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Abstract: The business is an abstraction of the way in which value is created and delivered. The con-
crete representation is the business model, expressed by a group of artifacts built with different
languages. It serves to describe, explain, analyze, design, and evaluate the business. The set of
concepts, construction rules, artifacts, and languages required to express it, are defined by a Meta-
Business Model (MBM). Multiple authors have proposed different MBMs, each one with a specific
motivation and objective. Some of these MBMs are widely recognized and have been applied in
contexts like innovation and entrepreneurship. Due to new challenges, such as sustainability, be-
ing faced by businesses and given new ways of producing and delivering value, like the sharing
economy, Novel Complex Businesses (NCBs) are emerging. NCBs are businesses characterized by
circular structures made out of numerous inter-related components, and by creating value out of
the product/service schema. While existing MBMs fulfill certain purposes, they do not have the
expressiveness required to describe NCBs precisely enough to describe and analyze them. This paper
introduces an MBM with the concepts, construction rules, and graphical notation needed to represent
NCBs. We also illustrate an NCB and present the results of the validation for our MBM.

Keywords: business model; open innovation; meta-business model; business model meta-model;
novel complex business; conceptual modeling

1. Introduction

Over 60 years ago, a business’ existence was defined in terms of five survival ob-
jectives: perpetuate as a human organization, adapt and survive in a changing society
and economy, supply a good or service, innovate and be profitable [1]. Today, while
these objectives prevail, the business’ existence is also determined by new challenges such
as: sustainability, reverse logistics, digital transformation, circular economy, and sharing
economy. In particular, sustainability demands that businesses, on one hand, modify their
structure for instance by adding new actors. Furthermore, on the other hand, take into
consideration a Triple Bottom Line approach, thus avoiding the creation of value uniquely
from an economic standpoint [2]. Secondly, reverse logistics aims to recapture value and
guarantee proper disposal of residues [3], and while it can be addressed from a product
design perspective, the business must coordinate the suppliers, distributors and other ac-
tors in the supply chain so that a reverse logistics network can achieve its full potential [4].
Thirdly, the challenge of digital transformation is achieved when IT rearranges the business
in a way in which value creation is accomplished using digital technologies [5], enabling
connections between firms and their activities [6]. In addition, circular economy calls for
businesses to maximize resource value, recovering value from waste [7] and reducing,
narrowing or closing resource flow [8]. Finally, sharing economy proposes that businesses
build relations among actors and that create value from these relations [9]. These challenges
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are forcing traditional businesses to renew themselves and new businesses to take action
right from conception.

While these challenges pressure businesses to adapt and respond, they have also
become the foundation for novel complex businesses (NCBs). NCBs are businesses charac-
terized by their complex structures, given the number of elements such as actors, activities
and resources, needed in the business in order to create and hand value. As these elements
interrelate, the business creates, transforms, delivers, and monetizes value in a network of
numerous interactions. This network, which contains the elements and their interrelations,
becomes a key aspect in improving the creativity of the business and preventing them
from falling into the “commodity trap” [10], and in addressing the lifecycle of value and
resources, and supporting associated processes. For example, in reverse logistic networks
the waste collection process can involve different actors, such as recyclers (formal or in-
formal), manufactures, and distributors, multiple resources such as packaging, products,
or a product part, and different activities such as transport and collection [11]. NCBs can
be distinguished depending on their type of network and the way in which value flows.
For instance, there are NCBs with circular networks established between actors that allow
value to be recaptured. These circular NCBs can be further characterized depending on
who recaptures the value. There are NCBs in which the business recaptures value from its
clients (value flows from the business to the client and back to the business) as in waste
collection scenarios, in which the client returns a product to the business for proper disposal
or refurbishing. There are NCBs in which the business recaptures value from its suppliers
(value flows from the suppliers to the business and back to the suppliers) as in the case in
which a supplier produces new supplies with the business’ waste, and there are NCBs in
which the business recaptures value from both suppliers and clients.

Moreover, NCB’s are capable of changing how value is understood by addressing con-
cerns like sustainability and collaboration. While value creation traditionally focuses on a prod-
uct/service schema, these new businesses create value by means of digital technologies [12]
and collaboration [13], and are able to quickly innovate applying open innovation [14] and
related mechanisms like co-creation [15]. This leads to new types of value like platforms, data,
and even access to resources. Consequently, NCBs end up creating new markets in which
they are able to capture clients without the pressure of traditional competitors. This is the
case of financial technology companies (Fintechs) [16], which are peer-to-peer platforms [17]
and collaborative businesses [18] that provide financial services. Fintechs have managed to
change the banking industry and have consolidated as strong market players by increasing
the pressure on traditional leaders and new competitors.

Considering that NCBs are leading the way in which markets and industries should
adapt to new challenges, analysis, design, experimentation, and evaluation of these busi-
nesses is essential. Either from a competitor’s point of view, or from the business itself,
understanding the complex structures upon which these businesses are built is crucial to
support decision making process and achieve desired outcomes. As the business is an
abstraction of a way in which value is created and handed, performing any description,
analysis, or design, requires a concrete representation, in this case the business model.

The current literature on the business model shows that authors have addressed this
topic since 1957 [19] however, after the internet boom and the emergence of electronic
businesses, the topic gained momentum [20]. While the importance of the business model
is widely recognized, it has been understood in different ways [21] thus, there is no unified
view on the model. There are a multitude of meta-business models (MBMs) proposed by
different authors [22]. An MBM defines the set of concepts and construction rules of the
business model, and the language required to portray it by means of one or more artifacts.
An artifact is used to describe an aspect or a part of a model using diagrams, drawings,
text, catalogues, among others. The most common artifacts to represent the business model
range from textual descriptions as in [23,24], to taxonomies [25], ontologies [26], visual
representations, or combinations of the above. Some of the MBMs have gained a lot of
recognition like the Business Model Canvas [27] which is used in entrepreneurship. Other
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MBMs have been used for the integration of strategic factors [28], information systems [29],
and dynamic analysis [30,31]. Recent publications account for efforts to extend MBMs
with techniques and tools such as simulation[32–34] and CAD [35], or redesigning them
for circular business models [36], business model innovation odyssey or digital business
models [37], among others.

The literature also shows that MBMs are particularly relevant to open innovation as
they are the means to support related analysis, design, evaluation and decision-making pro-
cesses. In the context of open innovation, the business model acts as a connection between
technical and economic domains, leading to a better comprehension of the way in which
value is delivered and how each component in the business contributes to doing so [38].
Since open innovation arises from new combinations of technology and market [39] and
their open relationships [40] understanding the structure of the business model in terms of
its components and relations among them is key in achieving successful innovations. Fur-
thermore, considering that business model innovation requires guidance and structure [41],
MBMs and their artifacts are essential in the process of designing and redefining business
models, more so considering that open innovation may lead to changes in a business model
in terms of its components, structure and governance [42].

Expressiveness (or expressive power) is understood as the extent to which a modeling
language can describe all the relevant aspects of the modeling domain [43]. In the case of
MBMs present in the literature, their expressiveness is limited when NCBs are addressed
as they do not define a structure that includes the concepts and relations needed to model
NCBs’ structures. Such limitation derives in part from the fact that these MBMs do not
take into consideration the aforementioned challenges, such as sustainability and digital
transformation, as they did not influence businesses as much as they do nowadays. The
solution to the lack of expressiveness has led to extensions and adaptions of MBMs that
attempt to increase the expressive power by including new concepts, symbols and artifacts,
which in turn has translated into adding more textual descriptions. Consequently, if one
wanted to represent an NCB that implements reverse logistics, one could just write “recycle”
or “do reverse logistics”, without actually acknowledging the intricacy of the network of
elements (actors, resources, and activities) behind these terms and their interrelations.

Since the construction of an MBM is guided by a purpose (describe, design, test. . .) and
by the decisions made in terms of expressiveness, imprecision (attributes or relations that
have a range of values instead of just one), and vagueness [44] (attributes with linguistic
values instead of numeric ones) in order for the model to be useful, changing any of these
decisions can have undesired impacts. In the case of NCBs’ representation, while adding
expressiveness to existing MBMs may offer ways to include new concepts, on one hand an
MBM that could once be used to achieve simple and useful representations can turn into a
complex approach that leads to complicated and confusing models. Furthermore, on the
other hand, the extended MBM maintains or even increases imprecision and vagueness in
comparison to the original. Moreover, if expressive power augmentation is done informally,
it could prevent an accurate representation of NCBs.

In order to describe and analyze NCBs precisely, a new MBM that defines a structure
capable of representing the NCB network is required. This MBM should maintain simplicity
while providing sufficient expressiveness to model NCBs and their network of actors,
resources, activities, and interrelations. In order to guide the construction of the MBM we
defined five requirements: (R1) the MBM should have the expressive power to represent
NCBs precisely enough to evaluate and analyze them, (R2) the MBM should manage
multiple levels of abstraction, (R3) the MBM should have the minimal number of concepts
needed to model NCBs while maintaining expressiveness, (R4) the MBM should foster the
cognitive skills required for open innovation in NCBs, and (R5) the MBM should be easy
to use.

This paper presents our MBM which can be used to describe, analyze, design and
evaluate NCBs. In order to fulfill our five requirements, we built our MBM following a
conceptual modeling approach inspired in [11]. As the main purpose of conceptual modeling
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is to create an abstract representation (a conceptual model) of a domain that serves to enhance
the understanding of the domain [45], by creating the conceptual model of an NCB we
are then able to define the corresponding set of construction rules and language needed to
portray NCBs.

The construction of our MBM followed 6-stages as shown in Figure 1. In the first
stage we conducted a literature review to select the most recognized MBMs given a set
of restrictions, and in the second one we identified the common concepts and relations in
the selected MBMs by performing a clustering process. Both of these stages constituted
the foundation of our MBM. For the construction of our MBM we carried out three stages.
In the third stage we built a preliminary generic MBM derived from the resulting concepts
and relations in the second stage. In the fourth stage we extended the preliminary MBM,
taking into account our five NCB requirements to create our NCB meta-model. In the
fifth stage we designed the graphical notation to build the artifacts required to portray
our MBM. Finally, we conducted a sixth stage intended to validate the MBM. In this stage
we validated our MBM and our graphical notation by modeling a case study based on a
brewery, and by conducting modeling and interpretation experiments in which we tested
if our MBM allowed to represent and understand an NCB model. The MBM that we
present in this paper is the result of an iterative redesign process that has gone through 3
validation phases.

Stage 1

Literature
review

Stage 2
Concepts &

relations
identification

Stage 3
Preliminary

generic
MBM

Stage 4

MBM for
NCBs

Stage 5
Graphic
notation
definition

Stage 6
Language 

experimentation
& validation

Foundation Construction Validation

NCB requirementsLiterature review
restrictions Case study

Figure 1. Meta-business model (MBM) construction stages.

Our paper is structured as follows. Section 2 presents a definition of the business
model, a recount of MBMs in the literature and introduces the first two stages of our process
that led to the foundation of our MBM. Section 3 presents the construction of our MBM
from the preliminary MBM to the extension based on requirements 1 through 5, along with
the graphical notation designed to portray NCBs. Section 4 introduces the validation of
our MBM by presenting the model of our case study built with our MBM and the results
obtained from our modeling and interpretation experiments. Finally, Section 6 presents
our main conclusions.

2. The Foundation of the Meta-Business Model for Novel Complex Businesses

In order to construct our MBM, we conducted two initial stages to define the foun-
dation and structure of our proposal. As MBMs have been largely studied by multiple
authors, this has led to the existence of various approaches. Therefore, we began by per-
forming a literature review in the first stage of our work. Following the identification of
proposed MBMs in the literature, in the second stage, we analyzed each MBM to identify
their purpose and the key concepts that compose the models. These two stages enabled
the construction of our preliminary meta-model (stage 3) by defining what the business
model is, and by establishing its relationship with other enterprise domains (like strategy
and business processes).

2.1. A Literature Review on the Business Model

The business model has been widely addressed in economic and organizational studies.
Its origins can be traced to trade systems established in ancient societies [46]. However,



J. Open Innov. Technol. Mark. Complex. 2021, 7, 86 5 of 32

the business model became a keyword [47] only after the emergence of the digital economy
powered by the internet and the World Wide Web. For instance, as the internet enabled
the creation of businesses that exchanged value in new ways [48], the business model
was used, either to define and classify these businesses in terms of its building blocks,
or to describe particular businesses in the market [49]. With the business model gaining
momentum, more scholars began to study the model and develop their own MBMs which
led to multiple definitions of the business model and consequently a lack of consensus.

For matters of this study we define the business model as the concrete representation
of the business. The latter is an abstraction of a way in which value is created and handed
and is often regarded as the essence of an enterprise. Since the business model provides a
tangible representation of the business and a view of an enterprise stripped from opera-
tional and motivational components, the business model is considered a key model in the
context of enterprise modeling [50]. The model however, still holds certain relationships to
other enterprise domains as seen in Figure 2.

R1 INTUITIVE R2 SIMPLE R3 MANAGES 
DETAIL LEVELS R4 MANAGES 

COMPLEXITY
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BUILT UPON 
10 
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MODELS
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MODEL

RESOURCESSTRATEGY  
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MODEL
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MODEL
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(What)
(Who)
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(Which
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(How 
much)

(How)

(Why)

Figure 2. Business model and enterprise domains.

While the business model explains what an enterprise does, other domains and their
corresponding models explain why the enterprise does what it does (strategy), how does
the enterprise do it (business processes domain), what is used to do create and deliver
value (resources), who does it (organizational structure), how much does it cost (finances),
and the changes in data and the data required and processed in doing so (information).
Each enterprise domain can be described and analyzed independently, however, in the case
of the business and the business model, its study has typically included other domains,
in particular the strategic domain as in [31,51]. For the purpose of this study, our approach
will only consider elements that are limited to the business domain.

As previously discussed, the business model has been subject of study by many authors
who have proposed their own definition and representation of what a business model is.
In spite of the differences among these proposals, rather than being considered different
business models, they are different MBMs [22]. An MBM defines the set of concepts and
construction rules of the business model, and the language required to portray it by means of
one or more artifacts. For the purpose of our study, we focused our approach on establishing
which were the most recognized MBMs given the current state of the literature, and identifying
the concepts in each MBM that define the business model (stage 2).

To identify the most recognized MBMs given the current state of business model
publications, we began with a database search. The search was conducted on 18 February
2020 using the terms “business model” and “business modeling” in five databases (Elsevier,
SpringerLink, ACM, IEEE, and Wiley) and four index databases (SCOPUS, ISIC, EBSCO,
and ProQuest). While the first results accounted for uses as early as in 1858, a second
search was conducted filtering results from 1957 to 2020. An average of 530,154 publi-
cations among the 9 databases were found for the term “business model” and 377,885
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for “business modeling”. In this initial search, we found eight systematic literature re-
views ([19–21,52–56]). These reviews were published between 2004 and 2017, and contain
complete reviews of business model publications. Since the selected reviews covered publi-
cations until 2017, we decided to conduct a complementary search to fill the gap between
2017 and 2020. The results however did not show a relatively new relevant approach.
In contrast, the complementary search showed a trend in using existing MBMs in new
contexts like circular economy and dynamics, or defining new MBMs in relation to other
models like the strategy model. These types of publications exceed the limits of this paper
and so, they were discarded.

Based on the eight literature reviews selected from the database search, we proceeded
to list the authors mentioned in each one of them. This led to a list of 59 unique authors. It
must be noted that some authors were recognized in different reviews with different publi-
cations as in the case of [57] in [52], and [27] in [53]. In this case we counted “Osterwalder”
as a single author, regardless of the publication mentioned in the review as the authors
always refer to the same MBM. We applied a series of filters to the list of 59 authors based
on the number of reviews that mentioned the author and the formality of the MBM. Out
of the 59 authors, 10 met the criteria of being highly recognized in the literature reviews
and containing formal MBMs. The final list of 10 authors are [23,24,27,38,58–63]. Their
publications date between 2000 and 2010 as shown in Figure 3. With the list of 10 authors
we then identified 4 items per author: the name given to the MBM, the definition of the
business model granted by the author, the concepts defined in the MBM and the graphical
notation proposed to portray a business model, as shown in Figure 4.

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
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2.2. Concepts of the Business Model

Following the selection and characterization of the 10 MBMs, we then proceeded
to stage 2 of our approach, in which we listed and analyzed the concepts identified in
each MBM. This first list contained a total of 74 concepts, however some of them define
strategic elements within the business model, like the case of Hamel’s MBM in which
one of the concepts is the core strategy [24]. Since our approach does not consider the
strategic domain we ruled out strategic concepts thus, leading to the final list of 68 concepts.
With this list, we then performed a clustering process to identify the main concepts that
make up a business model and with them, the concepts of our preliminary meta-model in
the following stage.

2.2.1. Clustering Process

Our clustering process aimed to group the 68 concepts around common terminology
for which we performed a cluster analysis inspired by the work of [64]. By examining the
definition of each concept provided by the authors and the meaning of the terms, we were
able to establish if two or more concepts were similar. Terms could either be synonyms,
they had the same meaning, or hyperonyms, the terms have a superordinate-subordinate
relation. If two or more concepts were synonyms or hyperonyms they belong to the same
cluster. To analyze the similarities between the concepts we found the synonyms and
hyperonyms of each one of them using Wordnet [65]. Figure 5 presents the results obtained
from this analysis. The figure shows the cluster’s name and the concepts grouped in
terms of their similarities. An S stands for shared term which means that the concepts is a
synonym of the cluster’s name, or both concepts have the same name. An R stands for a
hyperonym relation with the cluster’s concept.
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Figure 5. Concept Similarities.

We also derived the relations between the identified clusters since the MBM defines
the concepts in the business model and the relations among them. To do so, we examined
the definitions given by the authors to the concepts, and established whether another
element was referenced in the definition. For example, in [27] the definition of Channels
is: “how a company communicates with and reaches its Customer Segments to deliver a Value
Proposition.” Since channels is part of the Channel cluster, Customer Segments is part
of the Agent cluster and Value Proposition belongs to the Value cluster, we can derive
a relation from Channel to Value and from Channel to Agent. The analysis led to the
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relationships presented in Figure 6. The figure also shows the concepts in each cluster
differentiated by their corresponding author.
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Figure 6. Concept Clusters.

2.2.2. Value Clustering and Classification

A central element of the business model is the value concept. Like the business model,
the concept of value has been subject to multiple definitions. Value has been understood
as a product or service [23,24] as information [62] and even as experiences [59]. Moreover,
value has also been associated to other enterprise domains aside from the business model.
In particular, value has been defined from a strategic point of view in which added qualities
like price or exclusivity [27] are also part of the concept.

The concept of value has evolved amid current challenges that have led to NCBs.
For instance, in the case of the digital transformation challenge, defining value in a business
model implies considering new technologies and building platforms that create new
interactions between different types of customers [12]. While the definition of value itself
is still shifting, value can be regarded as the element for which a customer is willing to pay
for, thus, a business revolves around creating, delivering and monetizing this value.

Since our approach must provide an accurate representation of the business model
of an NCB, it should also define value with precision and without any strategic concepts.
To achieve this definition we conducted an analysis on the meaning of value and the
different types of value offerings that a business can have. In this analysis we gathered
a list of the examples and definitions that the authors of the selected MBMs provided
regarding value. It must be noted that this list did not include definitions that contain
qualities, attributes or means to sell value. Taking this into account, we gathered a list
of 46 elements upon which we performed the same clustering process as in Section 2.2.1.
The resulting similarities and clusters are shown in Figure 7. The concepts that were found
from the selected MBMs in relation to value and their corresponding cluster is shown in
Figure 8.
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Our analysis resulted in 9 clusters that represent the types of value that a business
can create and hand, and that can be used to characterize and classify the value offering of
any business in order to define it with more precision. We defined each one of the clusters
as follows: Physical product corresponds to consumer goods like clothes and food that
do not have an extended product lifetime. Digital product like e-books and software are
digital elements that can be used permanently or temporarily by a client. Durable items
correspond to assets with a prolonged life-span like real estate and vehicles. Money relates
to value in the form of cash or payments like dividends. Human asset is value translated
into temporal workforce to fulfill a task. Information, like unprocessed data, is value in
the form of data for a client to use it. Service is the ability of the business to perform a task
for a client such as consulting or education. Marketplace relates to the use of a physical or
digital platforms, as in the case of social networks. Finally, a Result is an outcome expected
by the client from the business’ execution of certain tasks, for instance a haircut or a tattoo.
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3. NCB Meta-Model

The third, fourth and fifth stage in the construction of our MBM describes to construc-
tion process for the NCB meta-model along with a graphical notation to portray NCBs.
Given the concepts identified in the second stage, we built our MBM aiming to establish a
structure that serves to portray the complex network that characterizes NCBs. To guide our
approach we defined five requirements that had to be met by the meta-model and by the
notation. The obtained results, our final MBM, and the notation is presented trough-out
this section.

3.1. Preliminary Business Model Meta-Model

Given the 7 clusters obtained in the clustering process presented in Section 2.2.1 and
the relations between them, we built our preliminary meta-model which is shown in
Figure 9. The root of our meta-model is the Business Model which is directly associated
to four concepts: Actor (derived from the Agent cluster), Activity (derived from the Ac-
tion cluster), Resource (derived from the Resource cluster) and Channel (derived from the
Channel cluster). Using this meta-model, in a business activities are performed by actors
(who can correspond to customers or partners) using one or more resources. Additionally,
a channel establishes a relationship between one or more actors, which is enabled by a
set of activities. A channel can be characterized into three types: communication, sales or
distribution depending on the activities that are performed, and has one or more exchanged
items. Exchanged items corresponds to the elements that are exchanged in between the actors
as activities are executed. They may correspond to Money (payments and cash), Information
(needed or resulting from the execution of activities) or Value (what is offered to a customer).
Let us recall that relations in the form one to many, are depicted with the corresponding
multiplicity (*).

Business Model

Channel

id: String

name: String

type: ChannelType

Actor

id: String

name: String

Resource

id: String

name: String

Activities

id: String

name: String
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Partner
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Communication

Sales

Distribution

*

*

*

*

*

*

*

*

*

Figure 9. Business Model Preliminary Meta-Model.

3.2. MBM Requirements

The primary goal of our MBM is to provide the expressiveness required to portray
NCBs with precision. This expressiveness can be achieved by defining the structure re-
quired to represent a circular network of multiple actors, resources and activities that
exchange items in a constant flow. If the structure includes the concepts that define this net-
work, then it should be possible to represent any NCB with accuracy. Defining the required
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structure, should allow the minimum possible efforts when modeling. To guarantee that
our MBM met the desired outcomes, in terms of expressiveness and ease of use, and the
characteristics of useful and effective models [66] we defined the following requirements:

R1: The MBM should have the expressive power to represent NCBs precisely enough
to describe and analyze them

One of the main limitations in the use of existing MBMs to describe complex business
models is their lack of precision. In particular, as most MBMs rely on textual representa-
tions [54], the vagueness derived from linguistic descriptions [44] diminish their precision
as components can have a range of values instead of just one. Since NCBs are characterized
by their circular structures in which multiple elements relate to each other, describing the
resulting network and the dependencies within it can hardly be achieved by means of text.
For instance, in the case of businesses that recycle their own packages to make new ones,
two value flows are established: one that goes from the business to the client, and one that
goes from the client to the business. These flows define a loop in which actions like waste
collection are essential to recapture value, however describing them like “collect waste
from clients” or even as detailed as “collect used packages from clients placing collection
points”, does not provide a precise representation of the relations and components between
the business and the clients, and what is involved in the waste collection. Moreover, these
descriptions limit the conceptualization of the key elements in the business model as there
is no formal way to establish what is a concept and what is just additional information in
the description. Consequently, our meta-business model should provide the concepts and
structure needed to portray NCB networks and conceptualize their elements with precision
and without relying solely on textual notations.

R2: The MBM should manage multiple abstraction levels

The characteristics of NCBs can result in great quantities of information derived
from the number of elements and relations in their structures and the corresponding
descriptions, which are essential to understand how value, information, and money are
exchanged between these elements. Recalling our example of businesses that utilize their
used packages to create new ones, we can tell that these businesses generate value from
a product and from the packages in which it is sold. To do so, there must be activities
dedicated to the production of the sold product and from the recycling of used packages.
In the first case, activities can include the transformation of the raw material, placing the
product in packages and labeling the packages. In the case of the recycling of the package,
activities can relate to the collection of the used packages, cleaning and transforming
them into new ones. Each one of these activities is performed by one or more actors,
and requires various resources like warehouses and machinery. Attempting to portray
all this information can lead to highly complex models (both in terms of the number
of concepts and relations, and in the artifacts themselves) that will require an immense
effort to be understood and used. As we are interested in keeping this information to
achieve a precise description, our MBM should deal with the resulting complexity. Thus, it
should include different abstraction levels, in which elements and details can be hidden
without losing information. To do so, it should be possible to group concepts in terms of
hierarchical relations (for instance if a business has stores with warehouses in them they
could be grouped in a single component). These abstraction levels can be used to conceal
the complexity of the network or show more details if needed.

R3: The MBM should have the minimum number of concepts needed to model NCBs
while maintaining expressiveness

Managing the complexity inherent to NCBs demands extra efforts in the construction
and use of any MBM. In our case, the complexity of the businesses, that are going to be
represented, should be balanced out by the structure proposed in our MBM and by the
number of concepts and rules in it. In particular, the structure should have the minimum
number of concepts required to portray the different elements in an NCB’s network. This
too applies for the construction rules, in which case the number should be just enough
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to portray the network with precision. A starting point to identify this minimum, is the
average number of concepts identified in the MBM’s studied in Section 2.1 which was 7
concepts per MBM.

R4: The MBM should foster the cognitive skills required for open innovation in NCBs

MBMs are essential to support open innovation as they guide related design and
thought processes. Based on the work of [67] MBMs that define visual business model
representations are especially useful as they foster the cognitive skills that are essential to
analyze and design businesses. The most common visualizations correspond to graphic
organizers like the business model canvas, which portray the business in terms of elements.
It has been shown however that while these representations are used for innovation,
they are not very effective in sparking creativity and are not well suited to support the
skills required for business model ideation. Conceptual maps on the other hand, are
better suited to foster said skill, since they disclose previously intuited relations and
clearly portray the transaction network of the business models. Working with this type
of representations, however, is subject to a user-friendly approach. With this in mind, our
MBM and its corresponding artifacts should contribute to fostering the skills required for
open innovation in accordance with a conceptual map-based approach.

R5: The MBM should be easy to use

To guarantee that our MBM is effective and useful we should also make it easy to use.
This means that the time and effort required to portray an NCB with our MBM should be
minimal in spite of the complexity of the portrayed businesses. To minimize these efforts
we should base our representation on an effective graphical notation. This notation should
be intuitive, and should manage few symbols and graphic variables while still managing
to represent the concepts and relations that result from requirement R3.

3.3. NCB Structure: Components and Channels

Based on the identified requirements we defined the structure that represents the net-
work of NCBs given its complexity and circular structure. To do so, we followed a system
dynamics based approach focused on stock-flow diagrams which model the structure of
a system [68]. System dynamics has previously been used to model and analyze business
models as in [69–72], in these cases the authors established equivalences between concepts in
the business model and their representation in a stock-flow diagram. In our case, to represent
the NCB structure we had to determine which concepts from the preliminary meta-model
were mapped to stocks and which ones to flows taking into consideration an NCB network.

The core concept in the resulting structure is a component. A component represents a
stock of information, value and/or money that exchanges items with other components
by means of one or more channel. Hence, channels are equivalent to flows and are the
connection between two components in the business model. A channel is described in
terms of activities (which are equivalent to valves in the stock-flow diagrams) which enable
the exchange of items between components. A component can group other components
and their corresponding channels (thus responding to our requirement R2).

The business itself is a component that groups other components and channels. These
grouped components (i.e., internal components) correspond to warehouses, stores, truck
containers or any type of location within the business that accumulates items. Internal
components can also be connected with channels and exchange items between them.
By defining the business as a component, a frontier between internal and external compo-
nents is established thus making the business the main component in the structure. A direct
channel connects the main component to other external components, or the business’ inter-
nal components. An indirect channel connects external components between them.

In the case of actors, and based on the preliminary meta-model, we classified them
into two types: those who accumulate items and those responsible for the execution of
activities. Actors who accumulate items correspond to suppliers, distributors, clients or
anyone who establishes a relation with the business; these actors are external components.
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On the other hand, actors like employees, automated systems or any other actor within the
business do not accumulate items, instead they execute the activities in the channels and
are referred to as roles.

Depending on the components related to a channel, the type of activities performed in
the channel, and the items that are exchanged in it, a channel can be classified into 5 types:
Supply (S), Transformation (T), Distribution (D), Relationship (R) and Monetization (M).
Supply channels connect suppliers with the business, and group the activities necessary
to supply goods as well as the value, information, and money involved in said activities.
Transformation channels connect internal components in the business, and represent how
value is created and produced. This type of channel includes all the activities necessary
to produce value like transforming raw material or assembling the parts of a product,
hence value and information are exchanged in it. Distribution channels connect internal
components in the business, or the business with its client. This type of channel comprises
the activities necessary to deliver value within the components or the business (for instance
from a main warehouse to a store deposit) or from the business to its clients. This channel
exchanges both value and information items. Relationship channels connect the business
and its clients and includes the activities necessary to relate to them, ranging from pre-
sales to customer service. Relationship channels enable the exchange of information.
Finally, Monetization channels connect the business and its clients, and group the activities
necessary to exchange value for money. The money that a client pays for value is exchanged
through this channel, along with the information required to make the payment. Regardless
of the channel type, items can be exchanged both ways, and depending on the business
model the structure will only include certain types of channels. In particular, businesses
whose value is not classified as a product or result should not exhibit transformation
channel as there is no value transformation.

3.4. Meta-Model Definition

The resulting structure to represent NCBs is described in Figure 10. In this case the root
of the meta model is the business model, which is directly associated to a main component
(the business) and one or more components (external to the business). A component accu-
mulates items: money, information and/or value) and is connected to other components
through channels. A channel exchanges items as activities are performed by one or more
roles (responsible) using one or more resources. The business model is also associated
to these resources and roles. A channel can be classified into the previously mentioned
types: supply (S), transformation (T), distribution (D), relation(R) and monetization (M).
A component can group other components which in turn, are also connected with channels
and can group other components. Value offered by the business can be classified into the
9 types of value identified in Section 2.2.2. As in the case of the preliminary meta-model,
relations in the form one to many, are depicted with the corresponding multiplicity (*).

Our meta-model represents the structure needed to portray the complex network of
an NCB, and is the solution to our first requirement (R1). Since components are able to
group other components, they can be used to manage multiple abstraction levels (R2) as
they can be used to hide details within the business or portray it in detail. Finally, given
the preliminary business model and the concepts defined in it as those that were basic to
portray any business model, we were able to keep a minimal number of concepts to portray
an NCB structure by adding the concept of component (and its sub-class Main Component)
to the meta-model thus, addressing requirement R3.
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Figure 10. Novel Complex Business (NCB) Meta-Model.

3.5. Graphical Notation Design

To address requirement R4 and R5 we designed a graphical notation that portrayed the
structure of the business model in terms of components and relations, and that made our
MBM easy to use. Based on the principles of effective notations [73] and component-based
languages in software architecture [74], we designed a component based notation that can
be used to portray an NCB. Our notation includes a diagram that describes the structure
of the business model shown in Figure 11, and a table that describes each of the channels
defined in the structure. The table is presented in Figure 12.

In the diagram’s case, components are depicted as rectangles with the name of the com-
ponent inside. If a component groups other components it has a gray background otherwise,
it has a white one. Figure 11 shows a business model structure with two representations: one
on the left with a high level detail representation in which the business has a gray background
(indicating there are grouped components), and one the right which provides more detail on
the internal components. In this case, the main component is represented with a rectangle
with a dashed border (the border indicates the frontier) and internal components are placed
in it.

Channels are portrayed as lines with dots in their endpoints. The line has the channel
ID which corresponds to the first letter of its type (S,T,D,R, or M) and a number. The chan-
nels connect the different components, although in the case of indirect channels (as in the
case of the channel between Component 4 and 5 in Figure 11), the channel is a dotted line
distinguished with the ID I.

For each one of the channels identified in the structure, there is a corresponding
catalogue that describes the activities in the channel, the roles responsible and the resources.
The catalogue is shown in Figure 12 and contains the ID of the channel (which should
correspond to the ID in the structure), the name, and its type. Activities have an ID, a name,
and a description if needed. Roles and resources have an ID and a name, and are associated
to each one of the activities described. The collection of catalogues that describe the
channels in a structure is referred to as the channel model.
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Figure 12. MBM Graphical Notation: Channel Description.

4. MBM Validation

The sixth stage in the definition of our MBM was the validation of the MBM. To do
so we performed two validations: modeling a case study and conducting a modeling and
interpretation experiment. In the first validation we followed the structure defined in our
MBM and used our graphical notation to model an NCB. In the second validation we tested
if our MBM could be used to represent and understand a business model. The validation
processes and results from the validations are presented in this section.

4.1. Case Study—Alps Brewery

The first validation of our MBM was done by modeling a case study based on a
brewery. Aside from the traditional business of producing and selling beer, the brewery
also sells its residues to local farms and a distillery. This leads to a business model in which
several actors and activities constitute a complex network. To validate if our MBM could
be used to represent said business model, we used our structure and graphical notation to
portray the elements identified in the textual description of the business model. Ultimately,
we were able to create the corresponding structure diagrams and the channel model.

4.1.1. Alps Brewery Description

Alps Brewery is a business dedicated to the production, distribution and sale of lager
and ale beers. While their main activities comprise the production of beer, Alps Brewery
has managed to design and implement a sustainable business model conducting recycling
activities and pairing with local farms, local bottle producers, and a partner distillery.

Alps Brewery has two main types of suppliers: its barley and hops supplier and its
bottle supplier. On one hand, at the beginning of the month a production agent places a
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barley and hops order which is delivered by the supplier. Upon receiving it, a warehouse
agent checks the order, stores the barley and the hops, and pays for the order. On the
other hand, to order bottles the production agent uses an ordering system to forecast its
bottle demands based on previous orders and the current number of recycled bottles in
store. With this in mind, the agent places an order in the system and pays for it using the
brewery’s bank application. Once it is delivered, a warehouse assistant stores the bottles.

The brewing process is divided into 9 steps which are executed by production op-
erators. First, the barley is unpacked and grounded using a mill. The residue and the
grounded barley are picked and stored in their corresponding deposits. Then, the ground
barley is transferred to a tun where water is added and mixed with the barley until a mash
is obtained. The mash is tested to determine its quality. This mash is later pumped into
a lauter tun in which temperature is risen to separate the wort. The fourth step consists
of collecting the wort from the tun in a kettle, adding the hops to the wort and boiling
the mixture. When the mixture is boiled, the wort is separated and cleared from residues,
and placed to cool in a whirlpool. The cooled wort is then used to fill a vessel in which
yeast is added, thus beginning the fermentation process. Once fermentation is over, the fer-
mentation residue is collected and transferred to a deposit. The fermented beer or green
beer is stored in a container to begin the maturation process. The amount of time the beer
is stored depends on the type of beer being produced. Once the beer is mature, it is filtered
while being transferred to a tank, where it is carbonatized by adding CO2. The beer is then
prepared for the packaging step. In this step the brewery prepares the bottles and the bottle
caps, fills each bottle with beer and seals it tightly. The bottles are taken to a bottle deposit
and then packed in crates and stored in a warehouse.

Alps Brewery beer has three main types of clients: convenience stores, bars and people
who buy in the brewery’s stores. In the case of the convenience store, the brewery has
a database in which the information of stores is managed. When a store is interested
in selling Alps Brewery beers it is registered in the database. Each month the brewery
takes the store’s orders, offers products to new stores and schedules visits to interested
stores to show them the product portfolio. Monthly orders are delivered by picking the
corresponding crates from the warehouse, loading the brewery’s truck, delivering the
crates to the convenience store, and unloading the truck to hand them. The store pays for
the order and the brewery hands the receipt.

The bars that buy beer from the brewery interact in a similar way to the convenience
stores. When a bar is interested in the brewery’s product it is registered and each month
bar’s orders are taken, products are offered to new bars, and in case a bar is interested
in tasting the products the corresponding tasting is scheduled. Promotional pieces are
also sent to bars for display. Orders to bars are dispatched each month for which crates
are picked, loaded into the truck, and delivered to the bar where they are unloaded from
the truck.

The brewery also serves clients in the brewery’s stores. In this case, the brewery
calculates the order of bottles for each store, it picks the crates from the crates warehouse,
packs them and delivers them to each store. The store receives the crates and stores them
in their warehouses. When a client arrives to the store, a waiter takes the client’s order
and registers its information in the brewery’s database if the client approves. The waiter
then picks the bottles from the store warehouse, opens and hands the bottles to the client.
When the client has finished the beer, the waiter collects the empty bottles and stores them.
Lastly, the waiter generates a receipt and collects the client’s payment. In the store, clients
are offered discounts and the chance to enroll in the brewery’s customer loyalty program.

In spite of beer being the core of the business, Alps Brewery has managed to create a
more sustainable business model by taking advantage of barley and fermentation residues
and by recycling its bottles and unsold beer. For the residues of the milling and the
fermentation step, the brewery collects, packs, and stores them to sell them to local farms as
food to feed stock and poultry. The relationship with local farms works in a similar fashion
to beer clients. The brewery also manages a database where local farms are registered.
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Each month their order is taken, and discounts are also offered. To deliver a farm’s order,
the brewery picks the packed residues, loads the truck and delivers the packs to the farms.
Farms pay for the corresponding order and the brewery hands a receipt.

Sustainability is also achieved by recycling bottles. In this case the brewery recycles
used bottles to refill them or to turn them into new bottles. A bottle can be refilled up to
20 times, after this number of refills, the bottle is sent to the bottle supplier to make new
ones. To guarantee the re-utilization of bottles convenience stores, bars, and stores accumu-
late their used bottles. The brewery is then in charge of picking them up when delivering
new orders, loading them in a truck, delivering them to the main plant, and storing them
in a used bottle deposit. If they can be refilled again, they are cleaned and stored in the
supplies deposit. On the other hand, if the bottles are past 20 refills, they are stored in
crates which are delivered once a month to the bottle supplier who makes new bottles out
of them.

Finally, Alps Brewery has also taken a sustainability approach from unsold beers of
their warehouse, stores, and clients. As in the case of used bottles, the brewery also picks up
the unsold beer from convenience stores, bars and brewery stores. Unsold beers correspond
to beer bottles with close expiration dates. Unsold beer is transferred to the main plant in
which they are stored in an unsold beer deposit along with the unsold beer from the crate
warehouse. The beer is then collected from the bottles in containers, and the bottles are sent
to the used bottle deposit. The beer containers are sold to a local distillery that uses it to
make craft beverages. Every month the distillery picks the containers from the main plant.
Before picking them up, the distillery calls the brewery to confirm the name of the person
who is picking up the containers and the expected arrival hour. The distillery contributes
to the recycling of bottles by sending their own used bottles to the bottle supplier who
recycles the glass to make new bottles for the brewery.

4.1.2. Alps Brewery Business Model Structure

From the description of the Alps Brewery business model we identified 8 components:
Alps Brewery (the main component), two suppliers (barley and hops and bottle suppliers)
and five clients (local farms, convenience stores, bars, the local distillery and clients from
Alps Brewery stores). All these components relate to Alps Brewery by means of direct
channels. For the suppliers, we distinguish a supply channel for each one. For the local
farms, convenience stores, bars, store’s clients, and the local distillery we identified three
channels per component. These channels correspond to the distribution, the relationship,
and the monetization channel. We identified an additional indirect channel that connects
the local distillery and the bottle supplier through which used bottles are exchanged.

Figure 13 shows the general structure of the brewery’s business model. The figure
provides a high level view on the structure of the brewery showing just the external
components that interact with the business and their corresponding channels. Alps Brew-
ery is shown with a gray background as it groups internal components, in particular,
the forenamed deposits.

With the initial approach to the business model structure we developed a more
detailed view. Figure 14 presents the resulting model in which the main component is now
detailed with the corresponding frontier. Inside the business there is the supplies deposit
connected to the beer bottle deposit by means of a transformation channel depicting the
beer production process. The deposit is also connected to the brewing residue deposit
representing the collection of the residues from the production process. The figure also
shows the store warehouse (representing the different brewery stores), the used bottle
deposit, and unsold beer deposit. Both the bottle crate warehouse and the store warehouse
connect to the used bottle deposit as used bottles and unsold beer are stored in it. The used
bottle deposit is connected to the supplies deposit as clean refillable bottles are stored once
again, and to the unsold beer deposit as they are emptied.
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The complete structure of the Alps Brewery business model is presented in Figure 15.
The model provides a more detailed view of the structure, in terms of the beer production
process, as the deposits involved in the different production steps are portrayed. With this
structure the beer production is described in terms of 9 main steps. In the case of the
residue collection, we now see that they are collected in the milling and fermentation steps.
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4.1.3. Channel Model

The complete structure shown in Figure 15 led to a total of 34 channels that connect
the various components in the structure. Using the catalogue designed in our notation
and the channels defined in the Alps Brewery business model structure, we present the
description of 4 of these channels.View: Main View
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Figure 16 shows the bottle supply distribution channel which connects bottle suppliers
to the main component. The catalogue describes the activities to place the orders and receive
the bottles (S2.1 to S2.5), as well as the activities involved in recycling non-refillable bottles
(S2.6 and S2.7). The catalogue also shows that the procurement agent (RO1) is in charge of
forecasting and placing the order, and the warehouse agent (RO2) is responsible for the
activities associated to receiving and storing the bottles. The resources needed to execute
the activities are also identified.

ID T6 NAME Fermentation TYPE Transformation
ACTIVITIES

ID NAME AND DESCRIPTION RESPONSIBLE RESOURCES
ID NAME ID NAME

T6.1 Fill vessel with wort RO4 Production Operator R4 Vessel
T6.2 Add yeast RO4 Production Operator R5 Yeast
T6.3 Allow fermentation
T6.4 Remove fermentation debris RO4 Production Operator

ID S2 NAME Bottle Supply TYPE Supply
ACTIVITIES

ID NAME AND DESCRIPTION RESPONSIBLE RESOURCES
ID NAME ID NAME

S2.1 Forecast bottle order RO1 Procurement Agent R1 Ordering System
S2.2 Place bottle order RO1 Procurement Agent R1 Ordering System
S2.3 Pay bottle order R2 Bank App
S2.4 Receive bottle order RO2 Warehouse Assistant
S2.5 Store bottle order RO2 Warehouse Assistant
S2.6 Load truck with non-refillable bottles RO2 Warehouse Assistant
S2.7 Deliver non-refillable bottles RO3 Truck Driver R3 Truck

ID D4 NAME Convenience Store Distribution TYPE Distribution
ACTIVITIES

ID NAME AND DESCRIPTION RESPONSIBLE RESOURCES
ID NAME ID NAME

D4.1 Load beer crates in the truck RO3 Truck Driver R3 Truck
D4.2 Dispatch truck RO3 Truck Driver R3 Truck
D4.3 Unload crates RO3 Truck Driver
D4.4 Hand bottle crates RO3 Truck Driver
D4.5 Pick used bottles RO3 Truck Driver
D4.6 Pick unsold beer RO3 Truck Driver
D4.7 Load used bottles and unsold beer RO3 Truck Driver R3 Truck
D4.8 Deliver bottles RO3 Truck Driver R3 Truck
D4.9 Store used and unsold beer RO2 Warehouse Assistant

ID R4 NAME Stores' Clients Relationship TYPE Relationship
ACTIVITIES

ID NAME AND DESCRIPTION RESPONSIBLE RESOURCES
ID NAME ID NAME

R4.1 Take client's order RO5 Waiter
R4.2 Offer loyalty program RO5 Waiter
R4.3 Offer beer discount RO5 Waiter
R4.4 Register client RO5 Waiter R6 Database

Figure 16. S2 Catalogue.

Figure 17 presents the fermentation channel which constitutes one of the steps in the
beer elaboration process. The activities in the channel describe what has to be done to
obtain fermented beer as well as the collection of debris to store in the residue deposit.

ID T6 NAME Fermentation TYPE Transformation
ACTIVITIES

ID NAME AND DESCRIPTION RESPONSIBLE RESOURCES
ID NAME ID NAME

T6.1 Fill vessel with wort RO4 Production Operator R4 Vessel
T6.2 Add yeast RO4 Production Operator R5 Yeast
T6.3 Allow fermentation
T6.4 Remove fermentation debris RO4 Production Operator

ID S2 NAME Bottle Supply TYPE Supply
ACTIVITIES

ID NAME AND DESCRIPTION RESPONSIBLE RESOURCES
ID NAME ID NAME

S2.1 Forecast bottle order RO1 Procurement Agent R1 Ordering System
S2.2 Place bottle order RO1 Procurement Agent R1 Ordering System
S2.3 Pay bottle order R2 Bank App
S2.4 Receive bottle order RO2 Warehouse Assistant
S2.5 Store bottle order RO2 Warehouse Assistant
S2.6 Load truck with non-refillable bottles RO2 Warehouse Assistant
S2.7 Deliver non-refillable bottles RO3 Truck Driver R3 Truck

ID D4 NAME Convenience Store Distribution TYPE Distribution
ACTIVITIES

ID NAME AND DESCRIPTION RESPONSIBLE RESOURCES
ID NAME ID NAME

D4.1 Load beer crates in the truck RO3 Truck Driver R3 Truck
D4.2 Dispatch truck RO3 Truck Driver R3 Truck
D4.3 Unload crates RO3 Truck Driver
D4.4 Hand bottle crates RO3 Truck Driver
D4.5 Pick used bottles RO3 Truck Driver
D4.6 Pick unsold beer RO3 Truck Driver
D4.7 Load used bottles and unsold beer RO3 Truck Driver R3 Truck
D4.8 Deliver bottles RO3 Truck Driver R3 Truck
D4.9 Store used and unsold beer RO2 Warehouse Assistant

ID R4 NAME Stores' Clients Relationship TYPE Relationship
ACTIVITIES

ID NAME AND DESCRIPTION RESPONSIBLE RESOURCES
ID NAME ID NAME

R4.1 Take client's order RO5 Waiter
R4.2 Offer loyalty program RO5 Waiter
R4.3 Offer beer discount RO5 Waiter
R4.4 Register client RO5 Waiter R6 Database

Figure 17. T6 Catalogue.

Figure 18 shows the store client’s relationship channel. This channel involves the
activities required to maintain a relationship with the client such as offering the enrollment
in the loyalty program (R4.2), offering discounts (R4.3), and registering its information
(R4.4). This channel also includes taking the client’s order (R4.1) since it is the step that
establishes an initial contact with the client. The identified responsible roles and resources
correspond to the waiter (RO5) and the database (R6).

Finally, Figure 19 shows the convenience store distribution channel. Activities in this
channel are related to the distribution of beer, and to the picking and storing of unsold beer
and used bottles. Activities D4.1 to D4.4 describe what has to be done to deliver the bottles
to the store. Activities D4.5 to D4.9 describe what is done to pick up unsold beer and used
bottles, and delivering to the main plant to be stored. In this channel we identified the
Truck Driver (RO3) and the Warehouse Assistant (RO2) as those responsible for executing
the activities.
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ID T6 NAME Fermentation TYPE Transformation
ACTIVITIES

ID NAME AND DESCRIPTION RESPONSIBLE RESOURCES
ID NAME ID NAME

T6.1 Fill vessel with wort RO4 Production Operator R4 Vessel
T6.2 Add yeast RO4 Production Operator R5 Yeast
T6.3 Allow fermentation
T6.4 Remove fermentation debris RO4 Production Operator

ID S2 NAME Bottle Supply TYPE Supply
ACTIVITIES

ID NAME AND DESCRIPTION RESPONSIBLE RESOURCES
ID NAME ID NAME

S2.1 Forecast bottle order RO1 Procurement Agent R1 Ordering System
S2.2 Place bottle order RO1 Procurement Agent R1 Ordering System
S2.3 Pay bottle order R2 Bank App
S2.4 Receive bottle order RO2 Warehouse Assistant
S2.5 Store bottle order RO2 Warehouse Assistant
S2.6 Load truck with non-refillable bottles RO2 Warehouse Assistant
S2.7 Deliver non-refillable bottles RO3 Truck Driver R3 Truck

ID D4 NAME Convenience Store Distribution TYPE Distribution
ACTIVITIES

ID NAME AND DESCRIPTION RESPONSIBLE RESOURCES
ID NAME ID NAME

D4.1 Load beer crates in the truck RO3 Truck Driver R3 Truck
D4.2 Dispatch truck RO3 Truck Driver R3 Truck
D4.3 Unload crates RO3 Truck Driver
D4.4 Hand bottle crates RO3 Truck Driver
D4.5 Pick used bottles RO3 Truck Driver
D4.6 Pick unsold beer RO3 Truck Driver
D4.7 Load used bottles and unsold beer RO3 Truck Driver R3 Truck
D4.8 Deliver bottles RO3 Truck Driver R3 Truck
D4.9 Store used and unsold beer RO2 Warehouse Assistant

ID R4 NAME Stores' Clients Relationship TYPE Relationship
ACTIVITIES

ID NAME AND DESCRIPTION RESPONSIBLE RESOURCES
ID NAME ID NAME

R4.1 Take client's order RO5 Waiter
R4.2 Offer loyalty program RO5 Waiter
R4.3 Offer beer discount RO5 Waiter
R4.4 Register client RO5 Waiter R6 Database

Figure 18. R4 Catalogue.

ID T6 NAME Fermentation TYPE Transformation
ACTIVITIES

ID NAME AND DESCRIPTION RESPONSIBLE RESOURCES
ID NAME ID NAME

T6.1 Fill vessel with wort RO4 Production Operator R4 Vessel
T6.2 Add yeast RO4 Production Operator R5 Yeast
T6.3 Allow fermentation
T6.4 Remove fermentation debris RO4 Production Operator

ID S2 NAME Bottle Supply TYPE Supply
ACTIVITIES

ID NAME AND DESCRIPTION RESPONSIBLE RESOURCES
ID NAME ID NAME

S2.1 Forecast bottle order RO1 Procurement Agent R1 Ordering System
S2.2 Place bottle order RO1 Procurement Agent R1 Ordering System
S2.3 Pay bottle order R2 Bank App
S2.4 Receive bottle order RO2 Warehouse Assistant
S2.5 Store bottle order RO2 Warehouse Assistant
S2.6 Load truck with non-refillable bottles RO2 Warehouse Assistant
S2.7 Deliver non-refillable bottles RO3 Truck Driver R3 Truck

ID D4 NAME Convenience Store Distribution TYPE Distribution
ACTIVITIES

ID NAME AND DESCRIPTION RESPONSIBLE RESOURCES
ID NAME ID NAME

D4.1 Load beer crates in the truck RO3 Truck Driver R3 Truck
D4.2 Dispatch truck RO3 Truck Driver R3 Truck
D4.3 Unload crates RO3 Truck Driver
D4.4 Hand bottle crates RO3 Truck Driver
D4.5 Pick used bottles RO3 Truck Driver
D4.6 Pick unsold beer RO3 Truck Driver
D4.7 Load used bottles and unsold beer RO3 Truck Driver R3 Truck
D4.8 Deliver bottles RO3 Truck Driver R3 Truck
D4.9 Store used and unsold beer RO2 Warehouse Assistant

ID R4 NAME Stores' Clients Relationship TYPE Relationship
ACTIVITIES

ID NAME AND DESCRIPTION RESPONSIBLE RESOURCES
ID NAME ID NAME

R4.1 Take client's order RO5 Waiter
R4.2 Offer loyalty program RO5 Waiter
R4.3 Offer beer discount RO5 Waiter
R4.4 Register client RO5 Waiter R6 Database

Figure 19. D4 Catalogue.

4.2. Experiments

The second validation of our MBM consists of a modeling and interpretation experi-
ment in which we tested if our MBM could be used by others to represent and understand
an NCB business model. Based on the description of the brewery’s business model, we
designed two experiments: a modeling one in which subjects were expected to build the
brewery’s business model using our notation, and an interpretation one in which subjects
were given the structure of Alps Brewery and the complete channel model, and were asked
questions about the business model. The experiment design process and the obtained
results are described as follows.

4.2.1. Experiment Design

The experiments conducted during the second validation were designed considering the
FUEML framework [75] and the Principles of Survey Research [76–81]. Since the overall objec-
tive of the validation was to establish if our MBM allowed the construction and understanding
of an NCB, we defined the objective of the experiments in terms of two hypotheses:

Hypothesis 1. Our MBM allows the representation of an NCB business model.

Hypothesis 2. The MBM allows the understanding of an NCB business model.

In order to guarantee an adequate selection of the sample that would perform the
experiments we defined the target population of our MBM. In general, our MBM should be
used by business modelers and business analysts, however since the size of this population
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is difficult to estimate, we chose the minimum sample size that could lead to accurate results
with a 90% confidence level and an accepted confidence interval of 13.5% based on [82].
This led to a sample population of 37 subjects. We invited 72 subjects to participate and got
a response from 38 of them. All of them were undergraduate engineering students who
had previous modeling experience with other languages like UML and BPMN. Subjects
were able to choose which experiment to execute. In total, 18 subjects did the modeling
experiment and 18 the interpretation one. Prior to the experiments all the subjects were
introduced to our MBM and the corresponding notation.

4.2.2. Modeling Experiment and Results

Our first hypothesis was tested with a modeling experiment in which participants
were asked to build the business model of Alps Brewery using our notation. Participants
were provided with a description similar to the one presented in Section 4.1.1 and were
asked to build the corresponding structure and channel model. The experiment had a total
duration of 75 min and was conducted virtually. All the descriptions and instructions were
given in Spanish as it was the subject’s native language.

To evaluate the results we graded the structure and the channel model using a rubric
that consisted of 60 modeling requirements (39 for the structure and 21 for the channel
model). Each requirement was graded with three possible scores: 0, 0.5 and 1. The require-
ments included identifying all the external components, the deposits, and the channels
connecting them. They also considered the description of activities in the identified chan-
nels and avoiding certain mistakes like modeling the brewery’s stores outside the frontier.
For the final score, we weighted the structure with an 80% of the total score and the channel
mode with a 20%. The total score that could be obtained was 35.4 points however, based
on the responses given by participants we reduced the requirements in the channel model
to 17 hence, the highest possible score was 34.6 points. We established that our MBM
allowed to represent the brewery’s business model if the scored obtained was more than
17.3 points (50% of the highest possible score). Moreover, we classified the possible scores
in 4 levels: insufficient, sufficient, good and excellent. Figure 20 shows the obtained scores
classified accordingly.

0%

33%

39%

28%

MODELING SCORES (WEIGHTED)

Insufficient (Below or
equal to 17.3 points)
Sufficient  (17.3, 25.53]

Good  (25.53,27.16]

Excellent (More than
27.16 points)

Figure 20. Modeling Scores.

The figure shows that 100% of the participants were able to represent the business
model using our MBM. Moreover, 39% of the participants obtained scores classified as
good and 28% as excellent. Aside from the overall score, we also analyzed and classified
the scores obtained in the structure and in the channel model criteria as shown in Figure 21.
On one hand, the structure scores results show that 100% of the participants were able
to build it, and 55% of them presented a good or excellent structure. The channel model
scores, on the other hand, show that 67% of the participants were able to build the channel
model; 23% of the participants obtained good or excellent scores.
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0%

45%

33%

22%

STRUCTURE SCORES 

Insufficient (Below or
equal to 19.5 points)
Sufficient  (19.5 to 28]

Good  (28,32]

Excellent (More than 32)

33%

44%

6%

17%

CHANNEL MODEL SCORES

Insufficient (Below or
equal to 8.5 points)
Sufficient  (8.5,11.3]

Good  (11.3,14.16]

Excellent (More than
14.16)

Figure 21. Structure and Channel Model Scores.

4.2.3. Interpretation Experiment and Results

Our second hypothesis was tested with an interpretation experiment in which par-
ticipants had to answer a series of questions about the brewery’s business model, based
on the business model structure and the channel model. Participants were expected to
identify the value type provided by the brewery (physical product) and the 3 products
offered: beer, unsold beer and residues. They also had to identify the 2 suppliers and
their supplies, describe the 9 steps in the beer production process along with the resources
needed, and describe 4 scenarios: the production and sale of beer, the recycling of used
bottles, the sale of unsold beer, and the management of brewing residues. In the experiment
participants had access to the structure presented in Figure 14 and the complete channel
model. As in the modeling scenario, it was a virtual experiment with a duration of 75 min
and instructions and descriptions were given in Spanish.

To evaluate the results we designed a rubric that had a total of 42 requirements: 4 of
them corresponded to the value identification, 9 to the description of the beer production
process, 4 to the description of the suppliers, 5 to the description of the production and sale
of beer scenario, 8 to the used bottle recycling scenario, 7 to the unsold beer sale scenario
and the remaining 5 to the brewing residue management. The maximum number of points
that could be obtained was 42. As in the modeling experiment, scores were also classified
into 4 levels: insufficient, sufficient, good and excellent. We established that our MBM
allowed to understand the brewery’s business model if the scored obtained was more than
21 points (50% of the highest possible score).

Figure 22 shows the results obtained in the experiment. 61% of the participants were
able to understand the brewery’s business model using our MBM. We also analyzed the
scores for each of the different elements from the business model that had to be described.
Figure 23 presents the scores obtained in the value classification. In this case 83% of the
participants were able to identify the physical product type correctly. Moreover, 39% of
them identified the three products, and 39% were able to identify two.

39%

50%

5%
6%

INTERPRETATION SCORES

Insufficient (Below or
equal to 21 points)
Sufficient  (21 to 36]

Good  (36,39]

Excellent (More than 39
points)

Figure 22. Interpretation Experiment Results.
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Figure 24 shows the scores from the beer production description and the supplier identi-
fication. In the case of the description, scores were also classified in four levels (insufficient,
sufficient, good and excellent), and the obtained results show that 83% of the participants
were able to provide a description (28% gave a good description and 17% an excellent one).
Figure 24 also shows that 100% of the participants were able to identify some of the suppli-
ers and supplies of the brewery, and 72% of the participants were able to identify the two
suppliers and their corresponding supplies.

83%

17%

VALUE CLASSIFICATION

Could Identify
the Type
Could not
Identify the Type

22%

39%

39%

PRODUCT IDENTIFICATION

Identified 1 of
the products
Identified 2
products
Identified 3
products

Figure 23. Value Classification Results.

33%

22%

28%

17%

BEER PRODUCTION DESCRIPTION

Insufficient (Below or
equal to 4.5 points)
Sufficient  (4.5 to 6]

Good  (6,7.5]

Excellent (More than
7.5)

0%

28%

72%

SUPPLIER IDENTIFICATION

Did not identify the
suppliers and
supplies
Identified some of
the suppliers and
supplies
Identified all the
suppliers and
supplies

Figure 24. Description and Identification Results

Finally, Figure 25 shows the results obtained in the description of the four scenarios.
In this case results were classified in three levels: did not provide a description, provided
a partial description or provided a complete description. Accordingly, results show that
for the beer sale scenario 83% of the participants were able to provide a description (39%
provided a complete one.) In the recycling scenario 72% of the participants provided a
description (39% gave a complete one). Finally, both in the unsold beer scenario and in
the brewing residue management scenario 61% of the participants provided a description,
in the residue management scenario 50% gave a complete description.
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Figure 25. Scenario Description Scores.

5. Discussion on the Business Model and Open Innovation

Novel complex businesses are defying traditional ways of doing business and are
defining the future for many industries. Their business models are characterized by complex
circular structures in which clients, suppliers, and distributors, among other actors, relate
to the business while exchanging value, information, and money. These circular structures
enable the generation of value in sustainable and innovative ways. With the current challenges
in the world and with markets and industries being tested daily with new demands, it is
expected that more NCBs will emerge with even better and more disruptive business models.

Open innovation plays a key role in NCBs as it is the foundation for the redesign and
evaluation of business models and value offerings. Considering the rectangular compass
proposed in [39] open innovation can arise from cultivating technology sources and different
markets (like potential markets or social ones). In the case of NCBs, as these businesses are
concerned with challenges like sustainability and the sharing economy, innovation is highly
motivated by social markets, which contributes to the creation of collaboration networks,
new alliances and the creation of social value.

To apply and benefit from open innovation in an NCB, it is necessary that those
involved in innovation processes comprehend the dynamics that distinguish open inno-
vation, and the potential effects of the innovations in the long term. Based on the OCE
model [10], the network of an NCB constitutes a complex adaptive system whose complex-
ity is determined by the degree to which open innovation occurs. A higher degree of open
innovation means that more knowledge enters and leaves the system at a higher speed,
which becomes beneficial for the NCB and for related organizations. Nonetheless, while
various businesses reveal highly complex adaptive systems, their open innovation remains
low. This hinders knowledge transfer and shortens the product-life cycle, leading to less
competitive firms.

In order for a business to increase the degree in which open innovation occurs, it must
combine internal and external knowledge to create new ideas that can be shared and imple-
mented within the business and with other companies. The business model has proven to be
a powerful conceptual tool for the creation of these ideas, as it links the domains involved
in innovation and fosters the cognitive skills required to make decisions. Since the business
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model establishes the business’ logic that creates and delivers value, innovation can be eval-
uated under said logic and socialized later on [38]. Moreover, businesses that are truly able
to take advantage of open innovation exhibit open business models in which value is both
created and recaptured by including external ideas and by sharing resources and activities
with other companies [83]. Consequently, MBMs are essential in open innovation as they
guide the representation of the business model and set the foundations for further analysis,
design, and evaluation to achieve open business models.

Understanding and implementing open innovation in NCBs is related to comprehend-
ing the business logic derived from their complex network. Describing and analyzing this
network, requires a precise representation of its components and the way in which they
relate to one another. However, when describing said networks by means of existing MBMs
expressive power becomes a limitation as these MBMs do not define a formal structure that
allows the representation of NCBs with precision. This lack of precision is not a mistake
but rather one of the various decisions that are made in order to guarantee the MBM’s
usefulness in light of its specific purpose. While expressive power in existing MBMs can
be increased, efforts may end up in complicated and imprecise representations, especially
if expressiveness is added without considering the purpose of the MBM or the previous
decisions made in the MBM’s definition. This too, is a reminder of the importance of
understanding the purpose of an MBM before using it.

6. Conclusions: Contribution and Future Work
6.1. Implications

This paper introduced an MBM to portray NCBs with precision. Our MBM provides
the expressive power required to achieve a precise representation by defining the structure
required to represent the complex network of NCBs in terms of two main concepts: compo-
nents and channels. In addition to the concepts and relations that make up the structure of
NCB, we also designed a graphical notation that serves to portray the structure in a simple
and intuitive way. Our graphical notation defines two main artifacts: a structure diagram
and a channel model. In order to define our MBM, we began by establishing a foundation
upon existing MBMs and the concepts and relations that were defined by these MBMs as
the building blocks of a business model. Building our MBM upon existing approaches
allowed us create a solution using previously agreed upon concepts, which in turn, led to a
solid conceptual basis. The construction of our MBM was focused on defining the structure
that describes an NCB. To do so, we structured and extended our foundation focusing on
two main concepts: components and channels. Moreover, as NCBs generate value out the
typical product/service schema, we defined 9 types of value that can be used to classify
and characterize the value offerings of NCBs.

Our proposed MBM was validated by modeling a case study and by conducting a
modeling and an interpretation experiment that tested two hypothesis: that our MBM
allows to represent an NCB business model and that the MBM allows to understand an
NCB business model. The results of our experiments proved both of our hypothesis. In the
modeling experiment, all the participants were able to represent the business model using
our graphical notation, and in particular, all of them were able to portray the structure of
the business model. The results from this experiment matched our first validation in which
we were able to portray the brewery’s business model, and proved our first hypothesis.
In the case of the interpretation experiment as results showed 61% of the participants
were able to understand the business model given our scoring criteria, thus proving our
second hypothesis.

The analysis of the experimentation results also showed the effects of the 75 min time
limit defined for the execution of the experiments. In the modeling experiment, while all
the participants were able to complete the structure, most of the participants were not able
to complete the channel model, in particular the five requirements that were excluded
from the evaluation. In the interpretation experiment while results showed that most
participants were able to answer the questions regarding value identification, supplier
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identification and the beer production process, the scenario descriptions showed that in
some cases 39% of participants were not able to provide descriptions. This is partially
explained by the lack of time considering that the scenario descriptions were the last
questions in the questionnaire. In spite of the time limitation, the obtained results were
mainly positive both in terms of the MBM and the proposed notation. Since participants
were able to portray and understand the case study, we were able to validate the usefulness
of the MBM.

6.2. Contribution and Future Work

This work presents four main contributions for both business model research and
open innovation. The first contribution is our preliminary meta-model, which defines
the structure of a business model in terms of its concepts and the relations among them.
Though previous work on business models has also identified the similar concepts defined
by different authors of prominent MBMs, relationships between them were still left to
intuition. In the case of our meta-model, we identify and portray these relations thus
providing a precise definition of the business model structure. Moreover, our meta-model
can be used as a foundation for other MBMs and new visualizations that enhance the
understanding of a business’ structure.

The second contribution of this paper is our value classification which serves to
identify the different value offerings a business can deliver and define them with precision.
Our classification is built upon types of value identified by the authors of the analyzed
MBMs and provides both a consolidated view of value definitions found in the literature,
and their corresponding descriptions which enable a better understanding of the way in
which value is exchanged. By stripping value objects from strategic considerations and
identifying value as a concrete object, value exchanges can be traced with more precision
as it is not necessary to define where are attributes like “quality” or “exclusivity” are
generated and exchanged. Moreover, the 9 types of value derived from our classification
can guide the analysis and design of new businesses as organizations can identify the types
of value that are being delivered, and those that could be offered.

The third contribution is our NCB meta-model which establishes a precise definition
of an NCB structure, and provides the expressiveness required to describe it while main-
taining simplicity. Our meta-model defines an NCB structure in terms of components and
channels which leads to a straightforward representation of the connections (and subse-
quent exchanges) that take place in the business model. Acknowledging these relations
lead to better analysis as it is possible to identify the causal relations that characterize the
business, and pinpoint key relations or even problems within the network without relying
on intuition. Moreover, the expressiveness of our meta-model serves as a foundation for
conceptual-map visualizations that can be used in open innovation.

The final contribution is the graphic notation designed to represent an NCB structure.
By means of our notation it is possible to represent the structure of an NCB (and other
types of businesses) and clearly identify the relations between the different components.
In terms of open innovation, our notation corresponds to a conceptual map type which
as stated before, supports the cognitive skills required for business model ideation and
the identification of previously unseen relations. Moreover, our notation relies on graphic
components which diminish the vagueness in comparison to textual descriptions and
increase the cognitive effectiveness of the whole representation.

Finally, our paper provides a base for further research on business models. The struc-
ture to portray NCBs presented in this paper sets a foundation for new artifacts or even
MBMs that represent businesses with complex structures both in static and dynamic terms.
In particular, as our MBM defines the channel concept and the exchange of items (money,
value and/or information), these elements become the basis for dynamic analysis and
the simulation of different business scenarios. Moreover, the structure and notation can
be used to characterize different business models in terms of components and exchange
which can lead to identifying patterns business model patterns. A business model pattern
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is a structure common to many businesses. According to [84] one of the challenges that
practitioners face when using business model patterns are the incomplete structures. As the
patterns are not structured in a consistent manner some authors mention only dimensions
that are difficult to navigate through. Additionally, some patterns in the literature overlap
or are extensions of other patterns, however comparing them is no easy task because most
patterns are textual descriptions. This challenge has been regarded in the literature mainly
through taxonomies [84–86] however modeling each pattern would give a better insight
into the actual structure of the pattern. This is rarely done in the literature, for instance [87]
uses e3 to show how a pattern applies in the e-health context. Our approach can be used
to model NCB patterns or even general business model patterns that allow further anal-
ysis of different elements in the models and giving insight into the implementation of a
specific pattern in an organization, for instance with the purpose of innovating. Addi-
tionally, modeling the patterns can also facilitate their classifications and evaluation in
terms of categories such as performance metrics (i.e., profitability) or sustainability (i.e.,
social aspects). Finally, drawing from other domains, we can see for instance that business
process patterns are more commonly depicted in a graphical manner allowing practitioners
and researchers to have a better understanding [88–91], hence our graphical notation can
become an effective tool for portraying and describing business model patterns as shown
in Figures 26–28.

Figure 26 presents a subscription pattern in which a client receives value with certain
frequency in exchange for a periodic payment. When acquiring or renewing a subscription,
the client gives its credit card information to the business who then charges the correspond-
ing payments. As shown in the structure, the bank becomes an intermediary between
the client and the business as it is in charge of receiving payments from the client and
delivering them to the business.
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Figure 26. Subscription Pattern.

Figure 27 shows an advertising pattern in which the business has a platform used by
a group of users. The business offers this platform to publish the advertisements of an
advertising client in exchange for a payment.
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Figure 27. Advertising Pattern.
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In the marketplace pattern shown in Figure 28 a business becomes an intermediary
between sellers and buyers. The business offers a platform in which sellers can sell their
products and receive the corresponding payments. Buyers can access the platform and buy
these products, which are delivered by the sellers.
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Figure 28. Marketplace Pattern.

At the end, the MBM presented in this paper should serve as a tool to describe, ana-
lyze, design and evaluate NCBs, its application however can be extended to any scenario
in which one desires to understand the structure of a business model. Moreover, we
expect that with our MBM it will be possible to achieve a better understanding of the com-
plex structures upon which business models based on sustainability, digital technologies,
and collaboration are founded, and to foster the skills required for open innovation. While
the complexity behind these business models and their networks is unquestionable, repre-
senting them with textual or informal descriptions prevents a complete comprehension of
the elements within the network that are essential to create and deliver value and to define
a disruptive and sustainable business model.
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