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Introduction

In recent years, the business to consumer (B2C) and business
to business (B2B) sectors have undergone a fundamental
transformation, in which products, processes and organizati-
ons become increasingly connected via a growing amount of
generated data and digital technologies. The car industry, for
example, uses generated data to (a) generate revenue through,
e.g., individual offerings and personalization of the vehicle,

(b) reduce costs through, e.g., better tailoring of products/
services provided and (c) increase the safety and security by
reducing the time for intervention [1]. The industrial sector,
through its dependency on manufacturing machinery, is also
generating a massive amount of data. Initially driven to impro-
ve internal efficiencies and processes, companies started to
interconnect these data, resulting in the possibility to improve
external activities such as up- (e.g., supplier) and downstream
(e.g., consumers) activities. Nowadays, manufacturing compa-
nies have the possibility to use the generated data over diffe-
rent stakeholders and the product lifecycle with improvement
potential in e.g., development, manufacturing, services and/or
end-of-life activities.

With the availability of data, organizations need to reflect
and analyze the current value offer to customers. Besides the
possibility to offer and improve customized products and/

or services, companies need an underlying concept to exploit
industrial data in form of a data-driven business model. Every
company needs to effectively and efficiently be able to create
the willingness to pay as well as to realize and capture value

added to find their specific sweet spot. For manufacturing
companies, the journey towards a data-driven business model
starts with their physical product and domain-specific know-
ledge. However, as the way to establish data-driven business
model is not always linear, and there is no general recipe for
success, the journey from a physical product to a data-driven
business model may be different between companies. Hence,
companies may experience different hurdles on their journey.

This study aims to facilitate the journey by answering the
question how companies along a value chain can monetize the
insights derived from industrial data. To do so, the underly-
ing procedure covering the identification of roles along the
value chain, the value of machine sensor data and monetiza-
tion opportunities will be presented alongside the respective
outcomes.



Data-driven ecosystem

Analysis and development of a data-driven ecosystem in
the manufacturing environment

In a data-driven ecosystem, the independent actors of a value
chain join forces to develop more innovative solutions and
generate new revenue streams based on data. Hence, data-
driven ecosystems change how businesses collaborate and
compete and have the potential to generate significant value.
McKinsey & Company describes winners of digital strategies as
those who think in terms of value ecosystems. Therefore almost
one third of the total global sales will come from ecosystems by
2025, forming an integrated network economy [2, 3].

In this study, a major focus is put on the development of

a data-driven ecosystem in manufacturing to illustrate the
previous mentioned dependencies. In joint workshops with the
community members, roles within their ecosystem were identi-
fied to highlight value creating positions through the provision
of physical goods, data, and services. The derived ecosystem is
illustrated in Fig. 1, consisting of eight roles, such as the data
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analyzer/domain expert, digital platform provider, system inte-
grator, industrial services provider, tier supplier, machine manu-
facturer, cloud and storage provider and the Original Equip-
ment Manufacturer (OEM). The end user as the ninth role is
the customer of the OEM. As illustrated in Fig. 1, the provision
of physical goods is highlighted in blue, while data and service
streams are indicated in orange. Even though the roles are
separated from each other, companies can hold several roles,
e.g., digital platform provider and system integrator. Hence,
the ecosystem and roles should not be understood as a static
model but more as a structured illustration of important roles
and their value contribution within a respective ecosystem. The
structured illustration forms the basis for reflecting the current
position within an ecosystem to derive and target a new
strategic position with additional products and/ or services,
increasing the value contribution to and, thus, the dependency
on the respective customer.
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Utility potentials in a data-driven ecosystem

Modern technology enables companies to collect large
amounts of production data during the process. Against this
background to derive suitable utility potentials for this study,
the data of vibration sensors to capture process information of
a milling process for chip removal was recorded and analyzed.
The potential of the analyzed vibration sensor data not only
helps to develop obvious use cases for a single role accessing
the data but holds the potential to generate beneficial insight
for further stakeholders i.e., roles, in the data-driven ecosys-
tems. With respect to the vibration data generated in the mil-
ling process, the analyzed data could be used by raw material
manufacturers as a source for new designs by milling machine
manufacturers to improve the machine performance during
operation, by lubricant manufacturers to improve the quality
and lifetime of the respective lubricants or by cutting tool
manufacturers for data-driven material studies. The benefits
for the different stakeholders also indicate that the analysis of
the sensor data is highly dependent on the ability to generate,
analyze as well as understand the essential and valuable infor-
mation of the data for data-driven services around a physical
product.

The utility potential describes the value added through data
processing, analysis, and interpretation in combination with

a physical value creation. Hence, it consists of three levels: (a)
infrastructure, (b) data processing and (c) monetization. The
infrastructure level covers a suitable data processing infrastruc-
ture for data analysis, visualization, and recommendations. In
the second level, data processing, new information is genera-
ted to exploit data-driven services based on the collected and
processed data. The monetization level as the third dimension
describes the monetization potential of the industrial data in
an ecosystem, which at the moment is often realized by the
OEM. However, the fundamental value to monetize the collec-
ted and processed data is created through the cooperation of
multiple roles within a data-driven ecosystem.

In summary, utility potentials offer various benefits such as
new insights around specific products for the different roles of
the data-driven ecosystem to monetize industrial data.



Development and evaluation of strategies
for the monetization of industrial data in a

case study

Introduction to the case study

To exemplify the presented utility potential, a case study analy-
zing an identified utility potential along the core elements of a
business model is created.

The aim of the following case study is to conduct a holistic
utility potential analysis within a specific ecosystem to identify
the main beneficiaries and consequences for established roles
without a major value creation contribution. Based on these
insights, the first recommendations to benefit from data-driven
ecosystems are derived.

With the case study, three major challenges of the study part-
ners are to be addressed: (a) a limited understanding of the
monetary value of industrial data, (b) an unclear value creation
contribution of the different roles in the ecosystem and (c)
hard to justify payments and rewards. For a holistic analysis

of the utility potential, the guiding framework of a business
model — unique selling point (USP), value creation contribution
and monetization model — is applied.
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Each of the three pillars in Fig. 2 aims to answer specific ques-
tions to the utility potentials to be exploited by the data-driven
ecosystem. Regarding the USP, there are three main questions
to be addressed and analyzed in the holistic utility potential
analysis:

1. What problem of the end-customer is solved by the utility
potential?

2. How is the USP generated?

3. Who “owns” the USP?

The value creation targets two main questions:

1. Who is delivering the value and what is “our” value
creation contribution effort?
2. What value is created for the end customer?

With respect to the monetization model, the questions to be
analyzed are threefold:

1. How is the added value monetized?

2. Which role realizes monetary benefits?

3. How is the distribution of the monetary benefit in the
data-driven ecosystem?

In order to conduct a holistic utility potential analysis, suitable
utility potentials are defined here.



Definition of feasible utility potentials

As described, utility potential is derived from the data founda-
tion covering process, product and environmental data, and
the necessary information. Following the presented approach,
vibration sensors were installed on a milling machine to captu-
re, store, and analyze process information, i.e. vibration data to
create the data foundation and deliver necessary information.
Based on the latter, different possibilities were derived and
raised.

In more detail, three utility potentials were identified in colla-
boration with the study partners. Fig. 3 highlights the iden-
tified utility potentials overall equipment effectiveness (OEE)
improvement, quality assurance effort, and lubricant and tool
cost savings.

Lubricant and
Tool Cost Savings
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The OEE improvement focuses on the reduction of downtime
and waste parts as well as on the increase of the machine
performance through the generation and analysis of industrial
data. In general, the OEE is described by three elements:

OEE Improvement Quality Assurance

Effort
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® Availability that aims to reduce unplanned downtimes
and ensure production output. Using process data, spare
parts can e.g. be ordered proactively and are available when
needed.

®  Quality that focuses on the adjustment of process parame-
ters to reduce the number of waste parts.

m Performance evaluating the current and target per-
formance, which can be optimized by data-driven
optimizations.

With an increased availability, quality, and performance,
the OEE increases as well, with the potential to achieve a
higher output and hence potentially increased revenue and
profitability.

The quality assurance effort as the second identified utility
potential describes the time spent assuring the desired product
quality of the organization. Hence, the generation, analysis
and interpretation of process data can provide insights to the
product quality in real-time. Based on this information, physical
measurement efforts can be set flexible.

Lubricant and tool cost savings as the third identified utility
potential target the improvement of the lubricant and tool
wear that may affect the quality of the workpiece. A dedicated
data generation, analysis and interpretation have the potential
to deliver insights to the condition of the lubricant and tool.
Hence, tool and lubricant change intervals can be planned
more efficiently.

These identified utility potentials form the basis for a survey
within the study that aims to evaluate (a) the contribution of
each role to the realization of the identified utility potentials
and (b) the identification of the individual value added of the
different roles. The survey results are attached in the appendix
and serve as an input for the holistic utility potential analysis.



OEE improvement

For the study partners, the OEE improvement is the most
attractive utility potential as it holds the greatest potential
for different stakeholders of the ecosystem. Thus, the utility
potential “OEE improvement” is analyzed along the three
constituent parts of a business model USP, value creation and
monetization model (see Fig. 2). For the subsequent analysis,
the ecosystem blueprint illustrated in Fig. 1 is used as a refe-
rence model.

Unique selling point

As detailed, the USP focuses on the customer’s problem that

is solved by the company. Furthermore, it is analyzed who
“owns" the USP in a data-driven ecosystem. As exemplified,
three roles can directly generate USPs due to data-driven OEE
improvements such as the OEM, machine manufacturer, and tier
supplier, which can be classified to the role category physical
contributor.

As for the generated USPs, the utility potential OEE improve-
ment leads to reduced maintenance cost as well as to an increa-
sed productivity and output for the OEM. This again may be
beneficial for the machine manufacturer and supplier. While the
machine manufacturer can use the data for OEE improvements
for customized services e.g. to increase the customer loyalty, the
supplier can benefit from OEE improvements by selling more
and/or optimized spare parts such as lubricants and tools. The
digital platform provider and data analyzer are grouped to loT-
software provider, which may also benefit from OEE improve-
ments as the analysis of process data can lead to an increase in
the number of analytical services provided to the customers.

In summary, the main beneficiaries of OEE improvement activi-
ties are physical contributors with the OEM as the main benefi-
ciary of data-driven OEE improvement efforts. The OEE impro-
vement is supported by real-time data analysis and insights,
resulting in a greater need for suitable analytics services. With
respect to the industrial services provider, system integrator, and
cloud and storage provider, no beneficial USP is identified.
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Value creation

The value creation evaluates how value is created but also analy-
zes the individual value contribution efforts of the different roles
in the ecosystem.

Fig. 4 illustrates the aggregated results of the industry survey.
As it is demonstrated, the OEM, industrial services provider and
machine manufacturer have the highest value creation con-
tribution efforts for OEE improvement with 27 % (OEM) and

18 % (industrial services provider and machine manufacturer).
With reference to the orchestration experts, the digital platform
provider has a value creation contribution of 13 % followed by
the system integrator with 11.5 %. According to the survey, the
tier supplier (6.5 %), data analyzer (5 %), and cloud and storage
provider (1 %) seem to have the least value creation contribution
efforts to improve the OEE.

In summary, the physical contributors have higher value creation
contribution efforts with overall 63 % followed by the orchest-
ration experts with 24.5 %. The role categories “data specialist”
and “cyber-physical enabler” tend to have a low value creation
contribution to the utility potential OEE improvement.

Monetization model

The analysis of the monetization model aims to evaluate which
role brings monetary benefits due to OEE improvement activities
and how the monetary benefits are distributed within the data-
driven ecosystem.

Based on the conducted study and performed workshops with
the ICNAP community, the OEM and loT-software provider (digi-
tal platform provider and data analyzer) might expect financial
benefits from OEE improvement activities, while the machine
manufacturer, system integrator, and industrial services provider
tend to have no major financial benefits compared to their high
value creation contribution efforts and generated USPs (see Fig. 4).

The greatest share of the monetary benefit is raised by the OEM
that can reduce production and maintenance costs, increase the
factory output, and potentially generate more revenue through
a greater OEE. As the machine manufacturer and tier supplier
support the OEM to improve the OEE e.g. with spare parts,
lubricants or analyzed machine data and recommendations, a
certain amount of the raised monetary benefit is shared with
both roles. The tier supplier, however, only receives payments for
its core products like tools and lubricants. Besides their low value
creation contribution efforts and potentially greater output (see
Fig. 4), tier suppliers may not necessarily have a huge leverage as
they marginally increase their traditional business. The machine
manufacturer raises the monetary benefits through data-driven
analysis, which may however be a capability acquired from a
third party. Hence, the machine manufacturer has to share its
financial benefits with e.g. the loT-software provider as the
latter has a significant leverage over the machine manufacturer
and OEM in terms of data analytics and data-driven recommen-
dations for OEE improvements.

In summary, the OEM is the major beneficiary of the financial
benefits raised by data-driven OEE improvement. loT-soft-

ware providers, consisting of the digital platform provider and
data analyzer, have a significant lever to gain financial benefits
as they have the key capabilities for data-driven OEE impro-
vements. The tier supplier may not raise significant financial
benefits but might still experience advantages. With respect to
cloud and storage providers, they may not necessarily generate
huge monetary benefits but also do not have significant USPs or
high value contributions.



Opportunities for strategic positioning

The analysis along the three constituent elements of a business
model for OEE improvement activities shows that there is a
significant gap between the generated USPs, value creation
efforts and financial benefits raised by the different roles of the
data-driven ecosystem. For certain roles, new strategic positions
within the ecosystem are necessary in order to monetize and/ or
benefit from industrial data — changing what USP is gained, how
value is created and how revenue is generated from products
and services provided.

Table 1 provides a brief overview of the key elements from the
analysis. Besides generating insights, the analysis aims to create
a sound understanding to the activities of the individual roles
and forms the basis to help expand to a potentially more power-
ful strategic position.

Based on the insight gained in the holistic utility potential ana-
lysis, different strategic positions to increase the value creation
contribution and the leverages to monetize industrial data will
be investigated.

Key takeaway

USP Physical contributors — especially the OEM — are the main beneficiaries of the OEE improvement
Value Creation Physical contributors tend to have higher value creation efforts for OEE improvement

Monetization Model Current value chain ecosystems show a gap between generated financial benefits and value creation efforts

Strategies for the monetization of

industrial data

The present chapter assesses the question how manufacturing
companies can increase their value creation contribution to
derive and leverage monetization strategies using industrial
data. In order to achieve a leveraging effect, potential strategic
positions are derived, analyzed and compared to the current
position of a specific role. A distinction is made between rele-
vant and possible strategic positions. Relevant strategic posi-
tions exemplify which other roles shall be covered to increase
the value creation contribution taking into consideration the
required capabilities and fit to the existing product portfolio of
an organization. In the following the strategic positions of the
four roles are presented in detail.

Fig. 5 exemplifies the current position as well as the relevant
strategic and possible strategic positions of a machine manu-
facturer. To increase the value creation contribution, a machine
manufacturer can expand its product and/or service offering to
cover the roles of the system integrator and industrial services
provider as well. Besides the relevant strategic roles, a machine
manufacturer could also cover the roles of the digital platform
provider and data analyzer (loT-software provider) to analyze
machine data to improve services and machine performance,
and thus, increase the customer loyalty.
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Fig. 5: Strategic positioning of a machine manufacturer to monetize industrial data

The relevant strategic position for an industrial services
provider may be the role of the system integrator to provide
technical solutions and implementations as well (see Fig. 6).
Through the additional services, the industrial services provider
could beneficially exploit the extensive market and interface
knowledge about the integration of data and processes. Possi-
ble strategic positions may be the roles of the digital platform
provider and data analyzer as industrial services provider often
have a good prerequisite for offering digital platforms, harmo-
nizing all data and collaborating with various partners.

The cloud and storage provider tends to have very low value
creation contribution efforts in all three utility potentials.
However, cloud and storage provider also do not generate
USPs or have significant monetary benefits. Thus, the next

Digital Platform
Provider

loT-Software Provider

Data Analyzer

. Current Position . Relevant strategic position . Possible strategic position

suitable step for a cloud and storage provider may be to
increase the dependency of their customers to benefit from
the monetization opportunities resulting from industrial data. It
may be beneficial for cloud and storage providers to also cover
the roles of the digital platform provider and data analyzer as
illustrated in Fig. 7. Especially the digital value added, holds a
huge leverage with the provision of the backbone infrastructu-
re to operate digital platforms.

In summary, a cloud and storage provider could expand its
offering from cloud solutions to loT-software and hardware
solutions, increasing the dependency of the customers with a
value creation contribution of 19 % (relevant strategic positi-
ons) and 30.5 % (all strategic positions), respectively.

Industrial Services Provider

18 %

Fig. 6: Strategic positioning of an industrial services provider to monetize industrial data
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Fig. 7: Strategic positioning of a cloud and storage provider to monetize industrial data

Fig. 8 illustrates the strategic positioning of a digital platform In summary, digital platform provider could aim at offering
provider. As pictured, the digital platform provider could use data analytics tools as well as industrial services that could

its situation of connecting different machines and/or processes  help customers improve the production processes and reduce
with each other to offer suitable data analytics tools. A possib-  costs, increasing their value creation contribution from 13 %
le strategic position for the digital platform provider may be to  to 18 % (relevant strategic positions) and 36 % (all strategic
also cover the role of the industrial services provider. positions), respectively.
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Fig. 8: Strategic positioning of a digital platform provider to monetize industrial data
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Summary and outlook

The availability of data, the need for customized products, and
possibility for data-driven improvements, e.g. in production
and/or for products and services, increases the importance of
having the capabilities to monetize industrial data. Against this
background, emerging data-driven ecosystems fundamentally
change what value is created for the customer, and how this
value is created among different involved players. To address
and analyze how companies can realize and implement data-
driven ecosystems as well as develop suitable data-driven
business models, a sound understanding of the ecosystem and
the respective roles is needed.

The conducted study “"Monetizing Industrial Data” answers
the question how companies along a value chain can monetize
the insights derived from industrial data and helps to establish
an in-depth understanding of monetization opportunities.
Initially, the importance of data-driven business models was
highlighted. Moreover, a data-driven ecosystem and associa-
ted utility potentials were introduced and analyzed regarding
their monetization potentials along three constituent parts of a
business model. To derive and evaluate potential monetization
strategies based on industry assessment, a survey to the value
creation efforts of individual ecosystem roles was conducted
with the partners of the ICNAP community.

The results of the analyses in this study clearly show that there
is a significant gap between the generated USPs, value creati-
on efforts and financial benefits raised by the different roles of
a data-driven ecosystem. Hence, for certain roles new strategic
positions within the ecosystem are necessary to monetize and/
or benefit from industrial data.

This study aims to support companies in their assessment and
reflection of their role in the value chain and/ or ecosystem to
derive a new strategic positioning in a structured and trans-
parent way. Through new strategic positions, companies may
be able to increase their value creation contribution to a final
product. Hence, they may be able to increase their negotiating
power to the customers, which might result in greater financial
benefits due to the effective exploitation of industrial data and
utility potentials.

The industry survey to evaluate the value creation contribution
efforts of individual roles regarding the three identified utility
potentials OEE improvement, quality assurance efforts and
lubricants and tool cost savings is continued. A comprehensi-
ve industry survey forms the basis to (a) assess the individual
value creation contribution efforts of each role and (b) develop
a holistic blueprint of a data-driven ecosystem to derive new
strategic positionings based on profound industry survey data.
Consequently, companies may in the long-term be able to con-
tinuously reflect and increase their influence in the ecosystem.
Additionally, companies could continuously adjust and custo-
mize their offering based on their ecosystem role, which could
potentially lead to a higher customer loyalty and profitability.
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