossibility to visit companies for Covid19 security
measures.
fc i Iso i f size and

ompanies vary also in terms of size and age.
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The results of the interviews have been analysed and classified in light of the Product Life-Cycle

Archetype presented in Table 2. Table 4 cross-check firms’ data and CBMs.

Table 4. CBMs in Emilia Romagna SMEs

Circular input Cleaner Production Elenos Group — 24Bottles — Mace — Iperwood —
Vetroresina — Unigra — CPR System — Schiassi
Extended-life span Elenos Group — 24Bottles
Production
Second-life Production Elenos Group
Circular Use Product-service systems
(PSS)

Collaborative Consumption

Product dematerialization

Circular Output Second life for products
Second life for materials Vetroresina — CPR System

Take back management Elenos Group — Maceé — Iperwood - Vetroresina

Source: own elaboration

We have conducted a qualitative analysis with the extent to examine firms’ bottom line guiding their
circular choices. We have, therefore, overlooked many factors which are generally recognized as drivers of
firms’ choices e.g. dimension, governance, region’s geography. To note that, these data are not sufficient to
make an inference from firms to sectors, nevertheless, they can provide useful information about the
dimension of the phenomenon.

At first glance, as shown in Table 3, it is quite evident that Emilia Romagna companies (in all sectors
considered) have little experience of CE-innovative practices linked with the Circular Use. This may derive
from several factors. Firstly, the applicability of the circular use of goods and services is limited to certain
types of business. Not every company have the possibility to decline the material usage of its products
(Product Dematerialization), or to translate the supply of material artefacts into services (Product-Service
Systems), or to provide consumers the shared access of goods and services (Collaborative Consumption). In
addition, circular use models not only call for active participation of consumers, but also demands consumers

ready to accept the idea of purchase without material possess. Therefore, risks linked to demand uncertainty
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may limit firms’ decisions to shift their core business toward a circular use. Notwithstanding, it is of
foremost importance to recognize the current increasing diffusion of circular-use practices, the symptom of
an ever-flourishing market.

Table 3 further suggests that the majority of firms interviewed have adopted CE-oriented practices linked
to the Circular input. In particular, Cleaner Production interests 100% of participants. This may partially
derive from the positive impulses given by the recent legislation. The last decade has indeed been
characterized by policy exacerbation against plastic diffusion. In this context, have emerged companies such
as 24Bottles, a producer of design water-bottles, settled in the Bolognese area. The company is aimed at
reducing the impact of single-use plastic bottles while guaranteeing an offsetting of production’s carbon
footprint. 24Bottles also support the Extension of products’ lives. Indeed, the accurate selection and test of
materials e.g. stainless-steel ensure the durability and reliability of its products which secure the extension of
their lifespan. In the packaging sector, Schiassi uses recycled materials for cardboard boxes production. Not
only this means using Eco-sustainable materials, but since this new type of cardboard is much thinner and
easy to transport, it also reduces the number of transport trips needed per same volume of product, hence it
generates positive impacts on CO, emissions. On the other side, massive incentives addressed to
photovoltaic installations and biogas have boosted the implementation of firms’ energy-related innovative
practices. In these concerns, Macé, a Ferrarese company part of the canned fruit industry, has innovated its
production processes in order to reduce its energy audit and the impact of bio-waste generated. Mace has,
indeed, firstly decided to exclude pasteurization, preferring treatments at a temperature lower than 12°C.
Despite this implies the production of low-life span products, the reduction of transformation processes
enables the saving of a large amount of energy. On the other side, the company’s energy consumption is also
positively influenced by the installation of a photovoltaic system and the delivery of organic waste for
methane production. This allows the company to recover around 70-75% of the total energy used. A similar
line is followed by Unigra. Belonging to the agricultural and food sectors, Unigra focuses on food
sustainability, thanks to certificated vegetable oils chains, and on materials for energy production. In
particular, belonging to ETS (Emission Trading System), Unigra exploits two different typologies of
residuals with two different plants: the oil waste and other agri-food residuals for the production of biogas,
with the goal of creating another plant to produce bio-methane in the near future. Another example of

Cleaner Production is given by Iperwood-Novowood. The company, part of the sector of wood and wood-
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related producers, has developed in collaboration with the Faculty of Materials Engineering of the University
of Ferrara, a new Wood Plastic Composite (WPC) formula, able to substitute wood by providing better
performances in terms of durability, mechanical strength and in absence of harmful substances, such as PVC.
Since 2004, this new material is called Novowood. It is made with 70% of recycled wood and 30% of high-
density recycled polyethylene. In the last instance, Elenos Group, part of the broadcast sector, has
implemented innovations aimed at reducing material use. In accordance, prior FM transmitters’ equipment
was differentiated according to its power. More devices were developed to satisfy customers’ power needs.
Differently, the group has now projected a new unique machine, which allows to break down its power and
guarantee different performances. In this way, customers will need only one device, since it will be able to
adapt to multiple uses. Elenos Group has additionally focused on renewing products’ design to extend the
life of its instruments and favour a second-life to broken parts. In accordance, multiple studies have been
conducted in order to facilitate products’ disassembly. Currently, products’ segments can be easily removed,
by creating a positive impact on machine durability, reparability, and disposal. Accordingly, the backfire of a
single piece will not compromise the life of the entire apparatus, since the piece will be removed to be
repaired and recovered or substituted by a new one and taken back to be correctly disposed of.

Lastly, a positive result, in view of closing resources’ loops, is the combination among input CBMs and
output CE-oriented practices undertaken by many firms. For example, Macé innovative processes not only
have a positive impact on the production stage, but through the supply of bio-waste for biogas production,
they also support the closure of materials’ cycles at the end-life stage. Moreover, Iperwood solution is
entirely recyclable at the end of their life cycle. Novowood and its products can be pressed and extruded
again, and this operation can be repeated up to 20 times without adding other components. Novowood is
therefore an example of entire circularity. Not only it is created with bio-based and recycled materials, but
also its scraps can totally be reprocessed in order to re-enter into new products’ cycles. In this context, also
Vetroresina S.p.A plays a relevant role. The company is committed to improving the environmental
sustainability of its production activities, by exploiting renewable energy sources and controlling styrene
emissions (a potentially harmful hydrocarbon used to process fiberglass). On the one hand, Vetroresina
S.p.A. is active in the field of Cleaner Production with an ambitious project that aims, in the near future, to
cover the company's energy needs with 85-90% renewable sources. On the other hand, Vetroresina S.p.A is

operating in the field of Circular Output, through the implementation of strategies aimed at giving Second
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Life of materials and Take Back management activities. Accordingly, through a participated company
(Vetroresina Recycling) Vetroresina S.p.A has acquired 30% of the quotas of Gis Recycling, which is a
company dedicated to the recycling of fiber-reinforced fiberglass and fiber-reinforced plastics. The scope of
this acquisition is the re-introduction of industrial waste, end of life fibereglass products, and non-
thermosetting materials into the production process. The challenge for the next years is to involve customers
in the collection of this kind of waste with the aim of being able to ensure a considerable supply of secondary
raw materials and increasing in this way the production of new products having recycled waste as input.
Finally, CPR system operates in the packaging sector and represents a promising reality in the region. The
unusable packaging is re-granulated and re-printed, then going through the entire system, to be ready for a
new distribution cycle. This methodology guarantees both Second-Life for materials and the exploitation of
recycled material that, otherwise, would have been discarded.
5. Conclusions

The current way of designing and manufacturing products must be necessarily revised in order to allow a
circular transition to happen. This is strictly connected with firms’ vision of products’ value and profit which
affect their way of doing business. Hence, thinking about new ways of creating value and making profit from
products’ supply is becoming fundamental. Understanding the role of innovation in this process is equally
important, especially focusing on the questions related to the desirable innovations that may support BM
changes.

In the last decade, many contributions have been provided around these topics. However, it is still
difficult to clearly recognize the conceptual boundaries among Eco-Innovation, Business Models and
Circular Economy. This may partially derive from the absence of consensus around the role of innovation for
CE in general, due to the width of the CE concept. In addition, the lack of clear “theoretical” guidance
affects firms’ capacity to understand how to put forward the circular shift in practice, further slowing down
the transition process. This paper, though not comprehensive, aims at providing building blocks for a clearer
understanding of key factors in firms’ circular transition. We tried to shed more light on this issue by
developing a new archetype of CBMs based on circular-based innovative practices: the Product Life-Cycle
Archetype. The work represents the attempt to reduce the knowledge distance between the theoretical
assumptions about EI and CE and the strategies effectively adopted at firm level. After having reviewed the

current literature in order to identify a series of innovations that support CE achievement, we categorized the
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relevant ones according to products’ life stages: input, use, output. This eventually allowed us to recognize
and categorize the CBMs through a Product Life-Cycle Archetype, which, at the best of our knowledge,
gives an original perspective on the topic, still not investigated in the existing literature. Furthermore, given
the lack of practical analysis and empirical data on the topic, we examined how current firms are responding
to CE stimulus, focusing on eight firms in Emilia Romagna, that have been interviewed in order to
understand which measures they have effectively implemented. This has allowed us to cluster them
according the Product Life-Cycle Archetype, and therefore provide it with a practical application. The
contribution is twofold: on the one side, it allows to understand whether and how our theoretical framework
applies in practice and, on the other, to understand firms’ level of engagement. Notwithstanding, we
recognise that our effort was not sufficient to cover the existing theoretical gaps around these concepts.
Indeed, the link between eco-innovation, circular economy and business strategies appears deep and with not

fully explored aspects, such as the role of technology, which remains open for future research to examine.

6. Acknowledgement
The authors are very grateful to Silvia Beccari for supporting the communication with firms and interviews.

References
Antikainen, Maria, and Katri Valkokari. “A Framework for Sustainable Circular Business Model
Innovation.” Technology Innovation Management Review, 2016.

Aranda-Usoén, A., P. Portillo-Tarragona, S. Scarpellini, and F. Llena-Macarulla. “The progressive adoption
of a circular economy by businesses for cleaner production: An approach from a regional study in
Spain.” Journal of Cleaner Production, 2020.

Aranda-Usoén, A., P. Portillo-Tarragona, S. Scarpellini, and F. Llena-Macarulla. “The progressive adoption
of a circular economy by businesses for cleaner production: An approach from a regional study in
Spain.” Journal of Cleaner Production, 2020.

Arundel, A., and R. Kemp. “Measuring Eco Innovation.” UNI-MERIT Research Memorandum, 2009.

Baldassarre, Brian, Micky Schepers, Nancy Bocken, Eefje Cuppen, Gijsbert Korevaar, and Giulia Calabretta.
“Industrial Symbiosis: towards a design process for eco-industrial clusters by integrating Circular
Economy and Industrial Ecology perspectives.” Journal of Cleaner Production, 2019: 446-460.

Barbieri, Nicolo, Claudia Ghisetti, and Marianna Gilli. “A Survey of the Literature on Environmental
Innovation based on main path analysis.” Journal of Economic Surveys, 2016.

Bassi, Francesca, and Jos¢ G. Dias. “The use of circular economy practices in SMEs across the EU.”
Resources, Conservation & Recycling, 2019: 523-533.

Beise, R., and K. Rennings. “Lead markets and regulation: A framework for analyzing the international
diffusion of environmental innovations.” Ecological Economics, 2005: 5-17.

17



Berkhout, Frans. “Adaptation to climate change by organizations.” WIREs Climate Change, 2011: 91-106.

Bicket, M., et al. “Scoping study to identify potential circular economy actions, priority sectors,material
flows and value chains.” Luxembourg Publications Office of the European Union., 2014.

Bocken, N.M.P, Schuit, and C. Kraaijenhagen. “Experimenting with a circular business model:lessons from
eight cases.” Environmental Innovation and Societal Transition, 2018: 79-95.

Bocken, Nancy M. P., Ingrid de Pauw, Conny Bakker, and Bram Van der Grinten. “Product design and
business model strategies for a circular economy.” Journal of Industrial and Production
Engineering, 2016.

Bocken, Nancy M., Elsa A. Olivetti, Jonathan M. Cullen, and Jose Potting. “Taking the Circularity to the
Next Level: A Special Issue on the Circular Economy.” Journal of Industrial Ecology, 2017: 476-
482.

Cainelli, Giulio, Alessio D'Amato, and Massimiliano Mazzanti. “Resource efficient eco-innovations for a
circular economy: Evidence from EU.” Research Policy, 2020.

Cainelli, Giulio, and Massimiliano Mazzanti. “"Environmental innovations in services: Manufacturing—
services integration and policy transmissions.” Research Policy, 2013: 1595-1604.

Carrillo-Hermosilla, Javier, Pablo del Rio, and Totti Konnola. “Diversity of eco-innovations: Reflections
from selected case studies.” Journal of Cleaner Production, 2010: 1073-1083.

Carrillo-Hermosilla, Javier, Pablo del Rio, and Totti Kénnold. “What is eco-innovation?” Eco-Innovation,
2009: 6-27.

Castillo-Giméneza, Juan, Antonio Montafiés, and Andres J. Picazo-tadeo. “Performance and convergence in
municipal waste treatment in the European Union.” Waste Management 85 (2019): 222-231.

Cheng, M. “Sharing economy: A review and agenda for future research.” International Journal of
Hospitality Management, 2016: 60-70.

Chertow, M. Ruth. «Industrial symbiosis: Literature and taxonomy.» Annual Review of Energy and the
Environment , 2000: 331-337.

Cleff, Thomas, and Klaus Rennings. “Determinants of environmental product and process innovation.”
Environmental Policy and Governance, 1999.

Cobo, Selene, and Angel Irabien Antonio Dominguez-Ramos. “From linear to circular integrated waste
management systems: A review of methodological approaches.” Resources, Conservation &
Recycling 135 (2018): 279-295.

Commission, European. Implementation of the CE Action Plan. Brussels: Report from the Commission to the
European Parliament, the Council, the European Economic and Social Committee and the
Committee of the Regions COM(2017) 33 final), 2017.

De Jesus, Ana, and Sandro Mendonga. “Lost in Transition? Drivers and Barriers in the Eco-innovation Road
to the Circular Economy.” Ecological Economics, 2018: 75-89.

De Jesus, Ana, Paula Antunes, Rui Santos, and Sandro Mendonga. “Eco-innovation in the transition to a
circular economy: An analytical literature review.” Joural of Clenear Production, 2018: 2999-3018.

De Jesus, Ana, Paula Antunes, Santos Rui, and Sandro Mendonga. “Eco-innovation pathways to a circular
economy: Envisioning priorities through a Delphi approach.” Journal of Cleaner Production, 2019:
1494-1513.

18



De Jesus, Ana, Paula Antunes, Santos Rui, y Sandro Mendonga. «Eco-innovation pathways to a circular
economy: Envisioning priorities through a Delphi approach.» Journal of Cleaner Production, 2019:
1494-1513.

Diaz, L. Fernando J., Ton Bastein, and Arnold Tukker. “Business Model Innovation for Resource-efficiency,
Circularity and Cleaner Production: What 143 Cases Tell Us.” Ecological Economics, 2019: 20-35.

Dietz, Simon, and Eric Neumayer. “Weak and strong sustainability in the SEEA: Concepts and
measurement.” Ecological Economics, 2007: 617-626.

Domenecha, Teresa, and Bettina Bahn-Walkowiakb. “Transition Towards a Resource Efficient Circular
Economy in Europe: Policy lessons from the EU and the Member States.” Ecological Economics,
2018: 7-19.

Ellen MacArthur Foundation. Growth Within: A Circular Economy Vision for a Competitive Europe;.
Cowes, UK: Ellen MacArthur Foundation 2015, 2015.

Ellen MacArthur Foundation. «Towards the Circular Economy.» 2013.

European Commission. « “Closing the Loop - An EU Action Plan for the Circular Economy”
(Communication From the Commission to the European Parliament, the Council, the European
Economic and Social Committee and the Committee of the Regions No.» 2015.

European Commission. 4 new Circular Economy Action Plan For a cleaner and more competitive Europe.
Brussels: COM(2020) 98 final, March 11, 2020.

European Environment Agency. «Paving the way for a circular economy: insights on status and potentials.»
2019.

European Environment Agency. “The European environment: state and outlook 2020.” 2019.

Evans, Steve, et al. “Business Model Innovation for Sustainability:Towards a Unified Perspective for
Creation of Sustainable Business Models.” Business Strategy and the Environment, 2017: 597-608.

Flachenecker, Florian, and Jun Rentschler. “From barriers to opportunities: enabling investments in resource
efficiency for sustainable development.” Public sector Economics, 2019: 345- 373.

Geissdoerfer, Martin, Sandra Naomi Morioka, and Marly Monteiro de Carvalho. “Business models and
supply chains for the circular economy.” Journal of Cleaner Production, 2018: 712-721.

Guldmann, Eva. Best Practice Examples of Circular Business Models. The Danish Environmental Protection
Agency, 2016.

Heyes, Graeme, Maria Sharmina, and Joan Manuel Mendoza F. “Developing and implementing circular
economy business models in service-oriented technology companies.” Journal of Cleaner
Production, 2018.

Heyes, Graeme, Maria Sharmina, and Joan Manuel Mendoza F. “Developing and implementing circular
economy business models in service-oriented technology companies.” Journal of Cleaner
Production, 2018.

Jabbour, Ana Beatriz, Fernanda Frascareli, and Charbel Jabbour. “Green supply chain management and
firms’ performance: Understanding potential relationships and the role of green sourcing and some
other green practices.” Resources Conservation and Recycling, 2015.

Kirchherr, Julian, and et al. “Barriers to the Circular Economy:Evidence from the European Union (EU).”
Ecological Economics 150 (2018): 264-272.

19



Kirchherr, Julian, and et al. “Barriers to the Circular Economy:Evidence from the European Union (EU).”
Ecological Economics 150 (2018): 264-272.

Lewandowski, Mateusz. «Designing the Business Models for Circular Economy: towards the conceptual
framework.» Sustainability, 2016.

Lieder, Michael, and Amir Rashid. “Towards circular economy implementation: a comprehensive review in
the context of manufacturing industry.” Journal of Cleaner Production, 2016: 36-51.

Linder, Marcus, and Mats Williander. “Circular Business Models Innovation:Inherent Uncertainties.”
Business Strategy and the Environment, 2017: 182-196.

Marin, Giovanni. “Do eco-innovations harm productivity growth through crowding out?Results of an
extended CDM model for Italy.” Research Policy, 2014: 301-3017.

McDonough, William, and Michael Braungart. Cradle to Cradle: Remaking the Way We Make Things. New
York: North Point Press, 2002.

Merli, Roberto, Michele Preziosi, and Alessia Acampora. “How do scholars approach the circular economy?
A systematic literature review.” Journal of Cleaner Production, 2018.

Murray, D., et al. “Continental divide: Predicting climate-mediated fragmentation and biodiversity loss in the
boreal forest.” PLoS ONE, 2017.

NuBholz, Julia L. K. “Circular Business Models: Defining a Concept and Framing an Emerging Research
Field.” Sustainability, 2017.

NuBholz, L.K. Julia. «A circular business model mapping tool for creating value from prolonged product
lifetime and closed material loops.» Journal of Cleaner Production ,2018: 185-194.

ORiordan, Timothy. «New Zealand and Environmentalism: An Outsider's View.» New Zealand
Geographer, 1993.

Osterwalder, A., and Y. Pigneur. “Business Model Generation: A Handbook for Visionaries, Game
Changers, and Challengers.” Wiley, 2010.

Pieroni, Marina P.P, Tim C. McAloone, and Daniela C.A. Pigosso. “Business model innovation for circular
economy and sustainability: A review of approaches.” Journal of Cleaner Production 215, 2019 :
198-216.

Rosa, Paolo, Claudio Sassanelli, and Sergio Terzi. “Towards Circular Business Models: A systematic
literature review on classification frameworks and archetypes.” Journal of Cleaner Production,
2019.

Salvador, Rodrigo, Murillo Vetroni B., Leila Mendes da Luz, Cassiano Piekarski, and Antonio C. De
Francisco. “Circular business models: current aspects that influence implementation and unaddressed
subjects.” Journal of Cleaner Production, 2019.

Schot, Johan, and W. Edward Steinmueller. “Framing Innovation Policy for Transformative Change:
Innovation Policy 3.0.” Science Policy Research Unit (SPRU), 2016.

Schot, Johan, and W. Edward Steinmueller. “Three frames for innovation policy: R&D, systems of
innovation and transformative change.” Research Policy, 2018: 1554-1567.

Segaard J., Michael, and Arne Remmenb. “A methodological approach to development of circular economy
options in business.” Procedia CIRP 69, 2018: 816 — 821.

Tura, Nina, Jyri Hanski, Tuomas Ahola, Matias Stahle, Sini Piiparinen, and Pasi Valkokari. “Unlocking
circular business: a framework of barriers and drivers.” Journal of Cleaner Production, 2017.

20



Unal, Enes, Andrea Urbinati, Davide Chiaroni, and Raffaella Manzini. “Value creation in Circular Business
Models: the US case of a US small and medium enterprise in the building sector.” Resources
Conservation & Recycling, 2019: 146-291.

Unal, Enes, Andrea Urbinati, Davide Chiaroni, and Raffaella Manzini. “Value creation in Circular Business
Models: the US case of a US small and medium enterprise in the building sector.” Resources
Conservation & Recycling, 2019: 146-291.

Wilts, Henning. “Key Challenges for Transformations Towards a Circular Economy: The Status Quo in
Germany.” International Journal of Waste Resources, 2017: 1-5.

21



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

NOTE DI LAVORO DELLA FONDAZIONE ENI ENRICO MATTEI
Fondazione Eni Enrico Mattei Working Paper Series

Our Working Papers are available on the Internet at the following addresses:
http://www.feem.it/getpage.aspx?id=73&sez=Publications&padre=20&tab=1

NOTE DI LAVORO PUBLISHED IN 2020

2020, FACTS Series, Alessandra Celani de Macedo, Nicola Cantore, Laura Barbier, Marco Matteini, Giorgia
Pasqualetto, The Impact of Industrial Energy Efficiency on Economic and Social Indicators
2020, 2030 Agenda Series, Nicola Comincioli, Sergio Vergalli, Effects of Carbon Tax on Electricity Price
Volatility: Empirical Evidences from the Australian Market
2020, 2030 Agenda Series, Marco Buso, Cesare Dosi, Michele Moretto, Do Exit Options Increase the
Value-For-Money of Public-Private Partnerships?
2020, FACTS Series, Ricardo Nieva, A Tragic Solution to the Collective Action Problem: Implications for
Corruption, Conflict and Inequality
2020, FACTS Series, Charles Fang Chin Cheng, Nicola Cantore, The Inclusive and Sustainable
Development Index: a Data Envelopment Analysis Approach
2020, 2030 Agenda Series, FACTS Series, Coker Eric, Cavalli Laura, Fabrizi Enrico, Guastella Gianni, Lippo
Enrico, Parisi Maria Laura, Pontarollo Nicola, Rizzati Massimiliano, Varacca Alessandro, Vergalli Sergio, The
Effects of Air Pollution on COVID-19 Related Mortality in Northern Italy
2020, 2030 Agenda Series, Laura Cavalli, Giulia Lizzi, Port of the future : Addressing Efficiency and
Sustainability at the Port of Livorno with 5G
2020, FACTS Series, Federica Cappelli, Gianni Guastella, Stefano Pareglio, Institutional Fragmentation and
Urbanisation in the EU Cities
2020, FEP Series, Giacomo Falchetta, Nicolo Stevanato, Magda Moner-Girona, Davide Mazzoni, Emanuela
Colombo and Manfred Hafner, M-LED: Multi-sectoral Latent Electricity Demand Assessment for Energy
Access Planning
2020, Local Projects Series, Marcella De Filippo, Annalisa Percoco, Angela Voce, Covid-19 e didattica a
distanza.ll caso Basilicata, una regione a rischio digital divide
2020, 2030 Agenda, Laura Cavalli, Sandro Sanna, Mia Alibegovic, Filippo Arras, Gianluca Cocco, Luca
Farnia, Emanuela Manca, Luisa F. Mulas, Marco Onnis, Sandro Ortu, llenia G. Romani, Marta Testa, The
Contribution of the European Cohesion Policy to the 2030 Agenda: an Application to the Autonomous
Region of Sardinia
2020, FACTS Series, Alexander Golub, Kristina Govorukha, Philip Mayer, Dirk Rubbelke, How does Climate
Change Affect the Transition of Power Systems: the Case of Germany
2020, FEP Series, Rossana Scita, Pier Paolo Raimondi and Michel Noussan, Green Hydrogen: the Holy
Grail of Decarbonisation? An Analysis of the Technical and Geopolitical Implications of the Future
Hydrogen Economy
2020, FACTS Series, Marta Montinaro, Rupayan Pal, Marcella Scimitore, Per Unit and Ad Valorem
Royalties in a Patent Licensing Game
2020, 2030 Agenda, S. Quaini, S. Saccani, S. Vergalli, L. Assom, M. Beria, A. Codello, M. Monaco,

R. Sabatini, Seasonality Fingerprint on Global Trading of Food-commodities. A Data-mining Approach
2020, 2030 Agenda Series, Nicola Comincioli, Paolo M. Panteghini and Sergio Vergalli, Debt and

Transfer Pricing: Implications on Business Tax Policy

2020, FACTS Series, Wolfgang Buchholz, Dirk Ribbelke, Overstraining International Climate Finance:
When Conflicts of Objectives Threaten Its Success

2020, 2030 Agenda Series, Nicola Comincioli, Verena Hagspiel, Peter M. Kort, Francesco Menoncin,
Raffaele Miniaci and Sergio Vergalli, Mothballing in a Duopoly: Evidence from a (Shale) Oil Market

2020, 2030 Agenda Series, Chiara Castelli and Angela Parenti, Commuting in Europe: An Inter-regional
Analysis on its Determinants and Spatial Effects

2020, 2030 Agenda Series, lwan Bos, Marco A. Marini, Collusion in Quality-Segmented Markets

2020, FACTS Series, Federica Cappelli, Investigating the Origins of Differentiated Vulnerabilities to Climate
Change and their Effects on Wellbeing




22.

23.

24,

25.

26.

27.

28.

29.

2020, 2030 Agenda Series, Antonio Francesco Gravina, Matteo Lanzafame, Nonlinearities and the
determinants of inequality: New panel evidence

2020, FACTS Series, Jane da Mosto, Camilla Bertolini, Anil Markandya, Paulo A.L.D. Nunes, Tom Spencers,
Arnas Palaimas, Laura Onofri, Rethinking Venice from an Ecosystem Services Perspective

2020, FACTS Series, Maria Rosaria Alfano, Anna Laura Baraldi, Erasmo Papagni, Do Voters Choose Better
Politicians than Political Parties? Evidence from a Natural Experiment in Italy

2020, FACTS Series, Vesa-Pekka Parkatti, Olli Tahvonen, Economics of multifunctional forestry in the Sami
people homeland region

2020, 2030 Agenda Series, Michael Kopel, Marco A. Marini, Mandatory Disclosure of Managerial
Contracts in Nonprofit Organizations

2020, 2030 Agenda Series, lan W. R. Martin, Robert S. Pindyck, Welfare Cost of Catastrophes: Lost
Consumption and Lost Lives

2020, Future Energy Program Series, Sondes Kahouli, Xavier Pautrel, Residential and industrial energy
efficiency improvements: A dynamic general equilibrium analysis of the rebound effect

2020, FACTS SERIES, Elisa Chioatto, Emy Zecca, Alessio D’Amato, Which innovations for Circular Business
Models? A Product Life-Cycle approach




Fondazione Eni Enrico Mattei
Corso Magenta 63, Milano - ltalia

Tel. +39 02.520.36934
Fax. +39.02.520.36946

E-mail: letter@feem.it
www.feem.it

PLEM

»EEM

FONDAZIONE ENI
ENRICO MATTEI



	Fronte WP29.pdf
	Senza titolo
	Senza titolo




