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Abstract: The classic linear economy model based on extraction, processing, production and waste
no longer seems to be functional in a world where natural resources are starting to run out. For these
reasons, the aim of this study is to analyse the transition from a linear system to the circular economy,
providing an example of reuse of sea urchin waste for the creation of new eco-sustainable products.
From a comprehensive literature review, it is provided a framework of all the properties deriving
from marine collagen and other inedible parts of the sea urchin. Thanks to its characteristics, marine
collagen is a valid support for production of biomedical devices, dermal implants, cosmetic and
pharmaceutical products. To make their core business effective, companies should not consider only
the financial perspectives but also the social and environmental aspects. Therefore, this work aims at
analysing these three frameworks using the Triple-Layered Business Model Canvas, which is a useful
tool to support the creative exploration of sustainable and innovative business models. The reuse of
sea urchin waste is a clear example of how a circular economy model can be adopted for companies
to be successful. Through this virtuous model, they can be projected towards a green economy based
on a more eco-sustainable vision.

Keywords: circular economy; sustainability; food waste management; marine collagen; Triple-
Layered business model

1. Introduction

In the last decade, circular economy (CE) has become one of the most discussed issues
in the European and non-European political debate [1], as a result of continuous and
increasingly evident phenomena related to climate change and the growing emissions of
greenhouse gas (GHG) [2].

The traditional linear economy model based on extraction, processing, production
and waste no longer seems to be functional in a world where natural resources are starting
to run out [3].

According to the United Nations, the world population will reach 9 billion by 2050,
causing several problems in terms of food security and in the increasing consumption of
raw materials [4]. Therefore, rulers are called upon to pay attention to alternative forms to
reduce pollution and waste of these resources, thus inserting the topic of circular economy
in the political agenda [1,3,5]. Sustainable economic growth has several purposes: mitigate
price volatility, improve food security in the poorest regions of the planet, limit waste of
resources, reduce environmental impact and create new jobs [6]. Indeed, precisely with
regard to the last point, according to the Environmental Services Association (ESA), the
circular economy in the United Kingdom has encouraged the hiring of about 50,000 new
jobs and USD 12 billion in investments [7]. In this context, in 2015 the European Commis-
sion (EC) introduced the First Action Plan in its agenda with the aim of helping Europe
in a process of transition from the linear to the circular economy [8]. The Action Plan
provides for 54 measures that seek to close the life cycle of products: from production to
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consumption and waste management [9]. A further step forward was taken by the EC
last March 2020, with the adoption of the European Green Deal [10]. This aims to achieve
climate neutrality in Europe by 2050, restore biodiversity and incentivize a society that is
balanced with a clean and cost-efficient circular economy [8,10]. In addition, the Green Deal
is committed to supporting the supply, the use of renewable energy sources, by-products
and the reuse of waste and residues [11].

In many countries, without contribute from the legislator (e.g., subsidy, frameworks,
taxes, etc.), an autonomous and convinced awareness on the part of citizens in adopting
initiatives to contrast climate change is still missing. It is therefore necessary to rethink the
world economic system in a new perspective, which makes eco-innovation and better food
waste management its strengths.

Regarding to this latter aspect, FAO estimates that about 1.3 billion tonnes of food
are lost or discarded every year, equal to one third of total edible food [12]. Nowadays,
with the increase in fish consumption, most wild fish stocks are classified as fully exploited,
with several species facing extinction [13]. Moreover, a remarkable share of waste is
represented by the discarded fish, which includes many species and by-catches [14]. Fishing
waste is estimated to exceed 20 million tonnes each year, about 25% of the annual world
harvest [14,15]. Therefore, this is an increasingly emerging problem, even because fish
industries are suspected of being responsible for significant risk to the environment [16].
The fish waste occurs for several reasons: products that are caught but not sold because
they have a low commercial value [14], damaged goods, inadequate management of the
supply chain, improper storage of the product and finally waste deriving from domestic
consumption. There are also species such as sea urchins, where waste is abundant due to the
high content of inedible parts, such as shells, spines and viscera [17]. Lacking management
of fish waste and overfishing have several negative implications on ecosystems and the
protection of marine species (e.g., damage to habitats, illegal fishing, endangered fish
species). Therefore, from food waste, the reuse of discarded fish represents a valid tool to
reduce the environmental impact of fishing [14] and to promote new forms of sustainable
business through more virtuous economy. In addition to better waste management and
the reuse of waste to obtain biomaterials or energy sources, by implementing a circular
economy approach it is also possible to maximize the value of food production and to
reduce waste [18].

Therefore, this study aims to provide concrete examples of circular economy such as
the creation of new products deriving from sea urchin waste and the sustainable transition
in the sea urchin industry.

The manuscript is organized as follows: Section 2 provides a literature review of the
key topics of the article such as the concept of circular economy and waste management,
through an integrated model. Section 3 provides a brief description of the global sea
urchins trade and the reuse of waste in several sectors such as biomedicine, cosmetics and
pharmaceuticals. It will be analysed also the potentials deriving from marine collagen
extracted from sea urchin waste. Section 4 broadly analyses the concept of business
models in the literature, focusing on the Business Model Canvas methodology applied to
companies that process sea urchins. Section 5 provides a Triple-Layered analysis for the sea
urchins industry’s transition, focusing on the main items that make up the environmental
and social layers. Section 6 offers some summary elements.

2. Theoretical Background
2.1. Circular Economy Concept Overview

Today, the consequences caused by human activities exceed the resilience of ecosys-
tems around the world [19]. Therefore, in recent years, a greater awareness is emerging in
making efforts to implement a transition into a circular economy system [19]. Consequently,
the discussion on the circular economy is attracting wide interest not only at the political
and public debates, but also in the academic literature [4]. Indeed, there are many articles
in the literature that try to define and explain the concept of circular economy. The origin
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of the term “Circular Economy” dates back to the late 1970s when Stahel and Reday [20]
conceptualized a cyclical economy that could be able to limit waste, increase jobs and
ensure the efficiency of natural resources.

Other scholars, like Ghisellini et al. (2016) [21] attributed the concept of circular to
Pearce and Turner (1989). For these two economists, natural resources are able to influence
the economy in providing inputs for production and consumption and outputs in the form
of waste [22]. To explain the circular model, they started by analysing the characteristics of
contemporary linear and open-closed economic systems in which production, supported
by capital goods, is aimed at the production of goods of consumption, whose ultimate goal
is to create utility [23].

To explain the transition from an open-closed to a circular system, it’s important to
understand the link that exists between used resources and residual waste [23].

As the first law of thermodynamics states, that is, the energy and matter considered,
remain constant in a closed system, it is also true in a circular economic system, in which
the amount of waste generated in a given period must correspond to the quantity of
depleted resources, so as to avoid failing [23]. In contrast to the linear open-ended system,
capital goods in the circular model play a temporary role as resources for the production
processes [23], but after being consumed they turn into waste. Consequently, if it is
considered the recycling factor, a part of the waste can be transformed into resources, thus
starting a new production cycle.

However, according to Georgescu-Roegen [24] not all waste can be recycled because
of the second law of thermodynamics–entropy. Indeed, the process of recycling and
recovering waste materials requires additional energy [24]. This recovery will never be
total, but will produce other waste or collateral products [25]. For this reason, even the
circular economy shows limits, specifically that of dissipating materials that are lost in the
ecosystem and which are then impossible to recover [25]. A solution to this problem, at
least in theoretical part, could be to always use renewable energy from the sun, for the
entire recycling process. This solution, however, would require large investments and a lot
more work to complete the whole cycle.

To better understand the concept of circular economy and its operating principles, it
has been possible to find in the literature several reports and articles concerning the CE,
published over the years by the Ellen MacArthur Foundation.

The most recent and recurrent definitions are the following: “an industrial economy
in which material flows keep circulating at a high rate without entering the biosphere
unless they are biological nutrients” [26]; “an industrial economy that is restorative by
intentions; aims to rely on renewable energy; minimizes, tracks and eliminates the use
of toxic chemicals; and eradicates waste through careful design” [27]; “an economy that
provides multiple value-creation mechanism which are decoupled from the consumption
of finite resources; in a circular economy, growth comes from “within”, by increasing the
value derived from existing economic structures, products and materials” [28,29].

Since the circular economy is not yet a common economic model because of application
limits, already mentioned, it therefore remains a widely debated topic by economists and
academics. However, among the most optimistic visions, the circular economy seems to
have a win-win-win potential for three dimensions of sustainable development: economic,
environmental and social [25]. In an idealized situation, the physical flows of materials and
energy recovered in the CE model would allow to reduce the use of new virgin materials,
energy inputs, waste management costs and its output [30]. Consequently, there would
be a bunch of cascaded benefits, from reducing raw material and energy costs, to the
diversification of reuse along the value chain. This effect is called the “power of cascaded
use” [6]. In addition, this power would help to stimulate new job opportunities and growth
in the sense of community, with a company projected towards a sharing economy and
eco-friendly vision.
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2.2. From Waste Management to Circular Economy

To counter the increase in the volume of solid waste produced every year and to limit
the negative externalities that derive from it, in the last two decades, many governments
have adopted regulations and political decisions aimed at safeguarding their citizens. This
awareness led to the Paris Agreement on Climate Change, reached at the end of the 21st
Conference of the Parties of the UNFCCC (COP21) in December 2015 [31].

In addition to this, several governments have implemented policies and regulations
that force companies to improve their waste management strategies. However, some
concerns are still present. Indeed, some companies, transforming part of solid waste
to obtain new products, have encountered flaws in the final product so that they did
not comply with the RoHS (Restriction of Hazardous Substances Directives) Community
legislation. For example, the Swiss watch company “Swatch” had to pay USD 1 billion in
2006 to withdraw from the market and fix several products that had defects in the solder
of lead-free tin whiskers, materials previously recovered from other products no longer
used [32].

To minimize solid waste production, different solutions can be adopted. First, the
traditional hierarchy of waste management from the best choice to the least favourable one.
It is a traditional model of waste management based on hierarchic form, represented by
an inverted pyramid, which aims to find the solutions that best produce benefits for both
human and the environment. The optimal choice to adopt is prevention, while the least
favourable option is disposal [33]. In the middle there are a series of other steps that refer
to the 3Rs principle, previously mentioned.

Second, the transition from hierarchical waste management to the circular approach is
based on three guiding keys: sale, disposal and preparation [34].

To ensure that companies can continue to maximize profits by reducing waste and
consumption, they should sell the discarded materials to other companies that deal with
the recovery of these products. For example, General Motors located in Detroit (Michigan),
by reselling goods, made in part from products previously discarded by other companies,
is able to earn USD 1 billion a year from this operation [35].

Furthermore, it is essential to implement green supply chain management to maxi-
mize the use of resources and thus reduce, to the point of eliminating, the consumption of
new ones [36]. This eco-efficient approach, often considered a circular economy synony-
mous [37], improves the security of resources and the reduction in emissions and waste [26].
In addition, creating an eco-efficient system, with a better design, allows to reduce costs
and eliminate all those excess components, such as reducing packaging to the essential [6].
Finally, it should be noted that companies in recent years have become increasingly aware
and prepared with respect to public opinion and legislation on sustainable economics [34].
For these reasons, it is important that firms continue to be proactive and prepared in waste
management, also through the collaboration of all the skills responsible for the production
of the goods, from its design to its complete realization [34].

The environmental challenges that human must face in the short term are many and
the circular economy remains the best possible choice so that our system still supports the
supply of solid waste.

3. From Marine Waste to New Eco-Friendly Products: Development of the
Biomedicine, Pharmaceuticals, Cosmetics and Blue Biotechnologies
3.1. Global Sea Urchin Harvest and Trade

Trying to provide an overview about the world sea urchin production and trade, it
should be noted that most of the harvest—specifically the gonads of both sexes called
roe—occurs in temperate regions of the world.

As can be seen in Figure 1, from 1950 to 2018, the trend of world sea urchin production
followed two different performances. The first, growing, from 1950 to 1995, the year in
which the harvest reached its peak with 117,039 tonnes of catch. The second, on the other
hand, is constantly decreasing, from 1995 to the most recent years.



Sustainability 2021, 13, 5427 5 of 18

Sustainability 2021, 13, x FOR PEER REVIEW 5 of 19 
 

According to the latest available FAO data, indeed, the capture production of sea 
urchins in 2018, for the species included in the database and in all forms of sale-live, fresh, 
chilled or frozen-was approximately 62,828 tonnes [38]. 

 
Figure 1. Total world sea urchin production (1950–2018), in tonnes value. Source: authors using 
FishStatJ database, 2021. 

Specifically, considering the production by country shown in Figure 2, Chile is the 
dominant producer of sea urchin, although its production has dropped drastically over 
the last 18 years, from 54,097 tonnes in 2000 to 30,446 tonnes in 2018 [38]. 

Countries such as Japan, USA and Canada have instead maintained a relatively sta-
ble trend, while the Russian Federation is one of the few countries to have increased its 
harvest in recent years, if compared with the early 2000s. 

 
Figure 2. Global Sea Urchins harvest (production) divided by countries (2000–2018), in tonnes 
value. Source: authors’ own elaboration using FishStatJ database, 2021. 

3.2. Strategies for the Prevention and Reuse of Fishing Industry Waste 
Over the past two decades, the production and the global demand for fish products 

have both grown steadily, with an increasingly important role for the aquaculture sector. 
As shown in Figure 3, the global capture increased from 19 million tonnes in 1950, to more 
than 97 million tonnes in 2018, while aquaculture production marked an exponential in-
crease, from 638,457 tonnes in 1950, up to 114 million tonnes in 2018 [38]. 

Figure 1. Total world sea urchin production (1950–2018), in tonnes value. Source: authors using FishStatJ database, 2021.

According to the latest available FAO data, indeed, the capture production of sea
urchins in 2018, for the species included in the database and in all forms of sale-live, fresh,
chilled or frozen-was approximately 62,828 tonnes [38].

Specifically, considering the production by country shown in Figure 2, Chile is the
dominant producer of sea urchin, although its production has dropped drastically over the
last 18 years, from 54,097 tonnes in 2000 to 30,446 tonnes in 2018 [38].
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Countries such as Japan, USA and Canada have instead maintained a relatively stable
trend, while the Russian Federation is one of the few countries to have increased its harvest
in recent years, if compared with the early 2000s.

3.2. Strategies for the Prevention and Reuse of Fishing Industry Waste

Over the past two decades, the production and the global demand for fish products
have both grown steadily, with an increasingly important role for the aquaculture sector.
As shown in Figure 3, the global capture increased from 19 million tonnes in 1950, to
more than 97 million tonnes in 2018, while aquaculture production marked an exponential
increase, from 638,457 tonnes in 1950, up to 114 million tonnes in 2018 [38].
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However, this growing trend causes an increasing share of waste generated by the
processing these products [39]. Specifically, bony and cartilaginous fish and some other
species belonging to the Echinoidea class, such as sea urchins, produce a considerable
amount of waste from the removal of roe for sale and from large quantities of discarded
tests [40,41]. Part of this waste is then reused in different fields, such as animal feed
given the protein intake of fish [42], but most of the waste is not reused, thus causing
environmental damage [43].

According to FAO, in the most industrialized regions such as Europe, North America
and Asia, the main loss of fish and seafood derives from fisheries production, with discard
rates between 9–15% of sea catches [44]. Furthermore, a large part of the purchased product
is also wasted by consumer households [44]. In developing countries, on the other hand,
the main phases that generate greater waste of fish and seafood are those linked to post-
catch activities and product processing [44]. This is mainly due to technological deficiencies
and less skilled workers, present in the underdeveloped regions, which thus cause a faster
deterioration of goods and greater waste during the transformation phase of the product.

As it has been shown, fish and seafood, but more generally food, are wasted along
the entire food supply chain (FSC), from the early stages of harvest and production of the
product, to processing and distribution, up to consumption at the domestic or HORECA
activities [12].

To avoid excessive waste and the increase in refuse, which risks becoming uncontrolled
with the grow in demand and the demographic increase of the population, FAO suggests
and encourages sector operators to implement prevention strategies.

Among these, cooperation between producers could be very useful to avoid over-
production-that is, the situation that occurs when the supply on the market exceeds the
demand. In this case, the excessive production of one company could solve a shortage
of the harvest of another, thus avoiding the exploitation of other new inputs [45], which
would then risk remaining unsold and therefore discarded.

Another achievable option is to increase market surveys on consumer preferences in
supermarkets. Indeed, some past studies show that consumers are more likely to buy new
diversified products, as long as they are qualitatively of high standards and not modified
in taste [45]. The market research tool can therefore be a valuable support for companies in
understanding and directing their production based on consumer demand and preferences,
so as to minimize waste or the accumulation of unsold goods.

In addition, governments, especially those in developing countries, should invest
more in infrastructure and transport [46], giving companies incentives to further develop
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storage and cold chain facilities, the latter essential for the conservation of products such as
fruit, vegetables, meat and fish [45]. Moreover, in recent years, some researches have been
promoted to study how to convert waste into useful products or to be reused in several
applications, so as to reduce the negative externalities deriving from the fishing sector, for
humans and the environment [16] and to implement a virtuous model of circular economy.

3.3. The Applications of Marine Collagen Extracted from Sea Urchin Waste in the Biomedicine and
the Pharmaceutical Sector

Skin lesions such as ulcers, wounds and burns are among the most frequent problems
in human health care and therapies to treat these critical issues require very expensive
economic interventions [47]. To date, different types of skin lesions can be treated with
techniques that are not free from serious limitations and dangers, such as immune rejection
in allogeneic skin graft, the onset of infections or the presence of scars [48].

To face these problems, in recent years, many researchers have studied and tested
marine collagen as a biomaterial [49]. Indeed, it is promising because it is abundant [50],
easy to find and biocompatible. Marine collagen is very similar to the collagen present in
human tissues, such as bones, blood vessels, ligaments and skin [17]. As for the currently
used mammalian source (bovine, equine, pig), most marine collagen is obtained after
hydrolysis, a process that partially “destroys” the molecular structure, thus reducing
its mechanical strength [51–53]. The positive aspect of sea urchin collagen is that it is
obtained without the need of destructive methods [51] and this allows to preserve its
structural integrity and therefore mechanical performance, a fundamental element in
biomaterial design.

Marine collagen is also widely used in dentistry and generally utilized as a membrane
in periodontal and implant therapy, but also in bone grafts [54].

Moreover, thanks to the skin’s reparative properties, marine collagen is also used
by cosmetic companies for the creation of products containing bioactive ingredients and
marine collagen extracts [50], capable of providing benefits, such as the inhibition of photo-
aging of the skin [55]. Photo-aging, also known as dermatoheliosis, involves skin changes
due to sun exposure, ultraviolet (UV) radiation and other external environmental attacks,
such as harmful products and sudden changes in temperature [55,56]. Therefore, this
aspect is very important because in recent years it has been attracting more and more
interest both in the field of research and in that of consumption.

Another benefit of marine collagen used for cosmetic products is the fact that this
element has a limited smell compared to collagens derived by other animals [56]. Then,
moisturizing and elasticizing effects of the skin are also evident using body lotion or serums
containing marine collagen, which in the long run cause a firming skin effect [57].

The collagen extracted from sea urchin represents a valid help in reducing waste from
the food industry of restaurants and fish companies, thus giving a high value to sea urchin
by-products and waste, through a circular economy model [50].

According to recent scientific studies, it is a promising biomaterial for biomedical
applications and for these reasons, blue biotechnologies represent an important starting
point for a more sustainable future in waste management [49].

4. Methodology
4.1. Business Models

In the literature there are different definitions of business models and despite several
efforts conducted in recent decades, scholars do not seem to have define a single widely
recognized definition [58]. Already in the pre-industrial era, business models were a
fundamental part of commercial and economic behavior [59]. However, according to
Teece (2010), since the 1990s with “the Web revolution” business models have gained wide
interest among scholars, as demonstrated by the large number of publications of books
and scientific articles on this topic [60]. According to Belussi et al. (2019) after 2005, annual
scientific publications relating to business model concepts reached 100 units [61].
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With the development and spread of the internet, traditional industries, such as DVD
rental businesses, had the opportunity to transform their business models to access the
online market [59]. Indeed, in the internet sector research demonstrated greater interest to e-
business models [60]. This term refers to companies that carry out commercial transactions
on the internet both with economic partners and with their buyers [62]. Online platforms
have not only made it possible to display a product or service to the costumer, but also
allowed the development of new possibilities in creating and providing value [60]. This
revolution encouraged companies to take new paths in the design of business models useful
for delineating new boundaries and alternative organizational approaches of business [63].

As underlined by a general literature review, the business model is defined as a
statement [64], representation [65,66] a structural template [60] and a pattern [67].

Specifically, among the most cited definitions of BM, according to Zott and Amit
(2010), a business model describes “the content, structure and governance of transactions
designed so as to create value through the exploitation of business opportunities” [68],
while according to Chesbrough and Rosenbloom (2002), a business model is “the heuristic
logic that connects technical potential with the realization of economic value” [69]. As
stated by Magretta (2002), business models are “stories that explain how enterprises work.
A good business model answers Peter Drucker’s age old questions: Who is the customer?
And what does the customer value? It also answers the fundamental questions every
manager must ask: How do we make money in this business? What is the underlying
economic logic that explains how we can deliver value to customers at an appropriate
cost?” [70]. Moreover, as argued by Teece (2010) a BM is “how the enterprise creates and
delivers value to customers and then converts payments received to profits” [59].

4.2. An Analysis of Sea Urchin Industry through Original Business Model Canvas

Given the high flexibility of the business models applied in several sectors, there are
different ways to view the BMs [71]. It can be structured in textual description modes such
as company reports and brochures useful to provide a detailed focus on the company’s
finances [72]. Other scholars like Osterwalder (2004) defined the business model as an
architecture [73] consisting of elements and relationships organized at different levels [74].
In these terms, the business model assumes a logic of “how an organization creates,
provides and captures value” [75]. The “Business Model Canvas” conceived by Osterwalder
and Pigneur (2010) is a way to graphically represent the value created by the relationships
established between the components of an organization [71].

The Business Model Canvas is a valid economic-financial tool based on 3 key aspects.
Firstly, it helps to explain how the different components and parts of a company can
integrate to provide value to the customer. Furthermore, this scheme, made up of strate-
gies and interconnections, serves to outline the links between the supply chain and the
stakeholder networks [76]. Finally, the BMC explains how from these interconnections it is
possible to generate value in the production of a good, thus implementing the company’s
profits [76]. It is divided into nine blocks [75]: key partners, key activities, key resources,
value proposition, customer relationships, customer segments, distribution channels, cost
structure and revenue streams. These items can be grouped into four main areas activities:
supply, customer infrastructure and finance [75]. However, the core business for companies
that process sea urchins is given by:

Value Proposition

What value is the organization delivering to its customers? Which customer pain-
points are the organization addressing? [75]. The value proposition (VP) is the most
relevant item of BMC because it explains the benefits created by the company in selling a
product to its customers and why they should prefer that firm over other companies that
provide similar products or services [77]. The VP aims to “address to the specific needs of
one or more groups of end users and provide a clear explanation of how these needs will
be met, indicating the package of products and services offered to each user” [78]. In this
specific case study, the value proposition of a sea urchin industry is the realistic promise
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made to its customers in providing fresh or processed sea urchins, harvested directly from
national seas, thus ensuring high quality standards of the goods sold throughout the supply
chain (Figure 4). This motivation should persuade a specific target of customers to prefer
products from this company over the competition of others. However, it is important that
the value proposition is credible and understandable to the consumer, who, together with
his personal motivations and needs, is the real key player.
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Cost Structure

What are the most important costs inherent in the business mode? Which key resources
and activities are most expensive? [75]. The costs structure are the fixed and variable costs
that the company must consider for financing the resources, activities and main partners.
Among the main fixed costs, the firm must include the rental of plants or machinery
and the payment of the salaries of its employees. Instead, variable costs depend on the
volumes of goods produced. In this case, for example, the costs due to the harvesting of a
certain quantity of sea urchins are included. As it can be imagined, during the sea urchin
harvest season, not all fishing trips produce the same results, so the costs in this case can
be considered variable. The company must therefore be able to plan in detail all fixed and
variable costs so as to set a price on the goods sold that is at the same time competitive in
the market and capable of generating profits.

Revenue Streams

For what value the customers really willing to pay? How do they prefer to pay? How
are they currently paying? How does each stream add up to the total revenue, i.e., asset
sale, subscription fees, leasing, licensing, advertising, etc.? How much does each Revenue
Stream contribute to overall revenues? [75]. Revenue streams indicate the earnings obtained



Sustainability 2021, 13, 5427 10 of 18

from selling products to a specific customer segment. The sea urchin industry generates
revenues depending on the volume of goods sold, such as fresh sea urchins, processed
pulp, or frozen roe, but also for the way in which customer payments are made (Figure 4).

However, despite the BMC being a very popular tool used by companies, the main
purpose of this business model is economic [79], as highlighted precisely by the finan-
cial items of cost structure and revenue streams. In addition, BMs need integrations to
respond to the increasingly emerging sustainable business prospects [71]. According to
Schoormann et al. (2016), there are alternative approaches that extend the traditional BM
to include sustainable aspects [71]. One of the most recent integrations is presented by
Joyce and Paquin (2016) with their model called “Triple Layered Business Model Canvas”
(TLBMC). This business model is completed with extra layers for both social stakeholders
and environmental life cycles [71].

5. Results
5.1. Sustainable Transition in the Sea Urchin Industry with the Triple-Layered Business
Model Canvas

This study uses the TLBMC which is a tool “to support the creative exploration
of sustainable business models and innovations oriented towards sustainability more
generally” [76]. In other words, the TLBMC is a valuable tool for companies to better
plan the production of innovative products according to an economy model attentive
to social and environmental impact. Furthermore, the TLBMC can also integrate with a
circular economy system [80] thus offering many advantages for the company that adopts it.
Indeed, it can limit its costs by reducing waste, renewing its production with materials that
would generally be discarded and establishing a better relationship with customers [80].

This model provides “horizontal” coherence within each canvas to explore the eco-
nomic, environmental and social values that emerge from the key actions and relationships
established by the nine components of each layer [76]. However, there is also a “vertical”
coherence that integrates the value creation across the three levels [81]. According to Joyce
and Paquin (2016) this logic “supports exploring the alignment of actions and interconnec-
tions across the different types of value” [76]. Regarding the vertical logic, starting from
the social framework, the alignment of an item of each canvas crosses the corresponding
component of the next layer. This approach highlights an alignment of the actions and
possible interconnections between the three canvases [81].

5.2. The Environmental Layer

The aim of the environmental layer is to analyse the resulting environmental benefits
implemented by companies [82]. It is based on Life Cycle Analysis (LCA), essential
for mapping the environmental impact (e.g., carbon and water footprint) deriving from
a product or service over the entire life cycle [79]. Filling this layer, it is possible to
identify the negative and positive externalities on the environment generated by the
company’s activities.

As in the economic layer, the environmental and social canvases consist of 9 blocks
each [76]. Specifically, the environmental layer is made up of the following items: supplies
and outsourcing, production, materials, functional value, end-of-life, use phase, distribu-
tion, environmental impacts, environmental benefits [76]. Figure 5 summarizes the main
results for each block constituting of the environmental layer for companies that harvest
and process sea urchins. However, the core of the environmental layer is given by:

Functional Value

In the Life Cycle Assessment, the functional unit indicates the amount of product that
is used as a reference for the computations of the flows of materials and energy used in the
inbound and outbound system [83]. Instead, the functional value describes the outputs of
the company’s production process [82]. Moreover, according to Pardalis et al. (2020) the
functional value “describes what a product or service offers in terms of physical quantities”.
The difference between a LCA’s functional unit and the functional value is based on the
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different usage [81]. For example, the functional unit of a sea urchin industry is equivalent
to 55 g corresponding to the product contained in a single jar of sea urchin pulp, while the
functional value is the total of this content multiplied by the number of customers who
have consumed this product over a certain period of time, such as one year.
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Environmental Impacts

The environmental impact considers and quantifies the ecological cost of the activities
carried out by the company [76]. Environmental impacts can be evaluated using a LCA
approach [84]. The most recurring environmental costs for a company are related to bio-
physical measures [85] such as the use of virgin resources, energy and water consumption,
CO2 emissions, damage to human health and waste production.

Environmental Benefits

This section of the environmental business canvas analyses the actions taken by the
company in trying to reduce the negative impact on the environment. These efforts can
therefore generate benefits for the ecosystem by giving the product a positive ecological
value [76]. The main green economy purposes that a company should pursue are:

- the eco-efficient use of resources so as to reduce waste and energy consumption,
- the innovation of products to limit the loss of biodiversity,
- the reuse of discarded products.

In the future, thanks to the continuous and recent research promoted by institutions
and scholars, companies that process sea urchins will be able to reuse waste to extract
marine collagen creating biomedical devices or cosmetic products. By adopting a circular
economy approach, the reuse of sea urchin waste would guarantee several ecological values
such as the reduction of solid waste and a limitation on the virgin resources consumed.
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5.3. The Social Layer

The Social Layer constitutes the pillar of the social impacts resulting from relations
between stakeholders and the company [77]. As stated by Cardeal et al. (2020) this layer
describes “the organizational structure and decision-making strategies of the organization”.
The term “stakeholders” means a series of members or groups capable of influencing the
actions of a company [76]. They can be shareholders, employees, suppliers, government
agencies, customers, or communities. According to several scholars, also terrorist groups,
mass media and poor people can in some way influence the actions of an organization [86].
Therefore, it is evident that the social layer-compared to the business and environmental
one-allows greater flexibility of analysis.

Graphically, the social layer is made up of nine components: social value, employees,
governance, local communities, societal culture, scale of outreach, end-users, social impacts
and social benefits [76]. The core of social layer is given by:

Social Value

Social value is the central point of the social business model canvas and describes
the company’s mission in trying to create benefits for stakeholders and society [82]. The
social value for a company that processes sea urchins is to offer a quality product every
day that allows consumers to enhance the well-being and healthy lifestyle. The social
value is increased by the fact that the production tries to be respectful of local and national
regulations on sustainability. A company that is able, through the narrative, to make both
stakeholders and society understand its material and immaterial factors [87], can best
express the additional value of its product. Furthermore, the social value aims to improve
the skills level of employees, so to generate a positive impact on the promotion of education
in the local communities [79].

Local Communities

Local communities represent a net of relationships between the stakeholders present
in the company. A successful company must establish a relationship based on the spirit of
collaboration and friendship with local institutions, consumer citizens, suppliers, media
and trade unions. Therefore, it is important to establish a relationship of trust with the area,
offering job opportunities to young inhabitants in that region, respecting the environment
and enhancing local products. Indeed, fish companies are increasingly subject to the
analysis of social media and environmental protection authorities. If a company does not
have all the environmental credentials this would lead to a loss of consumer confidence [88]
and, consequently, of the local community.

Social Impacts

The social impacts include a series of components deriving from the company’s
activity on human and society. Therefore, it can be considered as a social cost, even
if it is not entirely clear which are the most suitable indicators to quantify this impact.
According to Benoît et al. (2010), the most useful elements to understand the negative social
impact caused by the activity of an organization are the following: actions that violate the
fundamental rights of the worker [89] (e.g., working hours, wages, safety in the workplace),
corruption, bribes and actions that harm people and the ecosystem [90].

Social Benefits

According to Pardalis et al. (2020) social benefits are “the positive social value creating
aspects of the organization’s action”. Among the several social benefits caused by the
activity of a company is the one related to the creation of new jobs. As shown in Figure 6,
employees can follow company update courses, educating themselves and training on
specific skills required by the organization [91]. Furthermore, the consumption of fish
products like sea urchins, is healthy for the human being. Finally, by reusing the waste
obtained from sea urchins it is possible to reach positive results in several sectors such as
biomedicine, pharmaceuticals and cosmetics.
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6. Conclusions

Until now, the economy has always operated according to a linear model of “production-
consumption-disposal” linked to the concept of “end-of-life” of a product. In recent decades,
with the increase in population and with the growth in demand for resources, often scarce,
there are more and more phenomena of environmental decline [18]. Therefore, it is increas-
ingly emerging in the population and in business a desire for sustainable economic growth,
to counter the constant increase in the production and consumption of raw materials, which
generate negative externalities such as pollution and the accumulation of waste. This new
economic system shifts the focus on reusing, fixing, renewing and recycling existing dis-
carded products [29]. Hence, this model moves from considering waste as a new useful
resource. To complete this transition from the linear to the circular system, it is required the
contribution of all the main actors such as politicians, citizens and entrepreneurs.

Eco-innovations combined with developed business models such as sharing, rental
and repair [92], will be able to guarantee companies the creation of new products and
markets, thus offering many business opportunities for these firms.

Our analysis has provided some useful market opportunities derived by sea urchin
waste. That of the sea urchin market certainly turns out to be interesting and full of
potential to be seized. In addition, sea urchin waste can be reused for new innovations in
the fields of biomedicine, pharmaceuticals and cosmetics. On an industrial level, collagen
is extracted mainly from calf skin and bones, a practice that, however, involves serious
risks linked to the transmission of infectious diseases [51]. Vice versa, this study, taking
up previously carried out research papers, has showed that the fibrillar collagen of the sea
urchin is a safe biomaterial [49]. Indeed, the work has highlighted that sea urchin marine
collagen can be applied for the regeneration of damaged or structural skin such as cartilage
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and tendons [17]. Moreover, thanks to its countless properties, marine collagen could be
used to prevent gastric ulcers, obesity and other problems such as diabetes [54]. In addition,
fishing industry waste can be reused for the biofuels or biogas production [93]. All these
innovative forms, often still in the experimental phase, could give important benefits both
at a socio-economic and environmental level [93].

The reuse of sea urchin waste is, therefore, a clear example of how a circular economy
model, capable of making profits and recycling of waste, can be adopted, thus enhancing
the management of food waste and promoting new products to be destined in increasingly
and promising markets.

For these reasons, companies should consider the environmental and social layers
deriving from their activities, planning a TLBMC, to better focus their core business.

The environmental and social benefits deriving from companies that harvest and
process sea urchin in a circular way can be several. The innovative products produced with
discarded sea urchins materials can contribute to protect biodiversity, while from a social
point of view, the industrial conversion to a circular economy would guarantee new job
opportunities [94] for the local community and the possibility to train employees through
educational courses useful to build future green manager figure [91].

However, the circular economy requires not only innovative concepts [4], but also the
ability of stakeholders to carry out activities as sustainable as possible [95].

Our study has some limitations relating to the TLBMC methodology that would be
further investigated. First, the study was conducted by approaching a hypothetical case.
Indeed, despite the growing interest in sustainable economic models, the environmental
and social implications of the fishing sector are still little explored in the literature [96].
Furthermore, the estimates related to the seafood product are inadequate [96]. The fisheries
databases are unable to provide useful information to quantify the environmental impact
generated by modern fishing [96]. Although there is a lack of information in the industries
that harvest and process sea urchins [97], we have mitigated this problem by trying to
outline a scenario that is as plausible as possible through the TLBMC.

Second, the study provides a general analysis of stakeholders who have direct or
indirect relationships with companies that process sea urchins. However, this is a theoret-
ical reconstruction, as actually the sea urchin market is varied according to the different
producing countries [97]. Future research should be conducted to better understand the
key players in the sea urchin supply chain, from the harvest phase to the end-of-life of
the product.

Third, as has been pointed out in the methodology, the literature on business models
underlines some limitations [74]. Moreover, most of publications are quite recent and often
there is a tendency to apply business models in several different sectors [59], thus, raising
doubts about the real effectiveness of these structural templates [74]. As explained by
Joyce and Paquin (2016), the TLBMC to which our study refers, only provides a “high-
level summer analysis” [76], without going into details. However, despite these strict
boundaries [98], this tool provides a general intuitive view of the value creation and
activities of the analysed organization [76]. If well integrated with other tools, such as the
life cycle analysis, the TLBMC can become a valid aid to underline positive or negative
implications [99] deriving from company’s activities both in the economic, environmental
and social frameworks.
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