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Business Development in the Internet of Things:
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Abstract—Smart and connected devices can improve industrial
processes and generate new and better services. While this
premise is well understood within the ICT industry, there is a
challenge in extending this knowledge to vertical industries. The
potential of the Internet of Things (IoT) lies in the interaction
among industries working together towards value co-creation.
Firms need to look beyond their internal business models and
explore cooperative perspectives to define new business opportunities. In this paper, we look into the relevance of vertical
cooperation in the IoT and highlight the need to develop new
value networks which leverage this cooperation and enable the
creation of new business models. To lead our discussions, we
use the examples of two major building blocks of Smart Cities;
Intelligent Transport Systems (ITS) and Health and Wellbeing
services based on connected devices and solutions.
Index Terms—Business Model, Co-creation, Health and Wellbeing, Internet of Things (IoT), Smart City, Value Network,
Vertical Cooperation.

I. I NTRODUCTION

T

HE vision of the Internet of Things (IoT) as a hyperconnected world of interconnected devices can improve
industries and facilitate better services. While technology and
standards for the IoT are on their way of getting mature,
there are also challenges and opportunities to be faced from
the business perspective. The challenges are in the sense that
there are no predefined processes to follow or well established
boundaries in the market. And the opportunities are that IoT
has the potential to create completely new possibilities in
uncontested markets.
The IoT first caught the attention of the ICT industry where
the potential of connected devices was more clear. Therefore,
it has become necessary for the ICT technical community to
show grounded evidence that other industries can benefit from
IoT solutions. It is clear that just technology availability is not
enough to drive the creation of added-value solutions, and it
is thus necessary to explore and define the business context
and the opportunities where to build valuable propositions.
We argue that, in order to support creation of solutions based
on IoT, the ICT sector needs to have a closer involvement in
the development of services and understand how it can be
profitable for other industries.
We take the stance that IoT corresponds to a set of technologies, principles and systems associated to Internet-connected
objects. The concept of IoT encompasses data sensing and
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acquisition, processing, transmission, storage, analysis, actuation, and sharing; all this, with the ultimate purpose of creating
value. The stages of value creation in IoT are represented
in Figure 1 [1]. The inner loop represents the smart device
information loop and it refers to products with embedded
sensor and computational capabilities used to improve their
own efficiency. Information is sensed and analyzed locally to
generate an action. The outer loop represents the connected
device information loop, which allows the device to exchange
data with the outer world. Data can be communicated and
aggregated by third parties to create added value. Even though
these two loops only represent the ICT perspective of value
creation in IoT, they already highlight the associated complexity, where different resources, players, and expertise are
necessary to create valuable solutions.
The creation of viable IoT solutions needs a coordinated
interaction among industries. This leads to value co-creation
among involved entities, which blurs the differentiation between providers and consumers. This is different from traditional mobile broadband business, where communication
providers usually interact directly with end users. In the IoT
context other industry verticals are directly involved in the
value creation process, and in many cases have the direct
relationship with end users. Hence, ICT industry is facing a
new set of actors between themselves and the end users. These
actors are then both co-creators of IoT solutions, as well as
consumers of ICT service enablement for IoT.
As the main purpose of any business, co-creation should
also lead to a profitable outcome for involved entities. At the
same time, the customer should also benefit from the created
solution. However, in order to find and define business opportunities in the emerging IoT context, the burning question of
how can we make profit with the IoT? should be preceded by
how can we create value by using the IoT? The latter question
has two angles; first, creating value for end users and second,
co-creating the value together with other vertical industries.
In this paper, we elaborate on the limitations of existing
value chain for defining business models for the IoT in Section
II. In Section III, we describe the interactions required in future
ecosystems of converging industries leveraging on the IoT. In
Section III-B, we discuss the emerging perspective of value
networks as drivers of co-creation models for the IoT. Section
IV describes two examples of use cases for the Smart City
to exemplify the need for new business perspective. Finally,
Section V concludes the paper with final remarks.
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II. L IMITATIONS OF E XISTING VALUE C HAINS AND
B USINESS M ODELS FOR THE I OT

with customers in order to satisfy their needs towards the
service they offer to end user.

Business models constitute tools which can help defining
processes and mechanisms for value creation. They allow
defining for whom is the value being created and how revenues
can be obtained. However, business models are largely focused
on the perspective of a single firm. This means that they
typically explain how one company can deliver value to its
customers and stakeholders by establishing relationships with
partners and suppliers within the internal logic of a firm.

[Fig. 2 about here.]

[Fig. 1 about here.]
In the highly cross-industrial ecosystems around the IoT, it
is unlikely for a single firm to provide a complete IoT solution.
Companies require resources and knowledge from different
fields which do not necessarily belong to a single industry.
Therefore, relationships must be built within and across industries. Tight collaboration between the telecommunication
industry and service providers from different industries, such
as Health, Automotive, Utility, Industry, etc., is needed to
implement IoT based solutions which can provide value.
According to [2], business relationships can be put in four
major categories:
1) Cooperation: firms interact with each other and combine
complimentary know-how or resources to achieve a
common goal.
2) Competition: firms compete over similar goals that can
generally translate into customer and market shares.
3) Coopetition: comprises competition and cooperation
happening simultaneously. For instance, MNOs competing on customers acquisition but cooperating on network
sharing.
4) Co-existence: firms exist and affect each other indirectly,
without direct business interactions. They exist as part
of the same industry but do not cooperate or compete
over similar goals.
These four business relationship categories fall within two
major setups: vertical and horizontal. If we consider the
traditional value creation process of value chains, business
interactions mainly consist of vertical relationships between
sellers and buyers. In contrary, horizontal relationships consist
of interactions among similar firms, which usually involve
certain level of competition.
As discussed before, the IoT will necessarily bring more
cooperation and coopetition, where players will need to establish new ways of creating business. A traditional example of
vertical cooperation is the one established between Telecommunication Equipment Vendors (TEVs) and Mobile Network
Operators (MNOs). TEVs are the suppliers and MNOs are the
customers, but they do work together to provide added-value
towards final costumers. In recent years, this relationship goes
clearly beyond just selling and buying telecom equipment.
This vertical cooperation can also occur across industries.
We can take the example of TEVs and MNOs cooperating
with automotive companies to enable telemetry, infotainment,
and even autonomous driving to vehicles. Hence, vertical
cooperation refers to the concept of suppliers collaborating

Horizontal cooperation/coopetition can happen for various
reasons such as lack of resources, external market forces,
or simply cost efficiency. This could be the example of a
number of MNOs sharing telecom infrastructure or licensed
spectrum to reduce costs. These cooperative relationships can
be articulated in form of alliances, partnerships, joint ventures,
consortia, or supply and marketing agreements [3].
Given this context, where cooperation and coopetition will
become key enablers for the IoT market, it seems clear
that business relationships in IoT must be discussed in more
comprehensive topologies rather than value chains. Indeed, we
must use the concept of value networks to discuss, evaluate
and propose new ways of cooperation (Figure 2). According
to [3], there are at least two reasons to establish cooperative
business relationships:
1) To reduce transaction costs and increase organizational
learning: a close integration and interaction between
suppliers and customers can improve efficiency, increase
resource utilization, and ultimately, reduce costs.
2) To handle resource dependency: this means that cooperative entities can share knowledge and exchange access
to resources.
[Fig. 3 about here.]
The second reason is particularly important in the complex
products and services enabled by IoT. We can take the previous
example of vertical cooperation to enable connected vehicles.
In this example TEVs and MNOs cooperate to handle resource
dependency while offering connectivity as-a-service to the
automotive company. The automotive company, together with
an MNO and a TEV, co-creates value in order to offer
connected cars to end users. TEVs and MNOs are unlike
to pursue a car manufacturing venture to offer services to
end users. Therefore, such a vertical cooperation with the
automotive industry lets them get into a new emerging market.
This kind of value co-creation cannot be fully explained from
a single-firm perspective.
It should be highlighted that along with emergence of more
applications of IoT, new actors are appearing to cover gaps in
the market. These new actors, such as dedicated IoT communication providers, may take over the role of traditional actors
such as MNOs or TEVs for enabling IoT based solutions.
Therefore, any actor who is capable of providing connectivity
for the IoT solution, given that it possesses the required
resources and competences, can replace traditional actors in
IoT value networks as long as it is able to fulfill the needs in
the vertical industries.
The creation of IoT services can benefit from this value
network perspective to identify and define new business opportunities. This perspective is explained in Section III-B.
There are two concepts that are widely used in the literature
and refer to this perspective: value networks and business
ecosystems. Along this paper, we will consider that both terms
refer to interconnected communities of diverse actors that are
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interdependent of each other and interact to create and capture
new value [4].
It is now clear that business models based on value chain
definitions fall short to describe the complex context posed
by many IoT solutions. We need to go for more complex
relationship tools based on value networks instead. However,
how can we create or use business model tools when we need
to embrace a value network perspective? In order to provide
an answer to this question, we look into relevant theories. To
do so, we take as an example the context of Smart Cities, as
they constitute a market where many industries come together
and offer IoT services with the aid of ICT. In particular, we
further expand on two of the main building blocks of any
Smart City:
• Intelligent Transport Systems (ITS); to show how ICT
value chain integrates with transport value chain and
creates a new value network.
• Healthcare and Wellbeing (H&WB); to showcase the
need to involve health, governmental, and ICT firms in
service development for IoT towards the development of
innovative business models.
The final objective in both cases consists of highlighting the
fact that different firms, based upon different value chains,
can cooperate and exchange their expertise and resources to
co-create value.
Even though there are emerging frameworks addressing
business models in value networks, there are no tools readily
available in the IoT context yet, which can provide a methodology to use business resources as input, and obtain business
opportunities as output. This might happen in the future and
constitutes today a hot research area. However, even if there is
no dominant design and development framework for business
for IoT, this is the strategy leading to success: collaboration
and service development in value networks.
III. U NDERSTANDING V ERTICAL AND H ORIZONTAL
R ELATIONSHIPS IN THE I OT
In order to understand complex business relationships in
the IoT value creation process, we need to differentiate between Vertical and Horizontal relationships (Figure 3). Vertical
relationships represent the seller-buyer, or supplier-customer,
relationships (Figure 3-a), while Horizontal relationships represent the case where two or more firms offer similar service
(or value) in the value creation process (e.g. a MNO and an
IoT communication provider as in Figure 3-b). Since the focus
of this article is on competition and cooperation as the main
factors of driving value creation in IoT, in our discussions
we classify the relationships in four possible categories: i)
vertical competition, ii) vertical cooperation, iii) horizontal
competition, and iv) horizontal cooperation (as presented in
Table I). For the discussions, even though we focus on
relations among vertically positioned actors, we also benefit
from similarities with horizontal relationships.
[TABLE 1 about here.]
The general factors increasing level of competition within
the ICT industry in the context of IoT are four [5]:
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1) Increased overlap between firms’ competitive goals. In
this case, tap into new solutions based on connected
devices. We even argue the goal is to achieve control
over generated data.
2) Increased maturity of ICT industry, particularly in countries with high penetration rates of mobile technologies.
3) Increased similarity between firms in terms of offered
services, due to adoption of common standards, and
4) Decreased resource dependency between firms, due to
availability of of-the-shelf technologies.
A clear example of vertical competition can be found when
MNOs and TEVs compete for customers on IoT connectivity
(Figure 3-c), where the TEV also plays the role of IoT communication provider. In this case the drivers for competition
are no exception to the four factors mentioned earlier. An
increased maturity can be seen in the ”future telecom” market
for enablers of IoT services. This maturity is leading telecom
industry towards overlapping goals between TEVs and MNOs.
TEVs either possess or want to get access to resources which
MNOs need to build their IoT business in order to provide
connectivity for IoT. Therefore, a TEV may establish similar
competitive goals with its current vertical cooperator, an MNO,
thus inevitably leading to vertical coopetition.
A. Coopetition in the IoT for the Telecommunication Industry
In vertical coopetition, competition and cooperation are
present in terms of both/and; it “represents a situation where it
is not possible to choose between contradictory dualities”[6],
therefore, they happen simultaneously. As a consequence of
vertical competition with cooperators, if a customer like an
MNO perceives its supplier as a competitor to get a new IoT
customer, it may decide changing the supplier. This can be an
immediate effect of ”negative feelings” as a consequence of
competitive relationship.
Surprisingly, observations show that in most cases firms
stay in the vertical coopetitive relationship [7]; the reasons
include industrial drivers, relational drivers, and firm specific
drivers. The industrial drivers in telecom industry relate firstly
to maturity of the market. Even when the future telecom
ecosystem includes service providers from other industries,
the level of maturity is not going to decrease.
Relational drivers of vertical coopetition are straightforward.
Vertical cooperation is a consequence of complementarities
among actors. Relational benefits are generated when involved
actors in the relationships achieve a high level of interaction
towards a common goal in their business; a phenomenon
present in vertical cooperation. The emergence of non-ICT
service providers in the value network, the need for co-creation
of value, and the transformation from value chains to value
networks are vouches for relational drivers.
The drivers for horizontal and vertical coopetition are not
always homologous. However, one common driver is direct
economic benefits [8], but these economic benefits do not
share a common reason. On the one hand, high cost structure
of deploying a specific product (e.g. Cellular Networks for
IoT provisioning) gathers two competitors to cooperate in
order to reduce costs. On the other hand, high cost structure
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of implementing a service without the original supplier (i.e.,
changing supplier or develop in-house) keeps the competing
cooperators in the vertical coopetition. Hence, the economic
benefits in vertical coopetition are generally the outcome of
relational benefits.
In a future research outlook, a comprehensive tool that can
accommodate the profitable perspective of all active partners
of the IoT co-creation process is required; considering a new
perspective on business models.

B. New Business Model View for the IoT based on Value
Networks
A business model can be generalized as a way to explain
how firms create and capture value. Some definitions discuss
business models as activity systems, including which activities
are performed, how they are linked, and who performs them.
Others include a value proposition and how a firm is organized
and positioned to create a profit potential, with the objective
of customer-focused value creation. In general, a business
model should express the logic of a firm; describing the
value a company offers to customers and the network of
partners creating and delivering this value to generate profit
and sustainable revenues [9].
Even though existing business model tools consider the
business relationships, they are typically focused on the value
generated by individual firms. A proposal on ecosystem business models suggests that value creation in IoT needs active
involvement from all relevant actors. In fact, development
of services based on connected devices requires diversity in
resources and activities from a network of actors [4]. This
perspective is an emerging trend to explicitly develop business
models that leverage on vertical cooperation within and across
industries, creating services based on the IoT.
In the IoT value networks, firms are interconnected and
depend on each other, usually evolving around a specific
core, which corresponds to shared and common assets [4].
Common assets could be present in the form of platforms,
technologies, processes, and standards that are fundamental
in their businesses. The role of business models in networks
is to exploit the common assets and coordinate the value
co-creation process in vertical cooperation, while ensuring
profitable outcomes for the actors involved [10]. In Table II,
we compare the two perspectives.
[TABLE 2 about here.]
The network-centric business model framework described in
[9] is suitable for developing IoT services; it uses the business
model concept to understand business planning in a value
network. The framework contains of three elements:
1) Business network development: actors enter a value
network with their individual business models and determine their role within the business network.
2) Business opportunity development: initial business opportunities are identified based on firm-centric business
models. They are further developed and exploited in a
network-centric business model.
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3) Business model development: starts from technological
possibilities and matures towards commercial exploitation that are collectively understood in the value network.
Further on, the framework considers a time dimension that
begins with service development, moving to a pilot phase and
ending in a market phase. For the pilot phase, entrepreneurial
activities are highlighted as the expectation of having an actor
steering the development and taking care of “identifying the
business opportunities to be exploited and facilitating development of the networked business model” [9]. The emerging
concept of business models in networks are in an early stage
and do not count with dominant frameworks of development.
However, as we present in the section, they are implicitly
occurring in different IoT activities.
In future IoT research, it would be beneficial to develop
solutions and services considering resources and capacities
from cooperating firms, providing interfaces for technical and
business resources.
IV. U SE C ASE : N EW M ODELS FOR S MART C ITIES
ICT is transforming business models in different vertical
sectors. The mobile ecosystem has also changed from a
situation where business relationships were mostly bilateral to
a situation of cooperative business networks of providers that
combine value propositions1 . New business models are emerging in the digital economy, radically transforming established
industries. In this section we discuss how these value networks
apply to specific cases of a Smart City.
Smart Cities
A common definition of Smart City is the use of ICT
to sense, analyze and integrate the key information of core
systems in running cities in order to optimize existing services,
while offering new possible services to citizens. We consider
that a Smart City consists of five major building blocks [11]:
1) Economic, Social & Privacy Implications,
2) Developing E-Government,
3) Intelligent Transportation Systems (ITS),
4) Healthcare and Wellbeing (H&WB),
5) Digital Built Environment.
In order to make a city smart, two approaches exist [12]:
Top-Down, and Bottom-Up. The Top-Down uses an ICT
system that has an overview on all urban activities as well as
the tools to interact with infrastructures, gathers vast amounts
of data and adjusts parameters to optimize the city operations
through technology. The Bottom-Up approach is about the
citizens in the center of innovation; this approach, rather
than working towards centralization, embraces a distributed
approach.
[Fig. 4 about here.]
1 As presented by the 5G Infrastructure Association on “5G Empowering
Vertical Industries”. The 5G Infrastructure Association is a collaboration of
European companies working towards the development of the fifth-generation
(5G) mobile networks. It is a partnership between the EC (European Commission) and most relevant telecom actors.
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A better solution is a proper mix of them. By means
of communications, it is possible to enable the creation of
smart solutions in the bottom-up approach that addresses
identified and local needs; while top-down solutions provide
general development frameworks to ensure interoperability of
subsystems. These solutions enable non-ICT service providers
to offer IoT services; a set of services where the value is cocreated among ICT actors and non-ICT service providers. IoT
in the context of Smart City covers a broad area including
several industries. In order to narrow down the scope, we
discuss ITS to bring examples of merging ecosystems in order
to co-create value for end user and H&WB to highlight relevant
motivations towards network-centric business models for the
IoT.
A. Intelligent Transport Systems (ITS)
ITS applies advanced ICT technologies to surface transportation in order to achieve enhanced safety and mobility
while reducing environmental impact of transportation. This
approach requires a mix of traditional transport services
together with ICT solutions in order to optimize transport
services and offer Over The Top (OTT) solutions. In order to
enable optimization or OTT services, the transport operators
need to cooperate with ICT actors instead of implementing the
solutions by themselves. A further step towards offering yet
another service, enabled by this compilation of actors, is also
possible. An example is utilizing bus stops as a connectivity
hot-spots for MNO subscribers in a newly created value
network.
Figure 4 illustrates the case where the transport value chain,
step-by-step, integrates with ICT value chain and creates a
new value network. In the primary transport value chain, the
transport operator interacts with the passengers through the
advertisement company that owns the bus stations (Figure 4a).
In the next step, an MNO connects the buses and trains of
the transport operator via IoT-based SIM cards, while TEV
enables connectivity and manages the vehicles via an IoT
connectivity platform. This process allows transport operators
to offer optimized transport (as an IoT service) and multimodal
route planning (as on OTT IoT service) to the passengers
(Figure 4b). Meanwhile, the passengers have indirect relation
with the advertisement company that owns the bus stops.
The presence of this advertisement company, as part of the
traditional transport value chain, enables another co-created
value for passengers, i.e., cellular/WiFi connectivity hot-spots
in bus stations (Figure 4c).
B. Healthcare and Wellbeing (H&WB)
Services based on IoT and connected devices are beginning
to play a key role in preventive healthcare as they can provide
remote connectivity and access to relevant patient information.
These services can also support healthcare workers by disseminating clinical updates, schedules, learning material, and
reminders [13]. Pilot projects have been useful to demonstrate
the potentials; however, the market implementation has been
limited to date [14]. This is mainly due to lack of evidence
showing the value in terms of cost and health outcomes. The
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lack of standardized developments also limits the assessment
of the usability and value of some solutions. Moreover, isolated
developments create business barriers [14]; for this reason, the
development strategies should consider the integration with
existing health system functions to complement objectives of
current systems.
From the perspective of telecommunication industry, MNOs
and communication providers are in a position to support the
needs of healthcare industry by providing remote monitoring
and access to medical data. The main challenges are related
to generation of an integrated value proposition and the roles
that communication providers could take. These roles can
span from just connectivity providers to system integrators. In
recent years, we have seen how incumbent MNOs are creating
separate units to target the health sector. In this case, they take
an active role in the development of solutions in combination
with a network of service suppliers that coordinate and integrate their efforts.
The pivotal role of integrators is also crucial for homecare
solutions, where there is a complex environment of actors that
are subject to intense collaboration. This complexity often
results in unclear and unbalanced distribution of costs and
benefits; since many times most of the benefits are not taken by
the actors making the largest portion of the investment. This
is a factor which slows the adoption of services that could
be overcome by developing business models from a network
perspective, ensuring a profitable outcome for all involved
actors.
The 5G Infrastructure Association proposes a systems’ integration for business models to transform healthcare delivery by
ICT. The suggestion consists of having flexible strategies that
allow each actor to focus on its core competences. For this,
the key is to provide interfaces between business roles. The
main point is that the association recognizes the importance
of service development in a multi-stakeholder environment2 .
The design of business models for healthcare services has
also received attention from multidisciplinary groups which
emphasize the importance of cooperation between different
actors in the service design and provision. Collaboration is
essential even at the stage of defining requirements, where
all key actors must be involved [15]. These actors are the
intermediary coordinator connecting companies, the dedicated
technology specialists, and the healthcare specialists; they have
to set business relationships to exchange value in any service
[15].
V. C ONCLUSIONS
When discussing business opportunities in the IoT, firms
need to collaborate and be aware of novel network-centric
business models. In this process, the key concern is how each
firm can position itself within the business network in a way
that it guarantees its profitability as part of a larger group;
not only a single firm. The challenge is that firms need to
2 The 5G Infrastructure Association has provided a framework for a common
setup to develop and discuss roles and relationships; particularly among
technology providers. The current framework is available in a white paper on
the “eHealth Vertical Sector”, which is available online: https://5g-ppp.eu/wpcontent/uploads/2014/02/5G-PPP-White-Paper-on-eHealth-Vertical-Sector.pdf
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accept these new market rules where they will, individually,
perceive less control over the final customers and the entire
value proposition.
In this paper, we have used Smart City as an example of
context where ICT plays the role of enabling IoT in two
representative use cases: ITS and H&WB. In both cases,
the gradual integration of non-ICT industries with traditional
ICT value chains are forming new emerging value networks
which define how value can be created in the ecosystem.
The emergence of value networks shows us the importance
of co-creating value together with involved entities in the
network. The value networks then change the typical structure
of value creation in value chains. The change is in shifting
from unilateral relationship among suppliers and consumers,
towards vertical cooperation.
In the future, new tools to define these new ways of interaction among companies will need to be designed. Companies
will need to define their own business models, but in connection with the value network. They will need to understand
how to define a business model that is aligned with the value
created by the value network in the IoT ecosystem. Understanding such complex business interactions is fundamental,
and this paper aims at making the ICT technical community
aware of such need of pursuing a stronger interaction between
ICT experts, vertical players, and final users; all interacting
together in the IoT ecosystem.
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TABLE I
E XAMPLES OF VERTICAL AND HORIZONTAL RELATIONSHIPS IN THE I OT SERVICE PROVISIONING
Competition

Cooperation

Coopetition

MNO - MNO

MNO - MNO

Roaming in
mobile networks

Cellular
network sharing

MNO - MNO

Horizontal

Competition
over market
share in
mobile
subscribers
TEV - MNO

Vertical

Competition
over offering
IoT service
platforms for
third parties

TEV - MNO
TEV enabling IoT
platform and
MNO enabling
cellular connectivity

TEV - MNO
Simultaneous
competition over
a customer and
cooperation over
another customer
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TABLE II
F IRM - CENTRIC AND NETWORK - CENTRIC BUSINESS MODELS , BASED ON [10].
Level of analysis
Network level

Type of business model
Firm-centric

Firm level

Networkcentric

focus on the position
and role that one firm
has inside a value network.

focus on how a firm creates value and exploits
an opportunity.

focus on business relationships and external actors that
influence the business of a
firm, either as suppliers, partners or customers.
business model approach that
considers the configuration
of a value network creating a
combined value proposition.

