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A B S T R A C T   

While the Industrial Internet of Things (IIoT) holds much promise, there is a mismatch between its potential and 
companies capturing value from investments in IIoT. Indeed, even when companies recognize the value of IIoT, 
they do not necessarily know how to grasp related opportunities and are challenged in developing a suitable 
business model. Accordingly, to alleviate roadblocks to capturing value from IIoT, in this paper we address the 
challenge of identifying suitable business models in the age of the industrial metaverse. We do so through an 
extensive review and classification of main IIoT business model archetypes that are successful in practice. In 
particular, we conduct a content analysis of IIoT projects based on over 2000 articles in industry trade magazines 
and newspapers. Our analysis identifies four distinct business model archetypes in the context of IIoT, viz. IIoT 
digical, IIoT service-centered, IIoT data-driven, and IIoT platform, and further explores the challenges that need 
to be addressed to ensure that companies can capture value from their IIoT initiatives. We explore appropriate 
contexts for these business model archetypes, and, in doing so, we provide actionable guidance for industrial 
(marketing) managers seeking to position their IIoT offerings and maximize their value.   

1. Introduction 

In the age of the industrial metaverse, the Industrial Internet of 
Things (IIoT) is becoming increasingly important for companies across 
different industries (Wan et al., 2016). IIoT technologies interconnect 
objects and systems, and enable the creation of dynamic and self- 
organizing cross-firm value networks. Indeed, 80% of firms expect 
IIoT to have an impact on their business model (BM) (McKinsey Digital, 
2015). Accordingly, incumbents must adapt and innovate their BMs in 
relation to IIoT to stay competitive (Paiola, Agostini, Grandinetti, & 
Nosella, 2022), particularly because many start-ups are entering the 
market with innovative BMs. 

While existing literature on IIoT BMs provides valuable foundational 
knowledge and highlights the importance of the phenomenon (Müller, 
Buliga, & Voigt, 2018; Schaefer, Walker, & Flynn, 2017), many IIoT 
innovations still experience difficulties in the search for viable BMs 

(Forbes, 2021; McKinsey, 2018, 2021). These difficulties often result 
from a lack of capabilities and knowledge (Dignan, 2018), which man
ifest in multiple challenges for implementation of IIoT BMs. There are 
also emerging stories of struggles in unlocking IIoT’s full potential (e.g., 
challenges General Electric faced in their highly publicized IIoT initia
tive (Dignan, 2018)). Prior research has shown, however, that the 
challenges are not necessarily technological in nature but are rather 
related to the issue of appropriate BMs (Ehret & Wirtz, 2017; Müller 
et al., 2018). Yet, at this stage, the literature on IIoT BMs is still in its 
infancy, with a stark lack of related empirical research (Baiyere, Ven
katesh, Donnellan, Topi, & Tabet, 2016). 

In the industrial management and industrial marketing management 
fields, researchers have in recent years started to address IoT topics and 
focus on IIoT business models (see, for example, Leminen, Rajahonka, 
Wendelin, & Westerlund, 2020 and Falkenreck & Wagner, 2017). 
However, there is still a dearth of studies that illuminate IIoT business 
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models that have been successfully used in practice to provide guidance 
to companies who are challenged with selecting an appropriate IIoT BM. 
The siloed view that is present in the current state of the IIoT BM body of 
knowledge also limits our understanding of IIoT BMs across industries 
and of their utility. Previous research has neither focused at a ground 
level to analyze IIoT-driven BM elements in successfully applied BMs nor 
distinguished IIoT specific aspects between start-ups and incumbents. 

We are thus motivated to address this lack of knowledge due to the 
critical need for guidance in IIoT business model development and 
adoption. Indeed, prior industrial (marketing) management research 
indicates that companies innovate their BMs incrementally and through 
trial and error (Paiola et al., 2022). We see this situation as a BM design 
challenge that gives salience to the issue of value creation and value 
capture in IIoT contexts (Åström, Reim, & Parida, 2022; Kim, Cho, & 
Ramesh, 2019; Li, Van Heck, & Vervest, 2009; Nielsen & Persson, 2017; 
Reuschl, Tiberius, Filser, & Qiu, 2022; Sjödin, Parida, Jovanovic, & 
Visnjic, 2020). Thus, to provide specific guidance on how to unlock the 
value of IIoT technologies, in this paper we seek to answer the following 
research question: what types of business models are used in practice to 
successfully unlock the potential of IIoT? To answer this question, we 
conduct a qualitative analysis of articles reporting on successful IIoT 
projects that led to revenue generation. We found these projects in 2,139 
articles published over a nine-year period (January 2011- September 
2020) in industry trade magazines and newspapers that represent 
important business outlets for companies. Our analysis indicates there 
are four main IIoT BM archetypes that companies should consider, viz. 
IIoT digical, IIoT service-centered, IIoT data-driven, and IIoT platform, 
and explores the main BM elements through which IIoT technologies can 
be leveraged. Our analysis also identifies the predominant challenges 
that need to be addressed when using a particular IIoT BM to capture 
value from IIoT investments, providing insights for companies planning 
IIoT projects. 

Through this study, we contribute to IIoT BM practice and theory. 
First, we contribute to the limited body of knowledge on IIoT BMs in 
general and build on prior studies in industrial marketing management 
that explored IIoT BMs through conceptual studies (e.g., Leminen et al., 
2020), by providing evidence from practice on successful IIoT BMs. 
Based on our analysis of IIoT BMs in practice, we reveal new BM ar
chetypes that have not been identified by prior research. Second, and in 
contrast to previous survey, case-study or case-based research on IIoT 
BMs (e.g., Arnold, Kiel, & Voigt, 2016; Dijkman, Sprenkels, Peeters, & 
Janssen, 2015), our analysis of the large corpus of industry publications 
allows us to focus on a lower level of granularity to analyze IIoT-driven 
BM elements and thus provide insight on related aspects, including 
customer loyalty for example. The IIoT projects analyzed are from a 
broad range of companies, across different sectors and countries, and 
therefore, provide a broad understanding of IIoT BMs by taking different 
perspectives into account. Further, the focus on BM elements in our 
analysis offers companies insights into concrete IIoT BM elements that 
lead to success in other firms and industries. Third, we distinguish be
tween start-ups and incumbents in our analysis to enable us to provide 
targeted guidance. Due to organizational inertia, incumbents often have 
problems finding new ways to create value (Carroll & Hannan, 2000). In 
contrast, start-up firms are more flexible because they can design new, 
more radical BMs from scratch, yet are typically constrained by resource 
limitations. We, therefore, contribute a more nuanced understanding of 
which IIoT BM archetypes are relevant to which scenario. Finally, we 
contribute by identifying challenges that need to be understood and 
addressed to capture value from IIoT because the application of a BM 
alone does not result in value capture – companies need to be mindful of 
related challenges and actively seek to address them. 

The remainder of this paper first provides background on IIoT and 
summarizes current studies on BMs in general, and IIoT BMs specifically. 
Next, the paper outlines our dataset and analysis approach, which is 
followed by an explanation of the four identified IIoT BM archetypes and 
their associated challenges. The paper concludes with a discussion and 

implications. 

2. Background and related work 

2.1. The Industrial Internet of Things 

With the launch of the German policy initiative, Industry 4.0, IIoT 
related technologies have received significant attention from re
searchers and practitioners alike, offering an entirely new approach for 
creating value (Chen, Jia, Steward, & Schoenherr, 2022). IIoT1 refers to 
the use of smart machines and sensors to facilitate modern 
manufacturing and industrial activities. It is a specialized application of 
the Internet of Things (IoT), which refers to “a global infrastructure for the 
information society, enabling advanced services by interconnecting (physical 
and virtual) things based on existing and evolving interoperable information 
and communication technologies” (International Communication Union 
ITU, 2015). While the number of publications on IIoT topics has 
increased over recent years, there is no widely accepted definition of the 
term “Industry 4.0” or “IIoT” (e.g., Arnold et al., 2016; Roth, 2016), 
owing to its interdisciplinary nature. For the purposes of this study, we 
adopt a definition of Paschou, Rapaccini, Adrodegari, and Saccani 
(2020), who provide a harmonized definition of IIoT for the industrial 
marketing management domain. Specifically we see IIoT as “The inte
gration of some technological developments whereby products and industrial 
equipment are connected to provide large datasets and provide insights into 
the status of the equipment in order to predict other kinds of occurrences and 
to deliver smart services (e.g., remote control, operations and optimisation, 
fleet management, spare parts management, and predictive maintenance)“ 
(Paschou et al., 2020). 

The main innovation afforded by IIoT is the consistent interconnec
tion and digitization of the whole value chain (Bischoff et al., 2015; 
Endres, Auburger, & Helm, 2024; Roth, 2016). Many of the technologies 
required to implement IIoT are not new but were previously used 
independently of each other. New opportunities arise, however, by 
joining these technologies in the industrial context (Roth, 2016). As a 
result, it is now possible for almost all stages of the production process to 
be connected, which can result in shorter lead and delivery times and the 
reduction of errors. These factors in turn contribute to an increase in 
productivity (Roth, 2016). In addition, production can be individualized 
due to consistent digital engineering making it cost-feasible to, in certain 
situations, have a batch size of one, allowing greater customer intimacy 
through greater customization possibilities (Arnold et al., 2016). 

In addition to optimization, IIoT can be used to expand or innovate a 
business model. Due to IIoT’s value-adding potential, companies can 
expand their product and service offerings. For example, by combining 
intelligent services, companies are able to evolve into solution providers 
(Roth, 2016). Indeed, IIoT is seen in general as a means for 
manufacturing companies to “unlock the value of their machines” (Ehret 
& Wirtz, 2017). It is not surprising then that in recent years IIoT 
deployment has seen a significant increase. For example, it has been 
implemented in healthcare for real-time health monitoring to prevent 
medical failures. In this setting, smart sensors collect health information 
and send it to the cloud for further access by medical professionals 
(Hossain & Muhammad, 2016). IIoT also plays a significant role in other 
industries. For example, IIoT has enabled aircraft manufacturing in
dustries to automate and trace equipment information while processing 
large aircraft components assembly (Jacobson, Spence, & Ng, 2017; 
Szymanski, 2016). IIoT has also helped to improve the safety and the 
security of aircraft products by detecting the use of unapproved parts 
that don’t meet the requirements of the aircraft design, thus preventing 
violation of security standards (Liu & Yu, 2013). 

Several prior studies have focused on the importance and influence 
of IIoT, and network technologies more broadly, on value creation for an 

1 Also referred to as Industry 4.0. 
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organization, and for society. They found that IIoT business value is 
much higher than what is represented by the number of devices (Roblek, 
Meško, & Krapež, 2016) i.e., IIoT’s potential is not yet realized. This is 
because, while there are many potential benefits, implementation of 
IIoT also brings major challenges (Müller et al., 2018). The imple
mentation effort itself is significant (Li, Min, & Jun-Wei, 2011; Moor
head, 2013) and also requires significant investments in IT 
infrastructure, IT personnel, and technical training (Popescu, 2015). 
However, addressing these challenges does not yet guarantee a return on 
investment for the IIoT; the missing piece of the value creation and value 
capture puzzle comes from an appropriately chosen BM. 

2.2. Business models and IIoT 

A business model explains how a company creates and captures 
value (Al-Debei & Avison, 2010; Osterwalder & Pigneur, 2010; Teece, 
2010) and considers both the company’s activities and those of its 
partners, suppliers, and customers. Accordingly, BMs emphasize a 
system-level, holistic approach to explaining how companies ‘do busi
ness’ (Zott, Amit, & Massa, 2011). Over the last two decades, many 
authors have examined the structure of BMs and described components, 
elements, types, and ontologies of BMs. The majority agree that value 
proposition (products and services offered by the company; value offered 
to the customers), value creation (how the value is generated; partners, 
resources, processes), value capture (method for how the company gen
erates profit from the offer; profit formula), and value delivery (how the 
value is delivered to the customer; distribution channel, customer seg
ments) are key components of a BM (e.g., Ehret & Wirtz, 2017; Johnson, 
Christensen, & Kagermann, 2008; Osterwalder & Pigneur, 2010; Teece, 
2010). 

The Business Model Canvas by Osterwalder and Pigneur (2010) also 
relies on these key components. Osterwalder, Pigneur, and Tucci (2005) 
and Osterwalder and Pigneur (2010) see the BM as a “conceptual tool 
that contains a set of elements and their relationships” and “describes 
the rationale of how an organization creates, delivers and captures 
value.” The Business Model Canvas is the most widely applied BM 
framework (Aagaard, 2019) and consists of nine interrelated building 
blocks that are categorized into four pillars of a BM: product (value 
proposition), customer interface (customer segments, channels, and 
customer relationships), infrastructure management (key resources, key 
partnerships, and key activities), and financial aspects (cost structure 
and revenue streams). 

Several prior studies have focused on BMs in the context of the 
Internet of Things, such as the works of Leminen, Rajahonka, West
erlund, and Siuruainen (2015), and Turber and Smiela (2014). However, 
IIoT specifically, as opposed to Internet of Things broadly, has differing 
challenges and offers differing opportunities due to its focus on ma
chines, manufacturing and production (i-Scoop, 2019). The research 
field of IIoT specific BMs is still in relative infancy. While the majority of 
existing studies focus on the technological aspects of IIoT (Arnold et al., 
2016; Emmrich et al., 2015), in recent years several authors have begun 
to address the impact of IIoT on BMs (e.g., Arnold et al., 2016; Arnold, 
Kiel, & Voigt, 2017; Dijkman et al., 2015; Ehret & Wirtz, 2017; Paiola 
et al., 2022; Paiola & Gebauer, 2020; Porter & Heppelmann, 2014, 
2015). 

Despite the literature on IIoT BMs being relatively sparse, several 
studies have attempted to categorize relevant BMs. Dijkman et al. (2015) 
develop a framework to facilitate the selection of BMs for IIoT based 
applications and identify value proposition as the most significant factor 
for IIoT BM selection, followed by customer relationships and key 
partnerships. Kiel, Arnold, Collisi, and Voigt (2016), on the other hand, 
conducted a literature review of successful adaptation of BMs related to 
manufacturing industries and concluded that key resources is a widely 
used factor for IIoT BM selection, followed by key activities and then 
value proposition. In another classification study, Prause (2015) classi
fied IIoT BMs into open innovation models, network approach models and 

service design models based on different business areas catered by the 
industries for new BMs. Ehret and Wirtz (2017) also categorized IIoT- 
enabled BMs on the basis of innovation methods. Their categorization 
includes groups of provision of manufacturing assets; maintenance repair, 
and operation; innovative information and analytical services (for example, 
artificial intelligence (AI) and big data analytics); and services for end 
users (for example, providing customization by integrating end users 
into the manufacturing chain. Taking a different angle, Leminen et al. 
(2020) identified four distinct types of IIoT BMs in the machine-to- 
machine (M2M) context viz. company-specific business models, sys
temic business models, value designs, and systemic value designs, and 
explored the characteristics and differences in the value potential be
tween these four. Arnold et al. (2017) suggested that IIoT-triggered BMs 
are grouped into Cloud-based BMs, Process-oriented BMs, and Service- 
oriented BMs. In their classification, cloud-based BMs facilitate an on
line virtual infrastructure and act as a channel for customers in deliv
ering the required value without any physical presence of sophisticated 
hardware. Process-oriented BMs focus on reducing machinery downtime 
in manufacturing industries. Service-oriented BMs focus on leveraging 
the power of data, which can be used to provide service to customer like 
increased availability, and predictive maintenance. 

The shortcoming of these classification studies is in their scope and 
source of data. The latter is in particular a shortcoming because the data 
is often limited and does not consider implementation success. Yet, there 
is a need to provide guidance to companies on what works, to reduce 
their trial-and-error approaches to IIoT business model development, 
and further explore characteristics that are relevant to a particular BM. 
In our study, we build on the works of Dijkman et al. (2015), and 
Leminen et al. (2020) and their focus on value derived from each BM. 
According to Behrendt et al. (2021), an industrial ecosystem should have 
a captivating value proposition which is suitable for its business needs. 
Any successful industrial ecosystem’s strategy is dependent on under
standing the areas where value lies. Value proposition is the key reason 
why a conventional industry decides to move to IIoT in the first place. 
Hence, we build our work by taking value proposition as the approach 
for identifying the archetypes of successful IIoT BM implementations. We 
distinguish our work from the works of other as outlined in Table 1, 
where we summarize core differences in our study design and focus. 

As shown in Table 1, our study considers a finer grained focus on BM 
elements. This finer grained analysis is important because, ultimately, 
market dynamics influence the BM that the specific company should 
follow at a given point in time. It is therefore expected that an IIoT based 
company will evolve its BMs as and when required due to the changes in 
BM elements such as value proposition, customer segments, key activ
ities, channels, key resources and key partners, cost structure, revenue 
streams, and customer relationships (Gierej, 2017). This makes the 
Business Model Canvas a good foundation for our study of successful 
IIoT BMs, as per Arnold et al., 2016 and Dijkman et al., 2015. Specif
ically, IIoT is thought to trigger the following changes to the eight 
Business Model Canvas components: 

Value proposition: Value proposition is the primarily influenced 
BM element that leads to the evolution amongst all examined industries. 
Value proposition can change, for instance, due to the increasing 
amount and higher availability of data (Arnold et al., 2016; Kiel et al., 
2016). 

Customer Segments: Manufacturing companies integrating IIoT 
into their value chain need to create new markets that didn’t exist 
previously but require IIoT products. Automotive manufacturers use 
IIoT technologies to develop a new market segment for an enhanced 
driving experience for their customers. Tesla, for example, uses IIoT 
technologies to produce driverless cars, marking a new era in the 
automated driving technology (Gierej, 2017). 

Key Activities: This BM element is the reason for the evolution in the 
medical engineering industry sector, electrical engineering sector, and 
information and communications technology (ICT) sector. Key activities 
are the critical actions a company must undertake to develop and 
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maintain their competitive advantage. Therefore, key activities help to 
realize IIoT industry value through improving systems, services and 
processes to create a competitive edge over competitors (Gierej, 2017). 

Channels: Companies use channels such as social media and online 
communities to deliver value of IIoT technologies. Keeping in mind the 
opportunities that can be gained through e-commerce, companies utilize 
e-commerce sites to track potential clients and deliver value to them. 
Key partners and potential clients need to be updated in real-time about 
the new developments in the IIoT field (Gierej, 2017). 

Key resources and key partners: Value creation networks are the 
critical resources for the evolution of any industry that enable an en
terprise to produce flexible value proposition. An automated and intel
ligent connectivity system linking manufacturers, suppliers, and 
customers via cloud platforms is crucial as it delivers cost reduction and 
efficiency. IIoT implementation requires compatible infrastructure and 
software resources. For an IIoT-based company, customers are also the 
collaborative partners that have led to open innovation processes. 
Therefore, they are also key partners in any IIoT sector. 

Cost structure: When it comes to the financial aspects of a BM, the 
cost structure element is the most affected one. ICT production costs are 
most affected when there is a financial investment surge in the software 
platform, for example, implementing IIoT technologies to automate the 
software platform incurs additional costs (Arnold et al., 2016; Laudien & 
Daxböck, 2016). Software-defined IIoT architecture has been suggested 
to manage the industrial manufacturing units, and the software platform 
provides an interface for information exchange. The software platform 
also allocates the network resources to the manufacturing units as and 
when required (Wan et al., 2016). 

Revenue streams: Integration of physical and digital components 
along with IIoT solutions will alter the revenue stream of a company. 
The company can then increase its number of product lines and evolve 
into different industrial manufacturing sectors to increase their profit 
(Kiel et al., 2016; Schaefer et al., 2017). 

Customer Relationships: Customers can have volatile demands that 
may change frequently. This can hamper the implementation of IIoT 

solutions. Hence, individual customer demands in such cases can lead to 
lower standardization in the production cycle, reducing the net value 
that can be derived. The evolution of customer relationships can, 
therefore, have impacts on the value proposition BM element. Thus the 
issues in one BM element can lead to issues in another (Li et al., 2017). 

3. Data and method 

3.1. Data collection 

Our paper focuses on revealing levers from practice to capture the 
potential of IIoT and aims to provide guidance on the main IIoT business 
models that have been successfully applied in practice. Thus, similar to 
Bohnsack, Pinkse, and Kolk (2014), our data collection and analysis is 
based on industry trade and business magazine articles rather than on 
academic sources. These practical papers provide insights into industry 
and firm perceptions and offer rich descriptions of technologies and 
associated business models. 

To investigate IIoT specific BMs, we identified IIoT projects of key 
industry players in the period January 2011–September 2020. The 
starting point of 2011 was chosen because the term “Industry 4.0” was 
first mentioned at the world’s leading industrial technology show 
HANNOVER MESSE in that year. We stopped collecting data over the 
COVID period as many companies were adversely affected and redir
ected resources. Like Bohnsack et al. (2014), we conducted a content 
analysis of nine German and international industry trade magazines and 
newspapers offering different perspectives on IIoT. We mainly focused 
on German outlets because Germany is a pioneer in IIoT due to its strong 
mechanical engineering industry (Arnold et al., 2016). 

We included five industry trade magazines in our dataset because 
they pay particular attention to IIoT affected industries, such as 
manufacturing (Maschinenmarkt, VDI Nachrichten) and IT and tele
communication (Computerwoche, Markt und Technik). Most of these 
magazines have special sections about innovative technologies and 
business strategy. VDI Nachrichten, for instance, has an “IIoT and 

Table 1 
Differences in study design and focus for key related literature   

Research Design Study Focus  

Conceptual Qualitative Large-scale 
qualitative 

Cross- 
Industry/Firm 
-Perspective 

IoT 
BMs 

IIoT 
BMs 

New BM 
archetypes 

BM 
Process- 
focused 

BM 
Actionable 
Guidance 

Organizational 
Context for BMs 

BM 
Challenges 

Arnold 
et al., 
2016  

✔   ✔   ✔   ✔     

Arnold 
et al., 
2017 

✔    ✔   ✔  ✔      

Chen et al., 
2022 

✔     ✔  ✔       

Dijkman 
et al., 
2015  

✔    ✔     ✔    

Leminen 
et al., 
2015  

✔    ✔      ✔   

Leminen 
et al., 
2020 

✔      ✔  ✔      

Paiola & 
Gebauer, 
2020  

✔     ✔   ✔    ✔  

Paiola 
et al., 
2022  

✔    ✔    ✔   ✔   

Paschou 
et al., 
2020 

✔      ✔                   

Our Study   ✔✔  ✔✔   ✔✔  ✔✔   ✔✔  ✔✔  ✔✔   
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digitization” section, that focuses on topics of automation, additive 
manufacturing, or big data. In all magazines, IIoT and the underlying 
technologies and BMs are a central pillar of the coverage. We also 
included several mainstream business publications in our search, 
namely The Financial Times, The Economist, Handelsblatt, and Wirt
schaftswoche, because they are high-quality business magazines with a 
particular focus on in-depth information about business and marketing 
strategy and the wider business context. Our selected publications pro
vide insights into different industries and firm perspectives. 

The articles we collected from Handelsblatt, Wirtschaftswoche, 
Maschinenmarkt, VDI Nachrichten, Computerwoche, Markt und Tech
nik are in German. The articles from The Financial Times and The 
Economist are in English. We used these two international business 
publication sources as a counterbalance to the German sources, while 
knowing they contain fewer details on the manufacturing industry. 

To create our dataset we performed a keyword search for the rele
vant period using search terms referring to Industry 4.0 and IIoT, using 
the following keywords: “Industry 4.0”, “Industrial Internet”, “Industrial 
Internet of Things”, “cyber-physical systems”, “batch size one”, “pre
dictive maintenance”, or “smart factory”. We selected these keywords 
because such keywords are most often associated with IIoT (Mauerer, 
2017), and also added the keyword “Integrated Industry” because we 
could see through our literature review that this is also a commonly used 
term. Our keyword search resulted in a set of 6,875 articles. Because our 
specific focus is on IIoT BMs that are known to have been successful in 
practice, we limited our data set to articles where we could infer from 
mentions some measures of success, e.g., gaining new customers or 
revenue growth. To identify these, we screened the articles for in
dications of success as well as terms associated with BM elements from 
Osterwalder et al. (2005) and Osterwalder and Pigneur (2010). By doing 
so, we excluded all articles not related to BM elements, and those that 
were related but not explicitly indicated to be successful in revenue 
generation. This process resulted in 2,139 relevant articles remaining. 
We coded the articles according to the companies mentioned - Table A.1 
in the Appendix provides an overview of the identified companies and 
the respective number of articles per year. 

Because more than one company is addressed in some articles (e.g., 
cooperation between companies), one article may be coded to more than 
one company. Overall, these companies were mentioned 2,961 times in 
a total of 2,139 articles. We then analyzed the content of the articles 
using qualitative data analysis software NVivo (v12) with the coding 
scheme explained in the following section and shown in Appendix A2. 
For reliability, we undertook a dual coder analysis and calculated 
interrater reliability. One of the authors iterated through all articles to 
complete the coding. Once coding was finished and the node structure 
was stable, we engaged a second coder who used the final nodes to code 
all articles independently. The coders then met to discuss and reach a 
final consensus on any discrepancies. The initial interrater agreement 
resulted in an acceptable value for Cohen’s Kappa of 0.6 (Fleiss, Levin, & 
Paik, 2013; Landis & Koch, 1977a,b). Ultimately, the coders discussed 
any coding discrepancies until 100% consensus was reached. We used 
German codes for the German articles and translated the same codes in 
English to code the English articles. 

3.2. Data coding 

We based our content analysis on the BM ontology of Osterwalder 
et al. (2005), i.e. the Business Model Canvas. We created a code for each 
BM element, which consists of various search terms related to the 
respective element (e.g., the search terms: mass customization, risk 
reduction, cost reduction, convenience, or batch size 1 were used for the 
value proposition element). These search terms were derived from 
existing literature in the area of BMs and IIoT (e.g., Arnold et al., 2016, 
2017; Dijkman et al., 2015; Osterwalder & Pigneur, 2010) and enabled 
us to trace the changes in each BM component. Table A.2 in the Ap
pendix provides an overview of the coding structure we applied to 

analyse our data set of successful IIoT BMs. Four of our five first order 
nodes (product, customer interface, infrastructure management, financial 
aspects) reflect the four pillars of BMs and an additional challenges node 
was designed to capture various types of challenges mentioned in the 
articles. Each first order node has a number of second order nodes that 
relate to the BM building blocks within each BM pillar, as well as a finer 
grained typology of challenges (technological and business develop
ment) in the case of the fifth node. Associated with each second order 
node is the third order node, our finest grain of analysis, which repre
sents the search terms we used. 

During our dual coding process, we recognized that our data varied 
with regard to IIoT challenges, the organizational context (incumbents 
vs. start-ups) and IIoT use (IIoT user vs. IIoT vendor). We therefore 
added additional codes to capture these aspects in our content analysis 
in the second round. For IIoT challenges, we coded all verbs and subjects 
associated with “challenge”, “issue” or “problem” in relation to IIoT. For 
the organizational context (incumbents vs. start-ups), we coded based 
on the age of the particular company, which we extracted from the 
DAFNE database or the relevant company’s website. For IIoT use, we 
coded based on the description available in the article, either as “IIoT 
user” or as “IIoT vendor”. We define companies that provide the tech
nologies and infrastructure needed to connect machines, products, 
processes, and people are classified as IIoT vendors. On the other hand, 
IIoT users make use of this technology and infrastructure and integrate it 
into the value chain to optimize existing processes or pursue new BMs. 

3.3. Data analysis 

Following our coding, we conducted a cluster analysis, using Nvivo’s 
inbuilt cluster analysis functionality to derive BM archetypes as well as 
main categories of challenges faced by the relevant companies. The 
Nvivo cluster analysis feature is an exploratory technique that can be 
used to show patterns in data by grouping sources or nodes. The sources 
or nodes in an Nvivo cluster analysis can be clustered by similarities 
such as word similarity. Therefore, Nvivo uses a similarity metric; a 
statistical method used to calculate correlation between items (Nvivo, 
2020). Because Arnold et al. (2016) show that value proposition is the 
most often affected BM element by IIoT, we derive our BM archetypes by 
distinguishing between the types of value proposition that result from 
the merging of the physical and the digital world in the context of IIoT 
(Vermesan et al., 2016). We therefore applied the commonly used word 
similarity measure based on the Pearson correlation coefficient for our 
keywords related to value proposition. Keywords that have a higher 
degree of similarity based on the occurrence and frequency of words are 
clustered together (Nvivo, 2020). 

As second step, we used NVivo queries to connect the other eight BM 
building blocks to the particular type of value proposition and the 
associated challenges. We applied the Compound query that is designed 
to find content that is close to other content (Nvivo, 2020). This pro
vided information not only about the interconnected elements of the 
business model types but also about challenges, the organizational 
context, and IIoT use associated with the particular BM archetype. We 
also performed a frequency analysis to identify the most common 
challenge(s) industrial managers need to address when using a partic
ular BM. In this paper, we report on predominant challenges, i.e., 
challenges that were most frequently identified (using a frequency cutoff 
of 3). 

Table A.3 in the Appendix provides a summary of our analysis on the 
basis of the second order nodes2. To increase insights from this sum
mary, we show the coding per company and with relevance to the four 
clusters of value proposition. 

2 We provide our coding summary on the basis of second order nodes in the 
interest of brevity as the full table is significant in size. Full coding summary 
can be obtained from the authors on request. 
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4. IIOT business model archetypes 

Our analysis resulted in four clusters of value proposition. These are 
the digical solutions - a combination of physical and digital solutions, 
service-centred solutions – where the focus is on selling services, data- 
driven solutions – the focus lies on data collection, processing and anal
ysis, and platform solutions – the focus is on the possibilities of platforms. 
Accordingly, these gave rise to our four IIoT BM archetypes: (a) IIoT 
Digical, (b) IIoT Service-centered, (c) IIoT Data. The IIoT projects 
analyzed in our content analysis capture 467 references to IIoT digical, 
1,867 to IIoT Service-centered, 3,833 to the IIoT Data-driven, and 206 to 
IIoT Platform -driven, and (d) IIoT Platform. IIoT BMs. Accordingly, the 
four archetypes can be the basis of guidance for other companies, but to 
do so we need a more nuanced understanding of their characteristics. 
Fig. 1 summarizes the value propositions for the four IIoT BM archetypes 
and the key characteristics that define them. Table 2 takes a more 
detailed look at the composition of the business models and their core 
characteristics. Specifically, we focus on the relevant organizational 
context (incumbents vs. start-ups), the type of IIoT use (user vs. Vendor; 
as defined earlier), and Osterwalder and Pigneur (2010) four BM pillars. 
In the following four subsections, we explain each IIoT BM archetype 
and include practical examples from the companies in our dataset. We 
also provide direct quotes from our dataset to highlight core challenges 
relevant to each IIoT BM archetype.3 

4.1. IIoT – digical business model 

The IIoT Digical BM is characterized by a progressive evolution of an 
existing BM, with no radical change that might alter the industry logic 
(Emmrich et al., 2015). The model is primarily suited to industrial 
companies (e.g., traditional engineering companies, automobile manu
facturers) that use IIoT technologies to optimize their existing value 
creation processes. Mostly, there is still no complete and consistent 
digitization of the entire value chain, the focus is on particular sub-areas. 
Therefore, the extent of change is limited in this BM type. Companies 
gradually seek to cover multiple layers of the value creation layer model 
by increasingly adding digital elements and connectivity to physical 
products. The value proposition itself remains largely similar and is not 
fundamentally questioned, but it is improved by increasing digitization 
of products or processes. 

The model is suitable to a machine manufacturer, for example, who 
still retains a primary focus on the sale of the machine, but includes 
additional IIoT driven functions that extend existing hardware or soft
ware offerings. The BM archetype therefore is suitable in situations of 
purely physical products, that can be equipped with sensors, actuators or 
communication systems to enable them to become hybrid products, 
which we call "digicals". Digicals are a combination of physical and 
digital components that are customizable, expandable and can 
communicate. Digicals enable companies to offer numerous product- 
related digital services, such as remote maintenance. These extra fea
tures help to improve the overall market valuation of the company’s 
products or services. A good example from our dataset is that of BMW. 
BMW is one of the leaders of digitization in the automotive industry. 
They offer additional digital services such as real-time traffic informa
tion, security warnings, or maintenance service. Schneider Electric is 
another example. They use digital transformation to achieve more yield 
with less energy, fewer raw materials and fewer labor hours (Maschi
nenmarkt, 2018a,b, 2019, 2020). In addition to these exemplified en
hancements, companies who take the opportunity to optimize internal 
processes through IIoT use can achieve shorter delivery times, better 
product or service quality, or greater flexibility (e.g., greater degree of 

customization). 
In this BM archetype, companies have the opportunity to collect 

additional data about user behavior and, therefore, can track customer 
behavior. This is because while the sale of a physical product (asset sale) 
is still at the center of the BM, it has digital components that create data. 
The data can be used for product improvements and additional services 
(Hui, 2014). In addition, communicating regular relevant updates or 
new functionalities can enhance customer loyalty (Hui, 2014). A com
pany from the machine engineering sector, for instance, could use the 
generated data to offer the customer predictive maintenance. Plant 
manufacturers can — and have to — extend their core competencies (not 
solely production, but also data analysis and consulting) to generate 
additional revenue. Moreover, providers can create a digital lock-in by 
integrating digital components in their products and limiting their 
compatibility (Fleisch, Weinberger, & Wortmann, 2015). 

In our analysis of BM elements aligned with the IIoT Digical BM, a 
high proportion of the customer interface BM element is connected to 
increasing individualization (78%) and customer integration in the 
value creation process (65%). The most discussed topics related to the 
infrastructure management BM element are process optimization due to 
the integration of new technologies and the digitalization of the value 
chain (42%), investment in technology factories (32%), development of 
comprehensive software know-how (56%), and acquisitions and coop
eration (42%). Of the references reporting on the financial aspects BM 
element, 68% indicate that revenues are still mainly generated with the 
product sale, 46% indicate an improved value proposition allowing 
companies to set higher prices, and 32% report that additional revenues 
are generated due to higher number of product-related services. 

The predominant challenge relating to IIoT digical BMs is stan
dardization for physical-digital interfaces. There has been an increasing 
trend in interactions between the physical and the digital world. Unified 
or tiered interfaces and viable IIoT networks might lead to increased 
production efficiency, which in turn reduces the interaction complexity. 
Computerwoche (2014), VDI Nachrichten (2015) and Computerwoche 
(2018) highlighted this issue. For example: 

Cisco: “The interface between the digital and the physical world is a huge 
challenge for the entire industry, with many implications of various 
kinds.” (Computerwoche, 2014, p. 48) 

Pilz GmbH: “The challenge is bringing together and standardizing the 
requirements of both worlds to create practicable solutions. Networking 
increases functional diversity and brings about interactions. The variety of 
functions increases, and with it the corresponding interactions.” (VDI 
Nachrichten, 2015, p. 12) 

Software AG: “The challenge is to capture data from machines of 
different manufacturers and production vintages and make it available 
via open interfaces to third-party systems for corporate planning (ERP/ 
SAP) as well as systems for PLM, CAQ, tool management, predictive 
maintenance or artificial intelligence (AI).” (Computerwoche, 2018, p. 
34) 

4.2. IIoT – service-centered business model 

Compared to IIoT Digical, the IIoT Service-centered BM archetype 
doesn’t use sensors just as an add-on or an extra service feature. Instead, 
the service-centered business model is focused on the selling of services 
completely based on IIoT technology. This archetype is characterized by 
a high service-orientation. Service-orientation can, in general, be cate
gorized in two manifestations: (1) creating a product-service-system, 
where in addition to the core product sold, additional services are 
created and commercialized (this is aligned with the “Digical BM” 
above) and (2) selling the product as a service, where the customer only 
pays for usage. This second manifestation of service orientation is 

3 Where quotes originate from German publications, they are provided in the 
paper translated into English. The translation was carried out by the lead 
author. 
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aligned with the Service-centered BM archetype. 
This BM archetype is relevant to technology and machine vendors 

who change from the traditional model where products are sold once for 
a fixed price, to a pay-per-usage model where the payment is dependent 
on product use. In other words, the product is fully sold as a service. In 
such a model, the machine manufacturer remains the owner and is 
responsible for the operation of the machine (Obermaier, 2016). The 
new value proposition is the availability of the product at a given time. 
One example from our dataset is Siemens, who provides trains to various 
operators (e.g. in Spain) using a service-centered BM. Instead of selling 
trains or maintenance agreements, Siemens sells availability (Markt & 
Technik, 2016). By using a service-centered BM, and associated non- 
ownership contracts, customers can reduce uncertainty and “reap the 
benefit of manufacturing performance as an input for their own value 
creation” (Ehret & Wirtz, 2017, p. 119). Another notable example in our 
dataset is that of Deutsche Telekom. Deutsche Telekom. offers customers 
complete systems as a service, providing the entire system as a bundled 
service starting right from the antenna to the edge computing set-up on 
which the data is processed (Handelsblatt, 2019). 

This particular IIoT BM archetype is also suitable in cases where the 
machine can be used by more than one customer, i.e. during inactive 
times of one customer the machine can be used by another customer 
(McKinsey Digital, 2015). This enables companies to increase their 
customer base. Increasing service-orientation enables companies to 
generate recurring instead of one-time revenues. Key resources in the 
service-centered BM are value creation networks and machine specific 
know-how needed to develop new services. Key partners are companies 
whose core competency lies in data analytics (e.g., Endres & Helm, 
2015). 

In our analysis of BM elements aligned with the IIoT Service-centered 
BM archetype, a high proportion of the customer interface BM element is 
connected to the B2B target group (72%), to gaining insights into 
customer behavior and therefore developing customer-tailored, addi
tional services (58%), and to the importance of long-term customer re
lationships (42%). Of the references reporting on the infrastructure 
management BM element, 74% emphasize the production of goods as 

well as data analysis as key activities. The other topics that are covered 
by the references in this BM element are software specialists (27%), 
acquisitions and cooperation (48%), IIoT vendors, such as analytics 
companies, as key partners (37%), and operation and maintenance of 
the product as key activity (technicians at customer site) (53%). The 
most discussed topics in terms of the financial aspects BM element are 
pay-per-use-model (63%), recurring, variable revenues (55%), and 
usage of customers to reduce fixed costs (29%). 

The predominant challenge relating to IIoT Service-centred BM is 
identifying suitable partners and setting up strategic collaborations to 
meet the complex technological infrastructure and IIoT environment. 
Working with an IIoT partner helps companies address strategic chal
lenges with services, allowing clients to ensure that they have the cul
ture, technology, and capabilities in place for achieving the required 
outcomes. Maschinenmarkt (2017) highlighted this issue. For example: 

Connyun: “ […] with the complexity of industry 4.0, strategic partner
ships will become favourable, if not necessary […]. A circle of partners 
needs quickly to be found to be able to meet this challenge together.” 
(Maschinenmarkt, 2017, p. 18) 

4.3. IIoT — data-driven business model 

The basis of the IIoT Data-driven BM archetype is a new method of 
data collection and usage, which is enabled by integration of sensors. 
The efficient usage and analysis of data is the main success factor of such 
a BM (Porter & Heppelmann, 2015). Unlike the Digical business model 
and the Service-centered business model, the IIoT Data-driven business 
model is suitable only for companies that invest in IIoT sensors and 
collect data on behalf of their clients. To create a data-driven BM, 
companies must define what they want to achieve with big data and how 
the data can be generated. Furthermore, it is essential to know how the 
data will be monetized and what barriers will arise while putting in 
place the BM. 

Start-ups in particular use predominantly pay-per-usage (fee for the 

Fig. 1. Overview of the summarization of the four business models  
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use of a particular service) or subscription fee (fee for the use of the 
service) revenue models, where the data are at the center of the BM 
(Porter & Heppelmann, 2015). The companies charge a fee for the 
generation, preparation, aggregation, or analysis of the data. The main 
difference to service-centered BMs is that data generating products are 
not the focus here, instead data is the core of the BM. In the literature, 
the term “sensor as a service” BM is used as a synonym (Fleisch et al., 
2015). 

In the industrial context, data-driven BMs can be successful and are 
likely to be increasingly used in the future, because they help companies 

to handle the enormous volume of data generated by connected prod
ucts. IIoT creates new opportunities beyond the factory floor because 
companies can use new capabilities, like industrial clouds or various big 
data analysis approaches, to exploit information available worldwide for 
raising productivity. The integration of data from different areas and 
sectors (e.g., industrial data, service market data, data from the micro- 
or macro-environments) in turn enables new BMs. One such example 
from our dataset is GE. GE, for instance, processes important informa
tion from weather forecasts or energy markets and sells the data to their 
customers. 

Table 2 
IIoT Business model classification and key characteristics   

IIoT Digical IIoT Service-centered IIoT Data-driven IIoT Platform 

Organizational 
context 

Mainly incumbents Mainly incumbents Mainly start-ups Incumbents and start-ups 

Type of IIoT use Mainly IIoT-users Mainly IIoT-users Mainly IIoT vendors IIoT-users and IIoT vendors 
Product Value proposition: 

New product-related digital services 
Value proposition: 
not the product itself but the 
availability of the product is offered 
through services that are completely 
based on IIoT technology; producer 
remains machine owner and operates 
the machine 

Value proposition: 
the efficient usage, analysis and 
processing of IIoT data 

Value proposition: 
efficiency enhancement of the entire 
value chain; IIoT data is combined 
and processed to identify new IIoT 
BMs in the cloud- enables the creation 
of a value creation network 

Customer Interface Target group: B2B and B2C      

Customer benefit: increasing 
individualization of the products         

Customer relationships: customer 
integration in the value creation 
process 

Target group: especially B2B      

Customer benefit: companies gain 
insights into the user behavior of the 
customer => customer-tailored, 
additional services can be developed  

Customer relationships: long-term 

Target group: B2B and B2C      

Customer benefit: customers gain 
new insights into their machines 
and processes and can improve 
their business outcome    

Customer relationships: high 
customer loyalty due to lock-in and 
new functionalities 

Target group: B2C (mainly 
transaction platforms) and B2B 
(integration platforms)  

Customer benefit: 
customers are enabled to exchange 
products, services, and information 
via predefined communication 
streams 
Customer relationships: can develop 
new target groups since former 
competitors often become important 
customers in platform BM 

Infrastructure 
management 

Key activities: 
process optimization due to the 
integration of new technologies and 
the digitalization of the value chain; 
development of comprehensive 
software know-how  

Key resources and key partners: 
acquisitions and cooperation; 
investment in technology factories 

Key activities: 
production of the goods as well as 
data analysis; operation and 
maintenance of the product 
(technicians at customer site)      

Key resources and key partners: 
software specialists; acquisitions and 
cooperation; 
IIoT vendors (e.g., analytics 
companies) 

Key activities: data generation, 
processing, aggregation, analysis, 
and visualization; development of 
suitable interfaces for the customer 
systems and software updates   

Key resources and key partners: 
sensors; adaptable algorithms; 
efficient IT-infrastructure; 

Key activities: integration of new 
customers, developers and partners in 
order to increase the attractiveness of 
the platform; platform integration     

Key resources and key partners: 
investments in platform development 
and integration; platform partners 
and developers 

Financial aspects Revenue models: revenues still 
mainly generated with the product 
sale but increased due to higher 
number of product-related services    

Implications and costs: improved 
value proposition allows companies 
to set higher prices 

Revenue models: pay-per-use-model 
(e.g., operating hours of the machine, 
produced quantity)      

Implications and costs: recurring, 
variable revenues; customers can 
reduce fixed costs 

Revenue models: subscription fee, 
pay-as-you-grow pricing and 
freemium models, with additional 
revenue from consulting activities  

Implications and costs: low fixed 
costs (less physical assets, no 
production facility necessary); but 
development costs for software 
and algorithms 

Revenue models: subscription fee and 
freemium models        

Implications and costs: low fixed costs 
(less physical assets, no production 
facility necessary); costs for 
development and maintenance of the 
platform 

Key challenges 
when using the 
particular BM 
type 

Standardizing of physical-digital 
interfaces 

Identifying suitable partners and 
establishing strategic collaborations 

Securing IIoT data networks 
against unauthorized interference; 
integrating data 

Maintaining direct customer 
relationships  
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Our analysis of BM elements aligned with the IIoT Data-driven BM 
archetype indicates that, from a customer interface element perspective, 
the model is used mainly by IIoT users, who apply data analytics for 
process optimization or for the development of new BMs (67%). Further, 
the references relating to this BM element indicate higher customer 
loyalty due to lock-in and new functionalities (44%). A high proportion 
of the references relating to the infrastructure management element are 
about data generation, processing, aggregation, analysis, and visuali
zation as key activities (72%), descriptive/predictive/prescriptive 
analysis (48%), sensors, adaptable algorithms and efficient IT- 
infrastructure as key resources (57%), and development of suitable in
terfaces for the customer systems and software updates as key activities 
(77%). The references relating to the financial aspects’ element discuss 
mainly subscription fee (71%), pay-as-you-grow pricing and freemium 
models (34%), development costs for software and algorithms (47%), 
low fixed costs (less physical assets, no production facility necessary) 
(71%), and additional revenues due to consulting activities (42%). 

There are two key challenges relating to this BM archetype, viz. data 
security and integration. From a security perspective, firms have to 
ensure that their IIoT data networks are guarded against unauthorized 
interference. This is particularly critical for organizations that use Data- 
driven IIoT BMs because they need to build trust by providing safe data 
security systems. Numerous references referred to this challenge. For 
example: 

Cisco - “Another challenge will be the security and integrity of data 
transmission.” (VDI Nachrichten, 2017, p.28) 

Weidmüller - “Securing the industrial 4.0 network against unauthorized 
interference of any kind will be a particular challenge.” (Maschi
nenmarkt, 2014, p. 14) 

From a data integration perspective, the challenge lies in converging 
complex industrial process data with ERP systems and tools. This raises 
the need for standardized transfer, processing and storage of data. 
Numerous references made mention of this challenge. For example: 

Cisco - “The greatest challenge will be the definition and implementation 
of uniform structures and standards for the transfer, processing and 
storage of data.”… “It is also necessary to adapt the underlying ERP 
systems. Instead of today’s central systems, decentralized systems are 
more necessary, which unfold their functionality on site.” (VDI Nach
richten, 2017, p.28) 

Daimler - “Industry 4.0 is certainly a special challenge for tool and ma
chine manufacturers, because of converging the process data in a tool and 
the machine.” (Maschinenmarkt, 2015, p. 35) 

4.4. IIoT — platform business model 

The IIoT Platform BM archetype is particularly suitable for com
panies that can provide ready-made platforms with interfaces to use the 
data released by customers or users of the platform. Platforms can 
support companies in the implementation of the Data-driven BM 
because they connect market players and enable the exchange of best 
practices (Evans & Gawer, 2016). Hence, firms often apply a Platform 
BM together with a Data-driven BM. One example from our dataset is 
Relayr. Relayr enables industrial customers to analyze the data gener
ated by their machines. The data is combined and processed to identify 
new BMs in the cloud. Schindler services its elevators with the help of 
Relayr (Handelsblatt, 2016). Relayr’s BM is solely based on the provi
sion and processing of data and the associated consulting activities. The 
company operates in the industrial sector without producing a physical 
product other than manufacturing and using sensors which they use to 
generate the data). The data itself and the analysis of it are the central 

value proposition of Relayr. 
In the context of IIoT, different sectors are growing together more 

strongly. Companies try to establish product-service-systems, where 
products and services of different sectors are integrated because they 
aim to create a holistic solution for customers (Porter & Heppelmann, 
2014). Therefore, companies should use open-innovation approaches 
and platforms in their BMs to integrate external and specific knowledge 
in the production process (BMWi, 2015). In our dataset, the case of the 
agricultural engine producer Claas illustrates how this can work. Claas 
established an open platform structure called 365Farm Net, where Claas 
and other companies (from various sectors) offer their services. The 
chemical firm Bayer, for instance, provides agricultural information 
relating to weather and provides advice about which plant protection 
products should be used and at what time. The farmers share their ex
periences about fields, harvests and pest infestation. All the information 
is collected in a virtual cloud. Currently, over 2000 farmers are using the 
chargeable platform. This example shows how a successful platform 
between key business partners and customers can be created 
(365FarmNet 2017). 

The incorporation of IIoT via a platform enables vendors to create 
niche markets with new customer segments. Due to the increasing 
service-orientation, products are becoming more interesting for other 
customers, because they do not have to buy the whole product, but only 
pay for the usage. Moovel, a subsidiary of Daimler, exemplifies this in 
our dataset. The platform sells mobility as a service and offers different 
means of transport via a mobile application to customers. Moovel has 
shares in MyTaxi, Carpooling.com or Flixbus and has created an extensive 
partner network. Serving as a mediator for means of transport, Moovel 
broadens the portfolio of Daimler (Emmrich et al., 2015; Moovel, 2017). 
Apart from selling cars (target group: mainly affluent, 40+) Daimler 
additionally takes on the role of the mobility provider, which enables the 
company to reach different customer segments (young people) and build 
long-lasting relationship with them, potentially leading them into a 
different target group in the future. 

The importance of platforms as a communication and distribution 
channel is increasing in the IIoT context because it enables firms and 
customers to exchange products, services, and information via pre
defined communication streams. First, platforms can be used to increase 
attention about, and awareness of, new products (McKinsey Digital, 
2015). Second, these channels can be used for machinery and plant 
engineering. On a technology platform, various companies from one 
sector (and also external firms) could offer diverse services and solutions 
(e.g., availability of production capacity, an efficient configuration of 
production lines, training) to customers. Third, platforms can support 
customers during the buyer decision process. In the manufacturing in
dustry, there is a tendency towards “contract manufacturing,” where 
companies predetermine the desired parts with the help of CAD models 
(McKinsey Digital, 2015). Based on these specifications, the machine 
manufacturer realizes the production of the parts. SLM Solutions, a 
producer of 3D printers, and the software company Atos, for instance, 
have started a pilot project for the development of an integrated B2B 
platform for 3D printing (Atos, 2014). The aim of this project is the 
creation of a production network, where the machines are connected via 
the Internet and orders can be produced with an optimal operating rate. 

Our analysis of BM elements aligned with the IIoT Platform BM 
archetype, indicates that, from a customer interface element perspective 
the target group is mainly B2C for transaction platforms (78%) and B2B 
for integration platforms (66%), and companies can develop new target 
groups since former competitors often become important customers in 
platform BM (41%). For the element of infrastructure management, 78% 
of the identified references report that one key activity is the integration 
of new customers, developers and partners to increase the attractiveness 
of the platform. The remainder mainly talks about platform integration 
(42%). The references to the financial aspects for IIoT Platform BM are 
divided into three major topics/aspects: 67% subscription fee, 37% 
freemium models, and 72% costs for development and maintenance of 
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the platform. 
A key challenge relating to IIoT Platform BMs stems from the risk of 

companies losing direct connection to their customer base. They have 
primarily indirect (and impersonal) contact through external IIoT plat
form providers, who act as gatekeepers between the customers and the 
organization. Markt and Technik (2016) and Computerwoche (2018) 
highlighted this challenge. For example: 

Phoenix Contact - “The challenge is […] that new platforms […] shift 
between the manufacturers and the customers: The manufacturers have 
the costs, the customers the money. The platforms establish themselves as 
gatekeepers between us and the customers. We lose the direct contact to 
the customers. The gatekeepers tell us what the customer orders. That is 
the big danger!” (Markt & Technik, 2016, p. 1) 

Software AG – “The sales department has to keep getting the customer to 
come back to the platform. The way it has been - the deal is done for the 
distributor and the service takes over -, it won’t be anymore. This is 
especially true for machine builders. These would have previously main
tained a close relationship with the customer. You have to take that into 
account with platforms and catch up with appropriate business models.” 
(Computerwoche, 2018, p. 32) 

5. Discussion 

Our study identified four main archetypes of IIoT BMs successfully 
used in practice, viz. IIoT Digical, IIoT Service-centred, IIoT Data-driven 
and IIoT Platform, together with core challenges relating to their use. 
Our use of the Business Model Canvas provided the means for a finer 
grained analysis of characteristics relating to specific BM elements, thus 
articulating the composition of BM elements that underlie the BM ar
chetypes, as summarized in Table 1. We make a specific distinction in 
our analysis for IIoT vendors and IIoT users. Recall that companies that 
provide the technologies and infrastructure needed to connect ma
chines, products, processes, and people are classified as IIoT vendors. On 
the other hand, IIoT users make use of this technology and infrastructure 
and integrate it into the value chain to optimize existing processes or 
pursue new BMs. In the below discussion we articulate this distinction 
where relevant to the BM archetype. 

Recall that the IIoT Digical BM archetype is best suited to companies 
with existing physical products that can be enhanced through IIoT 
sensors to create additional value. Our analysis shows that, this model is 
best suited to companies who are IIoT users, as opposed to vendors, who 
aim to increase individualization and integrate customers, be it in
dividuals or other companies, into their value creation process. Suc
cessful implementation results in improved value proposition through 
the evolution of physical products into hybrid (digical) products and 
also through process optimization, with revenue still mainly coming 
from the sale of products. Companies implementing this type of BM need 
to be mindful of either developing in-house software expertise, or 
potentially outsourcing software development or making related ac
quisitions (Endres, Huesig, & Pesch, 2022). This BM archetype is typi
cally used by incumbents in our dataset. It is also suitable for start-ups 
with a new hybrid product, however resource constraints make this 
model more accessible to incumbents. 

The IIoT service-centered BM is suitable for companies that serve 
customers who do not own or do not want to own products. Companies 
that use this BM provide IIoT technology services by supplying, for 
instance, the sensors to other companies as a B2B partnership. Cus
tomers or industries seeking services from such vendors only pay for the 
use of the sensors. The same sensors can be reused by another company 
and so on. Thus, a market is created for the companies operating on IIoT 
service-centered BMs. To address core implementation challenges, 
companies using this BM archetype should consider building competi
tive advantage by implementing IIoT solutions through long-term 

partner networks. As a result, they will be even better positioned to 
deliver the right IIoT services for their customers’ needs. 

IIoT data-driven BM is particularly suitable to be adopted by com
panies who invest in sensors and have deep data analytics expertise. 
While such a BM can be utilized by incumbents with the requisite 
expertise, it is typically used by start-ups due to the focus on analytics 
and lower resource requirements. Established incumbents often have 
legacy infrastructure, systems, and processes that can be challenging to 
integrate with IIoT solutions. Startups, on the other hand, are more in
clined to experiment with the emerging IIoT technologies. By leveraging 
this data, startups can identify inefficiencies, optimize operations, and 
reduce costs. For example, predictive maintenance using data from IIoT 
sensors can help prevent equipment failures and minimize downtime. By 
its nature, the type of IIoT use indicates it is suited to IIoT vendors. The 
main value proposition comes from selling data insights, with customers 
being able to track their machine or process performance for a fee 
(typical revenue models are subscription or fremium models), but there 
are development costs associated with algorithm development and 
initial sensor outlay. Because companies employing this model use 
sensors to collect data on behalf of other industries/companies, who are 
their clients, the BM leads to B2B partnerships and is aligned with higher 
customer loyalty due to lock-in and new functionalities. However, 
challenges arise in data integration, leading to a need for standards for 
processing of data as well as staff training to improve technical capa
bilities relating to data quality and data integration. 

The IIoT platform BM is suitable for companies who have requisite 
platforms to act as mediators between two or more companies to ex
change information. The information collected by a firm registered with 
the platform can be shared with other companies registered on the 
platform. This platform is, in essence, a distribution channel and can be 
B2B in case of integration platforms and B2C in case of transaction 
platforms, allowing companies to identify new target user groups. 
Revenue models are the same as in the data-driven BM, and costs are 
associated with developing and maintaining the platform, as well as 
marketing activities to integrate new customers, which in turn makes 
the platform more attractive to others. However, companies that use 
IIoT Platform BMs have to consider how to also maintain and improve 
direct customer relationships, and need to put in place related infra
structure and services for this. 

Overall, our classification and finer grained details provide useful 
insights for companies striving to formulate and implement an IIoT BM. 
Our approach to focus on successfully applied IIoT BMs in practice 
builds on prior conceptual studies in the IIoT domain, and also provides 
a finer grained lens on specific business model elements, allowing us to 
provide core changes relating to aspects of BMs relevant to researchers 
from different domains (e.g., marketing or strategy). Through our clas
sification we also extend existing literature on value creation, value 
capture, and value delivery with business models (Åström et al., 2022; 
Kim et al., 2019; Reuschl et al., 2022; Sjödin et al., 2020) and provide 
new insights on how companies successfully unlock the business po
tential of IIoT (Baiyere, 2016; Ehret & Wirtz, 2017; Müller et al., 2018). 

6. Conclusions, limitations, and future research 

In this article we identified four main IIoT BM archetypes that are 
successfully used in practice, viz. IIoT digical, IIoT service-centered, IIoT 
data-driven, and IIoT platform. Using a fine-grained analysis based on 
the Business Model Canvas, and considering incumbent and start-up 
companies, we also contribute to the body of knowledge on IIoT BMs 
by providing a more nuanced understanding of the characteristics of 
each BM archetype. Our results add to the limited body of empirical 
evidence of BMs in the context of IIoT. We provide insights for re
searchers by highlighting existing practice and identifying which types 
of BMs are appropriate in which contexts. Our results are intended to 
guide practitioners by providing a consolidation of successfully used BMs 
and their characteristics, which can help organizations determine what 
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BMs might be suitable at a given point of time. Further, we identify main 
challenges experienced by companies implementing the identified IIoT 
BMs, providing insights on roadblocks to success. 

6.1. Practical implications 

The findings from our study highlight several implications for in
dustrial (marketing) managers and provide insights on which IIoT BMs 
are appropriate and fit together along with the relevant mechanisms 
through which value can be created. Inspired by Van der Borgh, Xu, & 
Sikkenk (2020), we summarize these using CIMO (Context, Intervention, 
Mechanism, Outcome) logic to provide clear guidance on when and how 
a specific IIoT BM is likely appropriate, and how it leads to value 
generation. 

Specifically, we view the identified IIoT business models as general 
interventions that help companies improve outcomes by using specific 
mechanisms. These mechanisms are based on BM elements that we have 
identified in our dataset of successful IIoT BMs, which also help to 
overcome the earlier identified BM challenges. We summarize these in 
Table 3. 

In addition to these specific BM implications, we outline several 
general practice implications for companies considering IIoT. First, as a 
result of the increasing digitalization and interconnectedness of pro
duction, new core competencies are emerging and, consequently, new 
work requirements will arise for the workforce. Employees need more 
knowledge in software development as well as in data analysis as this is 
one of the core activities in new BMs. Second, the same software coding 
is being used for all products, which increases the vulnerability to piracy 

- as the markets for apps or digital programs illustrate. This is the reason 
why the so-called "all-or-nothing markets", in which one provider has a 
monopoly position, are increasing (Wildemann, 2016). Especially in the 
case of platforms, where network effects are an essential characteristic, 
it is important to reach the critical mass in a short period of time. Third, 
the creation of new organizational structures is required to support new 
BMs. To stay competitive in the IIoT context, established companies 
have to adapt or innovate their organizational structures (Endres, 
Weber, & Helm, 2015). Current organizational structures are often not 
suitable for the new business environment. Production companies are 
becoming a mixture of hardware and software companies due to the 
increasing integration of information and communication systems and 
the resulting intelligent, connected products (Porter & Heppelmann, 
2015). Finally, we see a need for the formation of strategic partner 
networks. Particularly, established companies in the field of plant con
struction and engineering need to build up competencies in the area of 
data aggregation and analysis to offer new, data-driven services in 
addition to their products. Therefore, they should cooperate with ICT 
companies who have experience and knowledge in this area. 

6.2. Academic implications & future research 

Our study contributes to the emerging academic body of knowledge 
on IIoT business models. While several classifications have been pro
posed in prior research, our study is the first to consider successful IIoT 
BM use. It shows that such analysis results in identification of new IIoT 
BMs with a specific composition necessary for capturing value from IIoT 
that were previously not recognized in the literature – namely IIoT 

Table 3 
Practical Implications illustrated with the CIMO logic  

Context Intervention Mechanism Outcome 

Particularly IIoT-using incumbents 
with existing physical products 

using digical IIoT BMs, where the 
combination of industrial tools 
and industrial digital process 
solutions is the focus 

-by identifying key industrial physical products 
-by enhancing existing key physical products with 
industrial sensors or communication systems, for 
instance, to monitor real-time data on 
temperature, humidity, energy consumption, and 
equipment performance with revenue still coming 
primarily from product sales. 
-by having a targeted data structure in conjunction 
with reliable and intuitively operable industrial 
devices. 

delivers value to customers, such as improved 
processes, optimized energy efficiency, improved 
maintenance schedules, or remote diagnostics. 

Particularly companies that serve 
customers who do not own or do 
not want to own products 

using IIoT service-centered BMs 
where industrial services are the 
primary focus 

-as a B2B partnership, by supplying or leasing 
several adaptable sensors (for example) to other 
companies. 
-by using and analyzing this data generated, 
enhanced with machine learning 
-by letting the customer pay for the use of the 
sensors and 
-by overcoming implementation challenges, such 
as not-yet-established industrial ethernet 
standards, for their customers in a long-term 
partnership. 

enables appropriate value-creating IIoT services 
for customers such as network utilization, traffic 
monitoring, or predictive maintenance to 
eliminate defective turnouts as a reason for delay 
- in an economically optimal model. 

Particularly companies who invest 
in sensors and have deep data 
analytics expertise (often start- 
ups) 

using IIoT data-driven BMs where 
data generating products are the 
focus 

-by experimenting with the emerging IIoT 
technologies and leveraging the data. 
-by addressing the challenge of integrating data 
from different areas and sectors (e.g., industrial 
data, service market data, data from the micro- or 
macro-environments), through the creation of 
standards for data processing and staff training 

-can identify inefficiencies, streamline the 
operations, and reduce costs 
-leads to B2B partnerships and increased 
customer loyalty through lock-in and new 
functionality. 

Particularly companies that have 
the necessary platforms to act as 
intermediaries between two or 
more companies. 

using IIoT Platform BMs where the 
industrial platform is the primary 
focus 

-by developing, maintaining, and marketing the 
platform (B2C- transaction platform or B2B- 
integration platform) to integrate new customers 
-by maintaining and improving direct customer 
relationships by adding value to the customer, 
such as spending less time on bureaucratic 
activities and more time on their core business, and 
must build the infrastructure and services to do so. 
-by effectively managing the risk of the companies 
losing direct contact with their customer base due 
to the platform. 

allows companies to identify new target user 
groups since former competitors often become 
important customers in platform BM  
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digical, IIoT data-driven, and IIoT platform. These are in addition to the 
IIoT service-centered BM, which was already identified in a prior clas
sification by Arnold et al. (2017). Because our analysis was a fine 
grained one, facilitated by our focus on the elements of the Business 
Model Canvas, we were able to contextualize successful applications of 
these new BM archetypes in practice. It also allowed us to build on the 
work of Arnold et al. (2017) to provide a more detailed understanding of 
the IIoT service-centered BM, from a successful use perspective. In doing 
so, our work helps to inform researchers working in this domain. 

There are several fruitful directions in which researchers could build 
on these findings. First, while data on IIoT BM implementation failures is 
hard to find, an important direction is a comparison of these successful 
cases to unsuccessful ones. It is unlikely that such data can be found at a 
large scale, indicating that case study research being an important 
avenue to compare and contrast successful and unsuccessful cases to 
enrich the body of literature. Second, BMs evolve over time. Our study 
provided a snapshot of successful IIoT BMs in practice, but we see sig
nificant potential in studying the evolution of IIoT BMs. The Business 
Model Canvas provides an ideal basis for such a study, as one can track 
changes in the underlying BM elements to uncover the evolutionary path 
that organizations take through these archetypes as their context 
changes. Third, it is important to also understand how traditional BMs 
have evolved following the introduction of Industry 4.0 (Paschou et al., 
2020). To this end, researchers can explore how service centered BMs, 
for example, have evolved with advances in IIoT technologies. Finally, 
we see a need for large scale empirical studies on barriers and enablers of 
IIoT usage to better inform the researchers and the practitioners. 

6.3. Limitations 

Our study is not without limitations. First, as with any qualitative 
research, there is a risk of bias in the coding of our data. To mitigate this 

risk, we used a dual-coder approach. Second, we recognize that a large 
proportion of the publication outlets were German. However, the scale 
of publications identified (over 2000) and our inclusion of international 
outlets, as well as business magazines, reduces the risk of relying on a 
particular country context. Finally, while our analysis is based on suc
cessful implementations of IIoT BMs as outlined in industry magazines, 
it would be beneficial to further empirically validate it. We did so 
informally through conversations with seven practitioners with an 
average of six years senior industrial manager experience. While they 
offered supporting examples from their own knowledge or experience in 
the field, which helped us to confirm the archetypes, we note the need 
for a broader evaluation. 
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Appendix 

Eq. (A.1) Articles per firm in 2011-2020  

Company 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 (01-09) Total 

Established companies 
Daimler - 2 8 10 22 28 13 7 13 4 107 
BMW - - 3 1 14 14 6 11 16 3 68 
Audi - - 3 4 13 11 5 15 6 4 61 
Siemens 1 4 15 26 42 53 21 40 45 8 255 
Bosch - 1 5 8 22 27 16 20 30 4 133 
Phoenix Contact - - 3 11 6 14 7 11 9 5 66 
ABB - 1 4 7 15 26 12 11 13 2 91 
GE - - 6 6 14 23 6 12 3 2 72 
Festo - 1 3 9 11 5 7 13 12 3 64 
Pilz GmbH - - 3 6 11 16 5 7 9 1 58 
Weidmüller Interface - - 8 9 12 9 5 12 10 4 69 
Rittal GmbH - - 2 6 7 15 1 11 17 2 61 
KUKA - - 4 8 19 28 12 12 5 4 92 
Trumpf GmbH 1 2 6 6 13 24 8 12 12 6 90 
Claas KGaA mbH - - 1 2 5 8 - 3 1 - 20 
Microsoft - - 4 12 17 34 14 19 22 12 134 
Google - - 6 16 25 21 12 21 14 4 119 
Cisco - - 3 14 15 9 11 11 21 5 89 
Deutsche Telekom - - 2 3 10 13 7 17 15 3 70 
Accenture Plc 2 1 3 5 3 - 3 5 2 4 28 
Alibaba - - - - 1 2 4 8 3 2 20 
Amazon 2 - - 8 3 14 29 26 22 12 116 
Apple - 1 - 6 2 10 9 8 9 2 47 
Atlantik Elektronik - - - - - - - - 1 3 4 
Basler AG - - - - - 1 3 1 2 3 10 
Bayer AG - - - 3 - 3 2 8 6 4 26 
Bystronic - - - 1 2 - - 7 2 2 14 
CommScope Inc. - - - - - - - 1 1 - 2 
Continental AG 1 2 - 4 3 5 5 12 9 2 43 

(continued on next page) 

H. Endres et al.                                                                                                                                                                                                                                  



Industrial Marketing Management 119 (2024) 90–107

102

(continued ) 

Company 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 (01-09) Total 

Cypress - - - 2 - 2 - - 1 2 7 
Fujitsu K.K. - - 2 - - 1 2 9 5 1 20 
Huawei 2 1 1 - 2 6 8 11 15 3 49 
IBM 2 2 4 9 15 18 24 14 10 5 103 
Infineon Technologies AG 2 - 1 4 5 6 6 7 3 1 35 
Intel 1 1 1 4 8 13 14 11 4 5 62 
Kontron S&T AG - - 1 - - 1 1 9 10 5 27 
Kyocera K.K. - - - - - - - 2 - - 2 
Mapal Dr. Kress - - - - 1 - 2 3 2 4 12 
Maxim Integrated - - - 3 2 2 2 5 3 3 20 
Micron Technology Inc. - - 1 - - - - - 4 3 8 
Mitsubishi - - - 1 3 2 3 8 4 2 23 
Nokia - - - 1 2 4 2 6 6 1 22 
Nvidia - - - - 1 1 4 4 14 10 34 
Profibus & Profinet (PI) - - - 3 - 2 - 12 3 6 26 
Qualcomm Inc. - - - - - 2 6 3 10 3 24 
Recom Electronic - - - - - 1 1 2 - - 4 
Red Hat - - - - - - - - 3 1 4 
Rohde & Schwarz - 1 - - - 1 1 2 4 2 11 
Samsung - - 1 1 3 4 4 4 4 3 24 
SAP - 3 - 12 18 22 21 28 11 10 125 
Schneider Electric SE - - - 1 - 5 2 10 6 1 25 
Sigfox - - - - - 3 1 4 5 4 17 
Software AG - 1 - 2 3 1 11 9 5 6 38 
STMicroelectronics N.V. - - - 1 - 2 1 - 3 1 8 
Swissbit - - - - - - 1 - 4 2 7 
Telefónica Deutschland Holding - - - - - 2 1 10 6 2 21 
Thyssenkrupp AG - 1 - 1 3 5 4 12 7 4 37 
Turck GmbH & Co. KG - - - 1 - - 1 8 2 1 13 
ZF Friedrichshafen AG - - - - - 1 2 7 7 4 21 
Start-Ups            
Relayr - - - - - - - 5 1 1 7 
Konux - - - 2 4 7 5 - - 2 20 
Axoom - - - - 3 23 8 5 4 2 45 
Cybus GmbH - - - - - 1 1 1 1 - 4 
365 FarmNet - - - 4 1 2 1 - 1 - 9 
ProGlove - - - - 2 7 1 2 2 1 15 
Connyun - - - - - - 3 - - - 3  

Eq. (A.2) Used codes for content analysis (translated to English)  

Product 

Code 
name 

Value proposition 

Used terms Value proposition, product, service, service, (risk | cost) reduction, mass customization, innova (tion | tive), quality, performance, update, customization, design, 
comfort | comfortable, user friendly, batch size (1 | one), sales pitch, price, extension, expansion, improvement, optimization, tracking, maintenance, evolution | 
advancement, add-on (features), orientation (service), value creation, algorithm(s), evaluation, monetization, attractiveness, exchange, ecosystem, insight(s), physical 
(analog) & digital (hybrid), (additional | new) service(s), store, transaction (mediator | types), machine (rent), availability, ecosystem, data evaluation, network, detail, 
(better) digitalization, (based on) data (analysis | insight(s)), (rather) analog, similarity, improving (previous), efficiency, radical (change) 

Customer Interface 
Code 

name 
Customer relationship 

Used terms Customer (relationship | loyalty | integration | involvement | support | service | portal | individualization | personalization | customization), co-creation, long-term, 
competitors to customers, lock-in, process optimization 

Code 
name 

Customer segments 

Used terms Mass market, niche, segment, B2B, B2C, customer segment, customer (tailored | fitted | adapted), insight(s), customer behavior, (new) target, IIoT-user 
Code 

name 
Channel 

Used terms Communication, Distribution, channel (s), Field Sales, Sales, Homepage, online (Shop | Sales | Platform | Dealer), integration platform (B2B), transaction platform 
(B2C), (new) business models 

Infrastructure management 
Code 

name 
Key resources 

Used terms Resource, Personnel, Employees, Software, Knowledge, Know-How, Technology, Data, (adaptable) algorithm(s), it-infrastructure, sensors(s) (platform), technology 
investment 

Code 
name 

Key partners 

Used terms Software (Developer | Supplier | Supplier), Partner, Cooperative | Alliance, Supplier, Data Service Provider, Hardware (Manufacturer | Supplier), Together (Work | 
Final), Acquisition, Cooperation, Software specialist(s), IIoT-vendor(s) 

Code 
name 

Key activities 

(continued on next page) 
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(continued ) 

Product 

Code 
name 

Value proposition 

Used terms (Software | Product | Customer) development, production, manufacturing, marketing, data (analysis | preparation | evaluation | generation | collection | processing | 
visualization), prescriptive, predictive, process optimization, increase attractiveness, developer integration, customer integration, partner integration, platform 
integration, production & data analysis, maintenance & operation 

Financial Aspects 
Code 

name 
Revenue streams 

Used terms Sales (electricity | flows | growth | increase | source | potential | opportunity | opportunity | rise | decline | loss), pay-per-use, pay-by-usage, license, advertising, rent | 
Fee | Leasing | Add-on | Sale | price, subscription, income source (product | service), higher prices, price hike, improved value proposition, additional income (service), 
freemium, recurring payment(s) 

Code 
name 

Cost structure 

Used terms Costs, Investment, economies of scale, economies of scale, economies of scope, development cost (Software & algorithm | platform), (low) fixed-costs, pay-as-you-grow 
(growth-dependent), maintenance cost (platform)  

Challenges 
Code 

name 
Technological challenges 

Used terms Interface, machine & data (combination), securing (data | access), (transfer| processing | storage) standardization, digitalization (limited | little), digital (lack | 
deficiency | shortage), storage saving 

Code 
name 

Business development challenges 

Used terms (business) partners, collaboration, keeping customer relations, fear(s), inhibition(s), (new) technology (change | uncertain(ty)), focus on (single | limited) area(s), 
complex (environment), in (sufficient | consistent | complete)  

Eq. (A.3) References per company and value proposition cluster for the particular business model element or challenge on the basis of our second order nodes  

Companies Clusters of 
Value 
Proposition 

Technological 
challenges 

Business 
development 
challenges 

Value 
proposition 

Key 
Ressources 

Key 
partners 

Key 
activities 

Customer 
Relationship 

Customer 
segments 

Channel Revenue 
streams 

Cost 
structure 

365FarmNet 
Data-driven 4 0 3 8 0 2 4 0 1 0 3 
Service- 
driven 0 1 7 0 4 1 0 0 0 0 0 

ABB 

Data-driven 20 0 24 73 0 42 17 6 1 1 3 
Platform 0 15 47 0 1 12 5 0 3 3 3 
Service- 
driven 0 3 42 0 3 15 1 11 0 3 0 

Accenture 
Data-driven 7 0 6 13 0 19 5 1 2 0 2 
Platform 0 4 32 0 1 7 5 0 1 1 1 

Alibaba 
Data-driven 2 0 3 7 0 4 1 0 1 0 0 
Platform 0 2 7 0 0 2 1 0 4 0 0 

Amazon 
Data-driven 11 0 10 51 0 53 12 0 1 1 3 
Service- 
driven 0 5 55 0 6 15 1 8 0 9 0 

Apple 
Data-driven 3 0 6 17 0 10 0 0 0 0 0 
Service- 
driven 0 1 8 0 1 1 0 4 0 3 0 

Audi 

Data-driven 10 0 16 29 0 29 16 1 0 0 1 
Digical 18 0 52 3 0 7 7 2 0 2 0 
Service- 
driven 0 8 39 0 4 10 4 16 0 0 1 

Atlantik 
Data-driven 0 0 1 4 0 1 1 0 1 0 0 
Platform 0 0 2 0 0 0 0 0 1 1 0 

Axoom 
Data-driven 4 0 7 21 0 23 9 0 1 0 0 
Service- 
driven 0 3 16 0 2 5 0 8 0 4 0 

Basler 

Data-driven 1 0 1 7 0 3 0 1 0 0 0 
Platform 0 0 1 0 0 0 1 0 1 0 0 
Service- 
driven 0 0 1 0 0 0 0 0 0 0 1 

Bayer 

Data-driven 8 0 13 20 0 15 8 0 0 1 2 
Digical 4 0 10 0 0 2 5 1 0 4 0 
Service- 
driven 0 2 14 0 7 4 1 4 0 0 0 

Bosch 
Data-driven 8 0 12 69 0 47 12 0 0 0 2 
Service- 
driven 0 3 39 0 2 7 0 9 0 11 2 

BMW 

Data-driven 13 0 9 36 0 40 17 0 0 0 4 
Digical 9 0 27 0 1 4 8 0 0 4 0 
Service- 
driven 0 4 27 1 5 15 2 14 0 11 2 

(continued on next page) 
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(continued ) 

Companies Clusters of 
Value 
Proposition 

Technological 
challenges 

Business 
development 
challenges 

Value 
proposition 

Key 
Ressources 

Key 
partners 

Key 
activities 

Customer 
Relationship 

Customer 
segments 

Channel Revenue 
streams 

Cost 
structure 

bystronic 
Data-driven 2 0 2 3 0 3 4 0 0 0 0 
Service- 
driven 0 3 3 0 1 1 0 2 0 0 0 

Cisco 
Data-driven 18 0 9 46 0 55 12 0 0 0 1 
Service- 
driven 0 1 23 0 2 13 0 2 0 3 0 

Claas 
Data-driven 3 0 2 10 0 5 3 0 0 0 0 
Service- 
driven 0 1 4 0 2 1 0 1 0 2 0 

CommScope Data-driven 0 0 0 3 0 1 0 0 0 0 0 

Connyun 

Data-driven 1 0 0 1 0 5 2 0 0 0 0 
Platform 0 1 3 0 0 0 0 0 1 0 0 
Service- 
driven 0 0 2 0 0 1 0 2 0 0 0 

Continental 
Data-driven 5 0 8 22 0 9 5 0 0 0 2 
Service- 
driven 0 5 11 0 2 2 1 6 0 1 0 

Cybus 
Data-driven 4 0 4 3 0 7 1 0 0 0 1 
Service- 
driven 0 1 4 0 2 1 0 5 0 1 1 

Cypress Data-driven 0 0 1 4 0 0 1 0 0 0 0 
Digical 0 0 1 0 2 0 0 0 0 0 0 

Daimler 

Data-driven 9 0 11 39 0 26 8 0 0 0 0 
Digical 8 0 31 1 2 1 5 1 0 2 0 
Service- 
driven 0 8 30 0 10 12 2 12 0 6 1 

Telekom 
Data-driven 6 0 5 29 0 16 6 0 0 0 0 
Service- 
driven 0 5 20 0 1 3 0 1 0 0 0 

Festo 
Data-driven 10 0 8 33 0 22 7 0 0 0 0 
Service- 
driven 0 0 17 0 3 5 0 5 0 1 2 

Fujitsu 
Data-driven 0 0 3 5 0 8 1 0 0 0 1 
Service- 
driven 0 2 7 0 0 5 0 2 0 0 0 

GE 
Data-driven 9 0 10 21 0 33 6 0 0 0 2 
Service- 
driven 0 3 23 0 2 12 0 6 0 3 0 

Google 
Data-driven 17 0 19 67 0 52 8 0 0 0 1 
Service- 
driven 0 7 37 0 7 10 1 12 0 2 2 

Huawei 

Data-driven 10 0 2 17 0 7 6 0 0 2 0 
Digical 2 0 7 0 0 2 2 2 0 3 0 
Service- 
driven 0 0 4 2 3 2 0 7 0 4 0 

IBM 
Data-driven 15 0 15 47 0 62 15 0 0 0 2 
Service- 
driven 0 4 45 0 10 14 0 10 0 5 0 

Infineon 
Data-driven 5 0 8 26 0 6 5 0 0 1 1 
Service- 
driven 0 3 6 0 1 2 0 4 0 2 0 

Intel 
Data-driven 10 0 8 22 0 15 7 0 0 2 0 
Service- 
driven 0 4 18 0 3 7 0 5 0 0 1 

Kontron Data-driven 0 0 5 8 0 10 4 0 0 0 1 

Konux 
Data-driven 2 0 0 11 0 6 0 0 0 0 0 
Service- 
driven 0 1 1 0 1 2 0 1 0 1 0 

Kuka 
Data-driven 7 0 9 41 0 21 10 0 0 2 0 
Service- 
driven 0 6 21 0 3 9 0 1 0 5 0 

Kyocera 
Data-driven 0 0 1 0 0 0 0 0 0 0 0 
Digical 0 0 1 0 0 0 0 0 0 0 0 

Mapal 
Data-driven 3 0 2 3 0 4 6 0 0 0 0 
Digical 2 0 2 2 0 1 1 0 0 2 0 

Maxim Integrated Data-driven 2 0 3 20 0 4 3 0 0 0 0 
Micron Data-driven 1 0 1 3 0 3 1 0 0 1 0 

Microsoft 
Data-driven 16 0 13 52 0 49 9 0 0 0 2 
Service- 
driven 0 4 40 0 3 14 1 5 0 4 1 

Mitsubishi 
Data-driven 3 0 3 13 0 19 2 0 0 0 0 
Service- 
driven 0 1 18 0 1 3 0 0 0 4 0 

Nokia Data-driven 2 0 1 11 0 6 0 0 0 0 0 
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Companies Clusters of 
Value 
Proposition 

Technological 
challenges 

Business 
development 
challenges 

Value 
proposition 

Key 
Ressources 

Key 
partners 

Key 
activities 

Customer 
Relationship 

Customer 
segments 

Channel Revenue 
streams 

Cost 
structure 

Service- 
driven 0 1 5 0 2 2 0 1 0 1 0 

Nvidia Data-driven 7 0 5 17 0 13 10 0 0 0 0 

Phoenix Contact 

Data-driven 5 0 6 29 0 13 9 0 0 0 0 
Digical 3 0 12 0 1 0 3 0 0 0 0 
Service- 
driven 0 1 16 0 1 1 0 2 0 0 0 

Pilz 

Data-driven 9 0 8 41 0 12 3 0 0 0 0 
Digical 1 0 7 0 0 2 1 0 0 0 0 
Service- 
driven 0 0 21 0 0 1 0 0 0 0 0 

ProfibusProfinet 
Data-driven 5 0 6 21 0 19 5 0 0 0 0 
Service- 
driven 0 2 6 0 0 4 1 2 0 2 0 

ProGlove 

Data-driven 5 0 1 6 0 3 1 0 0 0 0 
Digical 0 0 2 0 0 0 1 0 0 0 0 
Service- 
driven 0 0 2 0 0 1 0 0 0 0 0 

Qualcomm 
Data-driven 5 0 3 15 0 7 1 0 0 0 0 
Service- 
driven 0 0 6 0 1 1 0 1 0 0 0 

Recom 

Data-driven 0 0 1 3 0 1 0 0 0 0 0 
Digical 0 0 2 0 0 0 0 0 0 1 0 
Service- 
driven 0 0 0 0 1 0 0 0 0 0 0 

Red Hat 
Platform 0 0 2 0 0 0 0 0 0 1 2 
Service- 
driven 0 0 1 0 1 0 0 1 0 1 0 

relayr 

Data-driven 2 0 3 4 0 4 0 0 0 0 0 
Platform 0 0 5 0 0 0 0 0 0 0 0 
Service- 
driven 0 0 4 0 2 2 1 0 0 2 0 

Rittal 
Data-driven 6 0 8 18 0 20 3 0 0 0 1 
Service- 
driven 0 1 18 0 1 6 0 5 0 0 0 

Rohde 

Data-driven 0 0 0 6 0 1 0 0 0 0 0 
Digical 1 0 2 0 0 0 0 0 0 0 0 
Service- 
driven 0 0 2 1 0 0 0 0 0 0 0 

Samsung 
Data-driven 1 0 3 8 0 2 1 0 0 0 0 
Digical 3 0 2 0 0 1 0 0 0 2 0 
Platform 0 0 2 0 0 0 0 0 0 2 1 

SAP 
Data-driven 12 0 22 55 0 60 25 0 1 3 5 
Service- 
driven 0 7 54 0 8 16 0 12 0 11 1 

Schneider Data-driven 2 0 6 12 0 17 5 0 0 1 0 

Siemens 

Data-driven 25 0 49 109 0 117 54 0 0 0 3 
Digical 16 0 55 3 1 11 9 2 0 8 0 
Service- 
driven 0 6 93 2 9 34 2 20 0 13 0 

Sigfox 
Data-driven 6 0 0 10 0 2 4 0 0 0 0 
Service- 
driven 0 0 5 0 0 0 0 0 0 2 0 

Software AG 

Data-driven 3 0 4 17 0 16 8 0 0 0 0 
Platform 0 1 17 0 1 0 3 0 0 0 0 
Service- 
driven 0 2 15 0 2 3 0 7 0 0 0 

STM  
Microelectronics 

Data-driven 0 0 0 5 0 2 2 0 0 0 0 

Swissbit 
Data-driven 1 0 0 4 0 0 2 0 0 1 0 
Service- 
driven 0 0 1 0 0 0 0 2 0 0 0 

TelefonicaO2 

Data-driven 2 0 3 9 0 8 2 0 1 0 0 
Digical 3 0 9 1 0 0 1 1 0 1 0 
Service- 
driven 0 2 7 0 1 2 0 6 0 0 0 

ThyssenKrupp 
Data-driven 3 0 8 22 0 21 5 0 0 0 2 
Service- 
driven 0 4 17 0 3 7 1 6 0 3 1 

Trumpf 
Data-driven 8 0 11 21 0 16 6 0 0 0 0 
Service- 
driven 0 4 20 0 1 5 0 5 0 5 0 

Turck Data-driven 2 0 1 10 0 7 2 0 0 0 0 
Weidmüller Data-driven 6 0 15 45 0 33 14 0 0 2 1 

(continued on next page) 

H. Endres et al.                                                                                                                                                                                                                                  



Industrial Marketing Management 119 (2024) 90–107

106

(continued ) 

Companies Clusters of 
Value 
Proposition 

Technological 
challenges 

Business 
development 
challenges 

Value 
proposition 

Key 
Ressources 

Key 
partners 

Key 
activities 

Customer 
Relationship 

Customer 
segments 

Channel Revenue 
streams 

Cost 
structure 

Digical 3 0 18 1 1 4 3 0 0 2 0 
Service- 
driven 0 3 39 0 4 8 1 6 0 2 0 

ZF 

Data-driven 0 0 3 12 0 6 1 0 0 1 0 
Digical 2 0 7 1 0 0 1 1 0 0 0 
Service- 
Driven 0 0 9 0 0 2 0 1 0 0 0  
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