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Abstract: One of the major issues the agri-food supply chains is the considerable production of
by-products, which are mostly discarded as wastes and dangerously landfilled. This problem is
particularly acute in the coffee supply chain: coffee cultivation generates by-products and in quantities
which are potentially dangerous for the environment. A circular economy business model aimed at
the recovery of these by-products may represent an interesting solution in terms of environmental,
social, and economic sustainability. The goal of this paper was to provide teachers and educators
with case material on circular business models that can be used for problem-based learning and
case-based learning activities. The proposed case was built to address a real-world problematic
situation related to the coffee supply chain. From a theoretical point of view, this study contributes
to the literature on circular economy business models by providing a case study developed in the
context of a developing country. Furthermore, the research entails practical implications since it
shows managers and startuppers how to map a circular business model in all its components under
the guidance of a conceptual framework.

Keywords: circular economy; circular business model; case study; problem-based learning; case-
based learning; education for sustainable development; coffee by-products; business model canvas;
sustainable business model innovation framework; developing countries

1. Introduction

The production of food for an ever-growing population is an epochal issue that takes
on the contours of a societal grand challenge [1]. With reference to the agri-food sector, the
Food and Agriculture Organization of the United Nations estimates that 50% of habitable
land is used for the production of food [2] and that food production together with its
distribution is responsible for 26% of worldwide CO2 emissions [3]. The agri-food sector
is not only responsible for such significant environmental impacts: agri-food production
patterns are frequently implicated in the generation and preservation of unfavorable socio-
economic conditions that affect producers often located in developing countries [4–6].
Furthermore, a large part of the resources used for the production and distribution of food
is vainly squandered: the Food and Agriculture Organization estimates that one-third
of globally produced food is wasted or lost every year [7]. However, food value chains
suffer from inefficiencies that are not solely linked to the waste of finished products. The
great majority of activities related to food production is responsible for the generation of
considerable amounts of by-products, which are often considered mere wastes [8,9]. This is
especially the case in the agri-food sector, where value chains are failing to exploit all those
by-products produced in the various stages of cultivation and processing of agricultural
products’ [10].

Several actors, including supranational institutions, governments, businesses, pro-
fessionals, and academics, are converging to recognize the unsustainability of the current
take–make–use–dispose flow of materials and energy, and point out the possible solution of
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the circular economy (CE) [11]. The CE paradigm proposes a flow model that is alternative
to the take–make–use–dispose model and aims to preserve energy, components and materi-
als at their maximum value and utility in all life cycle phases to minimize the use of virgin
resources, and therefore, preserve natural capital. The positive effects of the adoption of CE
are not expected to be only limited to the environmental dimension, but also to the social
and economic ones [12,13]. The adoption of CE business models could drive employment
rate and gross domestic product (GDP) gains [14,15], a decrease in social inequalities [16],
the adoption of fair trade practices, and food security [17]. Korhonen et al. referred to
the three-fold value (environmental, economic, and social) of the CE as a potential solu-
tion to the challenge of global sustainable development, labeling it as a “win-win-win
solution” [11].

The agri-food sector is one of the sectors that could benefit the most, in terms of
environmental, social, and economical sustainability, from the introduction of CE flow
models [7,10,18,19] (p. 37). The European Commission indicated that food is one of the
value chain targets of the incentive policies for the CE transition, together with electronics,
batteries and vehicles, packaging, plastics, textiles, and building materials [20] (p. 12). This
shift is not isolated, however: in recent years, several policies have aimed to encourage the
establishment of CE business models in the agri-food sector [21].

Although environmental and social issues are becoming increasingly salient and
despite the growing political interest in encouraging CE solutions, there is a general scarcity
of case studies aimed at illustrating how companies and practitioners can practically design
and implement CE business models [22]. The numerous calls for papers made in recent
years aimed at stimulating research on the subject demonstrate the growing interest for case
studies on CE business models (e.g., [23,24]). Most of the existing studies are focused on the
theoretical understanding of the paradigm as well as on the development of taxonomies
and classifications [25] and fail to provide practical examples of the development and
implementation of CE business models. The lack of case studies in the context of developing
countries is particularly severe, resulting in a research gap recognized by many authors
(e.g., [26–28]). This assumes paradoxical contours if we consider that such countries are
often referred to as the potentially main beneficiaries of the CE paradigm shift [26,29].

Furthermore, although the alignment between strategies (e.g., business models) and
operations (e.g., business processes) [30] plays a fundamental role to ensure the transition
to the CE paradigm [31–33], there is a lack of studies aimed at deepening the relationships
between business strategy and business processes within companies adopting CE [34]
and consequently, there is also a lack of material for educational purposes [35,36]. The
development of adequate knowledge and domain skills by professionals is a fundamental
prerequisite for the transition to the CE paradigm [14]. The use of case studies is a teach-
ing practice widely recognized for its effectiveness [35,36]. In particular, problem-based
learning (PBL) and case-based learning (CBL) have proven to be particularly effective in
teaching approaches to business and management [37] and are considered among the best
teaching practices for the transfer of CE knowledge and competences [38].

The goal of this paper was to provide teachers and educators with case material on cir-
cular business models that can be used for problem-based learning and case-based learning
activities. The proposed case is built to address a real-world problematic situation related
to the coffee supply chain. Such a model was developed to solve the problem introduced
by leading small Tanzanian coffee producers to the upcycling of some cultivation and
processing by-products. The coffee supply chain is an effective scenario for integrating
CE business models within the agri-food sector [39], given its transnational nature, its
large size, the high quantities of by-products generated, and the centrality it plays in many
developing countries.

The case study was built in order to support PBL and CBL teaching approaches,
providing educators with suitable material for the design of engaging and challenging
teaching activities.
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While addressing the educational goal, this study contributes to extending the existing
literature on CE business models by providing an example from the agri-food sector in the
context of developing countries. This study also provides an in-depth analytical description
of a CE business model related to the agri-food sector. Such a description can be used
by managers, startuppers, and practitioners as an example of the CE business model
framework-driven analysis.

This paper is structured as follows. In Section 2, an overview of the main concepts,
classifications and frameworks useful to develop a CE business model is provided. In
Section 3, the methodologies used to describe the problematic situation and analyze the
case study are introduced. In Sections 4 and 5, we present the problematic situation and the
CE business model to address it. The model is mapped by using the sustainable circular
business model innovation framework. Section 6 explains how to use the case for CBL
and PBL teaching activities. After discussing the implications of the research in Section 7,
the limits of the research as well as some future research avenues are reported in the
Conclusions (Section 8).

2. Literature Review
2.1. Circular Economy

Since 2016, the related literature has counted multiple attempts to systematically
analyze the different definitions of CE that have been coined over time [40–48].

Kirchherr et al. [41] identified over 110 definitions of CE derived from the analysis
of peer-reviewed scientific articles as well as of policy papers and reports. Their study
identified the CE definition provided by the Ellen McArthur Foundation [13] as the most
employed one: “[CE is] an industrial system that is restorative or regenerative by intention
and design. It replaces the “end-of-life” concept with restoration, shifts towards the use
of renewable energy, eliminates the use of toxic chemicals, which impair reuse, and aims
for the elimination of waste through the superior design of materials, products, systems,
and, within this, business models”. Although this is the most adopted definition of CE,
both Geissdoerfer et al. [40] and Kirchherr et al. [41], among others, proposed alternatives.
According to Kirchherr et al., “ . . . a circular economy describes an economic system
that is based on business models, which replaces the “end-of-life” concept with reducing,
alternatively reusing, recycling and recovering materials in production/distribution and
consumption processes, thus operating at the micro level (products, companies, consumers),
meso level (eco-industrial parks) and macro level (city, region, nation and beyond), with
the aim to accomplish sustainable development, which implies creating environmental
quality, economic prosperity and social equity, to the benefit of current and future genera-
tions”. Geissdoerfer et al. [40,42] proposed a different definition, highlighting how the one
articulated by Kirchherr places the greater emphasis on the concept of end-of-life than on
the holistic one of life cycle, neglecting how the CE paradigm is conceptually based on the
cycling, extending, intensifying, and dematerializing of materials and energy loops. Ac-
cording to Geissdoerfer et al., CE is “ . . . an economic system in which resource input and
waste, emission, and energy leakages are minimised by cycling, extending, intensifying,
and dematerialising material and energy loops. This can be achieved through digitalisation,
servitisation, sharing solutions, long-lasting product design, maintenance, repair, reuse,
remanufacturing, refurbishing, and recycling”. This definition does not attribute to CE a
constitutive telos, which was instead identified by Kirchherr [41] as sustainable develop-
ment. On the other hand, the relationship between CE and sustainable development in its
three-fold dimension (economic, environmental, and social) is not universally recognized:
while some authors identified environmental and economic sustainability as constitutive
aims of CE [43], aspects relating to social sustainability seem not to be included in the
paradigm. In particular, some CE solutions, such as those placed at the intersection between
CE and sharing economy, have even been shown to increase social inequalities [49].

In this work, we embraced the definition provided by Geissdoerfer et al. [40] though
recognizing sustainable development as the frame for the CE paradigm. This choice is
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coherent with the national and international political agenda related to CE [20,50]. In
addition, some studies have argued the CE to have a role in the path towards social
sustainability [17,51], especially from an occupational perspective.

2.2. Business Models and Circular Business Models

Every company operating in our economic system explicitly or implicitly adopts
a business model that describes how it creates and captures value for and from its cus-
tomers. Business models are therefore of considerable importance in market economies,
de facto describing the strategies adopted by economic agents to make businesses and
profits [22,52,53].

As reported by Zott et al. [54], in the existing literature, researchers have referred
to business models by using several phrases: “statement, description, representation,
architecture, conceptual tool, model, template, framework, pattern, set”. This range of
concepts suffices to highlight the heterogeneity of the definitions associated with business
models. The quantity and diversity of definitions provided in the literature did not help
clarify what exactly a business model is. Jensen [55], while navigating through several
different notions, wonders whether it is necessary to converge on a single definition. In
general, however, net of the literal definition and those used in research and functional
to subsequent operationalizations, a business model can be identified as “a focal firm’s
core logic for creating, delivering and capturing value within a stakeholder network”.
Geissdoerfer et al. [40] identified two strands in the literature relating to the function of
business models: according to the first, a business model is a tool for systemic analysis,
planning, and communication; for the second, a business model is a strategic asset for
competitive advantage and firm performance.

The centrality that business models play within the CE paradigm is widely docu-
mented and recognized [40]. In particular, the literature recognizes that the transition to CE
business models operated by economic agents plays a pivotal role in the systemic adoption
of the CE paradigm [56].

The concept of the CE business model is relatively recent compared to that of the
CE [40]. The first authors which used the expression “circular economy business model”
were Schwager and Moser in 2006 [57], when exploring the domain of CE solutions within
the chemical industry. Since then, many authors and institutions have used the expression;
however, defining its meaning in a precise and univocal way has been of lesser concern [40].
Geissdoerfer et al. [40] collect 14 different definitions of CE business model, highlighting
their similarities and differences. Almost all of the definitions focus on the concepts of
creating, delivering, and capturing value, associating these with the principles of CE and
translating them into CE business models.

Oghazi and Mostaghel [58] defined the CE business model as “ . . . the rationale of how
an organisation creates, delivers, and captures value with slowing, closing, or narrowing
flows of the resource loops”, directly referring to the energy and materials loops and
citing the three main CE loops strategies (slowing, closing, and narrowing). Other authors
have highlighted how CE business models are to be considered intrinsically devoted
to sustainability in its three dimensions, thus coming to consider CE business models
as a subset of sustainable business models [59–61]. For instance, Lahti et al. [60] stated
that “ . . . we propose a circular business model definition to explain how an established
firm uses innovations to create, deliver, and capture value through the implementation
of CE principles, whereby the business rational are realigned between the network of
actors/stakeholders to meet environmental, social, and economic benefits”. This definition
of the CE business model is in line with the definition of CE which we adopted in this
work, which embeds sustainability as a constitutive telos of the CE paradigm.

Starting from the definitions of CE and from real cases, many scholars have engaged in
empirically and/or theoretically deriving the taxonomies and classifications of CE business
models and strategies.



Sustainability 2021, 13, 13931 5 of 28

In [62], Bocken et al. identified two families of circular strategies, namely slowing the
loops and closing the loops strategies. Slowing the loops strategies aimed to encourage
a more extensive and/or intensive use of products and services in order to increase the
efficiency of the resources employed. This category includes circular strategies based on:
(i) sharing the use of a good or service among several users (access and performance model);
(ii) avoiding discarding products or services with a residual value still associated (extending
product value); (iii) providing users with products and/or services of increased durability
(classic long-term model); (iv) limiting the consumption of the end user through marketing,
sales, and assistance strategies, relying on a non-consumerist approach (encouraging
sufficiency). On the other hand, closing the loops strategies aim to recover resources
from the final market (extending resource value) or from the industrial fabric (industrial
symbiosis). The strategies listed so far provide a relatively comprehensive overview of CE
business model strategies and there have been numerous different attempts to categorize
and taxonomize them. Geissoderfer et al. [40] identified four categories of CE business
model strategies based on the four different CE solutions listed in the above given CE
definition (Section 2.1): cycling strategies; extending strategies; intensifying strategies;
and dematerializing strategies. In [63], Lüdeke-Freund et al. obtained the Morphological
Toolbox, a tool capable of graphically rendering the design options of a CE business
model from the analysis of 26 models. Lüdeke-Freund et al. identified four constituent
components of a business model (value proposition, value delivery, value creation, value
capture) and indicated for each component a series of options useful for defining as well as
designing a CE business model.

2.3. Business Model Canvas and Circular Business Model Canvas

Most of the mapping tools for business models, such as the Morphological Toolbox [63],
are aimed at the visualization of business models through the production of graphic
artefacts. It is widely recognized that the graphic representation of BMs reduces their
perceived complexity [54,64], promotes their communication [65], and enhances their
understanding [66]. The representation of business models is therefore useful at different
levels: at the academic research level, to prepare the raw data for subsequent analysis
and enhance collaboration through standardized communication; at a practical level, to
understand complex business models, have an easily readable artefact, and stimulate
business model innovation; at the teaching level, to facilitate the understanding and
transmission of complex information and to prompt creative and sustainable thinking.
Among all the graphical business model mapping tools, the Business Model Canvas stands
out [66] as it is in fact the most widespread BM mapping and visualization tool in the
academic and entrepreneurial environment [67].

The development of the Business Model Canvas has its roots in the doctoral thesis
conducted at the University of Lausanne by Alexander Osterwalder under the guidance
of Professor Yves Pigneur [68]. Osterwalder conducted an in-depth literature review, and
identified nine building blocks which eventually constituted the Business Model Canvas
framework. The nine blocks aim to constitute an ontological framework able to render
explicit the components (ontological categories) of a business model and the relationships
among them [69]. The nine building blocks are the following:

• Customer segments that the organization serves or aims to serve with its products
or services;

• Value proposition that the organization offers in order to solve customers’ problems,
and/or satisfy customers’ implicit or explicit needs;

• Channels that the organization uses to deliver products and/or services to the customers;
• Customer relationships built and maintained with the customers by the organizations;
• Revenue streams obtained from the value proposition successfully delivered to

the customers;
• Cost structure that the organization incurs in order to create and deliver value to

the customer;
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• Key activities that the organization performs in order to create, deliver, and capture value;
• Key resources that the organization needs to perform its activities;
• Key partnerships that the organization has to entertain with some stakeholders which

are crucial for the business model execution.

Multiple attempts can be traced within the literature to adapt the Business Model
Canvas to CE business model representation [48]. Dewulf [70] added two additional blocks
to the nine Business Model Canvas blocks; respectively, societal costs and societal benefits.
Such blocks identify two ontological categories aimed at recording the externalities (posi-
tive and negative), in environmental and social terms, of the represented business model.
The authors motivated the choice by underlining how the Osterwalder’s [69] Business
Model Canvas exclusively contemplated costs and revenues (i.e., the economic dimension).
By integrating the triple bottom line [71], a framework was obtained that was able to
better represent the overall business model sustainability. Taking into account the work
of Dewulf [70], Antikainen and Valkokari [72] designed the sustainable circular business
model innovation framework aimed at the CE business models’ design and configuration,
which takes into account both the aspects relating to the (positive and negative) sustainabil-
ity impacts and the CE business model ecosystem. To this end, Antinaken and Valkokari
added four additional blocks to Osterwalder’s Business Model Canvas: trends and drivers,
stakeholder involvement, sustainability requirements, and sustainability benefits. The
latter two constitute ontological categories similar to those identified in [70] with societal
costs and societal benefits. The “trends and drivers” block aims to identify those context
factors (e.g., legislative, cultural) necessary for the implementation of the CE business
model, while the “stakeholder involvement” category identifies those actions, in terms
of stakeholder participation, which are critical for the correct implementation of the CE
business model.

Daou et al. [73] discussed the Ecocanvas (a version of the Business Model Canvas
developed by Nicola Cerantola and available under the Creative & Commons Attribution-
ShareAlike 4.0 license on www.aprendre.economiacircular.online (accessed on 11 Septem-
ber 2021) as a means of representing CE business models that takes into account the threats
(environmental, social and economic) that could undermine the linear business model in
the future. Lewandowski [48] developed a circular business model canvas that included
two new building blocks: “take back system” and “adoption factors”. The “take back
system” block contains the management resources as well as the channels and the customer
relationships that the organization has to develop and maintain in order to perform reverse
logistics activities. The “adoption factors” block is an ontological category containing
internal and external resources and conditions affecting the adaptation of the examined
business model transition to CE.

3. Materials and Methods

The aim of this study was to build a teaching case study about CE solutions that
are potentially adoptable by Tanzanian coffee producers. Tanzanian coffee producers
record negative performance in terms of environmental, social, and economic sustainability.
The adoption of innovative CE business models could represent an effective solution,
preventing the mismanagement of coffee by-products and providing new revenue streams.
The teaching case study consisted of two parts. The first part dealt with the narration
of the real-world problematic situation referring to Tanzanian coffee producers. In the
second part, a CE business model to address the problem was proposed and discussed. In
the present section, after a brief introduction of the case study research and teaching case
study, we describe the material and methods used to develop the teaching case study. In
particular, Section 3.1 presents the methodologies used to design the teaching case study
and the teaching approaches supported (i.e., PBL and CBL). Data sources as well as the
approach adopted to process those data are reported in Sections 3.2 and 3.3.

www.aprendre.economiacircular.online
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3.1. Teaching Case Study and Learning Approaches

A case study is an empirical inquiry aimed at investigating current or past phenom-
ena, which constitutes the unit of analysis of case research [74]. Case research allows the
questions “why”, “what”, and “how” to be answered through the understanding of com-
plexity of the observed phenomenon [75]. Case studies can be useful for different purposes,
ranging from exploration (i.e., to discover new areas for research and theory development)
to theory extension/refinement (i.e., to improve theory in light of the obtained results) [76].

A teaching case study is slightly different from a research case study. Basically, the
aim of a teaching case study is to ease knowledge transfer through the narration of an
“interesting story” [77]. Initially adopted in law courses, teaching case studies play a pivotal
role in business and management teaching practice.

Conducting a teaching case study-based lesson often involves submitting a problem-
atic situation to the students—one filled with contradictions, dilemmas, and controver-
sies [77,78]. Exposing classes to problematic situations is also the basis of PBL and is a long
tradition in the medical field as well as a preferred tools for the transmission of diagnostic
investigation skills [79]. PBL has been used in the business and management area [80]
with positive results in terms of knowledge acquisition and knowledge application when
compared with a traditional education approach [37]. When adopting a PBL approach,
the problematic situation of interest is submitted to the class using a narrative artifact
(a problem description) in line with the needs and the resources of the participants. A
problem presentation can also be asked of students that previously had access to problem
information. Following the narration, the class performed a series of activities aimed at
estimating the understanding of the problem, generating a potential solution, and dis-
cussing its limits. When the teaching activity focuses on the guided inquiry of an existing
solution, the teaching approach deviates from PBL to CBL. In CBL, students are guided
through the stages of understanding the problem and finding a solution, and the facili-
tator plays a central role in guiding students towards solutions that are in line with the
intended educational objectives. The cased-based approach also requires students to have
accumulated knowledge related to the problem topic before the teaching activity starts.
Table 1 summarizes the main features of PBL and CBL during the different stages of an
educational activity.

Table 1. Problem-based learning and case-based learning: main features (adapted from [81]).

Problem-Based Learning Case-Based Learning

Students’ pre-activities
preparation None Previous knowledge needed

Students’ approach during the
problem solving phase

Teamwork, no interaction
with the faculty

Teamwork and class
discussion, interaction with

the faculty (questions
and answers)

Faculty approach during the
problem solving phase

Moderator role, no correction
of students’ mistakes

Provision of corrective
information, discussion of

alternatives, redirection
of discussion

Students’ use of external
resources during the session

Highly recommended and
encouraged None

CBL and PBL, together with business games and other interactive activities, are indi-
cated as the preferred teaching approaches to transfer CE knowledge and skills [38,82,83].
In order to adopt these teaching approaches, it is necessary to have structurally designed
teaching material to support them. To this end, in this research, a narrative of the real-world
problematic situation which relates to Tanzanian coffee producers was developed, jointly
integrating the narrative characteristics, styles, and expedients, as suggested in [77,78,84].
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The narrative artifact was then designed to support educational activities that follow both
PBL and CBL approaches.

In addition, an analytical description of a CE business model aimed at solving the
problematic situation was introduced and described in detail using the sustainable circular
business model innovation framework by Antikainen and Valkokari [72]. The solution
provided is pivotal to the design of a complete CBL teaching activity. The description of
the CE business model indeed provided teachers and educators with the useful material
for designing a guided inquiry to the problem solution. Table 2 reports the characteristics
of the work outputs and their relationships with the aforementioned teaching approaches.

Table 2. A schematic representation of the research output.

Case Study
Problematic Situation Case Study Solution

Tool Narration Sustainable circular business model
innovation framework [76]

Style Narrative and descriptive Descriptive and analytical

Supported teaching
approach

Problem-based learning
Case-based learning Case-based learning

3.2. Data Sources

The CE business model proposed in the case study was developed within an academic
competition held in 2018 by a foundation belonging to one of the largest producers of
roasted coffee in the world—the Giuseppe and Pericle Lavazza Foundation. One of the
authors of this paper was a member of the proponent team while another supervised the
work of the group. Useful and informative documentation enabled the illustration of the
CE business model, designed in all its features, which was developed by the proponent
team both before and after the competition.

Data relating to the problematic situation and the analytical description of the CE
business model were drawn from various sources:

• Documentation provided for the project HowtUyoga which comprised:

# Private documentation (emails, drafts, internal communications) relating to the
project, produced during the competition participation phase;

# Documentation relating to the project presented during the competition;
# Information contained on the website and dedicated to the Project

(www.howtuyoga.com, accessed on 1 September 2021);

• Reviews of the literature concerning the methods of cultivating and processing coffee;
• Official documentation produced by the Tanzanian institutions relating to the agricul-

tural sector and the local coffee production;
• Sector analysis conducted by international organizations, ONGs, and

consulting companies.

In 2019, the proponent team traveled to Tanzania, in the Arusha region, in order
to carry out an initial exploratory analysis of the actual possibility that the designed CE
business model could be adopted. On that occasion, structured interviews were carried out
with a few local coffee producers. The results of the interviews constituted an additional
source of data for this work and made it possible to evaluate the main barriers to the
adoption of the CE paradigm in the Tanzanian context.

3.3. Data Analysis

Data collected on the problematic situation were packaged in an organic narrative
describing the problem and its context (real problem case) [38]. During the drafting of
the narrative of the problematic situation, in line with [77], contradictions, dilemmas, and
critical issues were highlighted. The narration was set up to follow the structure proposed

www.howtuyoga.com
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in [37]: introduction to the problem, the context of the problem, problem questions. In
line with the principles of the PBL, no fictionalized elements were added. In addition,
bibliographic references are provided throughout the narration.

The collected data related the HowtUyoga’s CE business model were coded using the
sustainable circular business model innovation framework of Antikainen and Valkokari [72]
as an ontological framework. We essentially chose that framework for its ability to integrate
sustainability aspects with those of business and business ecosystems, which is useful to
show a holistic approach to sustainability issues. Figure 1 depicts the framework, which
involves 13 building blocks referring to 13 different ontological categories belonging to
three different conceptual levels (business ecosystem, business, and sustainability impacts).

Figure 1. The sustainability circular business model innovation framework, graphics adapted from [72]: the business
ecosystem is in blue, the business level (Osterwalder’s business model canvas [69]) is in yellow, and the sustainability
impacts level is in green.

Data were coded using the ontological categories described through a thematic quali-
tative analysis [85]. The themes, which univocally correspond to the ontological categories
identified in the framework, were a priori defined (deductive thematic analysis). This activ-
ity was highly facilitated by the fact that, during the development phase of the project, the
proposing group had presented the material using ontological categories similar to those
described in the sustainable circular business model innovation framework. A discussion
with the HowtUyoga proponent team was performed to validate the map.

4. Problematic Situation

In this section, we describe the problematic situation. To do so, we first briefly intro-
duce the issues to be addressed (Section 4.1). Then, in Section 4.2, we describe the context
of the problem: the main coffee cultivation techniques and by-products’ treatments in addi-
tion to the current by-product’s techniques of valorization are all introduced. Additionally,
we provide a short description of Tanzanian coffee producers’ organization. Finally, in
Section 4.3, we define the problem question.

4.1. Introduction to the Problem

Coffee is the most exported agricultural product from Tanzania: the sector employs
400,000 Tanzanians, organized in small organizations, mainly family businesses. The
Tanzanian coffee farms therefore individually produce small amounts of coffee, which
will then be auctioned to exporters through private trader or cooperative unions [86].
The cultivation of coffee is often combined with that of bananas, but the incomes of the
producers remain too dependent on the price of coffee, and this, combined with low yields
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and antiquated agronomic techniques, makes it difficult for producers to grow in the
medium to long term. In addition, as producers often live in isolated areas, their access to
agricultural and entrepreneurial education is scarce and unstructured.

From an environmental point of view, Tanzanian coffee production could suffer
significant impacts in terms of pollution due to the mismanagement of by-products and
deforestation [86,87]. The cultivation and early processing of the coffee fruits indeed
generate large amounts of organic by-products, containing high percentages of potentially
dangerous substances such as caffeine [88]. At best, such by-products become input for the
production of compost [89]. Climate change, on the other hand, is going to have negative
impacts on coffee production, further eroding the yield of coffee fields [90].

The adoption of innovative CE business models could allow Tanzanian coffee farmers
to sustainably exploit the resources at their disposal, access new forms of income, and then
achieve economic, environmental, and social sustainability.

4.2. Context of the Problem

In this section, a brief and non-exhaustive introduction to coffee cultivation and its
by-products is provided (Sections 4.2.1 and 4.2.2) alongside a short introduction to the
Tanzanian coffee production organizations (Section 4.2.3).

4.2.1. Cultivation, Post-Harvesting Processes, and By-Products of Coffee

Coffee cultivation plays a crucial role in the environmental and social future of the
planet. This statement, far from being rhetorical and extravagant, is based on the fact that
the cultivation of coffee is vital for the economy of many nations, as it is globally one of the
most exported commodities by developing countries [91]. Coffee is the best-selling social
drink in the world and it is estimated that nearly two and a half billion cups of coffee are
consumed every day [92].

The coffee plant belongs to the Rubiaceae family, a very large botanical family: more
than 80 of these belong to the Coffea sub-genus [93]. Coffeas are perennials and evergreens
in nature: the two main qualities grown for commercial purposes, Arabica and Robusta,
differ in the fact that the former is self-fertilized (it can reproduce by self-fertilization)
whereas the latter is allogamous. The seeds produced as a result of pollination have the
shape of small eggs, called coffee drupes (or cherries): a schematic anatomy is illustrated in
Figure 2 [94]. Much of the fruit is discarded during coffee industry processes, since only the
green part (bean) is utilized. The cultivation of coffee takes place in tropical regions mainly
located between the Tropics of Cancer and Capricorn, wherein temperatures remain high
for most of the year, frosts are absent or rare, and rains are abundant [95].

Coffee plants begin to bear fruit from the fifth year of life and have an average life
span of 80 years. Fruit production decreases as the plant ages. The harvest is carried out at
different times of the year, depending on the climatic conditions and the geographical area.
Harvesting can be done by hand, selecting only the ripe reddish fruits (coffee cherries), or
with semi-automated methods which, however, require a subsequent sorting of the crop.

After harvesting, the fruit is sent to the subsequent treatment phases that will allow
the final product to be obtained. The Coffea fruit can undergo two main different processes:
the dry method and the wet method. The two differ in terms of activities, times, generated
by-products, and obtained outputs.

The wet method allows an output called washed coffee to be obtained, which is higher
in quality than unwashed coffee, which is the dry method’s output [96]. The process related
to the wet method is schematized in Figure 3.
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Figure 2. (a) Coffea plant laden with fruit (source: online royalty-free database pxfuel.com);
(b) authors’ anatomic schematization of a Coffea fruit adapted from [94]. The section shows the
inside of the fruit containing the bean surrounded by the pulp.

Figure 3. Main processing methods of coffee cherries (adapted from [94,96]). The main processes’ by-products are
highlighted in yellow.
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The wet method requires the cherries being depulped while still fresh. After depulping,
the coffee beans are disposed to ferment for 2–3 days in order to eliminate the mucilage, a
sticky substance that resists to depulping. The beans are then washed and left to dry. After
drying, the parchment is mechanically eliminated (dehulling).

In the dry method, the cherries are dried in advance. After drying, the external parts
of the dried coffee cherries (coffee husks) are mechanically removed (dehusking). The term
“husks” identifies a dry mixture of skin, pulp, and parchment [96].

The wet method is associated with a more abundant water consumption whereas the
dry method is preferred in places where humidity remains low and rains are infrequent [94].
Washed and un-washed coffee are then sent to subsequent roasting phases, which are not
usually performed by the coffee farms themselves.

Spent coffee grounds are the only by-product of which consumers have a concrete
perception: for every ton of green coffee (washed or unwashed), 550 kg of exhausted coffee
is produced [97]. However, the cultivation and the processes that lead the coffee drupes
to become soluble coffee generates a vast series of by-products: Figure 3 provides an
overview of the main by-products. With reference to the wet method, the first by-product
by generated weight is the pulp of the coffee cherry: between 450 and 500 kg of pulp is
generated per ton of coffee collected [94,96]. Coffee pulp is a complex and heterogeneous
organic material, rich in carbohydrates, proteins, and minerals, but also in substances such
as polyphenols, tannins, and caffeine [98]. Coffee husks resulting from the dry method do
not have a very different composition from that of the pulp, but are less rich in polyphenols
and less hydrated [94].

For the output of the wet method to be qualitatively acceptable, only ripe and healthy
coffee cherries should be processed. To this end, the fruits are sorted so as to exclude unripe
or damaged drupes, which occur at higher percentages (15–20% of the crop in India [99]),
especially if the harvest is performed with methods other than handpicking. Ripe and
damaged drupes appear to have a significantly different chemical composition from the
healthy ones: lower levels of humidity, lower chemical concentrations of oils and proteins,
and higher levels of caffeine [100].

In addition to the aforementioned by-products, it is necessary to specify that the wet
method results in the use of significant quantities of water for the drupes washing: it
is estimated that the process generates a total of 40–45 L of wastewater per kilogram of
coffee [101].

4.2.2. Valorization Techniques of Coffee By-Products

Given the quantity of by-products produced by the coffee industry, there have been
many and very different attempts to valorize these substances, which have had mixed
results [94,96]. Those that are presented below are some of the most effective and efficient
uses in terms of maximizing the economic value of these materials and preventing envi-
ronmental pollution, based on [94,96,102]. Although all the by-products identified in the
previous section can be considered organic waste easily assimilated by the environment,
conferring large quantities of these substances risks poisoning the ecosystem in which
the transfer takes place [101]. For most of the by-products of coffee processing, the high
caffeine, phenol, and tannin contents, which are toxic to many living organisms, makes
their disposal particularly delicate. Particularly harmful at an environmental level is the
pulp which, both in quantity and quality, is the primary source of the environmental impact
of the process on the environment [96].

The production of compost and vermicompost is useful for the valorization of husks
and pulp. Such by-products should be integrated with other components, such as animal
manure and fertilizers, to form effective compost even in the cultivation of the Coffea
itself [103]. Coffee pulp can be integrated into livestock feeding [104]: however, an exam-
ination of the chemical composition of the feed is needed in order to preserve animals’
health as well as prevent poisoning or altered behaviors due to high caffeine levels [100].
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By resorting to the fermentation of coffee husks and pulp, it is possible to produce
ethanol with yields similar to those which can be obtained from the fermentation of other
substrates such as corn stalks or barley straw [105]. By applying fermentation processes
to coffee pulp, husks resulting from the dry method, and wastewater, it is also possible
to obtain biogas [102]. Recent studies have shown the possibility of using pulp and
husks to produce enzymes such as caffeinase, tannase, and pectinase: they have been
involved in industrial processes such as the degradation of caffeine, the production of
soluble beverages, and the extraction of fruit juices [94]. Starting from a wide range of
by-products of the coffee cultivation and subsequent processes (husks, pulp, parchment,
coffee leaves, chopped coffee wood), substrates for the production of edible mushrooms
can be produced [94,96]. The cultivation of different mushroom species has been attempted
with satisfactory results [94,96,106,107].

4.2.3. Coffee Cultivation in Tanzania

Introduced from neighboring Ethiopia in the sixteenth century, the cultivation of coffee
boasts a centuries-old tradition in Tanzania. It is configured as a subsistence crop run by
family businesses or by small groups of farmers: for this reason, the government has made
considerable efforts to increase the yield of the plantations, in order to increase the national
domestic product—10% of which depends on this crop [108] and to improve producers’
living conditions. In [87], an overview of the average characteristics of coffee producing
organizations is provided. A Tanzanian coffee farm has on average five workers within it,
often linked to each other by family relationships, and covers an average of 1.5 hectares, of
which almost one is employed for the cultivation of coffee. The cultivated plants have an
average age of 32 years, and are therefore relatively old, which almost always results in
suboptimal productions.

At a technical level, coffee-producing organizations in Tanzania are particularly ill-
equipped: yields are very low due to the age of the plants, the absence of irrigation and
monitoring tools, the scarce use of pesticides and fertilizers, and the poor knowledge of
agronomic science by the members of the organization. Most organizations use the wet
method, whereas the dry method is widespread in the northernmost regions and mostly
for the fruits of Coffea robusta. Coffee processing always takes place within the organization
and is followed by the sale of green coffee. Most of the operations required to process
the coffee are manually performed [109]. Furthermore, coffee producers often live in
conditions of poverty, essentially due to low incomes, in areas far away from inhabited
centers. Malnutrition is a felt problem and the fact that most crops, such as coffee, are
destined for export, jeopardizes the country’s food security [110].

4.3. Problem Question

The described problematic situation is complex and many of the factors highlighted
thus far need to be taken into consideration. To sum up and using the triple bottom line [71]
as a categorical framework, we can fit the instances listed thus far into three categories:

• Economic—low yield of coffee cultivation, little or no crop diversification, price volatility;
• Social—poor entrepreneurial and agronomic education, poor local nutrition, social

isolation of coffee farmers;
• Environmental—environmental risks associated with the mismanagement of coffee

by-products, climate changes affecting coffee production, deforestation.

Based on the case of the average Tanzanian coffee farm, a CE business model capable of
tackling the challenges falling into the three sustainability domains is now discussed in all
of its components, using the sustainable circular business model innovation framework [72]
as a guiding ontological framework.
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5. HowtUyoga: A Circular Business Model

In this section, a CE business model aimed at the solution of the problematic situation
drafted in Section 4 is introduced and mapped (Section 5.1). All the components identified
through the mapping are then described in-depth in Sections 5.2–5.8.

5.1. Introduction to HowtUyoga

The proposed CE business model was generated in 2018 by a heterogeneous group
of students (two students in mechanical engineering, one student in computer engineer-
ing, one student in management engineering, one medical student with knowledge in
mushroom cultivation) supervised by a university professor in business and management
engineering. The circular solution was designed within a national academic competition
organized by the Giuseppe and Pericle Lavazza Foundation, of which it resulted as the
winning idea. The project was named one of the best sustainable ideas of the year by the
Sustainable Development Solution Network [111].

The project, called HowtUyoga (in Swahili “Uyoga” means mushroom), aims to
integrate a CE business model into coffee-producing organizations. The proposed CE
business model aims to enhance some by-products of the cultivation and processing
of coffee through the production of edible mushrooms. This solution goes alongside
the traditional business model that sees organizations engaged in the cultivation and
processing of coffee.

Figure 4 represents the proposed model using the sustainable circular business model
innovation framework—the various components relating to it will be discussed in the
following sections. Two distinct value propositions are identified. On the one hand,
the first aims to meet the local community’s need for nutritionally complete foods, by
introducing fresh mushrooms to the market, produced using coffee by-products already
available within the organization. On the other hand, the second aims to provide the
coffee supply chain with products grown and processed within more environmentally
and socially sustainable organizations. The two strands are identified in Figure 4 by
different colors.

5.2. Value Proposition

In Tanzania, coffee is grown in remote areas which are often difficult to reach, within
poor communities that do not always have access to nutritionally complete foods, especially
in terms of proteins and oligonutrients. In these areas, the collection of wild mushrooms
is practiced, especially by women. Wild mushrooms are often used for the preparation
of some local dishes. However, a low and poor knowledge of mushroom species and the
volatile availability of wild mushrooms does not allow this activity to be continuative.
Mushrooms are already present in the Tanzanian market, although they are limited and
not always available. In the proposed CE business model, the organization aims to offer
fresh (or possibly preserved by drying) mushrooms of some selected species to the local
community. The team conducted a survey on potentially cultivable species, taking into
account three main parameters: (i) the compatibility of the species with the substrates from
coffee production by-products; (ii) the nutritional properties of the species; and (iii) the
demand for this species in the Tanzanian market. Following this analysis, the team selected
three species on which coffee producing organizations could concentrate: the characteristics
relating to the three species are indicated in Table 3.
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Figure 4. The sustainable circular business model innovation framework of the HowtUyoga’s circular business model.

Table 3. Key features of the edible mushroom species selected by HowtUyoga (collected data refer to
[112] and [88]).

Species Proposed Coffee
By-Product

Main Nutritional
Aspects Tanzanian Market

Pleurotus
ostreatus

Wood, leaves, husks,
parchment, pulp

Rich in lovastatin,
vitamins of group B,
folate and vitamin D

Demand is increasing from
2006 and currently

exceeds supply

Lentinus
edodes Pulp, husks

Its active substance is
Lentinanus, which

has anti-viral,
anti-bacterial, and

antitumor properties

Some variants are
indigenous and some

experimental cultures were
launched; demand is

increasing but still uncertain;

Agaricus
bisporus Pulp

Rich in proteins, iron,
potassium and

vitamin D

Demand is increasing and
the species is widespread in

the market
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The production of mushrooms starting with coffee by-product is an activity capable
of significantly increasing the social and environmental sustainability of coffee-producing
organizations, as will be explicated in Section 5.6. Coffee importers are increasingly
sensitive to the sustainability of the entire supply chain, as demonstrated by different
surveys [113,114]. Enhancing the internal sustainability of the organization therefore con-
stitutes an effective strategy to deliver greater value to the entire supply chain as well
as respond to the needs of Western markets which recognize socially and environmen-
tally sustainable products. In this sense, therefore, the value proposition is two-fold:
on the one hand, mushrooms from sustainable production with remarkable nutritional
qualities are delivered to the local market; on the other hand, coffee supply chains are
provided with products whose by-products are managed in a socially and environmentally
sustainable way.

5.3. Customer Segments, Customer Relationships, and Channels

The first value proposition was addressed to the local community market. Fruits
and vegetables are mainly sold to local markets and small shops [115,116]. Mushroom
pickers and current small mushroom producers resell their products locally and numerous
testimonies have recorded the economic sustainability of these activities [115,116]. Should
the demand be fluctuating, the produced mushrooms could be easily preserved by drying,
therefore accommodating fluctuations. Local restaurants are also interested in directly
buying from producers. The consumption of mushrooms intended as a drug-food is also
widespread: due to the remarkable nutritional properties, a diet rich in mushrooms is often
prescribed for subjects suffering from viral diseases (e.g., AIDS) and diabetes [115–117].
Given the addressed customer segments, the organization will preferably aim for personal
relationships with customers, relying as much as possible on small commercial networks
if compatible with market conditions. The testimony reported in [116] from prof. Kivaisi
is highly significant in this sense: she reported the experience of a Tanzanian mushroom
producer dedicated to the resale of her products in her village of origin. The producer
exploited her network of local acquaintances by directly reselling the fresh product to the
end customer.

The sale of coffee from socially and environmentally sustainable organizations identi-
fies coffee exporters as customers. In this sense, the organization of several producers into
consortia or trade associations becomes necessary in order to increase the bargaining power
of producers and ensure a considerable supply volume. The privileged tool available
to producers to guarantee the recognition of their efforts in terms of sustainability are
standardized certifications, the establishment of which, however, requires considerable
effort in terms of coordination—horizontally among producers as well as vertically along
the supply chain. The production of documentaries and reports raising awareness of
sustainability initiatives is a key asset for the value of sustainable coffee to be recognized.

5.4. Key Activities, Key Resources, and Key Partners

The production of mushrooms starting from coffee by-products is a relatively simple
activity: it requires a low initial investment, a few tools, and little manual labor [116]. It
consists of five phases: the preparation of the substrate, packaging, growth, harvesting,
disposal. The HowtUyoga project refers to a mushroom production process derived
from [88,116].

The selected by-products must first be collected, and if necessary, chopped (as in the
case of wood residues) and/or left to ferment (as in the case of pulp). Following these
preliminary operations, the organic material thus obtained is mixed with other substances
depending on the chosen mushroom species (e.g., chicken manure for Agaricus bisporus).
The mixture is then bagged and heated to eliminate pathogens. The heating treatment can
be rudimentally carried out by steaming the bags with water. The mycelium of the selected
mushroom species is then inoculated. The inoculated bags are placed in a dark, fresh, and
clean environment for a period of time that depends on the species and environmental
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variables. When the mycelium has completely filled the mixture inside each bag, cuts are
made, the environment is lit, and the carpophores start to develop. Carpophores are the
part of the fungus that we usually call mushroom and they are technically the reproductive
organ of the fungus itself. In this phase, it is important to frequently hydrate the bags,
and since the carpophores continuously ripen, it is necessary to collect the ripe ones to
prevent degradation.

The described process is linear and easy to manage, so much so that it is already
in use in many Tanzanian mushroom farms with scarce access to mushroom cultivation
knowledge [116]. Despite this, it should be noted that the correct execution of some
activities is crucial for obtaining the final product. Key activities are:

• The correct composition and pasteurization of the substrate;
• The inoculation of quality mycelia;
• The proper disinfection of the environment where the mycelia develops and the

harvesting processes take place.

In order to ensure the proper execution of these activities, having a good education
in mushroom growing as well as finding quality raw materials is crucial. Education in
mushroom growing is a fundamental prerequisite, as this ensures good knowledge of
the processes, tools, and raw materials involved, allowing one to avoid problems such as
resources inefficiency and waste mismanagement [116]. For this reason, it becomes essential
to identify strategic partners, such as local universities or local training institutions, to
properly train the organizations involved. The Tanzanian government has indeed already
made many efforts to promote mushroom cultivation using training courses addressed to
young people and women. These initiatives were driven by the low initial investment and
the high potential related to mushroom cultivation. Credit institutions could constitute an
additional strategic partner for microfinance [116,117].

The marketing activities propedeutic to the sale of the final product could be crucial
for the purposes of the proposed CE business model. However, the Tanzanian mushroom
market is in conditions of scarce supply, making these activities a non-essential asset.

The coordination and communication activities with other producers and other actors
within the supply chain are crucial for the recognition of the higher social and environmen-
tal sustainability of the produced coffee. Partnerships aimed at coordination and mediation
could be pursued with the NGOs present in the Tanzanian territory.

5.5. Cost Structure and Revenue Streams

The sale of fresh mushrooms is currently an economically sustainable activity in Tan-
zania capable of improving the economic situation of the producers’ households. Kajumulo
Kivaisi [116] reported the case of a small mushroom producer capable of earning TSH
251,100 in profits from a single production cycle of 75 kg (the average annual income in
rural Tanzania is approximately TSH 150,000 [118]). The possibility of being recognized as
a premium coffee price due to a more sustainable cultivation and by-products management
would be an additional source of revenue.

The costs of mushroom production are essentially determined by those of mycelia,
of the consumable material used (bags, fuel for pasteurization, sanitizers), and of salaries.
However, the activities related to the small-scale production of mushrooms can be easily
integrated with other agricultural activities, requiring neither constant commitment over
time nor highly specialized personnel. The initial investment for an organization starting
from scratch was estimated in [116] and amounts to approximately TSH 400,000 for a yield
of 75 kg of mushrooms per cycle. Based on this estimate, the payback time would be equal
to 2.3 production cycles. By reducing the costs related to the purchase and transport of
the raw materials, the use of coffee by-products to produce the substrate would make
the activity even more cost effective. As discussed in (e.g., [88,94]), in other geographical
contexts (e.g., Mexico), such a hypothesis has been confirmed. The real implementation of
the proposed CE business model would also help validate the hypothesis in relation to the
Tanzanian case.



Sustainability 2021, 13, 13931 18 of 28

5.6. Sustainability Benefits

The adoption of the CE business model proposed by HowtUyoga is potentially able to
increase the socio-economic and environmental sustainability of the adopting organizations.

The higher revenues generated that increase the economic resilience of coffee-producing
organizations and lead to higher incomes are often correlated with better chances to access
to education and healthcare, especially in developing countries [116]. The diversification of
the business portfolio makes organizations more resilient from an economic, financial and
environmental point of view, preventing them from solely depending on coffee cultivation
and on the fluctuations of its market [119]. Coffee is an essentially export commodity: the
Tanzanian internal demand accounts for only 7% of the total internal supply [120]. The
cultivation of mushrooms for self-consumption and sale in local markets is able to ensure
enhanced food security for residents. The introduction of the identified mushroom species
in the local diet also helps fight malnutrition in a broad sense, allowing members of the
organization and their communities to have access to micronutrients and trace elements
that would otherwise be difficult to obtain.

The use of the by-products of coffee processing as a resource prevents their un-
controlled introduction in the environment, neutralizing a possible source of pollution.
Moreover, the cultivation of mushrooms is itself an environmentally sustainable activity,
indicated in many plans for sustainable agricultural development as an activity to be
encouraged because of its little soil consumption.

The adoption of the proposed CE business model may generate impacts in terms of
gender equality: indeed, much of the knowledge relating to mushrooms (e.g., species,
marketing, uses) is currently owned by the female Tanzanian population and the wild
mushrooms’ collection is more practiced by women [121].

The Sustainable Development Goals (SDGs) framework (developed by the United
Nations within the 2030 Agenda [122]) was adopted to frame all the instances highlighted
thus far. Table 4 illustrates the potentially impacted SDGs.

5.7. Sustainability Requirements

The environmental costs related to the adoption of the proposed CE business model
are essentially attributable to the use of pesticides and sanitizers. The preparation of the
substrate requires a high level of hygiene in order to prevent infestations of pathogens
such as molds or competing fungi. The environments suitable for the development of
the mycelium and carpophores can be easily infested with insects (e.g., flies) capable of
compromising production due to the particular thermo-hygrometric conditions. It is then
necessary to guarantee high levels of hygiene in these environments. If correctly managed,
the required level of hygiene does not have high impacts in terms of pollution [116].

Mushroom cultivation is not prohibitive in terms of water consumption itself, but in
environments characterized by drought, it may be necessary to arrange tools and processes
aimed at limiting water consumption (e.g., recovering the water deployed in the substrate
pasteurization phase).

Finally, it is necessary to point out that particular attention should be paid to the
energy source to be used to pasteurize the substrate. Currently, the few mushroom growers
present in rural Tanzania rely on the combustion of biomass (wood and agricultural waste).
If such a use is controlled and sustainably managed, the environmental impacts would be
very low.
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Table 4. Characterization of the societal benefits related to the adoption of the CE business model
proposed by HowtUyoga according to the United Nations’ SDGs.

SDG
HowtUyoga CE

Business Model’s
Expected Action

Potentially Impacted
Global

Agenda Indicator

1 End poverty in all its
forms everywhere

Increase in the income of coffee
farmers by

introducing fungiculture

1.1.1 Proportion of population
below the international poverty
line, by sex, age, employment

status and geographical
location (urban/rural)

2.3.2 Average income of
small-scale food producers, by

sex and indigenous status 1

2 End hunger, achieve
food security and

improved nutrition and
promote sustainable

agriculture

Improve the local diet by
introducing specific mushroom

species with excellent
nutritional properties

2.1.1 Prevalence of
undernourishment

2.4.1 Proportion of agricultural
area under productive and

sustainable agriculture

3 Ensure healthy lives and
promote well-being for all

at all ages

Improve the local diet
particularly for pregnant
women and children, by
encouraging mushroom

consumption

3.1.1 Maternal morality ratio
3.2.1 Under-5 mortality rate

8 Promote sustained,
inclusive and sustainable
economic growth, full and
productive employment
and decent work for all

Create decent jobs in mushroom
cultivation sector and diversify

the Tanzanian coffee
producers’ activities

8.5.2 Unemployment rate, by
sex, age and persons

with disabilities
2.3.2 Average income of

small-scale food producers, by
sex and indigenous status 1

12 Ensure sustainable
consumption and

production patterns

Encourage use of agricultural
by-products as a substrate for

mushroom cultivation

12.2.2 Domestic material
consumption, domestic material

consumption per capita, and
domestic material consumption

per GDP

13 Take urgent action to
combat climate change

and its impacts

Make Tanzanian agriculture
more resilient to climate change

by introducing fungiculture

13.1.1.b Number of least
developed countries and

small-island developing states
that are receiving specialized

support and amounts of
support, including finance,

technology, and
capacity-building, for

mechanisms for raising
capacities for effective climate
change-related planning and

management, including
focusing on women, youth and

local and
marginalized communities

15 Protect, restore and
promote sustainable use of

terrestrial ecosystems,
sustainably manage

forests, combat
desertification, and halt

and reverse land
degradation and halt

biodiversity loss

Fight deforestation by
introducing mushroom

cultivation exploiting existing
coffee by-products

Forest area as a proportion of
total land area

1 Originally linked to another SDG, considered in relation to a positive bi-directional interaction.
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5.8. Trends, Drivers, and Stakeholder Involvement

A relevant factor for the successful adoption of the proposed CE business model is
increasing the demand for mushrooms by the local markets. However, the demand is
currently growing for some species (e.g., Pleurotus ostreatus) but remains uncertain for
others (e.g., Lentinula edodes). Initiatives aimed at encouraging the local community to
consume mushrooms and to appreciate their nutritional and medical properties would be
useful [122]. These marketing activities could take place, for example, by means of small
social events and through informative material distribution.

In order to facilitate the implementation of the presented CE business model, the
demand for sustainable coffee should hopefully grow. Fortunately, this trend is already
underway, driven by the new sensitivity of consumers to the issues of environmental
and social sustainability of goods imported from developing countries. As mentioned in
Section 5.3, in order to boost this trend, the communication of the sustainability supply
chain performances constitute a fundamental asset. In coordination with coffee retailers,
producer organizations can contribute to the production of material to be integrated into
advertising campaigns and/or sustainability reports.

6. Use of the Case: CBL and PBL Approaches

In this study, the narrative of a problematic situation and the analytical presentation
of a CE business model aimed at its resolution were proposed.

The obtained narrative highlights different aspects of the problem relating to the three
dimensions of sustainability (economic, social, and environmental), and invites students to
search for holistic business solutions capable of addressing all the sustainability dimensions.
Some insights relating to current valorization techniques of coffee by-products are also
given in order to provide students with a background about the current state of the art. In
this sense, the problem narrative integrates the attributes (simple, informative, focused on
learning items) listed by Silva et al. [84].

A schematic representation of the potential PBL and CBL activities is proposed below
(Figure 5). However, the proposed narrative will need to be adapted by the faculty of
the target audience, the resources available (e.g., time), and the educational objectives to
be pursued.

When following a PBL approach, the class should not be preliminarily introduced
to specific tools useful for addressing the problem questions. In this sense, few data
on the problematic situation should be provided (e.g., the current coffee by-products
valorization techniques are not described) and no tools aimed at CE business models
mapping should be preliminarily provided. A possible problem question to be asked to
the class is the following: “Based on the case of the average Tanzanian coffee farm, it is
required to develop a circular business model capable of tackling the challenges falling
into the three sustainability domains. It is required to describe the business model in all
its elements and the relationships among them”. Participants are divided into groups and
have a more or less lengthy period (according to [84], no more than 16 h) to define, map,
and describe a CE business model capable of solving the identified problematic situation.
Students are invited to search for knowledge using external resources.

The students’ output is mapped using a tool freely chosen by the participants (dif-
ferent groups could use different tools). The solutions produced by the students are then
presented and discussed in class. The discussion can be stimulated by designing this phase
as a challenge between groups of students, alternately called to “criticize” the peers’ work.
Participants should have the opportunity to discuss their solutions and compare them
with those provided by others. This phase can be managed through different approaches
(e.g., the submission of a written report or a presentation) that will then influence the
assessment strategy. In order to design a teaching activity which is as devoted to the
interaction between students as possible, both in the solution generation phase and in
the presentation of the output, techniques and strategies to foster communication among
participants can be adopted. In this sense, team solution generation, open group discussion,
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and peer assessment could represent the best design options [123,124]. These choices would
be mainly aimed at maximizing the enhancement of students’ soft skills. The positive
relation between the adoption of a PBL approach and soft skills enhancement is already
known [125] and becomes precious, especially in a post-pandemic teaching context affected
by a general lack of real communication and networking opportunities.

Figure 5. How to use the case: problem-based learning and case-based learning approaches.

Following a PBL approach dramatically stimulates self-directed learning [81], push-
ing students to find information, tools, and solutions without adopting any faculty-
chosen strategy. Given this, it requires students’ high involvement and high independent
learning skills.

The CBL teaching activity design should be rather oriented to the guided inquiry
of the CE business model proposed by HowtUyoga. After an initial introduction to the
problem, students should be led to the HowtUyoga solution through the use of probing
questions such as “How could mushroom cultivation be implemented in coffee producing
organizations?”, “Which areas of sustainability do you think they would be most impacted
by the introduction of this activity?”, “Who could be key partners for the correct implemen-
tation of this business model?”. During the guided inquiry, the students are maieutically
driven to the ontological representation of the HowtUyoga solution through the use of a
framework (such as the one adopted in this paper) chosen by the faculty. This approach
requires more commitment by the faculty, that, while moderating the discussion, must
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actively engage in the transfer of knowledge and skills related to CE business models
mapping the use of tools. Furthermore, the faculty should also correct students’ mistakes
during the activities. Once the guided inquiry is finished, an assessment and reflection
phase follows. Such a phase can be carried out by subjecting the participants to tests aimed
at evaluating the knowledge and skills learned.

The teaching activity designs presented can be followed by using both a traditional
approach as well as a flipped classroom approach. In particular, the flipped classroom
approach and PBL integration were the subject of numerous studies that showed its
effectiveness in terms of student engagement and problem-solving ability [126], critical
thinking, and scientific literacy [127].

7. Research and Practical Implications

In this study, a teaching case study that may potentially be integrated into univer-
sity courses or training courses on CE addressed to professionals and practitioners was
proposed. The case can be used for problem-based and case-based learning teaching ac-
tivities that, as mentioned, are extremely useful for the transfer of CE-related skills and
knowledge [38].

In addition, this study expands the existing literature on CE business models in the
agri-food field, with a focus on mushroom production from coffee by-products in the
context of developing countries. The literature on mushroom cultivation using coffee by-
products is indeed extensive and well established, as regards the processes and mushroom
species available as well as the technical aspects related to cultivation [88,96,106,115]:
however, to the knowledge of the authors, no study has investigated the implementation
of this activity at the business model level. The research by Kivaisi [116] can be considered
seminal, since it pioneered the exploration of the case of Tanzanian rural mushroom
producers. However, even in [116], there was a lack of considerations regarding the
sustainability of the case study presented, and the adopted BM was not explicated.

From a practical point of view, the HowtUyoga case represents an innovative CE busi-
ness model proposal to be integrated within coffee-producing organizations. The interest
towards sustainable coffee supply chains on the part of coffee importers, transnational
organizations, and governments is increasing, as is the sensitivity of consumers. The map-
ping of the CE business models helps to clarify the impacts in terms of the sustainability
of the proposed model. This study also provides an example of analytical representation
and description of a CE business model. The use of the sustainable circular business model
innovation framework made it possible to show how to break down the HowtUyoga CE
business model in order to narrate it, making it understandable and more easily com-
municable. This operation is crucial in the design and definition phase of innovative CE
business models: the study presented here constitutes an example, for use by managers
and startuppers, which is useful for understanding the use of ontological frameworks as
tools for presenting new business ideas or the description of existing business ideas.

8. Conclusions

This study has proposed the narrative of a problematic situation and the description
of a CE business model useful for the design of teaching activities that adopt PBL and CBL
approaches. The use of such approaches has proven to be valid and efficient in the area of
sustainability and CE. Furthermore, the study provided an in-depth analytical description
of an agri-food CE business model, thus practically useful to managers, startuppers, and
practitioners as an example of CE business models framework-driven analysis. Addition-
ally, the paper expanded the existing literature on CE business models by presenting a case
study from the context of developing nations.

Parallel to the formulation of the problem, a precise and analytical mapping of the
HowtUyoga’s CE business model was provided. The mapping took place using the
sustainable circular business model framework [72] that proved extremely useful to frame
all aspects relating to the investigated CE business model. The use, given the versatility
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and simplicity that distinguish it, could also be suggested for educational purposes within
CBL activities. Indications on how to use the proposed CE business model in class were
also proposed, with two teaching activity designs’ proposals adopting PBL and CBL.
The problematic situation presented herein will need to be administered to assess its
effectiveness in terms of student engagement, informativeness, and clarity. From this point
of view, the resources, times, and the educational context play a fundamental role for the
correct development of the teaching activity.

This study has some limitations. First, HowtUyoga is in a conceptual development
phase: a first exploratory survey conducted in the field allowed us to partially evaluate
its feasibility, but to date the model has not been implemented. As a consequence, the
discussed results need to be further validated. Conversely, the CE business model was
mainly proposed for educational purposes, demonstrating how to use a framework to map
and describe a CE business solution. Second, the problem statement forces students to
find a feasible CE solution, assuming CE as a resolutive paradigm. According to [128] this
approach could determine an over-commitment to CE, potentially resulting in a dogmatic
and uncritical attitude towards the paradigm.

Future research will focus on the assessment of the effectiveness of teaching case
studies in terms of CE skills and knowledge transfer. In particular, additional research
related to this teaching case study will focus on the controlled administration of the
teaching activity to students, in order to evaluate their involvement and their knowledge
and skills acquisition.

The case study supports both PBL and CBL teaching approaches; however, in the
management area, no study appeared to be aimed at comparing the two approaches in
terms of effectiveness. In this sense, future research could be aimed at cross-checking the
two approaches, perhaps using teaching case studies structured such as the one developed
herein. On the other hand, with reference to the analyzed CE business model, future
research could focus on the empirical investigation of the sustainability performance
relative to mushroom growers operating in developing countries.
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