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Infroduction

Typically, in the research and innovation AIOTI community (e.g. H2020 and now Horizon Europe
Programme - HEP), industrial loT solutions are developed, deployed and discussed in detail, but
it is very challenging to provide potential users with convincing business cases, to take up such
technical solutions in practice in their daily business. In this respect, it is important, in addition to
the deep technical discussions and elaborations, to also work out what benefits a
manufacturing enterprise (SME) can get from an industrial loT solution.

For this purpose, the AIOTI WG Manufacturing held a workshop on 8 February 2022, on “Business
impact of loT in manufacturing industries”. In this workshop concrete multi-stakeholder business
cases were presented, which had been prepared according to a common methodology, to
illustrate not just the benefits derived from the adoption of Industrial loT Platforms, but also the
required changes in the Business Models of each stakeholder, in order to maximise such benefits.
The presented business scenarios were complemented by further examples after the workshop.

This white paper aims to describe all these business scenarios according to a common
methodology (namely Business Model Navigator) in order to identify commonalities /
differentiating aspects and support a comparative benchmarking analysis. The white paper
claims that the preparation of the individual cases is generally understandable for people who
are familiar with the fundamental value creation processes in manufacturing industries. The
white paper should also illustrate the various ways loT in manufacturing industries can impact
the design of business models. Feedback to this elaboration is highly welcome.
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Methodology: the multi-stakeholder Business Model Navigator

In the context of a platform economy Industrial [oT business case it is typically not enough to
consider a single provider-customer relationship but an overall value network. In this value
network a convincing value proposition for all participants should be developed, even if this
implies some changes in the current business models of the stakeholders. This conceptual
approach is aligned with the methodology proposed by the working group “Digital Business
Models” of Plattform Industrie 4.0 to analyse practical examples, see [1].

Thus, the starting point for the analysis and documentation of a business scenario is the
description of a value network. An example of a value network is illustrated in Figure 1.

supplier of system manufacturing
machine integrator company
delivers : integrates g
machine machine
> >
delivers
services
PVOVi_der provides
service usage
information
. provides usage information D
provider operator
app lloT platform
-3 physical value stream data & service value stream

Figure 1: Description of value networks (illustration)

A value network is a directional graph consisting of nodes and edges. The nodes of the graph
are business stakeholders and the edges of the graph are business relationships. Each node
represents a business role and comprises a description of the underlying business model. Each
edge represents a value proposition of a provider to a customer.

The individual business roles in a value network are assumed by enterprises. This is indicated by
colouring the business roles, whereby each enterprise is represented by a specific colour. An
enterprise may assume several business roles, thus, business roles coded by the same colour are
assumed by a single enterprise. Business roles coloured in white represent different enterprises
assuming exactly one business role but will not be considered in more detail in the description,
because these business roles do not contribute to the core of the example.
The value network is complemented by a description of the business model of each enterprise.
The description uses the St. Gallen Business Model Navigator method, see [2]. This method is
based on a magic tfriangle with 4 dimensions, see Figure 2:

e  Who (customer): What are the target customers of the enterprise?

e  What (value proposition): What is the offering of the enterprise to the customer?

e How (value chain): How does the enterprise produce the deliverable?

e Value (revenue mechanism): How does the enterprise creates revenues?

© AIOTI. All rights reserved. 5
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Figure 2: St. Gallen Business Model Navigator

To distinguish business model innovations from product or process innovations at least two
dimensions should be involved in a significant way. “Significant” means that the considered
dimension is addressed structurally in a different way. Examples for significant changes are
addressing a new market segment, integrating a new business partner in the value chain or a
recurring usage-based payment instead of a one-time payment. The assessment whether a
change is significant is to a certain degree a subjective assessment.

Figure 3 illustrates how the analysis of business model innovation can be integrated into the
illustration of the value streams.
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Figure 4: Business model innovation of enterprises involved in the value network (illustration)
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Examples

1. Siemens Industrial Edge - Infrastructure to intelligently exploit own data

Overview

Factory Level

Data to Cloud Edge App to Device

&l v|®

Many manufacturing companies are challenged by exploiting the full potential of their machine
and plant data o increase competitive edge and generate new business models. To address
these challenges Siemens offers Industrial Edge, which comprises a cenfral infrastructure to
manage edge devices and industrial edge applications. Industrial edge applications for
intelligent data use can be provided by any company and can be deployed on edge devices
providing secure, future-proof basis for running industrial edge applications. Based on Industrial
Edge local, decentralized, and fast data processing can be achieved, the storage and
fransmission costs for data can be reduced and all this with full control over the own data.

The application of Industrial Edge is explained using the example of a component supplier, who
wants to offer data-driven services. Technically, the service is realized by an edge application,
but the component supplier does not want to intfegrate an edge device info its component. By
using Industrial Edge the edge application can be centrally managed and deployed on any
edge device supported by the Industrial Edge. Such an edge device can be part of a machine
or the overall plant.

© AIOTI. All rights reserved. 7



Value Network
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The value network shows the classic value chain, in which components are integrated into
machines and these are integrated by system integrators into a plant of a manufacturing
company. The edge devices on which the component supplier would like to deploy its edge
application can be infegrated into the machine by the machine supplier or into the plant by
the system integrator. The component supplier offers the data-driven service to the machine
supplier or the manufacturing company.

As an edge management provider, Siemens offers partners in the value chain various edge
management services, for example services to edge device supplier to make its edge devices
accessible to edge management; services to machine supplier and system integrator to
integrate and manage edge devices and to deploy edge applications on the edge devices;
services to the component supplier to make own edge application available to the machine
supplier, system integrator or the manufacturing company; and services to the manufacturing
company to be able to deploy edge applications on edge devices of the plant.

Typically, the various stakeholders in the value network charge for the purchase of their
components and the use of their services. The component supplier may compensate the
machine supplier or the manufacturing company for the use of the provided edge device.

© AIOTI. All rights reserved. 8



Business Model Innovation

The business model changes of the companies considered in this example can be summarized
as follows:

value
sition

propo!
revenue value revenue| value
W= j.,
- . Value -
‘component @ machine \__/manufacturing system edge device . edge mgmt.
supplier supplier company integrator supplier provider

O no significant change . significant change

The edge management provider is establishing itself as a new partnerin the value network. Thus,
all four dimensions change significantly for the edge management provider. Because of the
integration of the edge management provider also the value chain for the other partners
changes in a significant way.

In addition to the value chain, the other three dimensions of the component supplier are also
changing significantly: the customer, because the manufacturing company is addressed as a
new customer segment, the value proposition, because new data-driven services are offered,
and the revenue mechanism, because, in contrast to the one-time payment for components,
data-driven services are billed usage or even outcome based.

© AIOTI. All rights reserved. 9



2. Siemens DocuHub - Keeping technical documentation of equipment up
to date

Overview
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Today, document handling drives operational expenditure and risks during operation of
complex equipment. Documents are exchanged in many technical ways based on highly
manual, specific, and thereby costly workflows. Often there are more than 10,000 equipment
per plant and more than 20 documents per equipment. Therefore, today equipment
information often is not available when needed, for example 80% of maintenance time is
needed to find the correct information.

To address these challenges Siemens provides DocuHub, a shared system offering services to
assign metadata to documents and to legally exchange documents between equipment
provider and equipment operator. Using these services an equipment operator has up to date
and consistent documentation of equipment and an equipment provider can make the
documentation for an equipment available in an easy way. In addition, an equipment provider
can offer additional documentation related services over the lifecycle of the delivered
equipment, for example noftification services regarding updated documents.

© AIOTI. All rights reserved. 10



Value Network
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The value network shows the classic value chain, in which equipment is integrated by system
integrators — for example a machine supplier — and the integrated system is delivered to a plant
operator. In addition, the plant operator uses the services — for example engineering or
maintenance services — of solution/service provider.

All these partners act in the role of document providers. For example, the equipment provider
and system integrator provide documents about the equipment or integrated system, the
solution/service provider documents about the services provided and the plant operator
documents about the operation of its plant. Assuming the role of document providers they can
use specific Siemens DocuHub services.

System integrators, solution/service providers and plant operators also act in the role of
document consumers. For example, a system integrator receives documents from an
equipment provider, a plant operator receives documents from a system integrator or
solution/services provider and a solution/service provider can receive documents from all other
partners in the value network. Assuming the role of document consumers they use further
Siemens DocuHub services.

Typically, the various stakeholders in the value network charge for the purchase of their
equipment, systems, solutions, and services and for the used services of Siemens DocuHub.

© AIOTI. All rights reserved. 11



Business Model Innovation

The business model changes of the companies considered in this example can be summarized

as follows:
chan
‘ ‘ Value
equipment system solution/ plant Siemens

provider mtegrator service provider operator DocuHub

O no significant change sngnlﬁcant change

Siemens DocuHub is establishing itself as a new stakeholder in the value network. Thus, all four
dimensions change significantly for Siemens DocuHub. Because of the integration of Siemens
DocuHub also the value chain for the other partners changes in a significant way.

In addifion to the value chain, for the equipment provider, system integrator and
solution/service provider also the value proposition and revenue mechanism change
significantly, because they can offer additional document related services to their customers
based on Siemens DocuHub and in confrast to the one-time payment for equipment, system
integration, or solution, the additional document related services are billed usage based.

© AIOTI. All rights reserved. 12



3. Aqua Robur - Secure Water Resources and Monitor Water

Overview

Today, a leakage level of around 20-25% in public fresh-water pipelines leads to an enormous
loss of water and thus to costs of billions of euros in Europe. Since water pipelines are
underground and mostly laid over thousands of kilometers in unpopulated areas, monitoring of
the network is very difficult and costly. Initial solutions to detect leakages through the use of
sensors that provide smart and wireless metering leads to the challenge of providing external
power supply and signal amplification, which requires battery changes or costly grid
connections.

To address these challenges, Aqua Robur Technologies is developing and manufacturing smart
and wireless measurement systems that helps water ufilities to control their water networks. Aqua
Robur uses a micro-hydro-system that converts water flow intfo power supply to generate a
stable power supply for the sensors that monitor the pipelines. A sensor node can be placed at
strategic positions in the network and collects and transmits recorded sensor data. This plug-
and-play loT solution with intfegrated software enables the monitoring and management of
whole water networks.

© AIOTI. All rights reserved. 13



Value network
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In the value network, Aqua Robur offers several services and product solutions. Either Aqua
Robur provides its smart sensors to a system integrator who integrates the sensorsinto the SCADA
system of a water network operator, or Aqua Robur offers the smart sensors including its
integration services as a complete solution. In addition, Aqua Robur provides the operator with
its own access environment where the recorded data can be easily retrieved and combined
with external information (e.g. weather data). The water network operator is enabled fo
optimize its monitoring and management by the consulting service offered by Aqua Robur. The
SCADA system provider assumes the role of a software supplier and the system integrator the
role of a confracted service provider.

Business model innovation

value value
proposition proposition
revenue value ‘avenus value
ech. chain q X
. . operator water yslem integrato

network provider SCADA

Aqua Robur

system

O no significantchange . significantchange

Aqgua Robur is establishing ifself as a new player in the value network. By starting as a new
company, Aqua Robur offers a new product with additional new services, which significantly
change all four dimensions. In addition, the value creation process of the water network
operator is improved and significantly changed by using the monitoring service. Nevertheless,
the operator delivers the same value to the same customers as before. The business models of
the system integrator and the provider of the SCADA system do not change, and they remain
as confracted software and service supplier.

© AIOTI. All rights reserved. 14



4. See.Sense - Reactive Bike Lights by sensor technology

Overview

Cyclists in cities have the great danger of not being noticed in road traffic. Due to poorly
developed bicycle road networks as well as unclear intersections and bad road conditions,
cyclists are involved in many accidents and collisions every day. Intensive lighting for cyclists is
crucial, especially at particularly critical points. However, a permanent high intensive lighting
consumes very much energy and would discharge the battery very quickly.

To address these challenges, See.Sense developed a sensor technology that is integrated in
bike lights and monitors the environment (up to 800 times per second) for dangerous situations.
If arisky environment is detected, the bike lights become more intensive and indicates the cyclist
by clear signals. Through additional sensors, such as accelerometer or GPS, various data is
collected during the ride (i.e. cycle positioning, road surface quadlity, ...). By connecting the bike
light fo a smartphone, the data can be analyzed for further insights. If the cyclist allows data
sharing, the route information and collected data are transmitted fo See.Sense, which can
analyze the aggregated data and identify factors for road problems and poor route conditions.
By sharing the anonymous data with planners and engineers, urban planning and signage can
be improved to make cycling more attractive and safer.

© AIOTI. All rights reserved. 15



Value network
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The value network includes the typical sale of a product, in this case of a bike lighting with smart
sensor from See.Sense to an end customer. If end customers connect their smartphones and
fransmit their sensor data, See.Sense provides insights for the end customer including statistics
on riding characteristics and route progress.

In case the cyclist agrees to a further anonymized data transfer, the value creation network
expands. In this case, road planners as well as city planners can receive sensor data from
See.Sense based on the internally evaluated data and thus influence the improvement of their
planning activities. By sharing their sensor data, end users benefit through an improved traffic
planning for cyclists on a long term. See.Sense acts as a facilitator of this data and provides
value by enabling an overall improvement for users and operator of infrastructure.

Business model innovation

proposition
,

value
proposition

revenue| value
operator

ech. chain,
See.Sense .
infrastructure
O no significant change . significant change

SeeSense is establishing itself as a new player in the value network. By starting as a new
company and providing a new offering, all four dimensions change significantly. Furthermore,
the infrastructure operator's processes significantly change, because roads, cycle paths or
entire cities can now be planned based on sensor data from cyclists. However, the value
proposition and the customers of the infrastructure operator remain the same. Even though the
end customer is not a business actor with a real business model, the elements of business model
innovation do not change for this role.

© AIOTI. All rights reserved. 16



5. Hitachi - Maintenance assistance and predictive maintenance

Overview
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The increasing use of new technologies in industries is improving efficiency, but also creating
challenges to maintenance workers. Maintenance workers need to continuously learn and
adapt to a greater variety of machines, increasing the complexity of their activities. Knowledge
fransfer needs will become increasingly important in aging society.

Hitachi presents a solution for training and assisting maintenance workers, by implementing a
loT-based system which process 4M data (huMan, Machine, Material, Method). The system
fracks maintenance activities of assets and starts visually guided maintenance support via loT-
based AR applications. The solution digitalizes the machine maintenance steps. The AR
application integrates capabilities to check the machine ID and the material ID (e.g., verify tools
and spart parts before replacing), to display machine status (e.g.. temperature and pressure),
and to validate and record worker's actions and display the step-by-step information to perform
the maintenance tasks. The solution uses in parallel wearable sensors in the maintenance worker
to confirm the execution of the listed maintenance tasks, by using Hitachi's Al-based human
activity recognition technology (DFKI and Hitachi Jointly Develop Al Technology for Human
Activity Recognition of Workers Using Wearable Devices | Hitachiin Europe). The system guides
the worker while collecting a digital maintenance log with the activities executed in the asseft.
An loT device with edge-Al capability is used to process the asset and machine sensor data, to
execute human activity recognition technologies, and to synchronize with loT-based AR
applications.

After each maintenance intervention, the solution transmits a digital maintenance log with the
tasks executed in each asset. The detailed monitoring of the maintenance intervention enables
the application layer of the solution: Predictive Maintenance, Data Analysis & KPI monitoring,
and Maintenance Opftimisation.

© AIOTI. All rights reserved. 17
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Value Network
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The value chain provides added value loT services to expand Hitachi's industrial products
business and integrate the services into lloT platform as part of Hitachi's Digital Transformation
Business. Hitachi’'s Al-edge device collects, process and sends the 4M data. The Last Mile
Maintenance & Repair solution comprises the data collection, data management and data
processing, including the functions at the perception layer of informing the worker about the
maintenance tasks to follow, and the functions at the application layer of performing predictive
maintenance, providing data analysis, and maintenance task optimization results. In the value
network, the plant operator receives the value proposition of reducing his expenditure for the
maintenance of the machines and thus operating more profitably.

Business Model Innovation

The business model changes for each of the actors involved in the value chain, it can be
summarized as follows:

Plant Operator
System Integrator Maintenance Team

Service Provider

Machine Supplier

O no significant change . significant change
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Hitachi, as machine supplier, may reduce the maintenance and warranty cost when the
Maintenance & Repair solution is integrated as part of the machine delivery value chain. By
leveraging Hitachi IT business (system integrator provider and service provider), Hitachi may also
provide added value services to their customer such as Predictive Maintenance and Optimized
Scheduling service, increasing ifs revenue streams. The functions of Machine Supplier, System
Integrator and Service Provider and performed by different Hitachi divisions. Hitachi has IT and
OT capabilities, and the combination of both areas of expertise allows the maximization of those
capabilities, providing value and change in all four dimensions.

For the manufacturing company the solution targets the maintenance team. It answers the
question of who should perform the maintenance tasks, when it has to be done, and how
maintenance needs to be delivered. It also changes their current maintenance operation to a
more collaborative scheme in which maintenance data is shared to the machine supplier for
the supplier to provide machine value proposition services.

© AIOTI. All rights reserved. 19



6. BOOST 4.0: Predictive Maintenance in FIAT Campus Melfi plant

Overview

The welding cell of FIAT Melfi Campus plant is equipped with a PRIMA POWER Laser Machine
Platino Fiber 1530, enriched with several additional sensors for health status monitoring and
maintenance. Moreover, AGVs fleets provide in real-time huge quantities of data regarding
their status, power consumption, wear-out, mission status. Thanks to FIWARE Open Source
Industrial loT framework data from the shopfloor is pre-processed and filtered at the edge and
then submitted to the Siemens Mindsphere industrial cloud for further elaborations. In particular,
an Innovation SME is in charge to access both PRIMA and FIAT tenants in Mindsphere and fo
elaborate an advanced Predictive Maintenance solution integrating needs from the PRIMA
machine and from the FIAT AGV fleet.

© AIQTI. All rights reserved. 20



Value Network
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Four main stakeholders are included in this example: the Machine Supplier (PRIMA), the Plant
Owner (FIAT), the Cloud Infrastructure Provider (SIEMENS) and the Advanced Application
Developer (SME). PRIMA monitors the delivered machines (in a fleet management system
where all the Laser Machines of the same typology are monitored and diagnosed) by using
edge to cloud industrial IOT platform and services and delivers maintenance services. FIAT
monitors AGVs and the status of the whole plant through its SCADA and ERP systems. SIEMENS
provides the loud data infrastructure, respecting security and data confidentiality constraints.
The SME is allowed to access both PRIMA and FIAT Tenants and develop advanced preventive
maintenance plans, harmonizing the needs of both PRIMA and FIAT and exploiting the cloud
infrastructure of SIEMENS (Mindsapp). This is a brand new business model for SMEs ecosystems
which is enabled by the presence of an open edge-to-cloud infrastructure and by a digitally
enabled value network.
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Business Model Innovation

Business model innovation

FIAT

Siemens
MindSphere

O no significant change ‘ significant change

The four stakeholders in the FIAT Melfi Predictive Maintenance scenario need to harmonise and
coordinate their Business Models in order to implement the scenario. SIEMENS and its cloud
platform loT is implementing its own business models. This is a very disruptive business model for
SIEMENS, especially in the new value proposition and revenue mechanisms. FIAT needs to modify
its revenue mechanisms (including Data Provision and Data Economy) and value chains, by
adding new stakeholders. PRIMA mostly focusses on its value proposition, by implementing a
fransition between pure product-driven business to a more dynamic product-service business
model (Servitisation). This has a very relevant impact on revenue mechanisms and establishes
new relafions in the value chain. The totally new actor in this value network is the SME who has
fo totally re-new its business especially in consideration to the SIEMENS Mindsphere and its
Mindsapp ecosystem

© AIOTI. All rights reserved. 22



7. HOP Ubiquitous - Smart city development through environmental
monitoring

Overview

Climate change and its negative impact on the health of humanity and our planet is an
accelerating global concern. Cities are severely confributing to the concern, due to urban
activities (primarily transport and buildings) being major sources of greenhouse gas emissions,
and estimates suggest that cities are responsible for 75 percent of global CO2 emissions.
However, cities find it difficult fo navigate and select the most cost efficient and sustainable
mitigation actions, posing a severe need for making urban design more agile to sustain the
environment and quality of life of the citizens.

To address these challenges, HOP Ubiquitous (HOPU) is developing smart data-driven systems
that help cities mitigate climate change. HOPU uses a system that consist of a sensing device to
monitor up to 35 different environmental parameters, and an edge computing device to
process the data in order to detect environmental anomalies and irregularities, and
communicate the information to third-parties for supporting decision making processes and
action planning. This solution enables cities to 1) monitor levels of environmental parameters that
put citizens’ health at risk, and 2) contextualize the data to identify optfimal mitigation actions
for achieving the ideal climatic quality that ensures the health of inhabitants, and to predict
possible events that may put it at risk.
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Value Network
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In the value network, HOPU offers the smart data-driven monitoring system including its
integrated services (data analysis, decision support and action recommendation) as a
complete solution to (smart) cities. The sensor devices and smart edge devices are provided as
physical objects to be installed in the city. The data generated on 35 environmental parameters
by the sensors can be directly used by citizens in the form of warnings or services related to their
health, but most likely will be offered via third-party data brokers (for example governmental
departments with responsibility for the city sustainability, infrastructure, tourism etc.) The data
broker receives aggregate data from HOPU, and process that data in view of their respective
area of city responsibility, providing overall analysis to the city in the form of mitigation plans as
well as to citizens in the form of applications.
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Business Model Innovation

The business model changes of the enterprises considered in the value network example of
HOPU can be summarized as follows:

walue
proposition

revenue walue
& mechanisms chain @

citizen end

smart city

brokerage/smart city
platform operator consumer

HOPU is establishing itself as a new stakeholder in the value network, and thus, all four business
model dimensions change significantly for the company. Due to the integration of HOPU into
the network, also dimensions of the established partners’ business models are subject for
significant change.

The value chain of the brokerage that operates the smart city platform, as well as the value
chain of the smart city that uses the platform, is improved and significantly changed by the
provided monitoring and decision-making service. Also the value proposition of the smart city is
significantly changed, as the city management is able to perform better environmental
planning and climate mitigation actions. Nevertheless, the same value is being captured, and
the same customers are being served as before.

A business model for citizens and consumers is not applicable. These are instead human beings
that are impacted by the data insights and analytics provided by HOPU and the
brokerage/smart city platform, as they are being informed about environmental and human
health risks, which eventually changes value proposition.
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8. ASTI Mobile Robotics - automation of industrial intralogistics

Overview

In recent years, the Internet of Things has radically fransformed industries and how they have
previously been operating, communicating, and utilizihng data. Looking towards the future,
automation is expected to accelerate and develop into a prerequisite operational efficiency
in industrial environments. However, traditional manufacturers are lacking specific solutions fo
ease internal operational tasks and technological expertise to facilitate this tfransition.

To address these challenges, ASTI offers solutions that cover the infralogistics needs of todays
connected industry. The intralogistics system is based on Automated Guided Vehicles (AGVs)
and mobile robotics — put simply, an AGV and a robotfic arm that are built together to
collaborate and take over some of the manual tasks, which are repetitious and often
cumbersome, from plant workers. A 3D sensor is mounted in the robot to perceive its relative
position, and ultiimately enable it to automatically perform a range of operational tasks. The
software system of the robot supports bidirectional communication with all plant elements, and
customer management systems, enabling monitoring of data points for operational optimization
and decision making.

ASTI covers the entire value chain from system analysis, design, manufacturing, deployment,
and maintenance. The intralogistics systems are used by industrial companies to move materials
and products from one location to another within plants, helping to increase productivity and
optimize competitiveness, flexibility, and time to market of manufacturing companies.
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Value Network

ASTI Mobile Robotics

mobile manufacturing
robotic arm compan

delivers devices/software

h

provides sensor data

3D location analytics and solution -
Sensor optimization provider

data
analytics ~

offers maintenance service

optimises
shopfloor

maintenance
software service provider

In the value network, ASTI offers the infralogistics system as a complete process automation
solution to manufacturing companies. The mobile robotic arm, sensor system and software are
delivered as physical products to the manufacturing company, whereas information services
allowing for shop floor analytics and optimization are offered via a solution provider to the
manufacturing company. ASTI Mobile Robotics instead focusses on the full lifecycle of its own
solution by offering maintenance services to the customer.
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Business Model Innovation

The business model changes of the enterprises considered in the value network example of ASTI
can be summarized as follows:

walus walus
proposition proposition
revenue walus @
mechanisms rneu:hnnams @
ASTI Mobile RDI}DIICS. . manufacturing . solution provider
company

ASTI is establishing itself as a new stakeholder in the value network, and thus, all four business
model dimensions change significantly for the company. Due to the integration of ASTlinto the
network, also dimensions of the established partners’ business models are subject for significant
change.

The value chain of the manufacturing company and the solution provider is enriched and
significantly changed by using the intralogistics system in their own value creation process. Also
the value proposition is significantly changed for the solution provider, as the data analytics
provided by ASTlI enables them to provide their service offering more efficiently and in greater
quality. Both for the manufacturing company and the solution provider the same customers are
being served and the same value is being captured, however, a great amount of unmeasurable
internal value is being generated due to the internal process automation and shop floor
optimization within the manufacturing company.
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9. Awake.Al - Digitalising sea-port-land operations for intelligent maritime
logistics

Overview

|
m—

Actors in global maritime logistics operations are faced with increasingly stringent performance
requirements and environmental regulations. However, today’'s maritime logistics chain is
characterized by the so-called 4x40 problem: vessels sail empty up to 40 % of their sailing time
and spend up to 40 % of their fime waiting in port. Solving these problems holds the potential to
improve operational costs by up to 40 % and reduce global shipping emissions by more than 40
%. Hence. There is a need for sea-port-land operations to become more interconnected and
fransparent, for information between the actors to become more fluid, and finally for the
throughput to be maximized without environmental damage and investments in expensive
physical infrastructure.

To address these challenges, Awake.Al offers a collaborative data platform that empowers
digitalisation of sea, port and land operations. The platform provides a medium for better
collaboration and planning between all actors involved in the maritime logistics chain. Its
software combines raw data from all logistics operations and turns it into real-time insights,
situational awareness and decision support for any maritime actor at their individual stage of in
logistics process. Awake.Al offers the platform as an end-to-end solution that includes
introduction to the platform, guidance upon functionalities, configuration of the customer’s port
(including installation of potential sensors) and calculation of potential cost savings prior to
deployment.

By integrating loT into the traditionally analogue processes of maritime logistics, Awake. Al equips
operators to allocate their resources better, save time and resources, improve their profit
performance and ulfimately deliver more value to their stakeholders. Providing on top also Al-
driven recommendations, the solution modernises the entire industry through operations
optimisation, asset efficiency, Just-In-Time resource deployment and insights to plan future
operations well in advance while making fuel consumption more efficient and reducing costs.
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Value Network
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In the value network, Awake. Al offers the collaborative data platform to all operators
throughout the maritime logistics process, aiming to make all operations on sea, port and land
more intelligent, efficient and sustainable. Awake.Al positions itself as a data aggregator to
optimize the flow of information and thus optimization of the logistics between sea, harbor and
land transportation.

Business Model Innovation

The business model changes of the enterprises considered in the value network example of
Awake.Al can be summarized as follows:

&)

sensor
hardware supplier
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Awake.Al is establishing itself as a new stakeholder in the value network, and thus, all four
business model dimensions change significantly for the company. Due to the integration of
Awake.Al info the network, also dimensions of the established partners’ business models are
subject for significant change.

The value chain of sea-port-land operators in the maritime logistics chain is significantly changed
by using the platform for better coordination and planning of operations with partners. Also the
value proposition and revenue mechanism change significantly, because they can offer
additional data-driven forecast and planning services to their customers based on the insights
provided by the platform, and in contrast to one-time payment for delivery, the additional data-
driven services can be billed usage based.

The business model of the sensor hardware supplier is significantly impacted by a change in the

customer segment with the integration of Awake.Al as new customer, whereas the remaining
business is unaffected.
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10.Cumucore - Private 5G mobile networks for Next Generation technologies.

Overview

Along with an increased number of devices and generation of data has a societal need for
increased network performance emerged. Communications networks have evolved from
connecting billions of people to connecting hundreds of billions of things, and as the scale of
the networks will continue expanding, the network management will become even more
complex. Inindustrial setting, the requirement to connectivity has evolved from providing access
to the internet to powering complex infrastructures. Previous generations of the network, such
as 2G, 3G, and 4G, were configured to deliver download capacity because majority of data
was fransmitted to consumer environments end-user devices. Today however, data is
increasingly tfransmitted to industrial environments and far more technologically advanced
devices. However, the development has increased congestion in the network, and 4G is
reaching the technical limits for the amount and speed of data it is able to transfer.

To address these challenges, Cumucore provides flexible standalone mobile network solutions
to industry verticals. The solution covers a 4G and 5G Mobile Packet Core with reliable and easily
compatible software for small-scale private LTE and industrial deployments. In addition to the
software solution, the company also offers hardware components and provides consultancy
services (while outsourcing deployment, management, and maintenance of the mobile
network solution).
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The mobile network solution simplifies mobile networks in the cloud or on-site while maintaining
connection security and efficiency, thereby providing network performance that supports
machine-to-machine communication, which enables users to deploy Next Generation
technology applications such as real-fime automation, augmented reality, drones, automated
vehicles, robotfs, and warehouse and asset tracking in complex industrial infrastructures.
Cumucore thereby responds to the need for connectivity posed by actors, especially in the
verticals of Industry 4.0 and autonomous logistics. With their 5G solution, Cumucore delivers a
gateway for the loT-connected world at scale and for fostering the growth of data-driven
industries.

Value Network
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In the value network, Cumucore offers the mobile network solutions to actors in various industry
verticals, aiming to make 5G available in small-scale, non-public environments, and thereby
democratize next generation connectivity and makes it more flexible and affordable for all
private enterprises. Apart from offering the edge gateway, SIM and software to a solution
provider, Cumucore focusses on offering tailored consulting services for its product and related
products to the manufacturing companies. A machine supplier in collaboration with the solution
provider delivers the hardware, in terms of machinery, and facilitates deployment,
management and operations of it. Cumucore thereby provides the back-end connectivity and
front-end guidance fo the end-users.
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Business Model Innovation

The business model changes of the enterprises considered in the value network example of
Cumucore can be summarized as follows:
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Cumucore is establishing itself as a new stakeholder in the value network, and thus, all four
business model dimensions change significantly for the company. Due to the integration of
Cumucore into the network, also dimensions of the established partners’ business models are
subject for significant change.

The value chain of the manufacturing company and the solution provider is significantly
changed by the increased network performance delivered by Cumucore, which enrich the
entire value creation process, where the manufacturing company benefits from increased
production/machine automation, and the solution provider benefits from increased business
due to deployment, management, and operations tasks. However, the value proposition, the
revenue mechanisms and the customer segments served remains the same.

The business model of the machine supplier does not change as the company remains a
confracted supplier and, for now, its position in the network is unaffected by the integration of
Cumucore although communications networks will increasingly be one of the major forces
driving the industrial world forward.
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11.TRICK: High-value Textiles’ Certification of Origin

Overview

In EU a garment is worn an average of 3 times in its life, with €400 BIn lost a year discarding
clothes which can still be worn and 92 Min tons of waste, 87% of clothes ending up in landfills.
But due to growing awareness on ethical and environmental impacts, 66% of consumers are
ready to pay more for sustainable products.

The TRICK platform aims to collect the data and to save them in Blockchain to support the
following services and their real implementations.

i) PCO - Preferential Certification of Origin: used by customs to calculate duties, based
on product fraceability.

i) PEF: Product Environmental Footprint;

iii) CA: Circularity Assessment.

iv) HA: health protection assessment;
V) EA: Ethical Assessment;
vi) Al: Al for anti-counterfeiting based on big data analysis

More in detail, TRICK platform enables enterprises to collect product data and to access to the
necessary services on a dedicated marketplace, open to third party solutions. To make the
example for service i), secured fraceability relies on the data needed for the preferential
certification of origin (PCO), used for duty calculation. It will be certified by CUS - Italian Customs
Agency, as member of the consortium, representing EU anfti fraud public forces. The data
extracted by the fiscal documents for the PCO are integrated with the data collected by
machineries and the bill of materials, saved in the Blockchains (BC) per each lot of production
to grant traceability continuity. These data are integrated with the additional ones to enable
the six services provided by TRICK, indicated above. Blockchain secures information through the
whole process, ending to consumers for informed purchasing. Data confidentiality and privacy
are granted by the exploitation of Blockchains smart contracts while the adoption of different
technologies are enabled by the development of Blockchain interoperability connectors
between public and private Blockchains
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Value Network
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The figure shows the classic supply chain, in which small and medium manufacturing
companies usually operate in the upper part of the supply chain, while larger
manufacturing companies usually operate in the lower part of the supply chain.

In addition to the product, the end customer will receive further certificates in the future.
The end customer can either obtain these certificates directly from the manufacturing
company or obtain them directly from the trick platform.

The public bodies, such as customs, define the legal framework, such as PCO, PEF, CA, HA,
or EA (see above). In addition, public bodies also act as auditors. However, the auditors are
usually different legal entities than those who define the governance.

IT providers deliver a software application to the manufacturing companies that allows the
manufacturing company to provide the information and certificates required by the public
bodies. Corresponding trustworthiness services of the TRICK platform are used for this
purpose. Depending on the business model of the IT provider, the IT provider delivers a
software application, which is then operated by the manufacturing company —in this case,
the IT company does not necessarily consume frustworthiness services from the TRICK
platform, or the IT provider provides this software application as a service —in this case, the
manufacturing company does not necessarily consume TRICK platform's trustworthiness
services directly.

Large manufacturing companies can also assume the role of IT provider themselves, while
small manufacturing companies usually need an external IT provider. Typically, from the
perspective of an IT provider, there are two market segments of manufacturing companies.
IT providers often specialize either in small and medium-sized manufacturing companies or
in large manufacturing companies.

The collection of data from production via loT devices and the integration of this data into
the corresponding IT systems of the manufacturing companies is not considered here.
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Business Model Innovation

)
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The operator of the trick platform is establishing itself as a new player in the value network,
therefore all four dimensions of the business model are changing significantly. Since the operator
of the frick platform offers its trustworthiness services to all other partners in the value network,
the other partners have a new partner in their value chain and therefore their value chain
changes significanfly.

For the manufacturing companies (both large as well as medium and small), the value
proposition changes because they provide additional certificates, on the basis of which the
value of their goods will be increased and the revenue mechanism will take benefit. A
manufacturing company could gain market share if it quickly implements new legal
requirements.

In the case of IT providers, their previous basic value proposition — making a software application
available — and their previous basic revenue mechanism do not change, even if the specific
content of the software application changes here. Because of the ftrick platform, it is
conceivable that IT providers will address their market differently. An IT provider that was
previously focused on small and medium-sized manufacturing companies could now also
address large manufacturing companies and vice versa.

Both the public bodies and the end customers do not change the dimensions of the addressed
market, the value proposition, and the revenue mechanism because of the frick platform.
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12. Herning Vand - Smart water metering automates manual labor

Overview

Water utility companies need to continuously ensure that households have access to clean
drinking water in their taps and that they are able to dispose of their wastewater. Conscious
consumers are increasingly demanding a water supply with high environmental quality and
socio-economic accountability, which is complicating the fraditional activities and stimulating
a sectoral reformation.

Herning Vand is an independent utility company that operates across the areas of supply.
purification and environment, with an aim to deliver healthy water at the lowest price possible.
The company supplies clean drinking water to 17.000 households and manages wastewater
from 34.000 households in a Danish municipality.

Herning Vand has replaced traditional water meters with a digital solution, enabling the
company to perform metering remotely, and thereby automate the readings of water usage
and waste. Removing the need for manually reading the meters has eliminated inconvenient
and untimely disturbances for consumers. Furthermore, the metering is more accurate with
automation, thus optimising the billing process and consumption surveillance.

The digital water meters are a residential model named MULTICAL 21 that uses ultrasonic waves
to measure the speed of water flow, and thereby, the consumption of water. The flow
measurement is fransmitted to a data cloud through a wireless smart connection that enables
Herning Vand and the consumers to read and monitor the water consumption through an
application.
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Value Network
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In the value network, Herning Vand has chosen Kamstrup as their key partner for delivering the
entire loT architecture, and an internal service team at Herning Vand is them performing the
service part of the architecture.

Kamstrup provides the hardware, the sensor devices (digital smart meter), and the loT platform
including connectivity, to Herning Vand. Herning Vand integrates and installs the smart sensors
at the customer side. The data gathered by the devices is stored in the Kamstrup loT platform.
The customers’ interference with the 10T solution is a web application hosted by Herning Vand,
where the customers have access to see their data on water usage and billing information.

Kamstrup acts as the loT solution provider for enabling the value proposition in ferms of
automation. Herning Vand does not have to operate the loT platform, but only maintain it for
customer services that conftribute to the realisation of climate adaptation solutions for new and
existing areas in the municipality.
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Business Model Innovation

The business model changes for each of the actors involved in the value chain can be
summarized as follows:

value
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Herning Vand

. significant change Q no significant change

The value chain provides added value 10T services with the switch from old analogue water
meters to new digital solutions, and the key activity is to operate the business model is to develop
the device: the digital smart meter, MULTICAL 21. Herning Vand, as a utility company, is offering
a new value proposition due to the digital smart meters, as additional services and a range of
processual functionalities are added to the traditional solution. The value chain isimpacted due
to the collaboration with Kamstrup for accessing the hardware and handling the data, as well
as changes in internal processes to facilitate a software platform that delivers the new service
to customers. The integration of loT into Herning Vand's metering processes does not change
the revenue model nor the customer segments targeted by the company, it does however offer
more value for money and conftribute to utility efficiency.

Kamstrup

Kamstrup is establishing itself as a new player in the value network, offering a new product with
additional new services to a new collaborative partner. The only dimension of the business
model that remains unaffected is the revenue mechanism of the company.
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13. Aguardio - Plug-and-play solution nudges people towards sustainable
shower behaviour and helps save water and energy.

Overview

Water scarcity has become a global challenge as water resources are under pressure from
climate changes and population growth. In many parts of the world, the availability of water is
predicted to decrease while the demand is expected to rise. It may be a matter of time before
our planet will be in water deficit if no action on demand management is faken.

Aguardio recognises that an extensive behaviour change in the population is required to
reduce the overall water demand of the planet, and the company has developed an loT
solution with complementary data-driven services to help users make a conscious choice to
reduce water and energy consumption.

The interactive plug-and-play device is deployed in the shower, where it guides people towards
sustainable behaviour and awareness by discretely pointing the user in the right direction
towards taking shorter showers. The device simply nudges people towards more sustainably
conscious decisions, leading to savings in water, energy, carbon emissions and money.
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In the value network, Aguardio is developing and offering the smart sensor device and its
integration services as a complete solution. The physical device is installed in the showers of
commercial customers, typically housing associations, which benefit from the accumulated
reduction in water and energy consumptfion made by the individual residents of the housing
associations. This generates financial gain as well as sustainable brand equity.

The loT platform for the solution is Microsoft Azure, which brings value to Aguardio in the form of
the specific services and applications that the platform contains. The data collected by the
sensors is stored in the cloud from where it is also analyzed. Aguardio takes the role of data
analytics provider, as they deliver value to the housing association in form of aggregate data
on the residents’ water and energy usage. To this purpose, the housing association has their own
portal where they have access to stored data and analytics.

Finally, Aguardio also has the role of data analytics services provider, for example when
leakages occur, an alarm will sound to inform of the leakage to a connected maintenance
service provider. The maintenance service provider (who may be hired by the housing
association) can then react to the alarm and stop the leakage.
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Business Model Innovation

The business model changes for each of the actors involved in the value chain can be
summarized as follows:

Aguzrdic housing zssodistion

. significant change O no significant change

The value chain provides sustainable and financial value with completely new digital solutions,
and the key activities to operate the business model are to develop and produce the devices.
Aguardio is hereby establishing itself as a new stakeholder in the value network, and all four
dimensions of the company’s business model change significantly.

For the housing association and the maintenance provider, the solution targets the residents of
the housing associatfion. It confributes to answering the question of how they operate their
business model and it changes their current operations to a more collaborative scheme in which
sustainable behavior is a shared value proposition. For the housing association, the financial
savings generated from the devices will furthermore impact the revenue mechanism. For the loT
platform provider, the role of their business model in the value network is business as usual.
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14. Fauna Smart Technologies - Intelligent platform for pest and disease
management in horticulture

Overview

% Fauna's proprictary
technology

Changing needs of our planet, expectations from regulators and demands from consumers are
putting agriculture under pressure as food-supplying sector of the future. Farmers are held victim,
having to balance their business with these challenges, while lacking the insight to perform
operations in ways that are most optimal for productivity and also environmentally and
economically viable.
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Fauna Smart Technologies is developing solutions to empower intelligent farming and restore
the equilibrium in agricultural ecosystems. Through a range of science-based and data-driven
services, Fauna uses technology to address the challenges faced by farmers on a daily basis,
and facilitates a safe fransition from traditional to biological farming practices in line with
sustainable values.

The solution offered by Fauna is a pest and disease management platform for open and closed
field systems. Based on a range of services which cover 1) plant immunity detection, 2) pest
DNA identification, and 3) satellite earth observation. The platform provides customized insights
for farmers when it comes to product selection: when to spray, what to spray and how much.
This enables farmers to keep pathogenic fauna below economic threshold level, where the risk
of yield damage caused by pest and disease is kept at a minimum. The user-friendly instructions
are designed to help farmers transition to greener, healthier and more efficient farming
practices, in line with the newest EU regulations.

Basically, Fauna is using digitalisation as an enabler to help farmers manage pests and diseases
fo increase their yield, as well as o accelerate the fransition towards greener agricultural
ecosystems that are healthy for us as consumers and healthy for the planet.

Value Network
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In the value network, Fauna Smart Technologies takes an intermediating role in a complex
ecosystem that consists of many actors, using various partnerships to deliver the hardware and
software components of the 10T solution. Fauna is offering various services and product offerings
that are all based on their "“Knowledge Database”.

Most of the physical devices are produced and implemented in collaboration with a third-party
manufacture, and all these devices are implemented at the location of the key customer, the
farmer. All the data collected by the devices can be accessed in the Knowledge Database —
both by the farmer, but also by other customers in terms of agricultural advisors and big
multinational companies such as pesticide producers that buy the rights to advertise their
products on Fauna's platform.

The loT platform is provided by an external partner, but Fauna operates it and provides data
analytics services that offer insight on pest management to increase the farmer’s yield as well
as a digital field book that automatically reports chemicals and pesticide usage. This information
is useful as a declaration of the farmer’s production for export, and certificates for bio and
organic production. Finally, Fauna also provides consulting services to their customers based on
the insights of the rich Knowledge Database.

Business Model Innovation

The business model changes for each of the actors involved in the value chain can be
summarized as follows:
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The value chain provides value in terms of precise, fast and affordable pest management to
significantly reduce pesticide usage with the ability of the solution to provide custom insights,
and the key activities to operate the business model are to develop the devices and maintain
the connected platform. Fauna is establishing itself as a new stakeholder in the value network.
Thus, all four dimensions of the business model change significantly and due to the integration
of the Knowledge Database into the value chain, the business models for the other actors
change as well.

For the farmer, the solution significantly changes the existing farming practices and production
processes. It furthermore contributes to progressing a sustainable transition and thereby
changes the value proposition offered by the farmer. For agricultural advisors and multinational
companies, the solution changes current collaborative processes and shifts operations from
analogue to digital. This does not change their value propositions but enables them to offer
more value for money, and for the multinational company, it adds an additional source of
revenue. For the smart sensor provider and the loT platform provider, Fauna's solution does not
impact their business models in any significant way.
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15. DunavNet - Arificial intelligence-based plaiform for optimised
cultivation and supply chain transparency

Overview
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It has become a global concern that traditional agriculture will not be able to meet the raising
demands for food caused by our growing World population. Inefficient practices in the domain
are negatively impacting productivity and climate and the need for solutions that can make
the domain more intelligent, sustainable and streamlined for the future is apparent.
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DunavNET designs, develops and implements turnkey solutions that leverage loT, machine
learning and artificial intelligence technologies to improve farm management in cultivation
fields. The solution is called agroNET and it is an end-to-end solution built on standardised,
enterprise-grade technologies and components.

The loT solution consists of a variety of devices that collects data on the field and throughout
the supply chain. It is applicable in a variety of cultivation fields such as vineyards and orchards
as well as in vegetable and arable crop production. The devices of the solution include for
example a weather stafion, cameras and soil condition sensors, collecting data on
temperature, humidity, precipitation, leaf wetness, wind speed, solar radiation and much more.
The analysed data makes optimal crop management more accessible by offering farmers real-
time guidance to increase their yield, and it provides product information transparency to
consumers.

The agroNET solution resembles a step towards enabling digital transformation in the food value

chain, from farm to consumer, and achieving more efficient, sustainable and transparent food
production.

Value Network
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The value network around DunavNET is complex due to the many actors in the ecosystem,
including both the key customer, the farmer, and other customers in terms of agricultural
adyvisors and agricultural machine suppliers, and finally an loT platform provider.

DunavNET is offering a complete solution that consists of various combinations of several devices
and services. Few of the physical devices are developed in collaboration with partners, but most
are produced and implemented by DunavNet themselves. The applied loT platform is Microsoft
Azure, which is provided by an external partner. The main Azure component used for interaction
with edge devices is loT Hub, which is a fully managed cloud service that enables reliable and
secure communications between loT devices and a solution’s backend. Besides providing data
analytics services to the farmer, DunavNET also provides consulting services to their customers,
helping them to manage and enhance crop protection and bio production, and reduce
downtime of machinery.

Business Model Innovation

The business model changes for each of the actors involved in the value chain can be
summarized as follows:

value
proposition

revemues walue revemnue
mechanisms|  chain . @
DunavMET

agricultural machine
supplier

. significant change O no significant change

The value chain provides value in terms of automated and more efficient daily practices with
the ability of their solution to digitalize agricultural processes, and the key activities to operate
the business model are to produce and connect the devices and facilitate the data handling.
DunavNET is establishing itself as a new stakeholder in the value network and all four dimensions
of the business model therefor change. Due to the complexity of the ecosystem, the integration
of the solution into the value chain causes the business models for the other actors to change
as well.

agriculture advisor loT platform vendaor
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For the farmer, the solution significantly changes the existing production process by automating
and digitalizing many farming practices. For agricultural advisors and machine suppliers, the
solution changes the collaborative process toward their customers and increases engagement
with external ecosystem partners. It furthermore provides insights that allow the actors to
increase the value of their services and operations, thereby justifying also a data-monetization
model for DunavNET. The value chain of the loT platform vendor is likewise impacted due to the
management of the loT Hub causing a change in operational processes.
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16. Aloxy - End-to-end loT solutions make valves smart and auvtomate
industrial operations

Overview
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In industrial contexts, there is constant pressure to optimise and streamline daily procedures to
increase efficiency. This, however, is hindered by an apparent lack of wireless technologies at
an operational level, which prevents monitoring of various important factors in industrial work,
with valve positions being a key factor.

To address the efficiency challenge, Aloxy has developed an IoT valve monitoring solution with
connectivity capability, which opens a wide range of new and complementary applications.
The solution “Aloxy Pulse” is a wireless low-power sensor that can frack the control of valves while
providing a suitable quality of service, redundancy, and effective energy impact.

Along with using low-power radio networks, a range of services is custom developed to ensure
robust, reliable and well-supported devices, which is crucial for proper data collection in
networks where devices can lose connection, drop messages or lose power. These features
include heuristics and flagging to account forissues that ensure false positives are avoided.

The solution is applicable in a range of industrial environments to reduce the fime spent on
manual tasks and to improve risk management, and the main users are plant operators and
technicians who integrate the device info the plant's operations, often with support from IT
departments.

Value Network
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In the value network, Aloxy is offering a complete solution that integrates the smart sensor
device, the “Aloxy Pulse” valve, along with multiple services. Aloxy has built the loT platform,
which they refer to as “loT hub”, themselves based on open-source projects from the umbrella
organization loT Eclipse. The IoT hub is hosted eitherin the cloud (private or public) or on-premise,
depending on the server setup of the customer. Hence, the company serves many different
customers that have many different server setups and possibilities, majority of them running a
SCADA system as the backend system, whereto Aloxy is proving integration services. In these
setups, the SCADA provider takes the role of software supplier.

Business Model Innovation

The business model changes for each of the actors involved in the value chain can be
summarized as follows:

walue

proposition

revenue

nue valus :
mechanisms,

rewve TEVEMNLE
echanisms|  chain achani i
Aoy chemical plant

operstor provider
. significant change O no significant change

The value chain provides value in terms of improved risk management and reduces time spent
on associated processes, and the key activities to operate the business model are to develop
and produce the devices. Aloxy originally developed the solution for their existing customer
target segment, however, due to its cross-sector applicability, the company has established
itself as a new stakeholder in the value network, causing all four dimensions of the business
model to change.

The integration of loT capability in the fraditional hardware valve product, and the addition of
SaasS on top, significantly changes the manual operations of the chemical plant operator. The
solution thereby enables customers to make valve monitoring more efficient and improve risk
management. The SCADA system provider is doing business as usual in the value network, and
the business model therefore remains unaffected.
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17. TEADAL - Industry 4.0 fast KPI calculation

Overview

In an industry 4.0 setting, where loT enables a continuous collection of data about the status of
the processes, resources, and products. Data lakes give companies transparency to all the
operations, allow data-driven and evidence-based decisions, and establish a level of frust
between different departments and data sources.

A typical setting of a manufacturing company is represented by ERT who runs several industrial
plants, thus with a big number of machines and with processes that are geographically
distributed, which leads to a huge amount of generated data not always connected and
analysed as one.

Having different workplaces requires a definition of how the production data is generated,
stored, and shared inside and between all of the factories. Not forgetting that business
intelligence data, such as production KPlIs should be calculated according fo the company
standard, and not specific per each industry plant. However, sharing information requires both
authorization and data protection, as not all information should be freely shared inside and
outside an industrial plant.

TEADAL solution will be applied to two industrial plants of ERT (Portugal and the Czech Republic),
to create a data loke federation able to manage both data at rest and data streams to
compute KPIs which are relevant to acquire knowledge about the performances of the
processes as fast as possible without breaking plant-specific policies about data management.

- ™
e Sources \ Stretched data lake management platform
@ i f II
Enterprise Data storage Gravity and friction Data access
Systems policies enriched data catalog policies
Data lake
admin
@ * Privacy/Confidentiality governance policy definition tool
Data bases * @ Lﬂ
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The ambition of TEADAL is to provide key cornerstone technologies to create stretched data
lakes spanning the cloud-edge continuum and mulfi-cloud, providing privacy, confidentiality,
and energy-efficient data management. The TEADAL data lake technologies will enable
trusted, verifiable and energy efficient data flows, both in a stretched data laoke and across a
frustworthy mediatorless federation of them, based on a shared approach for defining,
enforcing, and tracking privacy/confidentiality requirements balanced with the need for
energy reduction.

Value Network

In the value network, TEADAL offers a solution to be applied to two industrial plants (Portugal
and the Czech Republic), where ERT's federated data lake will be created and the two data
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types will be used. The first, data in-rest, will be related to data shared and generated inside
each factory, and, the second, data-in-motion, will correspond to the data shared between
the two industrial plants.

Also, TEADAL proposes a computing confinuum and edge analytics solution. If sensor data from
a manufacturing system points to the likely failure of a specific part, cloud edge can
automatically shut down the machine and send an alert to plant managers. That can save time
compared to fransmitting the data to a cenfral location for processing and analysis, potentially
enabling organizations to reduce unplanned equipment downtime.

Moreover, the computing confinuum at the edge layer enables scalability. Pushing analytics
algorithms to sensors and network devices alleviates the processing strain on enterprise data
management and analytics systems, as more connected devices result in more generated and
collected data.
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The TEADAL solution should rely on data from its collection and provisioning, during the
development process, to all other stages of a product life cycle. This data should lead to
information, knowledge, and other forms of data-driven intelligence. Finally, when shared inside
or outside the factory, data should be stored at the company's federated data lake.
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Business Model Innovation

The business model changes of the enterprises considered in the value network example of
TEADAL can be summarized as follows:

Revenue
mechanisms

Revenue
mechanisms

Revenue
mechanisms

Revenue
mechanisms

Manufacturing
company (ERT)

Machine supplier Solution provider

The ambition of TEADAL is to propose methods, tools, and technologies needed to build a new
generation of data lakes which will exploit the potential of the computing continuum to provide
a more performant and energy-efficient data analytics while considering a federated setting to
enable trustworthy data sharing.

The value chain of the manufacturing company and the solution provider is significantly
changed by the privacy/confidentiality-aware data cataloguing for stretched data lakes,
provided by TEADAL. Also, personal data or business sensitive data cannot leave the boundaries
of the organization unless a proper data transformation safisfies privacy/confidentiality
requirements, which is proposed to be addressed by the solution. This will lead to several benefits
in the industry business, as TEADAL will provide tools and mechanisms to define a shared data
governance where privacy/confidentiality emerges as a key point.

The business model of the machine supplier does not change as the company remains a
confracted supplier and, for now, its position in the network is unaffected by the integration of
TEADAL although communications networks will increasingly be one of the major forces driving
the industrial world forward.
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Conclusions

The various examples illustrate that the business impact of loT in manufacturing industries is
manifold. Without claiming to be complete, the various examples show the following effects on
the value networks in the manufacturing industry:

e Companies use the (technical) capabilities of the loT to establish themselves as a company
in the value network of the manufacturing industry. Sometimes they take on roles that have
not existed in this form before. In this sense, the 10T is to be seen as disruptive.

In particular, the examples show the following two cases:

o A company establishes itself as an loT platform operator, i.e., its business purpose is to
operate a so-called loT platform and, as a result, to offer services to the users of the
platform and to monetize them. Examples of this are Industrial Edge, DocuHub,
MindSphere, and Awake.Al.

These loT platform operators act in the sense of a platform company according to the
platform comprehension of Parker et al. [3] by bringing together different market sides.
Without the loT platform companies, these market sides are not being to establish a
business relationship with each other in this way. However, the examples are
characterized by the fact that the loT platform not only brings fogether two market sides
— as is often the case with B2C platforms — but three or more market sides in a complex
value network.

o A company offers new products and services to a dedicated customer. Examples of this
are Aqua Robur, SEE.SENSE, HOP Ubiquitous, ASTI Mobile Robotics and Cumucore.

These companies often provide intelligent sensors and devices as the core of their value
proposition, often supplemented by related consulting services.

e Companies use the offers of the new companies in the value network to innovate their own
business model. Examples are PRIMA, FIAT and SME in the BOOST 4.0 example and the seq,
port, and land operator in the Awake. Al example.

e Companies use the offers of the new companies in the value network to optimize their own
value-added processes without significantly changing their current business model.
Examples are the operator water network in the Aqua Robur example, the operator
infrastructure in the SEE.SENSE example, the manufacturing company in the ASTI Mobile
Robotics and Cumucore examples.

From a technical perspective, many examples use an loT platform. However, from a business
perspective, the examples show two different applications uses of such a technical platform:

e The technical platform is used to earn money by operating the platform, see the examples
for the loT platform operators.

e The technical platform is used as a basis to offer own services. An example of this is
See.Sense.

A company in the manufacturing industry should consider what position it assumes in the value
network of the manufacturing industry foday and what position it intends to assume in the future.
They can use the examples described for inspiration, but they must make this strategic decision
on their own responsibility. To be able to make well-founded decisions here, a company should
get involved in appropriate communities such as AIOTI in order to discover and discuss their
current and future business opportunities of the loT.
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AIOTI is the multi-stakeholder platform for stimulating 1oT and Edge Computing Innovation in
Europe, bringing together small and large companies, academia, policy makers and end-users
and representatives of society in an end-to-end approach. We work with partners in a global
context. We strive to leverage, share and promote best practices in the loT and Edge
Computing ecosystems, be a one-stop point of information on all relevant aspects of loT
Innovation to its members while proactively addressing key issues and roadblocks for economic
growth, acceptance and adoption of lIoT and Edge Computing Innovation in society. AIOTI's
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interoperability and defining policies.
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