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Objectives

The application scenarios, see Figure 1, [1], and [2], describe
how German industry perceives its digital future. They show
which innovations - in technology, work organization, law
and society - German industry wants to utilize on its way
to this digital future. However, the application scenarios
also indicate areas posing major challenges and questions,
for example standards, research, security, legal framework
and labor, and thereby provide a common framework for
the Plattform Industrie 4.0 Working Groups.

Figure 1: Application scenarios of Plattform Industrie 4.0

Various discussions have repeatedly expressed the desire to
further detail the description of the application scenarios
and to work out the benefits for the stakeholders concerned.
However, due to the complexity of the topic and the available
resources, this cannot take place in the width, but only on
the basis of selected representative examples.

For this reason, such a detailing was elaborated as an example
for one application scenario, namely VBS - Value-based
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4 OBJECTIVES

Service, see [3]. Specifically, three sub scenarios were devel-
oped to illustrate the broad use of this application scenario.
The sub scenarios are based on real offerings and business
cases but have been anonymized. These three sub scenarios
do not claim completeness, many further sub scenarios are
possible. It was important to illustrate the wide range of
different value-based services as well as the wide range of
different value-added network and business models of the
affected business stakeholders. Also we emphasize to con-
sider an end-to-end view from a customers’ perspective.

There are different ways to describe the benefits. One pos-

sibility is an orientation on the business canvas model, see [4].

But to improve the common understanding between the
Plattform Industrie 4.0 and the Industrial Internet Consor-
tium, we have decided to use the business viewpoint of IIRA,
the Industrial Internet Reference Architecture of the IIC,
see [5], for the description of the benefits. Therefore, the
description of the individual sub scenarios follows a com-
mon structure:

Stakeholder and Vision: Here we describe in the form
of a hypothesis a future value-added network. The main
business stakeholders needed to implement the sub
scenario are taken into account.

Values and Experiences: Here we describe the central
value proposition of the supplier to the customer. In
part, these suppliers have to rely on value propositions
of sub supplier. To preserve the focus we do not detail
the value propositions of the sub suppliers.

Key Objectives: Here, a concrete business plan should be
sketched. Since all activities of the Plattform Industrie 4.0
are precompetitive, we focus in this context on principal
mechanisms only.

Fundamental Capabilities: We structure the fundamen-
tal capabilities according to the involved stakeholder. In
addition to the capabilities we discuss the main interests
of the stakeholder.



Application Scenario VBS - Value-Based

Service

Today typically a product provider delivers a product to a
customer and does not have any feedback from the usage
of his product by the customer. The application scenario
VBS - Value-Based Service is based on the innovation
hypothesis that in the future delivered products will be
connected to a service platform, data from the usage of the
product by the customer will be fed to the service platform,
and based on the usage data a service provider can offer
data-driven value-added services to the customer. Figure 2
illustrates the participating stakeholder, the underlying
value network, and the new information flow from the
customer to the service platform as the basis for new value-
based services. For more details we refer to [3].

Figure 3 shows the typical functional breakdown structure

of a service platform. The various sub systems of the service
platform and associated engineering-services can be provided
by additional stakeholder, but in this paper we do not detail
the underlying value network with respect to these aspects.

e We assume that the applications of the application layer
are operated by the service provider. May be that the
applications have been developed by a specific develop-
ment-services provider.

e The infrastructure and development environment of the
platform layer could be provided by specific infrastruc-
ture, tool, and library provider to the platform operator.

e There may be specific engineering-service provider for
connecting products to the service platform via the con-
nectivity layer.

For this document, we expand the value-network of Figure
2 to include other stakeholders. In doing so, we also adapt
the terms of the roles in the value-network. We focus on
manufacturing industries and here we consider only spe-
cific value-based services, namely value-based services to
improve the usage of machines. As illustrated in Figure 4
the products according to Figure 2 are machines and the
customer according to Figure 2 is the operator of machines:

We introduce the additional business role of the develop-
ment of the value-based services. This does not necessarily
have to be done by the provider of the value-based services,
but can be purchased by the provider from another busi-
ness stakeholder.

In addition, we also introduce the business role of the
development of the service platform, since this can also be
offered by another business stakeholder. A service platform
may include systems, such as the infrastructure or a devel-
opment environment, as shown in Figure 2, provided by
additional business stakeholder. We do not consider these
additional business roles as part of our three sub scenarios,
because they are of secondary importance from the custom-
er’s point of view.

Typically, in some value creation steps system integrators
are involved. This applies in particular to the connection of
the machines to the service platform?!. We do not consider
these business roles in this paper. These business roles have
no major impact on the business models of the main stake-
holder in Figure 4. Their value proposition follows the same
principles as today.

Figure 2: Value-network of application scenario VBS - Value-Based Service
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APPLICATION SCENARIO VBS - VALUE-BASED SERVICE

Figure 3: Functional breakdown structure of service platform
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Figure 4: Usage of application Scenario VBS - Value-Based Service
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In discussing the benefits and the business models, we
focus on the core of the application scenario, namely the
interrelationships between the machine operator, the pro-
vider of value-based service, and the operator of the service
platform. As already mentioned, other partners providing
supporting products and services have to be taken into
account for a comprehensive consideration of the applica-
tion scenario, but this is of subordinate importance to our
considerations.

The following three sub scenarios are organized along two
different dimensions in order to show the complexity of
this application scenario:
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e Different value-based services with respect to the con-
tent in the context of the use of machines. Specifically,
we consider condition monitoring services, machine
optimization services, and production scheduling ser-
vices.

e Different responsibilities of the business stakeholders
involved in the value network to provide the specific
value-based services.

The two dimensions are independent of each other and the
different manifestations can be combined. However, we
focus in the discussion of benefits less on the specific value-
added services, as in organization of the value network by
the different business stakeholders and how benefits are
created for each individual business stakeholder.



Sub Scenario Condition Monitoring Services

Here, the value-based service considered is a condition
monitoring service provided by the supplier of the
machine to the operator of the machine.

This description of this sub scenario is an excerpt of the

results elaborated in the working group “modeling example’

of GMA Technical Committee 7.21 “Industrie 4.0 - Terms,
Reference Models, and Architecture Concepts”, see [6].

Stakeholder and Vision

In this sub scenario the role of the provider of value-based
services is implemented by the supplier of the machine.
We assume the establishment of a new stakeholder, i.e. the
operator of a service platform, who delivers and operates
a service platform, see Figure 5.

Values and Experiences

The operator of the machine can increase its efficiency
because of early detection of faults and the supplier of the
machine system can take advantage of new offerings and
business models.

Experiences

Generally the operator expects optimized usage of his
machines. But he typically does not have the subject matter
expertise for realizing this value for (unplanned) events.
Therefore he requests for higher availability of the machines.
On the other hand, the supplier of the machine could offer
higher availability if he has access to usage and health in-
formation for his machines. In analyzing this information
he can offer condition monitoring services to increase the
availability of his machines. In addition, the supplier of a
machine could offer and bill the manufacturing services of
the machine to the operator based on usage.

3

Values for the Operator of the Machine

The condition monitoring services of the supplier of the
machine contribute to early fault detection and rapid fault
isolation and therefore result in higher availability of the
machine and the entire plant. In addition the operator
saves maintenance expenses and resources.

In the case of continuous data access by the machine supplier
the operator could take advantage of longer warranty periods
for the machine offered by the supplier of the machine.

Figure 5: Value network of sub scenario “condition monitoring services”
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8 SUB SCENARIO CONDITION MONITORING SERVICES

In the long-term the operator could even lower investment
costs (“capex”, capital expenditures) through leasing the
machines with usage-based billing, i.e. “machine as a service”
(“opex”, operational expenditures).

Values for the Supplier of the Machine

The supplier can offer new condition monitoring services,
e.g. the prediction of failures and downtimes of the machine,
and based on the knowledge of the usage of the machine
he can offer new availability and warranty models.

The supplier gets transparency about its own fleet of
machines. This knowledge can be fed back into the design
and engineering to improve the machine and can be used
to offer new process benchmarking services to the opera-
tors.

In the long-term the supplier could offer and bill for man-
ufacturing services of his machines based on usage. Further-
more, deep knowledge on utilization of his machines in his
customers’ applications is an enabler to optimized machine
selection and allocation.

Figure 6: Principal revenue mechanisms
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Key Objectives

In this section we focus on the principal revenue mechanisms
as shown in Figure 6.

The operator of a machine will pay for the new condition
monitoring services from the supplier of the machine. Vari-
ous business models are possible including adequate gain
and risk sharing models. The sup-plier of the machine will
pay, on a pay-per-use basis, for his usage of the service plat-
form. Various busi-ness models are possible depending on
the number of connected machines, the amount of usage
data over time, and the use of basic analytic capabilities
provided by the operator of the service platform.

The operator of the service platform will amortize his upfront
costs for development, and the running costs for operation
of the service platform, over all suppliers of machines using
the service platform. The development of the condition
monitoring service is an upfront investment of the service
provider. The connection of a machine is a one-time process;
it must ultimately be amortized on a case-by-case consid-
eration.

Fundamental Capabilities

We focus on a migration scenario, where an existing plant will
be effectively modernized in the sense that new condition
monitoring services will be available to the operator of the
machine.

Upfront investment

development of
service platform

development of
condition monitoring
services

connection of machine
to service platform



SUB SCENARIO CONDITION MONITORING SERVICES 9

Perspective of the Operator of the Machine

The operator of a machine is ready to invest only if he has
appropriate benefits and amortization, i.e. the operator of

a machine has primary interests in automation, reliability
and quality, but to be competitive in the market the supplier
of the machine and provider of condition monitoring ser-
vices and the operator of the service platform have to offer
specific capabilities creating additional benefits for the
operator of the machine.

As a consequence, the operator of the machine does not
request specific additional machine capabilities in the initial
negotiations with the suppliers of machines, but when
presented with enhanced value propositions hopefully he
will use the new condition monitoring services offered by
the supplier of the machines.

The operator of the machine has the following interests:

e From a strategic business point of view he is not willing
to pass on any competitiveness relevant information to
anybody else, i.e. the operator of machine will define
which information about his production is passed on to
others.

e From a financial point of view he wants to optimize his
cash flow. For example, the operator could request for a
pay per use model for the machine.

® From a customer and market point of view he wants to
guarantee the ability to deliver his own products (availa
bility objectives) and to guarantee satisfaction of his
customers (quality objectives).

e From a technical point of view he wants to monitor the
machines with regard to quality guarantees, availability
guarantees, etc. to avoid unforeseen downtime of the
machines. He is interested in increased productivity
through better use of the machine. He also wants to
increase productivity through better planning.

Perspective of the Supplier of the Machine and Provider
of Condition Monitoring Services

The supplier of the machine is the “driver” with respect to
creating a compelling value proposition for the operator of
the machine by providing new condition monitoring services,
but he relies on an operator of a service platform.

The supplier of the machine and provider of condition
monitoring services has to provide the following funda-
mental capabilities:

e The supplier of the machine will offer new condition
monitoring services. He will evaluate usage information
of the machine in order to draw conclusions based on
his knowledge of the machine. He will sell these findings
to the operator of the machine in the form of new services.

e The supplier of the machine will offer manufacturing as
a service. He will offer and bill manufacturing services of
his machines based on the usage of the machine by the
operator. This requires transparency of the usage of the
machine.

The supplier of the machine and provider of condition
monitoring services has the following interests:

e He wants to be a reliable partner for his customers, i.e.
he will try to address and resolve all objections voiced by
the operators of his machines. He does not want to lose
the direct customer contact to a service provider or an
operator of a service platform.

e He evaluates and selects an enabler in form of a service
platform, to which all of his worldwide located machines
can be connected. The service platform has to provide the
capability to collect usage information and the ability to
evaluate the asset data intelligently (or let the supplier
evaluate intelligently). He will request for reliable data, i.e.
that manipulation by a user or third party is not possible.

e He will request for a new contractual framework with
his customers, because the responsibilities between
machine provider and operator of the machine are now
different. The supplier will not take on risks due to
improper use of his machines by the operator.

e He is interested in a feedback of lessons learnt on the
usage of the machines to his internal product manage-
ment and development to initiate improvements of the
machine.

e He has a strong interest that the structure of the data
collected is neither transparent to the operator nor to
the operator of the service platform. The collected data
probably formally belongs to the operator, but the data
structure is protected by IP.



10 SUB SCENARIO CONDITION MONITORING SERVICES

Perspective of the Operator of the Service Platform

The operator of the service platform is the “driver” with
respect to lowering the total service cost for the supplier of
machines. He wants to offer capabilities that the supplier of
machines can develop and offer new services. He wants to
connect as many products (e.g. machines) as possible to his
service platform.

The operator of the service platform has to provide the
following fundamental capabilities:

e He has to provide the capability to (easily) connect a
product (e.g. machine) to the service platform.

e He has to guarantee connectivity and availability of the
service platform to collect (usage) data from products
(e.g. machines) located all over the world.

e He has to provide usage data of products (e.g. machines)
to the provider of services.

e He has to provide basic applications and capabilities for
visualization and analysis of data.

e He has to guarantee security to all stakeholders involved.

The operator of the service platform has the following
interests:

® He wants to be established in a new business role for the
market.

e He wants to connect as many products (e.g. machines) as
possible.
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Sub Scenario Machine and Process

Optimization Services

The objective in this sub scenario is to operate the individual
machines at their optimum operating point in a dedicated
production environment. For this purpose, a machine opti-
mization service is developed and used, which provides the
necessary technology and tooling parameters to adjust the
machines.

Stakeholder and Vision

With respect to the cross-company value network the exist-
ing value chains do not change. There is no involvement of
new business partners in the core value-added process with
regard to the application scenario VBS - Value-based Services.
In this respect, the benefit - in contrast to the other two
sub scenarios - is fully realized within and for the company
under consideration.

Values and Experiences

In this sub scenario we only have to consider the combined
role of “Operator of machines, Provider of machine optimi-
zation services, and Operator of service platform”. The other
stakeholders in Figure 7 play a subordinate role with regard
to the business model and cross-company benefit discussion.

With regard to values and experiences, there is no differ-
ence in this sub scenario compared to the actual situation.
The concrete benefit is mainly driven by the potentials of
the technologies used in the service platform and the con-
crete value-based services. To determine the benefits in a
specific case is often challenging, nevertheless, is not the
focus of this document.

Therefore, this sub scenario describes an incompany tech-
nology and process innovation and the benefits are realized
based on the same value network as before.

Large companies often follow this approach. They purchase -
possibly using system integrators — the required IT systems
and services and then operate the IT systems and services
themselves. Thus, this sub scenario binds a lot of capital
and requires (additional) competencies; typically a smaller
company cannot afford this.

Key Objectives
As already mentioned, the benefit is generated within a

company for the company itself. A discussion of principal
cross-company revenue mechanisms is not necessary.

Figure 7: Value network of sub scenario “machine and process optimization services”
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12 SUB SCENARIO MACHINE AND PROCESS OPTIMIZATION SERVICES

Fundamental Capabilities e The company has high investment requirements for the
installation and the operation of the service platform

In this sub scenario a company wants to realize the poten- and the development and supply of the value-based ser-

tials of (new) technical possibilities and the design of busi- vices.

ness processes for itself, while keeping as far as possible all

processes and information under its own control. This The company has the following interests:

strategy leads to build up deep technology knowledge and

thus potential core competencies. e The company wants to keep the operational processes
and the related information affected by the innovation

The company has the following capabilities: under its own control.

e The company has to assess the potential of new technol-
ogies interrelated to the machine optimization services
and how these technologies can be used for its own ben-
efit.
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Sub Scenario Production Scheduling Services

The objective of this sub scenario is to guarantee an optimal
utilization over all machines. In contrast to the two other
sub scenarios, this sub scenario is not concerned with an
individual machine, but the entire set of machines of a given
production site. Typically, the overall optimization of the
machines is out of scope of the supplier of the individual of
machines. Furthermore, this sub scenario focuses on capac-
ity and scheduling planning purposes, in contrast to the
preceding sub scenario focusing on technology optimiza-
tion.

Stakeholder and Vision

The task of production scheduling is usually too complex
to be executed manually by the operator of the machines,
especially in small and medium sized companies or pro-
duction sites. Therefore, we assume the establishment of a
new stakeholder, i.e. the provider of production scheduling
services. We also assume that neither the operator of the
machines nor the provider of production scheduling services
want to operate their own IT infrastructure, therefore another
new stakeholder, i.e. the operator of a service platform,
enters the playing field, see Figure 8.

Values and Experiences

The operator of the machine can increase operational effi-
ciency because of an optimal usage of his machines. The
provider of production scheduling services is able to offer
services to a market that is difficult for him to be addressed,
and the operator of the service platform wants to establish
himself as a broker between the operator of the machines
and the provider of production scheduling services.

Experiences

Generally the operator expects optimized usage of his
machines. But the task to optimize the utilization of the
machines is complex, which usually cannot be performed
manually by the operator of the machines. Thus, he
requests for support by appropriate production scheduling
services. To use such services two preparatory basic engi-
neering-tasks are necessary:

e The underlying software must be customized according
to the specific machine topology, i.e. the layout. This is a
more conceptual task usually executed by the provider
of production scheduling services.

Figure 8: Value network of sub scenario “production scheduling services”
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14 SUB SCENARIO PRODUCTION SCHEDULING SERVICES

e The machines must be connected with their specific
capacities and capabilities to the production scheduling
algorithm. But usually neither the operator of the
machines nor the provider of production scheduling
services has this subject matter expertise.

The operator of the service platform comes into play because,
on the one hand, he ensures the connection of the machines.
In addition, typically neither the operator of the machines
nor the provider of the production scheduling services
want to operate their own IT infrastructure and wish this
to be taken over by the operator of the service platform.
The operator of the service platform therefore positions
himself as a broker between the operator of the machines
and the provider of production scheduling services.

Large companies often follow a different path here. They
purchase the IT systems and services via system integrators
and then operate the IT infrastructure themselves, see sub-
scenario “Machine Optimization Services” or its extension
to production scheduling services.

Values for the Operator of Machines

The operator can take advantage of the production sched-

uling services to improve the utilization rate of his machines.

Thus, he increases his operational efficiency.

Figure 9: Principal revenue mechanisms
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Values for the Provider of Production Scheduling Services

The provider of production scheduling services can offer
the data-driven service on demand based on a pay-per-use
model. This reduces the entry barrier for the use of the
data-driven service by manufacturing companies and thus
opens up a market that has been difficult to address. So far,
only larger companies are usually willing to make the nec-
essary high investments.

Values of Operator of Service Platform

In contrast to the sub scenario “Condition Monitoring Ser-
vices”, where the provider of value-based services shapes
the future value network, in this sub scenario the operator
of the service platform shapes the future value network. He
positions himself in the form of a broker as a new player in
the value network and thereby also occupies the interface
between the operator of the machine and the provider of
production scheduling services

Key Objectives

In this section we focus on the principal revenue mechanisms
as shown in Figure 9.

Upfront investment
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The operator of a machine will pay for the new production
scheduling services provided by the value-based service
provider, based on a pay-per-use model. Various business
models are possible including adequate gain and risk sharing
models. He does not pay directly to the provider of value-
based services, but to the operator of the service platform.
The operator of the service platform remunerates the pro-
vider of value-based services for the general offering and
the specific offered services based on a pay-per-use model.
In addition, he charges the operator of the machines and
the provider of value-based services for the usage of the
service platform based on a pay-per-use model.

The operator of the service platform will amortize his upfront
costs for development and the running costs for operation
of the service platform over all suppliers of machines and
provider of value-based services using the service platform.
The development of the production scheduling service is
an upfront investment of the service provider. The connec-
tion of a machine is a one-time process; it must ultimately
be amortized on a case-by-case consideration. The follow-
ing models for a sponsoring of the connection of a machine
to the service platform are conceivable:

e The operator of the service platform has an interest in
connecting as many machines as possible to his platform.

® The operator of the machines has an interest in an
optimal utilization of his machines.

e The supplier of machines wants to differentiate himself
from his competitors by connecting his machines to a
service platform.

Fundamental Capabilities

Some of the fundamental capabilities from the sub scenario
“Condition Monitoring Services” can be transferred directly
to this sub scenario. We repeat such considerations, but
nevertheless confine ourselves to the specific aspects of
this sub scenario.

Perspective of the Operator of the Machines

The operator of the machines is ready to invest only if he has
appropriate benefits. But when presented with compelling

value propositions to improve the operational efficiency he
will use the new production scheduling services offered by
the valued-based service provider.

The operator of the machine has the following interests:

e From a strategic business point of view he is not willing
to pass on any competitiveness relevant information to
anybody else, i.e. the operator of machines will define
which information about his production is passed on to
others.

e From a financial point of view he wants to optimize his
cash flow. For example, the operator could request for a
pay per use model for the production scheduling services.

e From a customer and market point of view he wants to
guarantee the ability to deliver his own products and to
guarantee satisfaction of his customers.

e From a technical point of view he is interested in increased
productivity through better production planning and
scheduling.

Perspective of the Provider of Production Scheduling
Services

The provider of production scheduling services has to
provide the following fundamental capabilities:

e The provider will offer new production scheduling ser-
vices. He will continuously evaluate the offers and orders
of the operator of the machine in order to optimize the
production scheduling based on his algorithms. He will
sell the optimal production schedules to the operator of
the machines in the form of new value-added services.
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The provider of production services has the following
interests:

e He wants to focus on his core competency, namely the
(mathematical) optimization. But he would like to offer
this competence to the manufacturing industries, where
his application competence is lacking.

e He needs a partner in the form of a provider of a service
platform, who allows him to bring his services to the
market. As he focuses on optimization, this partner must
ensure the concrete technical connection of the machines
to his optimization software and also provide the IT
infrastructure needed to run his optimization software.
Thus, the provider of the service platform has to provide
him a market access to manufacturing industries.

Perspective of the Operator of the Service Platform

The operator of the service platform is the “driver” with
respect to creating a compelling value proposition for the
operator of the machines as well as the provider of produc-
tion scheduling services. He wants to connect as many
machines as possible to his service platform and offer as
many value-added services as possible provided by service
provider based on his platform.

The operator of the service platform has to provide the
following fundamental capabilities:

e He has to provide the capability to (easily) connect a
machine to the service platform and to (easily) provide a
value-based service via the service platform.

e He has to guarantee connectivity and availability of the
service platform to collect (usage) data from the machines
located all over the world and to provide value-based
services to operators of machines located all over the
world.

e He has to provide usage data of machines to the provider
of value-based services and to provide value-based services
of the service provider to the operator of the machines.

e He has to guarantee security to all stakeholders involved.

e He has to offer a transparent pricing und reliable payment
model.

The operator of the service platform has the following
interests:

e He wants to be established in a new business role for the
market.

e He wants to connect as many machines as possible.

e He wants to provide as many value-based services from
service provider as possible
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