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Abstract: The ongoing Industry 4.0 transformation places significant pressures on how businesses cre-
ate and capture value. Technological advancements such as next-generation mobile communications
are reshaping the business ecosystem of Industry 4.0, resulting in emerging business opportunities
for new players, such as local operators, to collaborate and compete with mobile communications
companies that are implementing I4.0. These changes raise the need to explore emerging business
opportunities concerning the digitalization of future factories. New data and connectivity services
are introduced to serve the needs of rapidly increasing machine-type communications that rely on
connectivity, primarily through the fifth generation (5G) mobile solutions provided by local operators.
Thus, this paper outlines the potential value configurations for data and connectivity solutions by
identifying, matching, and bridging the utilizable resources and addressable needs within the factory
processes. The research applies an exploratory approach and uses the Gioia method to analyze quali-
tative data of a single case. The study follows the connectivity-content-context-commerce typology
(4C) of Internet business models to structure, analyze, and classify the identified needs and resources
in future factories from the perspective of the local operator. The findings show that the content
layer of 4C business model typology is the most dominant among data and connectivity-based
needs and resources of future factories. The paper contributes by presenting four alternative value
configurations for digitalization for local operators in the future factory context: the product, compo-
nent, platform, and complementary businesses. The results suggest content- and context-specific
businesses carries foremost business potential for local operators, however quantitative validation
will bring fruitful research avenues. Multiple case studies and different data collection methods may
also be considered in future studies.

Keywords: Industry 4.0; business ecosystem; value configuration; local operator; future factories;
5G; digitalization

1. Introduction

The increased demand of integrating information and communication technologies
(ICT) within manufacturing industry has paved the way for the fourth industrial revolution,
commonly known as Industry 4.0 (I4.0) [1,2]. I4.0 denotes a recent automation and data
exchange trend through novel technologies [3,4]. I4.0 is progressively transforming the
manufacturing industry. Facilitated access to massive amounts of data, new technological
developments, and a new wave of advanced analytical solutions as significant drivers of
manufacturing transformation, improve process efficiency and economic outcome through
quicker and better decision-making processes [5]. Considerable advancements in I4.0
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technologies, such as cyber-physical systems (CPS—the integration of computers, net-
works, and processes) and the Internet of Things (IoT—a system of inter-related physical
objects), aiming at efficient data exchange force modern businesses to shift towards smart
factories and adopt to the implementation of high-end technologies [6] that are expected to
increase their competitiveness. Smart factories, also known as future factories, are defined
as context-aware factories that assist people and machines in executing their tasks [7]. Con-
nectivity plays a fundamental role in creating a context-aware factory, thus bringing the
telecommunications industry into the I4.0 context. However, the capacities of the traditional
3G and 4G services that are provided by the mobile network operators are not enough to
enable true I4.0. In the telecommunication industry, secure data exchange and transparent
communication mainly comes from the implementation of advanced technologies such
as the fifth generation of mobile networks (5G) which meet the requirements for massive
and ultra-reliable machine-type communications [8] of future factories. As exponential
traffic growth necessitates massive site densification, the current 4G technology is unable
to keep up with ever-increasing traffic demand and is steadily deteriorating [9]. In terms
of data rate, coverage, and reliability, 5G technology provides several advantages [10,11].
The 5G network infrastructure serves a key function for digital transformation and is
paving the way for the exploitation of new business opportunities and the mitigation of
entry barriers for new entrants to compete with existing players in the telecommunication
business ecosystem [12].

One of the new entrants into the telecommunications ecosystem that is enabled by
5G is the local operator that helps to boost local service delivery [13]. Locally deployed
5G networks let various ecosystem stakeholders control their local networks and related
activities and services [14]. However, new entrants face the challenges of how to suc-
cessfully integrate product intelligence, innovation, and the coordination of products,
services, and technologies [15] with other businesses. In this regard, few studies have
addressed the question of potential business opportunities for local 5G network-based
business ecosystems [12,14,16], especially in I4.0 contexts.

Recently, researchers have addressed the question of how to integrate connectivity
and data platforms in complex industrial ecosystems. However, the practical challenge
in 5G business ecosystems remains regarding the role assessment of new entrants and
their respective value propositions within spatially confined domains such as future facto-
ries [17]. Only a few studies have emphasized the changes in a new market segment for
various stakeholders coming on by 5G [18,19], implying that further research is needed on
the business opportunities for the different players in 5G networks ecosystem [20]. These
results show that the current body of literature on emerging business opportunities for
local 5G networks within the ecosystem is based on limited data [17]. Research on business
model options for local 5G operators proposes vertical, horizontal, and oblique business
models as generic 5G business models for local 5G operators [21]. The local operators’
implementations are mainly investigated from the technical point with an emphasis on the
blockchain platform [22], 5G access solutions [23], network functions and the operational
units [24], and network slicing [25] and spectrum management [26] approaches. Therefore,
the purpose of this paper is to illuminate this area and elucidate the emerging business
prospects for locally deployed and operated 5G networks in the context of future factories.

First, we followed the resource configuration approach [27] to identify utilizable
resources and addressable needs within the processes of future factories [27]. Second, we
categorized the identified resources and needs into an Internet-based 4C business model
(BM). The 4C business model typology assists business transition strategists in structuring
various types of Internet-era business models, examining how and to what degree they
create and capture value, and deciding whether they should be adapted. The typology
presents four business models, each with its own set of value propositions comprising of
connection, content, context, and commerce [28]. Since this research focuses on identifying
alternative value configurations, the use of the BM approach will help to pinpoint value
configurations between players’ needs and existing resources in the business ecosystem.
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We follow this layered 4C typology of Internet BMs [29] that extends the Internet-based
4C business model [28], and particularly helps to structure, analyze, classify needs and
resources, and analyze the extent to which novel value configurations can be created within
an ecosystem.

The study aims to increase scientific knowledge and understanding of emerging
business opportunities for local 5G operators in future factories context and in the im-
plementation of potential value configurations for data and connectivity solutions. The
research objective has been split into two research questions. The research questions first
approach the problem first by identifying the utilizable resources and addressable needs
within the factory processes (RQ1). The following research question explores the potential
value configurations and business opportunities for data and connectivity solutions by
matching and bridging the identified resources and needs in the context of the future
factory (RQ2). The research questions are formulated as follows:

• RQ1: What are the main needs and resources that are related to the digitalization of
manufacturing processes in the future factory context?

• RQ2: What are potential value configurations resulting from business opportunities
for data and connectivity-based solutions in the future factory context?

The rest of the paper is organized as follows: Section 2 introduces a brief outline of
future factory dynamics in the business ecosystem, including business model concepts
and how local operators are framed. Section 3 presents the research design, including the
data collection and description of the case that was used followed by data analyses. We
then present our findings on the needs and resources that are related to manufacturing
processes in future factories and potential value configurations in Section 4. Section 5
discusses the theoretical and managerial implications of the study, followed by limitations
and future work directions. The study uses Appendices A and B to illustrate the key needs
and resources, respectively, that are categorized based on 4C typology.

2. Materials
2.1. Local 5G Operators in the Factory of the Future

The concept of Industry 4.0 refers to the fourth Industrial Revolution, which is based
on the integration of production and business processes using information technology [30].
It has been identified as a key driver for deploying business model innovation strate-
gies [31]. I4.0 can transform the way businesses create value by ensuring sustainable
business performance [30]. The technological advancements comprising of sensors and
data acquisition systems tackle the challenge of high-tech methodological implications and
motivate smooth transitions towards smart factories that are needed for the future. [6,32].
Other upcoming trends such as mobility, security, and connectivity also contribute to the
increasing need for smart factories in the future [33]. Moreover, due to the ever growing
market demands and requirements that are related to agile responses, the smart factories
require the adoption of high-end technologies to address many machine-type communica-
tion requirements [10].

The fifth generation of mobile communication networks (5G) can meet the connectivity
needs of massive machine-type communications in future factories. The 5G network has
become a decisive factor in the telecommunication industry because of its ‘real-time and
large traffic volume capabilities’ [11]. The successful implementation of 5G can support a
substantial digital revolution, which consists of finding and anticipating the core require-
ments of industry verticals [11] and the relevant trends of future factories. 5G has become
an equally important topic for academics and industry practitioners during the last few
years. For example, the 5G network, combined with modern technologies such as big data,
the cloud, and edge computing, helps provide localized and reliable services for industrial
ecosystems such as manufacturing plants [34]. In addition, 5G has the potential to enable
end-to-end automation through the virtual deployment of manufacturing lines [35] and
secure data transfer mechanisms within smart factories in combination with blockchain [36].
These developments have lowered the barriers that are related to market entry and have
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opened the way for new entrants which, in turn, has changed the operational ways of
traditional wireless communication business ecosystem [12].

One of the new-entrant deployment models that is emerging through 5G develop-
ments in the telecommunication ecosystem is the local 5G operator concept [13]. This novel
concept of local operators aims to open the telecommunication market for different stake-
holders to deploy and operate their own local 5G networks to complement the dominant
traditional mobile network operator (MNO) networks in local indoor settings. This study
builds on the initial definition of the local operator concept as “an entity that combines
connectivity with specific content services in spatially confined domains and depends
on appropriate spectrum resources” [13]. Local operators may provide context-specific
services and take on boosting local service distribution [13]. In the case of I4.0, local op-
erators can provide local connectivity to inspire innovation as they can integrate novel,
fast-deployable and cost-efficient solutions, match, and bridge new stakeholders’ needs and
resources, thus resulting in increased resilience. The local operator can be an independent
and neutral body or act as a hybrid between MNOs and the local indoor environment,
for instance, a factory. Local operators may own their infrastructure in a collaborative
setting with other stakeholders within the ecosystem allowing them to serve respective
local customers [13]. “Public, commercial, and industrial” sectors are highlighted in a
study focusing on the possible scope of operation domains for emerging local operators in
the indoor/small-cell 5G context [14]. Appropriate examples are hospitals and universities
in the public domain, large-scale entertainment or sports venues, large shopping malls or
retail chains in the commercial domain, and large-scale manufacturing and construction
sites in the industrial domain [14].

2.2. Business Models in Future Factories’ Business Ecosystems

Due to the spread of disruptive technologies, the functioning of business ecosystems
in several industries has changed. Established businesses are forced to integrate their
traditional business models with new digital business environments, resulting in business
model changes and digital innovation [37]. As the cornerstone of digital transformation,
the Internet impacted business ecosystems and business models. According to [38], Internet
technologies enable the interconnection that is required to develop modern business ecosys-
tems. While comparing the business ecosystem and an integrated value chain, the author
suggests that information sharing will be a booster for customer focused value-creation in
an internet-based business ecosystem. Implementing these contemporary internet-based
technologies builds a connection between the ecosystem’s players, their strategies, op-
erations, and capabilities, profoundly reshaping businesses’ competitive dynamics and
operational interaction. In the context of the IoT, a business ecosystem is a complex network
of connected stakeholders who may contribute to a business and co-evolve the ecosys-
tem [39]. The IoT helps firms create new business models that are based on real-time data,
improving the efficiency and effectiveness of decision-making processes [32].

BM as a focal gear can bridge technical advancement and economic value creation [40].
As a boundary-spanning unit of analysis [41–43], BM determines how a business creates
and captures value [40,44–49]. BM is a way of doing business that aims to position them-
selves in the value chain to generate profits and advance themselves [50]. In today’s market,
a company’s ability to adapt its business model to new business opportunities is critical to
survival. Value logic is essential in developing innovative BM and necessitates systematic
thinking [51]. Companies must constantly build and reinvent their business models to
be competitive to produce and extract value from their business activities [29,50]. This
continuous change implies a significant shift in the logic of value generation in the business
models of suppliers and their partners [52].

According to [27], the methods for discovering and exploiting opportunities have
changed significantly in the digital age as the scope of resources that a company can use to
satisfy demands has expanded. Consequently, a business model must be configured in an
ecosystem setting where businesses are linked and co-create and co-capture value through
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the utilization of resources [53]. The “4C Typology of Internet BMs” proposed to analyze
Internet-based BMs in a structured, easier way [28]. This typology includes four basic types
of prototypical Internet BMs: connection, content, context, and commerce (4C). The connec-
tion BM adds value by supplying the physical and/or virtual network infrastructure that is
required for information exchange over the Internet. The content BM provides convenient
access to a wide range of online content. The context BM offers value by simplifying the
structure. The commerce BM provides a cost-effective exchange environment for buyers
and sellers of goods and services through initiating, negotiating, and/or fulfilling online
transactions. Later, research broadened the concept and characterized it as a layer model
within an ecosystem, where lower layers serve as enablers for upper layer BMs and each
has its own value proposition that can be delivered separately or combined [29]. Service
providers supply different connection technologies and solutions to link networks at the
connection layer. The users’ acquired data, information, and content are provided in the
content layer.

2.3. Value Configurations in the Business Ecosystem

We can identify the value configurations that root the company to its respective
business ecosystem underneath the business model level. The value configuration is
defined by the company arranging its core activities to provide some value propositions. To
comprehend and analyze the logic of value creation across a wide range of business contexts,
three configurations, namely value chain, value shop, and value network attributing long
linked, intensive technologies and mediating technologies, respectively, were presented
as distinct generic value configuration models [54]. A value network further entails
customers, places, and things as work nodes that facilitate different service exchanges
between them representing internet businesses [55]. The interlinkage of these actors and
functionalities regarding technical components develops value through products and
services which leads to a value network configuration (VNC). [56]. In such a connected
network of stakeholders, shifts in the dominating stakeholders’ roles are unavoidable.
Recent research proposed VNCs of 5G local area access for industrial machine-to-machine
interactions at the connection level [57], concluding that the dominant players’ roles will
change and it is expected that the industry will depend on micro-operators for local area
communication [57]. Identifying and categorizing a company’s resources and needs in
the business ecosystem can help understand the dynamic role of local operators. Thus,
this research uses resource configuration prototypes [27] as sources of value creation in a
digitally empowered environment (Figure 1).

Figure 1. Resource configuration framework in a digitally enabled world. Adapted from [27], p. 239.

In this approach, four prototypes of resource configuration are proposed: the firm as
an integrator, as a collaborator, as a transaction enabler, and as a bridge provider. “Identify-
ing New Needs and Resources,” “Matching Needs and Resources,” and “Bridging Needs
and Resources” are offered as means for value-creation that are facilitated by three sets
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of resource configuration microprocesses in this methodology [27]. “Continuous Testing”
and “Resource Crowdsourcing” are micro-methods for discovering new demands and
resources as ways for value-creation. Continuous testing is an iterative method of adjusting
a firm’s offerings according to their value co-creators’ changing and unattained demands
through rapid feedback loops between the firm and respective co-creators. Such continual
improvement advances a company’s efficiency in identifying unmet needs and the value
creation potential of a resource arrangement. Resource crowdsourcing is an approach to
problem-solving which improves a company’s capacity to discover and exploit underuti-
lized resources as the number of underutilized sources constantly increases in the digital
era [27]. “Sorting” and “Prospecting” are micro-processes that fall under the “Matching
Needs and Resources” value creation basis. The sorting process entails developing and
implementing strategies for classifying both resources and the needs of transaction parts.
Due to the dynamic nature of the data, an iterative process should be adopted to provide a
well-organized match between needs and resources. Subsequent processes have focused on
assessing past and current data to prospect future demands and resources [27]. “Bridging
Needs and Resources” is achieved by “Grafting” and “Streamlining” resource configura-
tion micro-processes. Notably, the primary focus of these procedures is the customer’s
role in the digital era. In addition, to produce value in this type, the focal firm utilizes
the distinguished characteristics of related co-creators. The first step of micro-processing
is “grafting”, in which the focal firm attempts to combine the previously unconnected
and independent needs and resources. It raises configuration value by bringing unique
complementarity between resources and needs. This approach necessitates creativity and
the capacity to attain quick and broad access to resources. The innovative connections that
are created through the grafting procedure are then improved in “Streamlining” by offering
additional resource connections [27]. The proposed resource configuration prototypes show
how value is created in digitally enabled business ecosystems, which is in line with the
scope of the current study. Therefore, we use the same value logic to investigate potential
business opportunities for new local entrants (local 5G operators) and their corresponding
roles for value propositions within future factories.

3. Research Methodology

This study follows an inductive reasoning approach that is often applied in exploratory
research [58,59]. The study can be categorized as representing exploratory research since
there are limited studies and knowledge about the phenomena and targeted sector that
are under examination. The qualitative reasoning approach is used as a research strategy.
Inductive studies and qualitative research are frequently linked and have a great deal in
common since both “provide insights for the generation of theoretical frameworks” [60].
The single case study is used as a framework for data collection and analysis. Despite
its numerous advantages, qualitative research has been criticized for failing to support
its stated conclusions properly [61]. It is assumed that a systematic strategy to support
adequate findings is often lacking in qualitative research. This study applies the Gioia
method that is often used as a systematic approach for conducting rigorous research. [61].
The Gioia method analyzes a phenomenon via an interpretative perspective. The collected
data is categorized and analyzed at three levels of abstraction in this method: first-order
concepts, second-order themes, and aggregate dimensions. The term “first-order concept”
refers to early conceptions that are derived from the data and classified based on similarities.
Then, by grouping similar categories, “second order themes” are established, and then
following level of abstraction, “aggregate dimensions,” are built by merging the second
order themes [61]. As both inductive reasoning and qualitative research seek to propose
new concepts that are based on observations, it is logical to use the Gioia method as
a systemic strategy and analytical logic to link data to propositions and produce new
persuasive conclusions.
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3.1. Case Study

The case company is an electronic manufacturing factory in Finland that operates in
the ICT industry with over 30 production sites worldwide. The production line is equipped
with multiple sensors and utilizes a 5G network. The case company focuses on automation
based on IoT, cloud solutions, and 5G to gain profitability, value, and efficiency and provide
innovative solutions. This automation needs a reliable and consistent wireless connection
to cover robots, sensors, and machines. Our case provides a reliable illustration for this
research because it holds a pioneering position to test and apply I4.0—based technologies
that cover multiple use cases in the telecommunication industry and intends to transform
their traditional production operations to unique ways of value-creation using data.

3.2. Data Collection and Analysis

This study is part of a multidisciplinary research project focusing on providing local,
high-quality, wireless services to meet the case-specific needs of various vertical sectors in
the telecommunication business ecosystem. In this study, the primary data was collected
from a focus group discussion [62] during a full-day micro-operator factory workshop that
was attended by four project researchers, five factory specialists, and the factory’s head of
the research strategy department. The number of participants was ten, which appears to
be an appropriate sample size for a focus group discussion. Several meetings were held
prior to the workshop to discuss this study’s aim and to define the workshop program
with project participants. The focus group discussion was conducted in the workshop
to gather participants’ opinions on the defined aims of the research and the workshop’s
focus was on the current and future requirements of manufacturing processes concerning
connectivity and data-related issues. The discussion was facilitated by one of the skilled
researchers who led the discussion. Transcriptions of the participants’ presentations,
discussions, and suggestions were used as a primary data source. In addition to the
workshop records, the researchers strived to gather secondary data from various sources,
such as the multidisciplinary research project and company documents, to supplement the
primary data.

For the data analysis, we divided the acquired information into two categories: case
factory needs and case factory resources. Quotations of both needs and resources were
coded and classified according to their relevance with the 4C, BMs. The data were analyzed
using three consequential processes of Gioia’s systematic procedure. Firstly, the records
of the workshop were transcribed and analyzed to form various categories reflecting on
the differences and similarities between quotations. Subsequently, the categories that
were identified were given descriptions (labeling) that build “first-order concepts” of
data structure. Figure 2 depicts the three sequential steps of the Gioia approach and
shows the data structure, explaining how the collected data was analyzed in this study.
Multiple interpretations were possible due to the overlapping statements in the data
analysis. For instance, the statement “the case company is in search of extract value from
(underutilized) data” could be ascribed to content as well as commerce-related needs. In
another quotation, for example, the quotation “need for sharing real-time transactional
data through web services instead of a per-day update” could be compressed into the
needs of the case company, related to real-time data. Next, the identified categories were
labelled with phrase descriptions which produced the first-order concepts. Second-order
themes were explored next, emphasizing the novel notions that have fewer references in
the previous literature. The question that was related to the credibility of the second-order
themes is whether they could offer ideas that can help us define the phenomenon we were
investigating was answered during this process. After this step, the groups of quotes were
coded with appropriate labels for all of the sub-set concepts. The labels were used as
emerging themes in the Gioia method’s second process. In this study, after the classification
of connection, content, context, and commerce-related needs and resources, a color code
was given to each quotation to clarify to which of the 4C layers it belonged. Finally,
aggregate dimensions that were based on second-order theme connections were created
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to construct broader categories that aggregated similar concepts or thoughts [61]. Then,
the aggregate dimensions of the data structure were utilized to discover potential business
prospects for local operators. This process is based on [27] business model prototypes,
which use a value creation-centric approach to identify potential business opportunities
and associated value configuration in future factories. The value configuration models
include needs (N), resources (R), and value co-creators (VCC) as players within the future
factory business ecosystem.

Figure 2. The structure of data used.

4. Results
4.1. Identified Needs and Resources

The search was initiated by pinpointing the usable resources and achievable needs
that were confined in future factories [27]. A total of 11 themes emerged as needs and
resources, of which seven were common to both themes. Even if 7 of the 11 developing
themes have the same labeling terminology, this does not mean that they are equivalent.
They are about the same themes, but they are founded on distinct first-order conceptions.
In the appendices, the data structure for both needs and resources highlights the basic
concepts of each theme in identifying both needs and resources. After applying the Gioia
approach to the list of needs and resources, 11 s-order themes emerged, as follows:

1. Internal data access emerged as both a need and a resource of future factories. On the
needs side, the case factory wondered about restricted access to internal data from
different segments. At the same time, from a resource perspective, sources mentioned
that there is an extensive amount of data that is generated by various devices and
sensors around the production line that could be utilized appropriately.

2. In the high-quality connection and content-specific service theme, experts discussed
future factory needs, emphasizing the importance of reliable connections and local
specific demands for the communication of numerous wired and wireless devices,
robots, and components on the factory floor. As the case company is empowered by
5G and IoT technologies, this theme shows considerable potential for high-quality
connection and content-specific services from a resource point of view.

3. Communication and data exchange reflected the importance of data exchange and
the communication of different segments and stakeholders to meet existing and
future demands of various segments from the standpoint of the case company’s
needs. However, the case company’s willingness to communicate, exchange data,
and improve the information flow (resource) between players shows that many
underutilized resources can be used based on sharing economy principles.

4. External data access showed the company’s awareness about valuable data, which
is in control of third parties. It is undeniable that third parties need access to some
data from communication with other players in the ecosystem that could be vital
for the case company. Therefore, access to external data is explicitly mentioned
as needed by experts. Furthermore, the case company includes some machines,
robots, and services that are provided and controlled by third parties. Therefore, the
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extensive data gathered by such devices inside the factory floor could be considered
an underutilized resource for the case company.

5. Data ownership is close to the concept of external and internal access to data. Data
is “owned” by different managers of different segments separately within the case
company, so data management needs to be organized. However, there are large
amounts of data as resources which are not managed because of different owners in
different segments. Therefore, the integration between data owners could meet the
company’s needs with existing resources.

6. Data governance is identified as the need to process, simplify, and manage extensive
data flow. Data is mainly stored in distinct segments that are not usable by other
parts’ users before being processed. Conversely, the case company has an adequate
reporting system and applies middleware in some parts as resources that need to be
processed and managed.

7. Extracting value from data is rooted in the case company’s logic on novel ideas about
value creation from invaluable underutilized data. There was considerable discussion
about numerous databases, including various data types as resources, which can be
turned into usable forms. The factory experts emphasized that the case company
is finding ways to extract value from underused data and filling the gap in data
utilization in the best possible way.

8. Spatial/tailored content requirements were identified as needs. Factory experts’
apparent demand and specific requirements for tailored content showed great po-
tential for service providers in the ecosystem to meet those spatial/tailored content
requirements and grow in the field.

9. Data quality emphasized the decisive role of reliable and real-time data to meet the
current needs of the case factory.

10. Value co-creation was identified as a resource because the case company’s strategies
for value co-creation can enhance the chances of collaborations in the ecosystem for
other players like local operators.

11. Integration requirements emerged as a resource because the case company is testing
more integrated manufacturing lines that call for new services and businesses to
support the integration.

The data structure of a future factory’s needs and resources is illustrated in the end of
this section.

4.2. 4C Business Models

The identified resources and needs were next categorized into a 4C layered Internet-
based business model (BM) comprising connection (C1), content (C2), context (C3), and
commerce (C4). The 4C classification for identified needs and resources is stated in detail
(see Appendix A). On the needs side, there have been requirements for high-quality
connection and network infrastructure services to increase user interconnectedness and
fulfill mobility requirements. Connection BMs, which provide Internet communication
services [28], can meet these demands. Therefore, the need for high-quality connection and
content-specific service themes is categorized in connection BMs in line with the responses
of the workshop participants, such as “There is a need for wireless connection inside a
factory to meet sensors, robots, and mobility requirements”. The focus of business at
the content layer is on the collection, selection, compilation, and transmission of online
content to enable simple, user-friendly access to various relevant content [28]. The results
showed that content BM is the dominant concern of future factories. For example, the case
company highlighted a significant concern about the efficient exchange and management
of large amounts of data to extract value from them in collaboration with third parties.
This collaboration calls for integrated systems and processes enabling value co-creation
within the future factories. To that purpose, they utilize several systems to assist with the
effective exchange and management of large amounts of data. However, they still need
to harmonize the synthesized data and systems properly. This conclusion is drawn from
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the subjects’ responses, such as “We have a lack of traceability and a lot of work at the
moment and how we could beat by using mobile or network” and “We hope to enable
some future use cases such as further analytics, machine learning, and AI solutions. We
want to extract value, so storing the data is not point, we have some business targets, we
are not just doing study”.

The third layer, context BMs, provides structure and navigation for online users,
increasing the transparency of existing online data in a specific context [28]. In this type
of business, the need for high-quality connection and context-specific services in different
places was identified from the responses, such as “If you have 1000 employees and you
connect each of them with some wearable so on, then you start to have lots of mobile types
of needs” and “If a connection is not working, that location loses capacity, basically”. On
the other hand, existing equipment and capabilities regarding communication and data
exchange facilitate the use of context-specific, underutilized data, which were categorized
as resources from the data: “In sub-floor layer devices, clients and end users are creating
data”. The final commerce layer of 4C BMs refers to the ability to commercialize any or
all of the connection, content, or context-specific resources, actors, or activities that are
associated with ongoing communications [14]. The findings show that most of the needs
that are mentioned in content BMs have been repeated here, with a higher focus on the
importance of information transition and extracting value from data through external data
access. For example, “Combining relevant data in structured way, we hope to enable some
future use cases such as further analytics, machine learning, and AI solutions. We want
to extract value, so storing the data is not point; we have some business targets, we are
not just doing study” and “We need to get all the data from a third party (third parties say
some parts of processes are not necessary for your company)”.

Since the focus of the current research is identifying alternative value configurations,
the BM approach will pinpoint value connotations among players’ needs and available
resources within the business ecosystem.

4.3. Alternative Value Configurations for Local Operators

In response to the second research question, the aggregate dimensions from related
concepts within the second-order theme were extracted in search of potential business
opportunities and value configuration for local operators in a future factory context. As a
result, based on the value configuration prototypes in the digital era [27], the recognized
needs and resources are investigated to determine the emerging business opportunities for
local operators in the future factory context.

4.3.1. Product Business

The first identified business opportunity is called “Product Business”. According to
our data, when the emphasis on recognized needs and resources is mainly internal and
restricted to the connection layer of 4C businesses, the case factory operates on the most
traditional business models in a conservative mode by seeing the opportunity to sell a
product. Thus, in cases of tightly coupled relationship between needs and resources, the
presiding instinct in future factories is to address needs for collaborating with a particular
operator; the local operator can function as a local turnkey and single-point solution
provider. Because product business depicts the most basic method of value creation in the
digital age [27], the finding supports the notion that although it works, this type is the least
suitable role for local operators in the future factory context (see Figure 3) due to a minimal
emphasis on expanding the business despite the available potential.
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Figure 3. Local operator as a product business.

4.3.2. Component Business

The second business opportunity, “Component Business”, resembles the first oppor-
tunity but with a greater focus on data exchange and communications. In this type of
business opportunity (Figure 4), the needs and resources are closely connected, rising from
different sources; the local operator serves the needs of the case company as a “bit pipe”
and a local 5G socket through collaboration with other partners. Additional business can
then be created to complement the component business.

Figure 4. Local operator as a component business.

4.3.3. Platform Business

The most potential that new business opportunity recognized for local 5G operators
in the context of future factories is the “Platform Business”, which emphasizes permissions
that are related to external data, data exchange, and data quality. In this type of business
(Figure 5), the local operator can serve as a platform to communicate and exchange data
between VCCs in a multi-sided marketplace, serving several types of stakeholders with
different offerings. One value co-creator (VCC) needs something in this scenario, and
another VCC supplies something. The local operator performs a key role in bringing the
two sides together and assisting with harmonizing and managing this process. Findings
show that a substantial number of needs and resources are characterized by this type
of business opportunity for local operators. This characterization hearkens back to the
statement [27] that businesses are increasingly embracing this type of value configuration
in the digital age. It is the most appropriate value configuration for local operators and it is
the basic underlying business model of the local operator in the future factory context.
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Figure 5. Local operator as a platform business.

4.3.4. Complementary Business

The final emerging business opportunity for local operators is titled “Complementary
Business”, which characterizes it as more outward oriented. This type of business enables
making money from other businesses and requires collaboration with firms in different
markets to experience different types of monetization (Figure 6). The resources and needs
are coupled (more) by outsider players in the ecosystem without direct care for the type of
needs and resources. The complementary business appears non-existent or only possible in
close collaboration with the dominant players such as ERP (enterprise resource planning)
and SAP service providers. As a result, local operators might serve as a generic platform,
similar to what Google is already doing in the industrial realm.

Figure 6. Local operator as a complementary business.

The summary of the data structure of a future factory’s needs and resources and the
corresponding business opportunities for local operators are depicted in Figures 7 and 8,
respectively. These figures show a comprehensive summary of the collected and analyzed
data following the study’s objectives. The figures represent the current state of future
factory needs and resources, forming the basis for local businesses operators to realize
potential business opportunities that are emerging in the business ecosystem.
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Figure 7. Summary of the structure of data used in future factory as needs.
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Figure 8. Summary of the structure of data used in future factory as resources.

5. Discussion

This study analyzed the addressable needs and accessible resources of a case company
to assess local operators’ role and value proposition of local operators in future factories.
The research revealed 11 themes for needs and resources. These topics mostly concerned
how to access and communicate data in a trustworthy and high-quality manner and how
to create value from data in collaboration with others. The findings emphasized the impor-
tance of data quality and accessibility, as well as data sharing and governance mechanisms,
as the most serious challenges for future factories. This finding confirms that the adoption
of information sharing in digitally enabled business platforms is heavily influenced by data
quality and trust [63]. The finding also provides additional support for [10] and [64], who
argue that a combination of technologies such as 5G and IoT can satisfy the requirements
of connected devices, information, and humans in I4.0. The advantages of openness in
the platform ecosystem that concern data sharing and governance procedures reflect the
strategic threat that new entrants pose to established resource platforms. This is in line
with the claim that the more openly and widely a platform’s resources are made available
to third parties, the more vulnerable the dominant platform player may become for new
entrants’ exploitation [65]. Moreover, the case company shows the ability to tackle future
concerns by increasingly integrating machines in geographically dispersed locations. The
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findings confirm that rather than being stored in silos, the massive amount of data as
a resource can be digitalized and exchanged via integrated systems [66]. Nevertheless,
the case company shows potential for novel and emerging business opportunities in the
data-driven business ecosystem from a resource standpoint.

To assess the role of local operators in the context of future factories, the identified
needs and resources were analyzed based on resource configuration prototypes in the
digital age [27] and the 4C BMs [28]. The proposed alternative business opportunities for
local operators demonstrated multiple means to create value for all players which might
be used in different ways depending on the circumstances. For instance, the connection
layer acts as a foundation for higher layer businesses to create value. The connectivity
layer had been an issue in the early stages of digital transformation for the case factory.
However, the findings showed that their concerns have grown for the content layer matters
that comprised of the demands and resources and implied the availability of digital content
that might be used to meet content-related needs [29].

The data shows that the emerging needs and resources could be addressed and used
optimally by local operators within the platform configuration. Value is derived when
a business acts as a platform, supplying resources to facilitate transactions between two
groups of value creators whose needs can be met by the resources of the other group. This
role qualifies local operators to operate in data platform businesses and use new value
creation and value capture approaches [37,67] as business platforms are a growing trend
in the digitalization era. This further implies that, in practice, the business ecosystem
is occupied by a wide range of users with increasingly more complex and overlapping
value configurations. This is in line with the significance of constantly evolving ecosystems
in terms of operational domains, resources, and the dynamics between actors and their
roles in the broader ecosystem [42]. The data also indicates that various players can take
different roles and value configurations to use accessible resources to address needs. In
addition, the role of a local operator is not actor-dependent; the role could be undertaken
by a range of players within the business ecosystem, including content providers, facility
owners, and device and equipment vendors. This argument is in line with the findings
of [68] that a service provider, machine manufacturer, network equipment vendor, venue
owner, or the factory itself, can all take on the local network operation role.

The findings imply that the platform business is the most probable business opportu-
nity for local operators is the platform business. It is expected that local operators can carry
out their duties in more flexible ways than the four distinct proposed business models and
value configurations at the top of the framework and the scope of the identified business op-
portunities might fall somewhere between these district categories. It is further suggested
that alternative scenarios and business models unfold to different value configurations that
enable successful digitalization. This correlates fairly well with [27] and further supports
the notion that a combination of prototypes can bring multiple opportunities for value
creation [27]. We suggest one such possibility for local operators (Figure 9) below. The
mixed type of business for local 5G operators shows the necessity of openness in adopting
options. Local operators must carefully choose and assess alternative data and connectivity
solutions to determine which option best suits their customers’ purposes.

In this mixed type of business, the local operator plays a role in the product business
and platform business juncture. Even though most needs and resources are correlated to
platform businesses, more traditional business models still exist in the business ecosystem.
This value configuration enables local operators to collaborate with a wide range of value
co-creators, from traditional fragmented to platform-based integrated business domains.
The local operator uses its internal resources to address the needs of the case factory and
other value co-creators. Conversely, the needs of local operators could be addressed via
resources under the control of the case factory and other value co-creators within the
ecosystem. Furthermore, if external information platforms, such as ERP service providers,
a local operator could strengthen its position in creating and capturing value in a novel way
within the ecosystem. A local operator’s value creation capabilities within the business
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ecosystem may be boosted due to having greater access to resources to fulfill significant
requirements of its own and those of other value co-creators in the business ecosystem.
This was proposed as an example to indicate that there are many alternative ways that a
local can create value by minimizing the asymmetry of underutilized, unstructured data
from both needs and resources. Structured data increases the probability of prospecting
participants’ needs in a fragmented ecosystem, which might be a considerable business
opportunity for local operators.

Figure 9. Mixed type of business for local operators.

Following up on the study findings that are presented in the previous section, we
have developed a new combination of business model configurations for digitalized future
factories. Assessing the role of local operators in the digital age based on 4C BMs [28] allows
us to refine and empirically and conceptually validate the resource configuration-based
theoretical framework [27]. Empirically, the modified framework (Figure 10) illustrates
alternative value configurations with corresponding needs and resources that are based
on 4C BMs. From a business ecosystem perspective, the framework emphasizes the
importance of value logic in the development of innovative BM as well as the need for
systematic thinking when establishing potential business opportunities for digitalized
future factories, taking into account the needs and resources of all value co-creators in an
ecosystem setting [51,52]. Conceptually, value can be created and captured in a novel way
by matching and bridging a future factory’s identified needs and resources. This provides a
basis for the developed framework (Figure 10), which is built upon resource configuration
framework and logic of value creation in the digital age, as presented by [27]. From the BM
perspective, this framework gives a clear idea about how the 4C BMs may be exploited
to cooperate [28] and support each other [29] in the value creation of an ecosystem to
allow value capture from potential business opportunities. There is a clear fit between
digitalization-driven business opportunities and the identified needs and resources, as
the majority of the needs and resources are related to the platform and complementary
business opportunities. The 4C BM analysis of identified needs and resources reveals that
the most addressable needs and underutilized resources are grouped in content and context
BMs. In other words, content- and context-related businesses are primary business fields
for the case company. This result has been depicted at the top of the value creation sources
in the framework to present a comparative picture of needs and resources in the case
company and a solid foundation for possible business opportunities for local operators in
digitalized future factories. In short, the possible emerging business opportunities revolve
around collaborative business models that are linked to the future factories’ content- and
context-related needs and resources.
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Figure 10. Business model configurations for digitalized future factories.

6. Conclusions

Industrial verticals have been envisioned to become one of the most lucrative business
opportunities for 5G technology providers, local operators, and I4.0 service providers and
users alike. However, alternative value configurations and potential business opportunities
with business models for local 5G operators have remained a rarely investigated research
topic. In this domain, this paper adds value to the research on alternative value configura-
tions for digitalization within the future factory context with theoretical contributions and
managerial implications.

6.1. Theoretical Contributions

Extending on [21,28] and [29], this paper presented detailed I4.0 business model
configurations for local operators and contributed to scientific knowledge regarding our
understanding of resource configuration literature, adding the 4C internet BMs [28] di-
mension to theoretical resource configuration framework [27] in a digitally enabled world.
The paper presented four alternative value configurations [21] for local operators in a
future factory context. In addition, this paper increased understanding of how the I.40
ecosystem [20] may be revitalized with advanced connectivity solutions. By assessing the
role of local operators in future factory contexts that are based on 4C internet BMs [28],
this research also extended the context of the 5G business ecosystem. Finally, this paper
contributed to an ecosystem view in which the business opportunities are determined by
the ecosystem members’ complementarity potential based on their offerings.

6.2. Managerial Implications

From the managerial perspective, the findings of this study can be utilized broadly
by managers that are working in industrial verticals searching for novel ways to create
value in digital businesses. The results show how the local operator concept exhibits
competitive advantages in the I4.0 context and applicability in all industrial segments
moving toward future factories. Our findings pinpoint functional areas of considerable
business opportunities for local operators to serve industrial verticals with connection,
content, context, and commerce-related services. Although the focus of this study is local
operators, the role of local operators is stakeholder-independent. It could be undertaken by
a broad group of players, including service providers, facility owners, devices, equipment
vendors, and the dominant mobile network operators themselves. In addition, the findings
that are related to BM layering will help managers to measure the positioning of their BM
regarding the factory’s transformation according to future needs.
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6.3. Limitations and Suggestions for Future Research

Limitations that are related to the empirical and theoretical scope and approach
and methodological choices are an inseparable part of any research, and this study is no
exception. As our future factory case dealt mainly with manufacturing operation processes
from data and connectivity perspectives, other factory-level macro- and micro-processes
such as warehouse operation and maintenance were outside the scope of this research.
Future research is suggested to analyze the needs, resources, and value configurations
also on the areas that fall outside the scope of this research. This research also applied
the business model concept with a specific focus on local operators. Future research
could also extend the analysis to examine whether mobile network operators’ I4.0-related
opportunities and business models of mobile network operators differ from local operators.

Our choice of methodology also restricts the generalizability of the results. This
study applies qualitative analysis principles to data from a single case factory; further
studies are suggested to validate the findings with quantitative approaches and compare
the results with other factories. Lastly, the results suggest that content- and context-
related platform businesses are the most often anticipated business opportunities for local
operators. However, quantitative validation is needed to clarify the potential business
opportunities in these areas [69].

As a forward-looking conceptual extension, we suggest researchers focus on the fifth
C [69], computation, business models in the context of future factories and I4.0. As the 5G
technology continues to grow with its increasing capability of virtualized performance,
carrying the potential for the next industrial revolution [70], it will be essential to assess and
evaluate the computation-related security measures and artificial intelligence performance
incessantly. More research about 5G best practices in manufacturing units covering end-
to-end security architecture including network, equipment, and applications is, therefore,
needed [71].
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Appendix A. Structure of Future Factory Needs Based on 4C

Figure A1. Connection-Related Needs.
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Figure A2. Content-related needs.

Figure A3. Context-related needs.
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Figure A4. Commerce-related needs.

Appendix B. Data Structure of Future Factory’s Resources Based on 4C

Figure A5. Content-related resources.
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Figure A6. Context-related resources.
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