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Industrie 4.0 (I40), i.e. the implementation of cyber-physical sys-
tems along the entire value chain and a far reaching digitalization of
products and processes, is regarded as a significant agent of change
in our current industrial system. While the previous discussion of
I40 has been centered on technologies and standards, our focus is
on business models (BM) for and enabled by I40. Having the right
I40 BM will ultimately decide about companies’ market positions
and profitability. This calls for a systematic process for business
model innovation (BMI). The previous academic literature has of-
fered mostly conceptual reviews to date. Empirical analyses of man-
agement approaches and processes applied for BMI are scarce.
Based on an exploratory research design, we present the results of a
comparative interview study with large companies and industry
associations. We analyze I40 business model characteristics, provide
an in-depth perspective of companies’ processes, structures and
tools for BMI and derive upcoming practices as well as key compe-
tencies for BMI in the course of I40. Our results indicate a diverse
picture. While some companies have dedicated BMI structures in
place and lead I40 BMI, others could benefit from complementing
existing product and service development with a systematic ap-
proach to BMI, building the fundamental capability to exploit the
opportunities of I40.

Introduction

Over the last few decades, practice and academic research alike have gained substantial
experience of how to master new product and service development successfully. However,
recent technological advances and economic challenges demand that established com-
panies increasingly need to reshape not just their products (or continuously improve their
processes), but innovate their business model (BM) (Markides, 2006; Chesbrough, 2010;
Teece, 2010; Zott/Amit, 2010; Schneider/Spieth, 2013).
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A core facilitator of the latter perspective is "Industrie 4.0", a technology-enabled trend
promising to fundamentally change the way in which we organize production and value
creation. The term Industrie 4.0 (I40) was popularized in Germany around 2013 and
refers to a fourth industrial revolution, after the steam engine, conveyor belt, and pro-
grammable controllers (Evans/Annuziata, 2012; Kagermann et al., 2013). In the U.S. liter-
ature, the terms Industrial Internet (Iansiti/Lakhani, 2014) or Internet of Things (IoT)
(Porter/Heppelmann, 2014; Simonite, 2014) are used with a similar connotation. It is a
subset of the general digital transformation of existing businesses and processes, in which
previously analogue or even manual operations in business processes are replaced by digi-
tal computer structures (Iansiti/Lakhani, 2014). A core idea of I40 is the implementation
of cyber-physical systems (CPS) for industrial production i.e., networks of microcomput-
ers, sensors and actuators embedded in materials, machines or products that have been
connected along the value chain (Porter/Heppelmann, 2014; Rudtsch et al., 2014). At the
same time, I40 also captures the digital enhancement or even re-engineering of products
and services. The global availability of real-time data enables sophisticated analysis and
intelligent control of the industrial production environment, which significantly extends
today’s possibilities and may represent a disruptive technological change. More specifical-
ly, I40 yields new value propositions for highly customized or differentiated products,
well-synchronized product-service combinations, and value-added services (Iansiti/
Lakhani, 2014; Rudtsch et al., 2014). At the same time, new supply chain structures with
flexible processes and high equipment efficiency deliver not just cost savings, but enable a
range of strategic benefits such as the better handling of complex products, short time-to-
market, and manufacturing on-demand. While differentiation and cost leadership have
conventionally been considered as contradictory strategies, I40 promises to enable both si-
multaneously (Fleisch et al., 2014; Olschewski/Weber, 2014).

All these changes have profound implications for a firm's value proposition, its competi-
tive strategic positioning, and hence its BM. Up to now, BM development has been seen as
the task of a start-up, as illustrated with the rise of digital technology in the dotcom era.
In this context, BMs were used to analyze new forms of value creation enabled by emerg-
ing digital technologies (Aziz et al., 2008). Today, the need to be innovative with products
and BMs on a continuous basis is not just a task for start-ups, but for established com-
panies as well. This change is not just trigged by the demand side. Based on increasing dig-
ital capabilities, roles like software developers and network operators are gaining impor-
tance, and new roles like data aggregators and platform operators are emerging. Follow-
ing these changes, the BMs of incumbent companies are under threat of being undermined
by data-driven companies such as Google, Amazon, and Apple. Perhaps even more alarm-
ing are recent accounts that show a traditional industrial powerhouse like Germany al-
ready lagging behind America and China in implementing this new paradigm (Zühlke,
2015). While German stakeholders started a long and burdensome process of setting up
norms and public standards for I40, the U.S. followed a more pragmatic approach to de-
veloping de-facto standards and applying them quickly to new industrial BMs. Forming
the meta-level of ecosystem, industry and BM considerations beyond the digitalization and
CPS technology, I40 provides a higher-level ground for the discussion of BMI approaches
and company conduct.

While BM literature has been developing over the past decades, analyses of BMI pro-
cesses and best practices as well as BM-related discussions of I40 are scarce. The objective
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of our paper is, therefore, to discuss the peculiarities of I40 BMs and evaluate how com-
panies approach BMI in the course of I40 i.e., which processes, structures, and tools they
use to take advantage of the opportunity. We identify challenges as well as best practices
and mirror these with I40 BM characteristics (or “requirements” in reverse). While show-
ing how a systematic BMI process can complement existing processes for product or ser-
vice development, we give indications of how a dedicated BMI process contributes to in-
novation performance in the course of I40 and beyond. Finally, we propose that the future
market position and profitability of companies will be the result of having the right (inno-
vative) BM in place, building on opportunities offered by I40 in time, and using appropri-
ate BMI structures to exploit them. Our paper contributes to the emerging literature on
BMI (Chesbrough, 2010; Osterwalder/Pigneur, 2010; George/Bock, 2011; Gassmann et
al., 2013) by providing an exploratory in-depth perspective on how European companies
address the challenge of systematically developing new BMs in the age of I40, and what
these BMs will look like.

Methodologically, our paper is of a qualitative nature, utilizing data from semi-struc-
tured interviews with senior managers from 14 leading companies and industry asso-
ciations in the high-tech and engineering space. This is complemented by an analysis of
recent academic and trade literature, industry reports, and other materials on I40. Our
study provides a broad insight into current activities, concepts, and emergent BMI practice
in the context of I40, which we use to propose a set of implications for theory and man-
agement.

Literature Review and Technical Background

Following suggestions by Webster/Watson (2002), we used a concept-centered approach
and first identified key contributions and recent literature reviews in the field (e.g. Zott et
al., 2011; Höflinger, 2014; Spieth et al., 2014); we used references listed in this work. Af-
terwards, we tracked their subsequent citations and searched common databases, plat-
forms, and search engines (EBSCO, OPAC, SSRN, Google Scholar) for relevant key words
(“business model”, “business model innovation”, “Industrie 4.0”, “internet of things”,
“industrial internet”, “cyber-physical systems”) to achieve saturation. The results of this
analysis are presented in the following in two parts: we start with a brief review of the
term "Industrie 4.0", followed by a review of the literature on BMI.

Technical Background: Industrie 4.0

The term "Industrie 4.0" (I40) has become a widely used synonym for ongoing and recent
efforts to establish cyber-physical (production) systems (CP(P)S) and appropriate new
BMs, which are seen as the foundation of a new "industrial revolution”. After the steam
engine, the conveyor belt and programmable logic controllers, the implementation of
CPPS and complementary devices in the "Internet of Things" (IoT), along with a unifying
network infrastructure, is expected to open up significant disruptive potential (BMBF,
2013; Kagermann et al., 2013; Westerlund et al., 2014).

Cyber-physical systems are networks of microcomputers, sensors, and actuators that
can be embedded in materials, devices or machines, and are connected through the inter-
net (BMBF, 2013). The technology stack consists of a classical device layer i.e., the physi-
cal device and the added logical capability of embedded sensors and actuators, a network
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layer for the transmission and transport of information, a content layer that contains the
data and meta data, and a service layer for the application functionality (Fleisch et al.,
2014; M. Porter/Heppelmann, 2014). Global availability of real-time data will enable new
linkage and precise alignment of processes beyond company boundaries (Geisberger/Broy,
2012; BMBF, 2013). This enables flexible integration across multiple companies along the
value chain, thereby establishing highly flexible and dynamic value creation networks. The
real-time data stream can be analyzed for decision-making purposes and to control devices
throughout the entire value generation process flexibly (BMBF, 2013; BITKOM/Fraun-
hofer IAO (Ed.), 2014).

The technological possibilities of I40 have also created the potential for innovative of-
ferings, too. Product and service innovations may be based on highly differentiated and
customized products, synchronized product/service combinations, or value-added services
(BMBF, 2013; Kagermann et al., 2013; BITKOM/Fraunhofer IAO (Ed.), 2014; Olschews-
ki/Weber, 2014; M. Porter/Heppelmann, 2014; Rudtsch et al., 2014). At the same time,
dynamic value chain configurations will facilitate higher resource and equipment efficien-
cy and, therefore, cost reductions driven, for example, by the opportunity for a flexible
and dynamic reconfiguration of production capacities, shorter time-to-market, higher scal-
ability, lower scrap rates, or preventive maintenance (BMBF, 2013; Kagermann et al.,
2013; BITKOM/Fraunhofer IAO (Ed.), 2014; Rudtsch et al., 2014).

While the current discussion of I40 has been mainly technology focused, conventional
roles and capabilities of equipment and plant engineering, producers, and logistics
providers will also be extended as new layers of technological infrastructure come into
play e.g., by CPS suppliers, software providers, platform operators, network operators,
data collectors/analysts, CPPS integrators or even an open community (Fleisch et al.,
2014; Olschewski/Weber, 2014; Westerlund et al., 2014). Subsequently, to achieve these
growth opportunities, companies need to innovate their BMs, which again is likely to fos-
ter a further shift of company and industry boundaries (Geisberger/Broy, 2012; MFW
BW/Fraunhofer IPA, 2014).

Business Models and Business Model Innovation (BMI)

Following Teece (2010), we define a business model (BM) as a management hypothesis
about what customers want, how they want it, and how the enterprise can organize itself
to best meet these needs, get paid for doing so, and make a profit. A BM is composed of
different elements or components (Osterwalder et al., 2005), which have been conceptual-
ized at different levels of aggregation. A common starting point is differentiating the value
proposition, activities of value creation, and models for value capture (Johnson et al.,
2008; Casadesus-Masanell/Ricart, 2010; George/Bock, 2011; Zott et al., 2011; Baden-
Fuller/Haefliger, 2013). The value proposition describes the drivers of customer value as
well as the unique features of the firm's offering. The value creation layer includes the re-
sources, capabilities and processes required to deliver the offering – starting from partner/
supplier relationships to sales channels. Value capture comprises the underlying cost struc-
ture and revenue formula, which decide on profitability and economic sustainability.

On a more granular level, Shafer et al. (2005) have defined 20 BM components in four
categories similar to those mentioned before. Frequently cited and commonly applied in
practice is work by Osterwalder and Pigneur (2004; 2005; 2010), who divide a BM can-
vas into nine more specific elements following the four categories of a balanced scorecard:

2.2
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product (value proposition), customer interface (target customers, distribution channels,
relationships), infrastructure (resources, core competencies, partner network), and finan-
cials (cost structure, revenue model). Recent categorizations propose a more dynamic view
of the BM as a constantly evolving system (Casadesus-Masanell/Ricart, 2010; Cavalcante
et al., 2011). Still, for the purpose of this study, we regard a BM as a predefined and in-
trinsically static set of parameters about a business's value- creation mechanism.

I40 business models are expected to be designed around customer centricity, value cre-
ation networks and, of course, the data that is generated. When using data from the cus-
tomer side, offerings can be better tailored, priced and delivered to customer or segment
needs along the entire lifecycle of the product (BMBF, 2013; Kagermann et al., 2013;
MFW BW/Fraunhofer IPA (Ed.), 2014; M. Porter/Heppelmann, 2014). When using data
from the value chain, processes can be more adaptive and automated, allowing companies
to optimize their value creation structures and networks (Kagermann et al., 2013). CP(P)S
or IoT platforms will consolidate data and services to support collaborative value-creation
processes and the networks behind them (Kagermann et al., 2013; Simonite, 2014). Lastly,
data can also become a main element of the revenue model, if users pay with their data
instead of money.

Recently, the notion of a systematic process for developing new BMs ("business model
innovation (BMI)") has been established, often following the logic of a product develop-
ment process. Teece (2010) describes BMI from a dynamic capabilities perspective as the
“sensing, seizing and reconfiguration skills” that are necessary to adapt to changing busi-
ness environments. In Schumpeter’s (1934) classic distinction of innovation types (new
products, new methods of production, new sources of supply, exploitation of new mar-
kets, new ways to organize business), the outcome of this process – a BMI – would refer to
the latter: the search for new logic and new ways to create and capture value (Casadesus-
Masanell/Zhu 2013; Massa/Tucci 2013). Zott/Amit (2007) describe BMI as creating a new
market or innovating transactions in existing ones. Similarly, Markides (2006) frames BMI
around the “discovery of a fundamentally different BM in an existing business” that en-
larges a firm's market by attracting new customers or increasing consumption. He distin-
guishes BMI clearly from product innovation: BMI has a different object at its core, fol-
lows different ways of emergence methods, and has different implications for managers.
Overall, following Schröder’s (2008) general definition of innovation, we define BMI as
the (dynamic) generation process and initial implementation of a (static) BM, which is
new from the perspective of the company or target market.

Opportunities for BMI can arise both within and outside a company (Demil/Lecocq,
2010). Environmental dynamism (market and technology turbulence), intra-industry
threats (competitive forces), extra-industry threats (factor conditions, complementarities)
and regulatory changes (taxation, product-related regulation etc.) are common triggers
that demand BMI initiatives (Ansoff, 1975; Christensen, 1997; Zott, 2003; Demil/Lecocq,
2010; Sosna et al., 2010; Cavalcante et al., 2011; Saritas/Smith, 2011; Höflinger, 2014).
In the past decade, BMIs have increasingly been motivated by advances in information
technology (Zott/Amit, 2007; Aziz et al., 2008; Chesbrough, 2010). The resulting BM
changes are multi-faceted and cover all BM layers.

Little academic research, however, has so far been published on the process of innovat-
ing a BM (Palo/Tähtinen, 2013; Schneider/Spieth, 2013). This is surprising given the
strong emphasis on process structure in product development literature. Initially, BMI
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could draw on established innovation processes (Bucherer et al., 2012), like the stage-gate
logic of “discovery, scoping, definition, development, testing & valuation, launch” by
Cooper/Kleinschmidt (1990). Such a linear approach, however, may not correspond with
the complexity of BMI. Chesbrough (2010), McGrath (2010), and Sosna et al. (2010)
hence call for a process of “experimentation and effectuation”, meaning a discovery-driv-
en trial-and-error methodology that would help to generate data and experience in previ-
ously unknown fields. It would also allow for tangible results, and mistakes to be learning
opportunities right from the beginning. The "design-thinking" approach, for instance, ac-
commodates these requirements and proposes frequent iterations over the course of the
entire process. Such an approach requires solid leadership with sufficient authority and
risk acceptance as well as a high degree of strategic agility (Doz/Kosonen, 2010). It must
cover decisions on the core BM elements (Morris et al., 2005; Teece, 2010).

For this purpose, Gibson/Jetter (2014) derived three generic building blocks for a BMI
process (search and learn, articulate and communicate, and analyze and test) from litera-
ture and suggested refining these activities in further research and complement them using
dedicated tools. Palo/Tähtinen (2013) present a high-level, agile phase model for the spe-
cial case of a networked BM development: a service-development phase, a pilot phase, and
a market phase with general activities both at the company and network level. In the prac-
titioner-oriented literature, Osterwalder/Pigneur (2010) suggest a BMI process template of
five non-linear steps (mobilize, understand, design, implement, manage) which can serve
as a first orientation, but has to be substantiated to meet an organization’s individual re-
quirements. Despite these early attempts, an established and empirically validated process
structure for BMI is still missing.

An appropriate organizational setup, including project structure, leadership, and cul-
ture, has been identified as a critical success factor for any innovation project (Ches-
brough, 2010; Bock et al., 2012; Zellner, 2013). Culture influences the innovativeness and
strategic flexibility of a company – particularly if innovative/disruptive solutions are to be
identified and environmental turbulence is high (Bock et al., 2012; Fleisch et al., 2014).
For these reasons, Markides/Geroski (2005) propose that established companies should set
up disruptive innovation in small, independent units that have different requisite skills and
attitudes. Start-up-like environments in an incubator or corporate venture fund with fast
decision processes and iterations can promote BMI without interfering in the existing busi-
ness (Ries/Euchner, 2013; Clough, 2014). The more recent understanding of BMI (Oster-
walder et al., 2014), on the other hand, regards BMI as an activity that should become
part of the job of any product manager or innovation project. The idea is that today's
technological and competitive dynamic often mandates that a radical product innovation
project must be accompanied by a BMI project. This should at least validate whether the
existing BM is still viable to support the planned product innovation. However, dedicated
empirical research about the best way to anchor an organizational BMI process and its
contingencies is still missing.

In addition, little has been published on dedicated methods and tools for BMI. One of
the best known, practitioner-oriented frameworks is the "Business Model Canvas" by Os-
terwalder/Pigneur (2010) which fosters a creative workshop environment analyzing as-is
and defining to-be BMs along a framework of the nine elements. This and other canvas
templates are also an important element of an iterative BMI process, as they can serve as
easy prototypes to illustrate BM alternatives. Another dedicated tool is collections of BM
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patterns i.e., commonly used and proven configurations of specific BM components. The
idea is that innovative BMs can be created by rearranging and composing existing pat-
terns. Gassmann et al. (2013), for example, propose a set of 55 BM patterns. For the IoT
ecosystem, Fleisch et al. (2014) elaborate on digital BM patterns. When building on exist-
ing competencies and requirements, patterns can be used to enrich an existing BM with
new elements (Rudtsch et al., 2014), as they help to become more abstract and detached
from existing (biasing) structures. Westerlund et al. (2014), for example, suggest using BM
patterns to shift the level of analysis from the company level to the ecosystem, thereby al-
lowing a greater variety of value creation options to be taken into account.

Finally, BMI must overcome inherent challenges and hurdles in implementing the new
BM. As is similar in other exploration activities, BMI is up against organizational inertia,
dominant logic, path-dependencies, and other hurdles that restrain an established organi-
zation in its efforts to change and adapt (Cavalcante et al., 2011). New and disruptive
BMs naturally conflict with rigid corporate structures (Christensen, 1997; Markides,
2006; Chesbrough, 2010; Demil/Lecocq, 2010; Doz/Kosonen, 2010). Not only do new
value propositions disrupt the traditional ones, but they often require substantial change
to the value creation structure i.e., different resources, processes etc. Managers frequently
tend to avoid risks and radical change despite a business opportunity – especially when
risks and chances are not immediately clear (Markides, 1997; Cavalcante et al., 2011;
Rudtsch et al., 2014). Moreover, the business cases and profit margins are typically less
advantageous for emerging BMs in the short term when compared to the existing BM
(Christensen, 1997; Cavalcante et al., 2011). Subsequently, investments, management at-
tention, and business direction are likely to be allocated to the on-going profitable busi-
ness. But even when managers are supportive and willing to support a novel BM, their
scope of control and responsibility is often limited (Bock et al., 2012; Westerlund et al.,
2014). This mismatch is further fueled by politics and informal power distributions in es-
tablished companies (Cavalcante et al., 2011). While some dedicated research has ad-
dressed these issues, we believe that a systematic methodology of BMI must also focus (in
particular) on these questions of implementation and change.

In summary, professionalizing the BMI process offers significant upside potential to a
firm. This is particularly true in this age of I40, where first mover advantages can result
from an early accumulation of data, experience, and standard-setting ability (Porter/
Heppelmann, 2014). While the growing BM literature offers plenty of case studies and
conceptual frameworks that build our understanding of the BM construct, the discussion
of specific aspects of the BMI process is still in an early high-level conceptual state. It lacks
in-depth empirical analysis, and does not distinguish how the product innovation process
is different. Similarly, we were able to find little research on the specific aspects of BMI for
I40 i.e., specific patterns or components of I40 BMs. I40 literature currently available re-
mains relatively abstract and focuses mostly on conceptual or technical issues. By analyz-
ing I40 BM characteristics and the approaches of pioneering companies to instigate BMI
for I40 in more detail in this study, we aim to contribute with exploratory insights to close
these two gaps. Our research objective is to gain insights into the process of BMI in estab-
lished (and large) companies, using the paradigm shift of I40 as our contextual anchor to
understand how new BMs are being designed, implemented, and supported.
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Method and Data

Given the lack of existing research, our paper is based on an exploratory interview study.
This approach seems to be best suited to increase transparency on the matter and establish
the topic in the literature (Shields/Rangarajan, 2013). We follow a case-study approach
with a multiple case design to gain insights from a number of companies and experts
across different industries. Data was collected in 14 structured interviews following previ-
ously circulated interview guidelines. Divided into two parts, the interview guidelines cov-
ered the interviewees’ understanding of I40, and their BMI approach. Its structure built on
a model of business process components, as described by Zellner (2013). This framework
distinguishes a trigger (initiating the process), activities and flow (a performed task (pro-
cess) to achieve defined goals and their sequence), organization (department, unit, person
executing the activity), and resources (methods or tools supporting the activities). Inter-
views lasted for between 60 and 120 minutes and were conducted face-to-face, if possible,
or by telephone. Some interviewees involved another colleague with special knowledge of
I40 or BMI to complement their answers. All interviews were recorded, transcribed, and
organized in a structured spreadsheet. During the interviews, we also gained an insight in-
to selected supporting documents such as process/org charts, BMI toolkits, and studies
published by the interviewees (or their companies) on the matter. Moreover, one author
took part as an observer in an I40 BMI workshop conducted by one of the companies
interviewed. These data helped us to triangulate our findings.

In addition, two of the authors were part (as the academic coordinator) of an industry
consortium of 22 companies organized by a large technical association (VDI/VDE) for the
specific purpose of sharing practices and experiences for BMI in the context of I40. This
consortium was initiated in September 2014, and we participated as observers and facilita-
tors of four meetings in this industry consortium (following the approach described by
Schiele/Krummaker, 2011).

As Miles/Huberman (1994) posit, sample choice influences a study’s results. We used a
convenience sampling approach that enabled us to conduct 14 interviews with partici-
pants from leading companies in relevant industries as well as associations from the high-
tech and engineering space (Appendix 1). The sample was composed of contacts from our
professional network, speakers at relevant conferences, and people identified in the trade
press. All interviewees held management positions with relevant experience in and expo-
sure to their companies' activities in I40 and BMI. In this way, we could be sure to receive
valuable and informed answers on the topic. However, a limitation of this approach is
that we excluded companies that do not (yet) engage in I40 or BMI. To overcome this, we
included a second, more objective perspective by factoring in representatives from industry
associations to our sample.

Our data analysis follows approaches common to qualitative research (Glaser/Strauss,
1967; Eisenhardt, 1989; Miles/Huberman, 1994). We use an inductive process, analyzing
and then interpreting the data as suggested by Spiggle (1994). Following this approach,
the analysis includes the categorization, abstraction, comparison, dimensionalization, inte-
gration, iteration, and refutation of data. We started with the categorization of data into
our perspectives and problem areas (trigger, process, organization, tools/methods), fol-
lowed by abstraction to a more general level and integration with theoretical aspects. If
possible, issues were dimensionalized into polar aspects e.g., linear <> iterative processes,
and compared for differences and similarities within the sample. Preliminary findings were

3.
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iterated with interviewees from associations and consultants, and revised if necessary. In
order to interpret and meet the objectives of this paper, the data are discussed in the fol-
lowing on a higher level, also taking literature and practical considerations into account.

Results and Discussion

In this section, we present our findings using the business process components proposed
by Zellner (2013). These also structured our data-collection process. We start by dis-
cussing opportunities that trigger the initiation of a BMI process, describe its typical activ-
ities and tasks, comment on organizational issues as well as the resources (tools) used to
support these activities.

Business Model Opportunities from Industrie 4.0

Opportunities for BMI from I40 not only direct the innovation efforts of a company, but
also reflect a company's entrepreneurial imagination. Subsequently, BMI management ap-
proaches shall be designed to convert these visions into practice. All participants in our
study believe that I40 offers new value propositions and advancements in value-creating
structures. Typical expectations include:

“Product benefits will be better differentiated and tailored to individual demands.” (In-
terviewee #9)

“The focus will be shifted to the end customer.” (#6)

“The service business offers huge potential and serves as an interface between the cus-
tomer and the customer data.” (#11)

“We will be able to extend our customer base and address new customer segments with
new value propositions in all our business areas.” (#1)

These statements indicate a disruptive shift right at the beginning, given that the majority
of our case-study companies were large industrial groups in the B2B environment. New
value propositions are expected to arise in all business areas and to be more customer-cen-
tric, like tailored services or holistic solutions with closer (end) customer relations on the
basis of customer data. Recent managerial publications confirm this shift (Kagermann et
al., 2013; Porter/Heppelmann, 2014). Consider as a typical example the opportunity from
better connected information flows that will enable former B2B businesses to reach the
end customer directly, and reinvent customer relations while bypassing players that popu-
late the intermediate stages of the value chain:

“Customer service has always been a necessary evil that we have happily given away –
until now. Now it offers huge potential connecting us and the customer. This not only
enables us to offer the right service, but also tells us how our clients use our products
and which products they really need.” (#6)

“We don’t do B2B anymore. It’s B2B2C! Beyond our 400 business customers, we can
reach their 500 million end customers.” (#10)

For manufacturing and delivery, new opportunities reside in the ability to access informa-
tion along the entire value chain and to execute consolidated control. Production will be-

4.
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come more flexible with shorter cycle times and optimized networks, which will also offer
strategic options for new value propositions (e.g., on-demand manufacturing) and data-
driven operational excellence. However, this process is broadly seen more as something
that will evolve in line with supply-chain optimization:

“Industrie 4.0 gives us the chance to optimize our value-creating structures in every re-
spect e.g., regarding costs, timing, resource utilization, sustainability.” (#5)

“IT entered production maybe 20-30 years ago and became more and more important.
We need to acknowledge some paradigm shifts through IoT, but development as regards
supply-chain optimization is more something that’s evolutionary.” (#7)

Some interviewees, however, had a more radical view on the interplay between value
propositions and value creation. They predict more disruptive change – especially in the
case of smaller companies with a capability base that is possibly more restricted:

“Theoretically, we are taking a step back from industrial to craft production – but the
opportunity to maintain the cost structure and efficiency of a standardized industrial
production at the same time is a paradigm shift.” (#10)

“The ability to combine machinery with the digital world i.e., specialist engineering and
IT know-how, might not be available in one single place. The ability to build partner-
ships is becoming more important than ever.” (#9)

Classical mechanical engineering businesses, for instance, will have to extend their focus in
the direction of software, networks, and system development. Similarly, digital companies
like Google, Amazon, or Apple are likely to expand into the hardware business, capitaliz-
ing heavily on their core IT capabilities. Consequently, both sides have to extend their ex-
isting resources and capabilities, demanding an even greater need for BMI competencies to
find distinctive value propositions and implement a corresponding system of value delivery
and capture (Geisberger/Broy, 2012; Iansiti/Lakhani, 2014). Losing control to a software
or data-driven company (e.g., Google) ultimately results in a loss of competitive advantage
for traditional companies. Thus, the competitive focus is shifting from core engineering to
digital capability. Going even further, access to and control over the information flow
might change the power relationship in the supply chain:

“The key enabler and source of competitive advantage is access to and control of ma-
chines and products along the entire value chain.” (#8)

“The problem is that our thinking and management systems do not allow us [Germans]
to appreciate the value of data and digital structures. It is totally different in America
where companies like Facebook, for instance, still working on their actual business
model, are valued at $100bn and more.” (#1)

An often mentioned "solution" is the implementation of a platform-driven business,
where one focal company turns into the role of a platform operator, connecting solution
providers and customers (often in a two-sided market place). Even though the significant
value of a platform model has been discussed extensively in the literature (Kagermann et
al., 2013; Iansiti/Lakhani, 2014; M. Porter/Heppelmann, 2014), our case-study companies
do not seem to adopt this potential actively and remain relatively close to their core busi-
ness. Established companies seem to lack a "role model" from their domain to inspire
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more radical thinking. As a consequence, the pace and progress of I40-enabled BM imple-
mentation varies among the companies as well as internally between business units. Some
interviewees indicated that they were making good progress, with concepts in place or
even implemented already:

“We have been working on it for five years and will start the rollout shortly.” (#10)

“Some business units are leading in Industrie 4.0, others still need to be convinced of its
benefits.” (#5)

At the other extreme, some companies are still at the beginning of a BMI process:

“We have identified opportunities but not yet conceptualized them further since we are
cautious with new things and definitely not revolutionary.” (#6)

“We are pretty much at the beginning, chances need to be identified thoroughly and
people need to be made aware of them.” (#7)

A rather critical picture is provided by an interview with representatives of a large indus-
trial association, who were rather critical:

“About a quarter of all German companies have not yet understood the opportunities
to be gained from Industrie 4.0, a quarter have identified potential but have not yet
been ‘thrilled’ by it, a quarter have identified interesting potential but no business case
yet. Only the remaining 25 per cent could progress with innovation at a higher level –
but are hesitant for various reasons. […] We meet the same 100 participants at Indus-
trie 4.0 conferences every time. Overall, there are about 50,000 companies in the indus-
trial space – where are the rest? […] Large parts of the German ‘Mittelstand’ (SMEs)
seem not to be interested yet.” (#11)

In summary, the perception of the influence of I40 on a firm's current BM varies among
the interviewees – ranging from seeing it as tool for data-driven efficiency improvements
(“this has been and will be more of a continuous development”) to entirely new roles and
product/service combinations (“new roles in the ecosystem like platform operators will
deal with important parts of the value chain, others will become obsolete”). The latter per-
spective would imply strong market structure effects. Still, German companies overall
seem to be hesitant to proactively capture opportunities from I40 for BMI, especially if it
is more distant from their core business.

Triggers

In our sample, BMI processes are mostly triggered by imminent new technology opportu-
nities, changing customer requirements, or a need for operational improvement – a “Steve-
Jobs-like” entrepreneur driving BMI is much rarer:

“Surely, there are some of these Steve-Jobs-guys, but technology pushes or concrete cus-
tomer requests are a lot more common.” (#3)

“There are two ways that BMIs can be triggered in our company: either by a technolo-
gy push through the product innovation process or through a second process that ac-
counts for new market demands and independent ideas. Both have a flow, but are very
agile as well.” (#4)
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“In 60% of cases, BMI is triggered by the development needs of a particular product, in
30% it is because managers need additional boost to meet their targets, but in 10%
there is an entrepreneurial vision for a new business model.” (#1)

However, beginning to realize the need for new ideas, companies are increasingly promot-
ing a spirit of corporate entrepreneurship e.g., through internal ideation activities, creativi-
ty workshops, trend analyses, and the implementation of think-tanks involving experts
and employees alike:

“Everybody is asked to submit business model ideas [through an internal intranet-based
ideation portal].” (#4)

“We require substantial creativity and a strong business-mind from our employees at all
levels. Ideas enter a competition, the best salesmen receive support.” (#10)

External observers (from industry associations) recognize these developments in the earlier
process stages, but also complain that the handling and transition of BM ideas is often not
as visionary as it should be. This lack of internally initiated triggers thus remains a clear
weakness:

“Awareness and impulse for trends and developments were usually triggered by [exter-
nal] associations, consultants, or policy makers. However, there was nowhere near
enough internal impetus – especially in smaller companies.” (#12)

“Developments from other industries are rarely accepted. Industry-industry transfer, or
let’s call it ‘respect’, can surely be worked on.” (#8)

Making use of the right triggers has been named a key success factor for the BMI process
– it is its starting point (Demil/Lecocq, 2010; Saritas/Smith, 2011; Höflinger, 2014). This
seems to be particularly relevant in the course of I40, where the technology already exists,
but use cases and BMs to capitalize on are often still rather ambiguous. Interestingly, this
is an area with unrealized potential not just for companies, but also for further research.
Opportunity identification and initiation are well-documented activities at the front end of
new product development processes. The BMI front end, however, seems to be an under-
utilized and under-researched area.

Process

BMI processes vary significantly among the companies interviewed regarding stages, the
system, sequence and flexibility, and their relation to existing product innovation process-
es. Interviewees frequently described the BMI processes in terms of moving from an aggre-
gated perspective into idea generation and analysis, elaboration, evaluation, decision, and
implementation. Interestingly, BMI is often seen as an extension of technology-portfolio
planning. As a consequence, most companies today have a close link between BMI, their
product-innovation process, and their technology portfolio management:

“We have a consistent portfolio process that offers a lot of flexibility for innovation. It
builds on an advanced and managed idea management process. Innovative business
model ideas are just becoming part of it.” (#5)

4.3
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“Technology packs are being evaluated quarterly and analyzed for portfolio fit. Busi-
ness models will be built around promising ideas.” (#7)

“So far, we have developed the product first and then the related business model. In the
future we want to run this more in parallel.” (#4)

A few companies have established a second process dedicated to market or trend-related
BMI, running independently from product development:

“At our company, there are three ways: classic product innovation, an incubator, and a
dedicated BMI process within specialized teams.” (#9)

“[For BMI], we run a modified and rather flexible stage-gate process with fall-back
loops that is operated by a special team.” (#10)

“There are two processes: the classic product innovation process (push) and a technolo-
gy/market scouting process (pull).” (#4)

This latter, separated approach seems to be more advantageous. It provides higher degrees
of freedom, as suggested by Chesbrough (2010) and McGrath (2010). Seeing BMI as hav-
ing a “different object(ive) at its core”, Markides (2006) emphasizes the broader-scale, dif-
ferent themes and different objectives typical for BMI. Those, in turn, demand dedicated
organization of the BMI process. We believe that companies regarding BMI as just as an
extension of their product development process are more likely to miss important oppor-
tunities in I40, which offers the potential to significantly enhance value propositions, ex-
tend the customer base, and optimize value-creating structures. But at the same time, it re-
quires substantial changes to the business logic, resources and capabilities base and often a
redefinition of the firm boundaries. For these challenges, the established product develop-
ment process is not well-suited.

Our interviews also provide insight into dedicated activities within the different phases
of the BMI process: for idea generation and analysis, internal and external inputs are used
by all case companies, but the set-up can be very different. About half the companies in
our sample rely on a more “reactive” idea-generation approach, which is fed by a concrete
technology push, customer/market requirements, and employee suggestions:

“We have a sophisticated tool which helps with discussing, evaluating and managing in-
novation ideas before the best are selected and pursued further.” (#5)

However, the BMI process follows the interpretation of these ideas and their achievement
only starts when valuable ideas are collected and prioritized in the idea-generation pro-
cess. The remaining companies follow a more “proactive” idea-generation process and de-
liberately engage in trend analysis, organize customer workshops, and host expert panels
on a regular basis:

“We regularly run expert panels and workshops within our teams to discuss trends and
business model ideas.” (#6)

Inputs of these activities are then screened for ideas and demands for new BMs. In both
approaches, however, we got the impression that companies had not adopted the full open
innovation perspective from product and technology development for BMI. All activities
reported to us for this stage seem to follow the direct search approach i.e., companies in-
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crease their search depth and width by interacting with external partners (illustrative for
I40 is that the industrial companies in our sample frequently reported following the trends
of the consumer IoT movement closely to generate ideas and inspiration). However, we
have seen no instances of using crowdsourcing or other open innovation mechanisms for
I40 in our sample. Investigating these novel search strategies for BMI seems to be an inter-
esting opportunity for both BMI practice and future research. Especially in the I40 envi-
ronment, where engineering and IT skills need to be combined in novel ways, such an
open innovation approach could yield interesting opportunities for the I40 BMI process.

Later in the analysis phase, companies discuss the opportunity and its market environ-
ment i.e., customers and segments, channels, relations, and the requirements to pare down
value propositions to the customer and the company. A few companies have adopted a
broader systematic ecosystem approach to analyzing the (I40) environment more holisti-
cally and detect trends and opportunities in the market. On the other hand, we found
rather few instances in our case companies where the value proposition was clearly de-
fined. The value proposition is often called the core of any BM (Johnson et al., 2008; Os-
terwalder et al., 2014). The development of methods that help companies to transfer
trends, ideas, and market insights into testable alternatives for the value proposition seems
to be another area that needs further management attention – and supporting academic
research.

In the following stages of the BMI process, BM (alternatives) are defined, evaluated and
approved. While companies used different approaches with regard to single activities at
any particular stage, it became obvious that most of them were mimicking the established
stage-gate logic with a defined sequence and decision points after each step (Cooper/Klein-
schmidt, 1990). Thereby, most companies increase flexibility through large degrees of free-
dom in a high-level process model as opposed to strictly defined granular processes steps:

“We use the classic stage-gate logic, since something like SCRUM would not fit our
DNA. But we have fall-back and cut-off options in place that offer the appropriate flex-
ibility.” (#10)

“Our innovation process has solid foundations, but is relatively flexible inside, which
makes it possible to adapt to individual project needs.” (#5)

In contrast, just one third of the companies in our sample adopted a fully agile process
that allows for multiple iterations, rapid prototyping with quick results, and early feed-
back loops:

“The process is very agile and delivers results extremely quickly. Validation, including
with customers, takes place very early on. We have thus been able to reduce uncertainty
significantly and time-to-market from 3 years to 1.” (#9)

In such an agile process, early iterations with customers play a key role to probe and push
ideas:

“There is no project without close customer interaction – even to the extent of co-inno-
vation. This increases the quality and the customers get what they need.” (#9)

This seems to be advantageous for I40 where opportunities are still ambiguous, the
amount of experience is low and business ideas need to be established first along with
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more differentiated and customized products as well as possibilities to revolutionize cus-
tomer relations.

A critical part of the BMI process is the evaluation i.e., validating and prioritizing differ-
ent BM alternatives. For this activity, all interviewees suggest a combination of quantita-
tive indicators and more strategic qualitative criteria. Still, the logic of business cases such
as revenue growth, cash-flows, profitability, pay-back etc. often plays a dominant role in
nearly all decision processes. In contrast, a few interviewees stressed that “their organiza-
tions learned from the past” and appreciated the strategic value of ground-breaking
projects over financial data. This facilitates entrepreneurial decision-making and bolder in-
novation:

“Projects like Industry 4.0 will never fit with strict business case requirements. We have
to be flexible and use different measures.” (#9)

Given that a core idea of BMI is to build and test various alternatives to BM prototypes at
a very early stage, and to improve on these prototypes iteratively and collaboratively, we
suggest that observed dominance of "stage-gate thinking" may become a core obstacle in
implementing an efficient BMI process. In addition, companies in our sample who were
advanced in their BMI process all stressed the need of strong top management commit-
ment and vision – rather than pandering to the influence of accountants:

“Calculating business cases for disruptive projects like I40 is nothing better than mak-
ing a guess. Data is mostly unreliable anyway. […] Applying strict financial criteria like
2 year break-even points will nip any disruptive innovation project in the bud.” (#9)

As selection criteria, strategic fit, strengths of the value proposition, imitability/quality of
barriers, brand and portfolio fit, as well as the perceived overall risks were named most
frequently. How these criteria are used depends on the process design. Companies follow-
ing stage-gate logic have clearly defined decision points as well as a major milestone deci-
sion typically after concept finalization and before implementation. Agile processes, on the
other hand, reportedly have closer decision circles with broader and more fundamental de-
cisions being taken early in the process e.g. in the course of investment approval for proto-
typing, and thus become increasingly stable towards the end.

In the BM implementation phase, the new BM will be set up and eventually go live on
the market. Several interviewees indicated that evolutionary BMs will usually be combined
within the current business, whereas a tendency to hive disruptive BMs off in a start-up
environment does exist, too. Following Markides/Geroski (2005), companies may achieve
better growth prospects in the more flexible structures typical of spin-offs. Some com-
panies preferred this approach due to easier set up and reduced conflict potential. Other
interviewees therefore criticized the start-up approach as being highly risky due to a loss
of control and “integratability” – suggesting instead that existing management structures
shall be adapted for different BM needs and market developments, so that all (new) busi-
nesses would be "under one roof” where they could benefit from each other. This is defi-
nitely one area where more research is still required, as without a proper implementation
structure, all the previous efforts and decisions would become obsolete.

In summary, flexibility, openness, and market-relatedness seem to be important charac-
teristics of BMI processes. This correlates with calls from Chesbrough (2010) and Mc-
Grath (2010) for a discovery-driven BMI approach. Hence, proactive management of cre-
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ativity, exploration, and “top-down” analysis of new fields e.g. from an ecosystem per-
spective, helps to gain transparency for the business opportunities and to set clear direc-
tions. Openness, fast knowledge-building and checks with the market are key when infor-
mation and experience in new business areas is scarce. Those companies that already have
a systematic BMI process in place indicated that their development times reduced signifi-
cantly and outcomes yielded a better fit-to-market. Interestingly, these companies were
also characterized by high optimism and strong progress in their I40 efforts.

Organization and Governance

We found large differences in the organizational anchoring of BMI processes. BMI usually
has a top management sponsor (C-level or C-level -1). In most companies, the BMI project
lead is either a manager from the technology side with a background in research/innova-
tion, or one from the business side, including members of the business unit management,
product management, or business development departments. Interviewees claim that gov-
ernance is a success factor – and is usually perceived as too weak:

“BMI is a task for the top management first of all. It needs to be sensitive to trends and
opportunities and must give directions and incentives.” (#11)

“Governance is a central topic and needs to be allocated to an appropriate level with
sufficient power and scope of control – ideally to higher or the highest management lev-
els. Top management sponsorship is not enough.” (#8)

“A BMI project requires defined responsibilities and capacity to secure the en-
trepreneurial passion and drive behind it.” (#1)

A conflict of goals arises between the practicality of delegating BMI management to lower
levels and the required power/scope of control from higher levels. To overcome this con-
flict, a few companies have designated BMI teams that assist managers from across the
group with the BMI process by providing tools, know-how and a network:

“We have a dedicated BMI team that helps our various businesses to push BMI from
early analysis to implementation.” (#1)

Similarly, another few companies have established dedicated I40 units that are directly re-
sponsible for developing this field and driving BMI:

“There is a dedicated Industrie 4.0 team that exploits the opportunities from both the
technical as well as the business model side.” (#10)

These approaches are a way of ensuring that BMI projects are supported with appropriate
leadership, relevant skills and entrepreneurial mind-sets. Not all companies, though, have
dedicated resources or organizational structures for BMI management (support) in place,
which is usually the case when BMI and product innovation processes have not been dif-
ferentiated.

Companies with a dedicated BMI project team staff them from different departments to
create an interdisciplinary unit (e.g., Sales, Marketing, R&D, IT, Operations, Legal, HR,
etc.) and, in some cases, even cross-business units and cross-legal entities. However, the
majority of interviewees criticized weaknesses of internal interfaces, politics and silo men-
tality as a barriers to effective internal collaboration:

4.4
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“Internal interfaces are frequently disturbed by silo mentality which is promoted
through conflicting P&L targets from different departments and units.” (#1)

This is a significant problem as I40 requires closer collaboration and integration between
different departments, especially IT and Operations, but also with client-facing functions:

“An important aspect is the close alignment of IT and operations/production – func-
tions that usually don’t work well together due to different mind sets, cultures and
paces.” (#12)

Only in a few cases was internal collaboration praised as “open – including between orga-
nizational layers”, “enthusiastic”, and “intrinsically motivated”.

“We even collaborate with intrinsic motivation beyond legal entities because employees
are interested in the topics and feel they can contribute to change.” (#10)

This ethic applies to the more entrepreneurial and younger organizations who have striven
to join efforts to achieve common goals.

External partnerships became equally essential to complement skills, gain access to tech-
nology or markets, and benefit from the partners’ structures and management:

“Partnerships are important especially for Industrie 4.0, as good hard- and software
skills must be combined.” (#8)

There are different approaches to partnerships, ranging from loose development partner-
ships to joint businesses with differing levels of success. Some companies rely on ad-hoc
partnership management, while others introduce dedicated functions for partnering and
offer guidelines and support for easier initiation, collaboration, and control. We believe
that professional partnering and openness of BMs is one of the core success factors in the
course of I40, given its requirement to combine and link interdisciplinary skills, data rela-
tionships, and value creation processes.

Corporate culture is another important contingency for BMI. Interviewees repeatedly
pointed out that bureaucratic structures and a conservative “company DNA” impede and
delay BMI efforts. In order to become more flexible, many companies report establishing a
more entrepreneurial mind-set with higher degrees of freedom and responsibility for em-
ployees as well as more advanced failure management:

“We need our group structures to manage this large company. But if we have an impor-
tant strategic or disruptive topic that collides with existing structures, we will break
them up – if necessary – with the help of a board member.” (#9)

“Our overarching goal is innovation leadership. We are very business-minded, which is
also promoted and led by example from the management. We cannot afford structures
that are too rigid or silos in our organization.” (#4)

On a different note, observers criticize German industry as being too conservative:

“Many companies still run a ‘Swabian engineering culture’ on the q.t. while getting
overtaken by those who foster openness, partnering, and focus-setting which is more
fruitful in times of accelerating innovation cycles and the need for skill extension.” (#8)
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One interviewee from a large industry group spoke out by way of example:

“Disruption simply is not part of our DNA. We have never been risk-taking and we
will never be so.” (#6)

In line with the literature, an entrepreneurial mind-set is a key foundation for driving
BMI. In the I40 environment in particular, where entirely new value propositions and val-
ue-generating structures will arise, a more entrepreneurial culture fostering openness,
pragmatism, and strategic thinking with appropriate risk acceptance is required to over-
come conflicts within rigid structures. This becomes even more relevant if existing busi-
ness structures are disrupted directly. Accordingly, internal targets need to be aligned to
incentivize joint BMI efforts. The bandwidth in our sample indicates that some companies
have been working on promoting more entrepreneurial cultures over the past years. Oth-
ers still have large development potential that needs to be addressed to provide a better
foundation for BMI.

Resources and Tools

Finally, BMI requires dedicated resources and tools. Their development and deployment
seems today to be scattered between companies. The bandwidth ranges from not having a
dedicated BMI toolkit at all to having a sophisticated and IT-supported solution in place.
Frequently used tools are Osterwalder’s BM Canvas (Osterwalder/Pigneur, 2010) as a tool
for structuring BM ideas and Gassmann’s BM Patterns (Gassmann et al., 2013) for cre-
ativity support. Interviewees appreciate the simplicity and practicability of these tools in a
workshop setting. Most companies, however, criticize these tools as being too high-level,
too restrictive within the parameters they define, and lacking consistency over the entire
process:

“Osterwalder is helpful but requires additional analysis as to preparation, and more
tools after filling the canvas, until the business is ready for implementation.” (#3)

As an example, support for preceding analysis, like modelling the ecosystem, or for subse-
quent steps e.g., detailing, evaluation and implementation guidance, is not yet properly
supported by the standard tools and templates available today. BMI for I40 requires such
tools to systematically analyze and understand relationships within the ecosystem and to
define compelling value propositions. Thus, some of the companies interviewed modified
and supplemented the tools with their own ideas.

“We [proudly] developed a toolbox even before Osterwalder that covers all steps and
includes an analysis method for business ecosystems, a modelling tool for business
models, a business model testing tool, as well as a framework for business planning
which can be customized depending on project requirements. Our team provides con-
sultants with BMI know-how to the business units and assists with the management of
the process.” (#1)

A few companies have also adopted existing tools for product lifecycle and portfolio man-
agement for BMI. But overall, we conclude that the heterogeneity of tools observed indi-
cates that there is a need for more and better tools. Here, we see great opportunities for
future research. Similar to the large catalog of innovation management tools for the prod-
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uct development process, research and practice need to engage in building a larger library
of validated BMI tools.

Promising Practices of BMI for Industrie 4.0

To conclude the discussion of our findings and observations, Table 1 contrasts the charac-
teristics of BMs for I40 (rows) with the observed practices (columns) in our case com-
panies. By highlighting significantly supportive and promising practices for developing
I40 BMs (marked as “X” at the intersections in the table), we identify key BMI competen-
cies with relevance along most dimensions. Thereby, organizational aspects such as a dedi-
cated BMI/I40 team, inter-departmental collaboration, defined responsibilities, openness,
an entrepreneurial culture have significant relevance for all BM dimensions and thus might
be the starting point and foundation for any BMI initiative. In addition, setting up an agile
(iterative) BMI process with an open and proactive front end to frame the activities is of
similar importance.

Implications and Conclusions

The objective of our research was to contribute with exploratory insights to a better un-
derstanding of how new BMs are being designed, implemented, and supported, using the
paradigm shift of I40 as our contextual anchor. First, we identified a number of changes
expected in a firm's BM as a result of I40. Second, we analyzed current approaches to
BMI and derived best practices regarding process, organizational structure, and tools, sug-
gesting a contingent relationship between the design of a BMI process and the inherent
characteristics of the BM it aims to innovate. This observation supports our initial propo-
sition that using appropriate BMI structures facilitates the exploitation of opportunities
offered by I40 in time and will decide on future market position and profitability of com-
panies in the long run. Thus, BMI represents a critical contingency for company perfor-
mance, especially in times of I40. This research has a number of implications for theory
and practice, which will now be discussed.

Implications for Research

The peculiarities of I40 BMs bear interesting theoretical implications and a multi-faceted
disruptive shift. While the focus of our study was on the process of BMI, we will first
comment on a few implications on the resulting outcome of this process: the BM in times
of I40. Enabling, for example, customization and efficiency optimization at the same time,
I40 helps minimize the commonly dichotomous trade-off between product differentiation
and cost leadership (Porter, 1980) or BM design choices (e.g., Zott and Amit’s (2007) nov-
elty-centricity and efficiency-centricity). Thus, the technological infrastructure behind I40
could enable the design of entirely new BMs that break with established paradigms in the
strategy literature. Researching these relationships between BM alternatives, competitive
strategy, and the resulting performance outcomes against the background of I40 will be-
come a fruitful domain for further research.

I40 is expected to change existing distribution channels and customer relations through
digital communication links and integration. Enabling former B2B businesses to broaden
their footprint and directly reach the end-customer (“B2B2C”) who owns/uses their prod-
ucts will disrupt existing industry structures and likely strengthen the position of domi-
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nant players such as OEMs and key technology leaders (Porter/Heppelmann, 2014), who
then become platform owners. In turn, the resulting ability to control digital structures,
information availability, and information access may have an impact on firm boundaries
or even constitute new forms of firm boundaries (Leih et al., 2015). Assets (information)
and span of control (through digital structures) may not lie within the classical boundaries
of the firm any longer and "integration" will thus differ from the conventional notion of
vertical integration in organization studies. As a result, new concepts of firm boundaries
may be required, such as the "open business model" (Chesbrough, 2006; Frankenberger et
al., 2014). Moreover, adjacent concepts such as networks and platforms will command in-
creasing importance (Zott et al., 2011; Palo/Tähtinen, 2013), especially in industries that
have not been affected by these drivers previously.

These new BM opportunities are the outcome of the underlying process practices of
BMI, constituted by a flow of activities and methodological approaches applied for each
process stage. Our exploratory insights about this BMI process yield a number of further
theoretical implications. Earlier literature discussed whether BMI should be regarded as an
extension of product development or technology portfolio planning, or as a distinct pro-
cess with dedicated structures and processes. We saw these opposing views represented in
our sample. Our data indicates that the peculiarities of the BMI processes differ substan-
tially from conventional product development and provide strong arguments for a separa-
tion of product development and BMI. Thus, we support Markides (2006) and call for a
more prevalent differentiation between product innovation and BMI (processes) for I40 as
well as in general. To organize the BMI process, respondents stressed the need for an agile,
highly iterative process as opposed to the conventional sequential stage-gate processes fre-
quently used in development and engineering. Agile processes provide higher flexibility
and market-relatedness. Moreover, they allow a firm to generate and test several BM alter-
natives quickly. Key aspects here are the rapid prototyping of BM alternatives, organiza-
tional learning, early and frequent iterations with customers, and early decision-making
for major issues. BMI literature has covered these aspects at a high level so far (McGrath,
2010; Sosna et al., 2010; Fleisch et al., 2014; Gibson/Jetter, 2014). Future research might
analyze BMI processes at a more granular level, and deliver quantitative evidence for the
performance relationship of BMI process design choices.

The front end of BMI consists of opportunity recognition and ideation. We found that
companies often apply a "direct process" rooted in the product or technology space. This,
however, bears a significant risk of being biased by existing knowledge and missing out
opportunities that originate from the market side (Chesbrough/Rosenbloom, 2002). Ap-
plying open innovation principles at the BMI front end could offer significant potential by
increasing the width and breadth of search. Involving actors from outside the firm with
complementary skills (engineering, IT), who may later become partners as well, could be
extremely helpful for the development of I40 BMs. With the divergent and cross-industry
potential of I40, this is an area where we see many opportunities. Interestingly, "open-
ness" in the context of BMI has only been discussed with regard to the resulting BMs
(Chesbrough, 2006; Frankenberger et al., 2014; Saebi/Foss, 2014; Weiblen, 2014), but not
for the process of BMI. Highlighting the relevance of open innovation for BMI, I40 may
provide the ground to connect these two research areas better in the future.

Governance and leadership for BMI has been identified as a key success factor by our
respondents. This includes the definition of sufficient power and span of control as well as
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sufficient cognitive capacity among the managers responsible and promoters of the BMI
task. It further addresses the need for an entrepreneurial culture and corresponding orga-
nizational structures (e.g., a dedicated BMI team and defined responsibilities). The aca-
demic discussion of these organizational requirements has only very recently become a
subject of debate in academic literature (e.g., Hao-Chen et al., 2013; Foss/Saebi, 2015).
Thereby, ties with entrepreneurship literature are starting to emerge, and help to explain
the phenomenon better (George/Bock, 2011). The experiments of General Electric in
adopting the "lean start-up mentality" (Clough, 2014) to enable better reaction to the
changes implied by I40 have been named as a promising example in this regard. Conflicts
arising from BMI within or between assets have been discussed in literature before (Chris-
tensen/Bower, 1996; Markides/Geroski, 2005; Chesbrough, 2010), but we found that ex-
isting recipes for anchoring a BMI optimally (e.g., integrated or separated) are rather ab-
stract. They need to involve more complex and not necessarily straightforward strategic
and organizational considerations. This is one of the largest and most important domains
for further research: how to anchor both the BMI process as well as the implementation of
its outcomes in an organization.

As regards methods, BMI activities often rely on existing tools and established frame-
works. While the BM canvas by Osterwalder & Pigneur (2010) has become the "gold
standard" to represent a BM, existing toolkits for innovation management that could help
to come to such a description are lacking and do not cover all the steps required for BMI.
Hence, some pioneering companies have developed their own tools. The high customer-
centricity of I40 value propositions mandates a focus for identifying and evaluating cus-
tomer value drivers. Better methods for customer-centric value proposition design (Kager-
mann et al., 2013; Westerlund et al., 2014) could provide greater benefits. In correspon-
dence with Chesbrough (2010), we also propose that the focus on customers and net-
works will change their roles in the BMI process – possibly by giving them an even
stronger role than in product innovation. In our sample, we found surprisingly little atten-
tion paid to these aspects and call for further research that could help companies to define
a value proposition (and corresponding offerings) that incorporate this new approach to
customers and data.

Finally, our interviews indicate that one of the core ideas of systematic BMI – efficiently
generating and testing many BM alternatives (Osterwalder, 2004; Osterwalder/Pigneur,
2010) is not part of the dominant thinking in companies yet. Often, getting (only) one BM
canvas across is seen as sufficient, as following the conventional understanding of calcu-
lating one business case. However, more experienced companies frequently saw standard
business case templates as an obstacle to BMI projects. In these companies, qualitative in-
formation and amended financial requirements for strategic projects like I40 have replaced
purely quantitative calculation sheets. They also define and evaluate BM alternatives to
account for different scenarios, data uncertainty, and possible changes in the market. Fu-
ture research should engage in developing a set of more reliable qualitative evaluation cri-
teria to better analyze and capture the value of strategic BMI projects with ambiguous fi-
nancial cases. It should further contribute to better understanding the practice of experi-
mentation and rapid evaluation.
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Implications for Management

In order to exploit I40 business opportunities, we suggest managers take the initiative and
systematically build an understanding of I40 technology and the resulting BM opportuni-
ties originating from within and outside their principal industry. The analysis of these op-
portunities should have a strong focus on the customer or user perspective – not just on
technological capabilities or standards. A good way to do this is to participate in relevant
conferences or working groups and connect both within and outside the industry to
broaden the view. Also, connecting (with) experts inside the company from various func-
tions e.g., from R&D, Operations, and IT, but also customer-facing functions like Sales or
Service, will unlock valuable expertise. This can be started in informal meetings, expert
panels with “impulse speeches” from external speakers, or exploratory workshops provid-
ing the impetus for a later BMI process. In some of the larger organizations in our sample,
we also saw patterns of practitioner communities that evolved informally at the beginning
of an I40 initiative, connecting people intrinsically interested in the topic. Facilitating and
nurturing these bottom-up initiatives could also provide much benefit.

The first more formal step to establishing dedicated I40 BMI activities would be to se-
parate BMI from product planning and foster an entrepreneurial spirit in close collabora-
tion with top management and functional leaders. Our analysis showed that appropriate
organizational anchoring is the key to any BMI activity. Thus, we recommend the forma-
tion of a dedicated BMI team with specialized BMI skills and responsibilities, equipped
with dedicated resources and supported by a strong executive promoter. For I40, we fur-
ther recommend forming an additional expert group with functional know-how of both
engineering and IT. The combined project team of BMI and I40 specialists will set the BMI
process up and, in parallel, foster organization learning and skill development. Further-
more, internal interfaces and collaboration need to be strengthened to prevent silo think-
ing and self-optimization. This can be done by aligning common targets and performance
management systems, allowing larger degrees of freedom in assigning responsibilities, but
also by means of an entrepreneurial role model. Our respondents frequently mentioned
that managers needed to lead by example, give directions, and incentivize BMI through
group-wide targets.

Our research also identified a number of promising practices for the set-up of a BMI
process, starting with a flexible/agile process design with a proactive and open ideation
processes. The value proposition and BM design may follow available tools and involve
interdisciplinary resources, including outside partners. The goal is to develop "minimal vi-
able prototypes" that then will be iterated with potential customers quickly and frequent-
ly. For their evaluation, we suggest amending business case templates with qualitative/stra-
tegic aspects and increasing the tolerance for financial cases since strategic (BMI) projects
have different payback periods, but also longer lasting effects. When anticipating the re-
sults of further (empirical) research, we propose that the systematic and agile BMI process
suggested with high-level organizational anchoring, supported by a special BMI team and
an entrepreneurial culture as well as an extensive toolkit, serves as a key foundation for
successful BMI in the course of I40. The companies in our sample whose BMI approaches
corresponded to these characteristics showed remarkable higher confidence and progress
in their BMI activities for I40 as well as an indication of a higher innovation performance.
Offering a holistic BMI toolkit with new approaches around existing frameworks is highly
necessary. Given the highly dynamic and competitive urgency observed among the leaders
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of our case companies, we believe that the current I40 "hype" is fostering exactly this de-
velopment in many companies today. I40 is becoming a main driver for the implementa-
tion of dedicated BMI activities in industry.

Limitations and Future Research

Our research is not without limitations. Its design is of an explorative nature and thus
provides a quite high-level analysis across our case companies. It derives conclusions from
qualitative information and relies on the interviewees’ insights and experience from their
own companies. We used a convenience sampling approach, building on interviews with
large European companies and associations. To achieve validity, we aimed at ensuring a
high quality of inputs by selecting interviewees with a high level of seniority, I40 experi-
ence, and existing BMI activity while mirroring the corporate perspective with intervie-
wees from industry associations. After 14 interviews, we observed saturation regarding the
underlying phenomena. Thus, we expect that the general findings of the management ap-
proaches and success factors discussed will apply to other established companies outside
our study. On more granular levels, differences will exist due to individual companies’
conduct. Our methodological approach could not capture the effect of these differences in
full detail. This is a subject for further empirical research.

We expect that a success-factor-based approach to investigating BMI activities and pro-
cesses in a large sample of companies could yield fundamental results similar to those
from classic studies in innovation management. Benchmarking BMI performance (and ac-
tivities regarding I40) over a broader sample e.g., including American and Chinese com-
panies, as well, would be extremely interesting. Such research would not only help com-
panies to better position themselves in the race for I40 leadership, but would also provide
a better understanding of which characteristics, cultural differences, and methodological
approaches can lead to successful BMI.
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Appendix 1: Interview Partners

The following tables provide an overview of the interviews conducted. The name of the
company and interviewees remain anonymous for reasons of confidentiality.

Interviewees from Industry

# Industry Revenue
(group) Employees I40

Expertise
BMI

Expertise Education Rank Duration
(min)

1 Engineering >€50bn >250.000 Project
work Main task Economist Senior

Manager 120

2 Engineering >€50bn >250.000 Main task Main task Engineer
Dr.

Senior
Manager 60

3 Engineering >€10bn >100.000 Project
work

Project
work

Engineer
Dr. Manager 60

4 Engineering >€1bn >10.000 Project
work

Project
work Engineer Manager 60

5 Steel >€10bn >100.000 Main task Project
work

Engineer
Dr.

Senior
Manager 60

6 Consumer
products >€10bn >10.000 Project

work
Project
work Economist Manager 60

7 Pharma >€10bn >100.000 Interested Main task Physicist
Dr.

Senior
Manager 90

8 Consulting >€10bn >250.000 Project
work

Project
work Economist Senior

Manager 90

9 Software >€10bn >50.000 Project
work Main task Economist Manager 75

10 ICT Services >€1bn >50.000 Project
work Main task Economist

Dr.
Senior

Manager 60
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Interviewees from Industry Associations

# Membership
base Members I40

Expertise
BMI

Expertise Education Rank Duration
(min)

11 Engineering >100.000 Main task Main task Engineer
Dr. Director 120

12 ICT >2.000 corporations Main task Interested Engineer Senior
Manager 60

13 Engineering >3.000 corporations Interested Interested Engineer
Dr.

Senior
Manager 45

14 High-Tech >1.000 corporations Main task Interested Engineer Senior
Manager 45
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