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1. The need for a Manufacturing-X

[ ] [} [} [ )
Initiative
Industry generates prosperity and employment

Industry is the backbone of growth and prosperity in
Germany and in Europe. Around a quarter of gross value
creation comes from the goods-producing sector. Ger-
man industry is a global leader with its Industrie 4.0 ini-
tiative; its exports of goods and services make it a major
contributor to job creation in Germany and in Europe.
Some 5.5 million people were directly employed in
companies in the goods-producing sector in Germany at
the end of June 2021. Around 15 million of the 45 mil-
lion jobs in Germany depend directly or indirectly on the
goods-producing sector.

A need for urgent action - digital and environmental
transformation

Industrial policy frameworks and global crises are a
threat to the prosperity of society in Germany and in
Europe. The worldwide coronavirus pandemic, the war
in Ukraine, the energy crisis, and the challenges posed
by climate change all overlap, making the need to push
forward with the digital and environmental transforma-
tion of German industry all the more acute.

Industry is also facing increasingly stiff competition
caused, for example, by supply bottlenecks, production
downtimes, shortages, increases in inflation, and the
risk of a global recession. These factors are exacerba-
ted by heightened regulatory requirements, for exam-
ple on the part of the European Commission, and the
growing dominance of Asia in international standardi-
sation work.

Germany’s industry, characterised as it is by small and
medium-sized enterprises, is at risk of becoming
dependent on monopoly platform operators. To avoid
this, it is essential to build interoperable, autonomous
data ecosystems quickly and efficiently throughout all
of German industry. We must treat current develop-
ments in the data-based platform economy, and multi-
company collaborative business models in which
ownership of equipment and client-supplier relation-
ships are radically different, as opportunities, using
them as a catalyst for the intelligent networking of
German industry.

German industry must become more resilient and must
improve reaction times in the face of upheaval in supply
chains or in raw material or energy provision. A funda-
mental requirement for this is transparency of processes
and resources at every stage of the different value chains.

Developing, adapting and optimising processes throug-
hout every step in the value chain and every phase in the
life cycle calls for cooperation among all stakeholders
in the value-creation process. Information can be made
available using digital, data-based solutions. This facili-
tates the systematic reduction in emissions (CO2) and
the move towards a circular economy - which protects
people, the environment, and resources.

Digital, autonomous industry requires easily available,
end-to-end data networking, and a willingness to take
part in multilateral data sharing. To achieve this, new,
cooperative collaboration models must be developed
that facilitate data-based solutions and new, digital
business models. This will help German industry to
remain competitive. Important factors in achieving this
are an active cultural shift alongside trustworthy data
ecosystems based on open standards (DataSpace Indus-
trie 4.0 ) that guarantee digital autonomy for companies
and industry.

Manufacturing-X: an initiative for the future of
industry

Manufacturing-X is intended as a cross-sectoral indus-
trial policy initiative aimed at developing and establis-
hing a decentrally organised data economy for German
and European industry. Manufacturing-X benefits from
the internationally recognised brand “Industrie 4.0”, and
will build on foundations that have already been laid. In
recent years, the Plattform Industrie 4.0 network has
instigated in-depth work on topics such as interopera-
ble, secure data interfaces and communication; secure
and trustworthy data infrastructure; the possibilities
and opportunities offered by new, data-based business
models; and the legal aspects of the (collaborative)
usage of data. The Asset Administration Shell standard
for Industrie 4.0, the European Gaia-X initiative, and the
Catena-X flagship project, which aims to drive forward
the digital transformation of supply chains in the auto-



motive industry, are creating essential building blocks
and prototypes for a DataSpace Industrie 4.0.

Based on this, Manufacturing-X will address the digital
transformation of industry comprehensively and across
the board, totally rethinking the value-creation proces-
ses in industry. Individual businesses and professional

associations cannot implement Manufacturing-X alone;
the initiative is far more than simply the sum of nume-
rous individual projects. A broad alliance of companies,
associations and the political sphere is necessary, acting
as a public-private innovation partnership to actively
shape cross-sectoral digital data ecosystems.

2. The aims of the Manufacturing-X initiative

Resilience, competitiveness and sustainability with
Manufacturing-X

Leading companies in the Industrie 4.0 community have
already begun working together within their associati-
ons and networks to bring Manufacturing-X to fruition.
By doing so, they are implementing the decision on the
Plattform Industrie 4.0 that was taken under the gui-
dance of Federal Ministers Robert Habeck and Bettina
Stark-Watzinger, working in a broad alliance to press
ahead with the following activities:

« Establishing an autonomous data space for Industrie
4.0, with Catena-X as the blueprint

* Integrating SMEs with the help of needs-based appli-
cation strategies

« Internationalising by implementing global standards
for a comprehensive data economy

The Federal Government’s Digital Strategy, which it
approved on 31 August 2022, highlights the cross-sec-
toral Manufacturing-X initiative as a central measure for
the digital transformation of supply chains. Specifically,
the Digital Strategy lists the implementation of some
ten new data-based application scenarios. According to
the Digital Strategy, Manufacturing-X implements the
DataSpace Industrie 4.0 and facilitates

* the reorganisation of value networks so that they can
react quickly to incidents (resilience)

* new business models, a circular economy, and increa-
sed efficiency (sustainability), and

« digital innovation that will secure and expand the glo-
bal leadership of German industry (competitiveness).

The Manufacturing-X initiative to digitalise value net-
works will increase the resilience of German industrial
enterprises, strengthening their competitiveness on the
global stage. The initiative aims to secure the digital
autonomy of Germany as a location for business in
general, and to avoid the data-based dependency of
SMEs on globally dominant digital platforms.

It is the future core of German business that is at stake.
As an exporting nation and factory plant supplier for the
world, Germany must retain and expand the competiti-
veness of its industry on the global market. The ability
to manage supply chains quickly and flexibly thanks to
the provision of information promotes economic growth
and creates capacity for the necessary environmental
transformation.

Competitiveness and prosperity for society are indelibly
linked to the ability of our economy to contribute to cli-
mate neutrality and sustainability. Germany must set a
good example, showing how ecology and economics
can successfully complement each other in an industria-
lised country.

To achieve these aims, Germany as a location for busi-
ness, characterised as it is by small and medium-sized
enterprises, requires intelligent networking of industry,
with end-to-end combining of data and a willingness to
share data multilaterally in a trustworthy data ecosys-
tem. New collaboration models must be developed that
foster data-based solutions, new digital business
models, and increased efficiency and flexibility in pro-
duction processes. Without a culture of multilateral



sharing of data and end-to-end solutions, it will not be
possible to merge all relevant data in the production
process and throughout supply chains in cross-sectoral
value networks. In a world with limited resources, and in
times of fragile commodity and material chains, it is

more important than ever to know what individual com-
ponents a product is made of. This forms the basis for
functioning materials cycles, in turn reducing depen-
dencies in the international context.



3. Building blocks for implementing the
Manufacturing-X initiative

The following building blocks must be created when
setting up the Manufacturing-X initiative in order to

Building blocks 1-5 (see above) are not sequential; in
fact, they are parallel, and should be implemented with
the utmost determination and speed.

An autonomous Manufacturing-X data space will be
established with the help of flagship projects, use
cases, and higher-level synchronisation

German industry, characterised by the dominance of
small and medium-sized enterprises, is integrated into
complex, closely interwoven global value networks
with horizontal and vertical value chains. The aim of
reflecting every phase of product life cycles in an intel-
ligently networked industry creates additional comple-
xity in the overall value creation system. As every lea-
ding industry has a highly complex value network and
widely varying requirements in terms of the configura-
tion of use cases and digital ecosystems, central flags-
hip projects and use cases will be needed for each lea-
ding industry. Flagship projects are to create
industry-specific data ecosystems based on relevant
use cases and contribute to rapid widespread applica-
tion in industry.

implement the higher-level aims:

Intelligently networked industry requires interoperable,
integrated data networking. Technically secure, trust-
worthy data systems with a strong legal foundation
must be developed to ensure willingness to share data
multilaterally. The potential offered by new digital busi-
ness models and new models of collaboration must be
leveraged on a cross-sectoral basis. A project to syn-
chronise flagship projects is to reflect these aspects
and create compatibility of technical, legal, business and
socio-political components.

Small and medium-sized enterprises will be integra-
ted into the data space with the help of supporting
transformation hubs, transformation projects, and
higher-level transfer management

Supporting transformation hubs are to implement
cross-sectoral and industry-specific transfer measures
aimed at supporting rapid, efficient widespread impact
throughout German industry. To support the process,
transformation projects are to enable the rapid imple-
mentation of solutions in SMEs that are not taking part
in the flagship projects. Transformation projects are a



way of ensuring that small and medium-sized enterpri-
ses are included across the board in the digital transfor-
mation. Higher-level transfer management is to coor-
dinate transversal transfer activities, to communicate
multidisciplinary use cases and content, and to provide
impetus for the transformation of small and medium-
sized enterprises.

Internationalisation by implementing global stan-
dards for a comprehensive data economy will be
achieved with the help of a broad-based Manufactu-
ring-X community

Right at the start of the planned activities, a broad-
based community is to be established that will develop
continuously. To achieve this, a core group of central
stakeholders from companies, associations, the research
community and the public sector is to be brought toge-
ther from within the Plattform Industrie 4.0 network;
this group is then to form the nucleus that is responsi-
ble for and pushes forward with establishing a Manu-
facturing-X community. The established Plattform
Industrie 4.0 processes are to be used to foster joint
dialogue aimed at developing sound governance for
Manufacturing-X and gradually expanding the range of
stakeholders. The conditions are therefore to be laid
down from the very start that will allow the founding of
an independent entity that, going forward, will be
responsible for coordinating the orchestration of the
Manufacturing-X community and the development of
the DataSpace Industrie 4.0 as a public-private innova-
tion partnership.

The following sections detail the aims and purpose of
the building blocks for implementing the Manufactu-
ring-X initiative.

3.1 Flagship projects and use
cases

The aim of flagship projects is to set up data ecosys-
tems rapidly and effectively

A central flagship project is required for each relevant
leading industry. Similarly to the approach to the digi-
talisation of supply chains in the automotive industry
within the Catena-X flagship project, the Manufactu-
ring-X initiative is to form further consortiums for

flagship projects. The aim of each flagship project is to
rapidly and effectively establish a data ecosystem
based on relevant use cases for the whole leading
industry. Where possible, all companies in a value net-
work are to be digitalised and connected to an inter-
operable data ecosystem.

The leading industries have different requirements in
terms of the structure of a digital ecosystem, and indivi-
dual issues in regard to end-to-end data networking.
For example, the provision of information on ‘Place of
origin’ and ‘Expiry date’ is essential in the food industry.
For the chemicals industry, information on hazardous
substances is important. The equipment supply industry
could focus on the entire life cycle of a factory, including
the digital nameplate or the necessary data transmission
to support new business models. Flagship projects that
run in parallel are therefore required for each relevant
leading industry. This will allow flagship projects to have
an impact on the industrial landscape, contributing to
achieving the necessary rapid speed of widespread
implementation.

Every flagship project should be led by an industry
consortium which enjoys a high level of acceptance,
ensuring that all small and medium-sized companies
in the value network are willing to participate, and
which can demonstrate the necessary competence and
resources to set up and operate a digital ecosystem in
the long term.

Use cases demonstrate the added value and poten-
tial of digital ecosystems

The aim is to implement specific, scalable use cases in
every leading industry. There are to be several use cases
in each flagship project. Aspects of horizontal and verti-
cal data networking should be taken into consideration
for this. Data and information for the entire life cycle,
from the engineering stage to the recovery, reconditio-
ning or recycling stage, should be taken into account in
the use cases.

Use cases are to illustrate how intelligently networked
industry makes new digital business models and increa-
sed efficiency, flexibility (optimisation) and sustainabi-
lity possible. Existing examples of new business models
and potential for optimisation represent and demon-
strate added value for an area of application or a speci-
fic industry.



Example: “New digital business model”:

Example: “Efficiency and flexibility (optimisation)
and sustainability”:

“It’s right there” - Compressed air at a fixed price
from Kaeser Kompressoren

Peak load reduction in electricity consumption at
Swiss Federal Railways

“It’s right there” - Compressed air at a fixed price! The
company Kaeser Kompressoren’s business model all-
ows customers to pay only for their consumption of
compressed air, rather than investing in a complete
air station. In addition to their consumption, custo-
mers pay a provision fee for the compressed air sta-
tion. This business model is possible thanks to the
digitalisation and intelligent networking of the com-
pany’s own product range. Secure data transfer from
the compressed air stations supplied to the customer
by Kaeser makes real-time remote maintenance and
metering possible.

Recognising peak loads in electricity consumption
and counteracting these with a load controller - the
idea is simple: demand-response mechanisms inter-
pret the energy requirements measured almost in real
time at specific points in the railway’s electricity grid.
If the load is too high, a controller automatically
counters this by switching off heating in towing
wagons or points heaters for as long as the network is
at peak load. Implementing this strategy has contri-
buted to a 20-percent reduction in energy and power
requirements and will reduce energy consumption to
2025 by 150 megawatts.

(Source: https://www.kaeser.de/produkte/betreiber-
modell-sigma-air-utility/)

Both examples state the benefits for the company in ques-
tion clearly and simply. Within Manufacturing-X, examples
such as these are to be extended to other industries and
the methods behind them are to be made scalable.

The aim of use cases is therefore to provide scalable,
generally accessible solutions and answers (tools, met-
hods, descriptions, etc.) for specific challenges in the
leading industries. Other challenges that could be suita-
ble for use cases are:

« Early-warning system - supply bottleneck recogni-
tion: How can potential component bottlenecks and/
or pooled risks in supply chains be recognised and
resolved, for example through improved knowledge
of the material composition and/or the origins of a
component?

* Design and development of new components: How
can data and information relating to the runtime
behaviour of assets contribute to the development of
improved components?

* Improved production processes: How, particularly in
existing facilities, can simplified or secured applicati-
ons signpost potential to save energy, increase pro-
ductivity or optimise automation in manufacturing

(Source: https://news.sap.com/germany/2018/07/
sbb-energie-digitale-transformation/)

and assembly processes, or even enable the simplified
operation of secure manufacturing and assembly pro-
cesses without the need for expert knowledge?

« Start-up and operation: How can we support secure,
automated start-up processes, condition monitoring,
or multi-stakeholder service applications?

* Reduction in obstacles to participation: How can we
create something along the lines of a “driver data-
base” that includes older machines, so that networ-
king is possible and affordable even for SMEs?

« Carbon footprint at the touch of a button: How can
the preliminary or concurrent calculation of the car-
bon footprint of a product, for example a piece of
cheese or a manufacturing plant, be generated?

* Recycling: What might climate-positive packaging be
like, and how can it be produced?

« Digital machine or component label: How can a uni-
que, secure identity be generated and recorded?

* Product and hazardous substances database: How can
a generally accessible ‘Date as a Service’ be created?



< Equipment as a Service: How can a technically and
legally usable, secure and fair basis be generated for
establishing scalable global business models?

The flagship projects must put in place solutions for the
major shared challenges of each value network, while
creating added value for the relevant industrial enterpri-
ses, specifically including SMEs and companies that are
not members of the consortium. This way, well-thought-
through, targeted use cases can provide the basis for
transfer to industry as a whole.

Purpose of the flagship projects

Alongside the principal purpose of implementing speci-
fic use cases in the leading industries, the flagship pro-
jects must also fulfil the following remits and functions
in order to contribute actively to shaping the building
and implementation of the relevant data ecosystem:

« Design function: Specification, setup and provision of
building blocks for an interoperable data ecosystem,
along with the definition of specific relevant informa-
tion chains that are to be implemented as use cases

« Development function: Development of missing buil-
ding blocks to create technical compatibility

« “Do-how” function: Provision of the basis for scaling
“do-how” knowledge in each value network

« Control function: Specification of the priority selec-
ted, end-to-end scenarios and the initiation of these
as use cases in alignment with other flagship projects
and use cases

« Communication function: Description and demonst-
ration of the benefit for the specific value network and
for higher-level transfer

* Support function: Support with upgrading (particu-
larly in the case of small and medium-sized enterpri-
ses) in order to implement and use digital solutions

* Coordination function: Ensuring the coordination of
current work results, including higher-level alignment
with other flagship projects, and involvement in and
organisation of a shared governance structure

We can only achieve the aims of the Manufacturing-X
initiative if the results of the work of the different flags-

hip projects interlock, if the use cases build on similar
technical foundations, and if all stakeholders work toge-
ther to achieve widespread scaling up of the measures.
The flagship projects and their use cases must feed into
higher-level aims. There are topics that are relevant
across many flagship projects. To ensure interoperability,
projects must be built on compatible technical founda-
tions. To ensure autonomy, legal issues must be resolved
across the different flagship projects. To ensure sustai-
nability, economic frameworks must be created and
socio-political aims must be achieved.

3.2 Synchronisation project

Flagship projects and use cases in a range of leading
industries are an essential requirement for the rapid
establishment of a data ecosystem that is effective at a
higher level and that is fully interoperable and secure.
Nonetheless, they are not sufficient by themselves.

In Manufacturing-X, data-based multilateral collabora-
tion among the different stakeholders must function
problem-free across complex value networks, and thus
also throughout the different supply chains in the lea-
ding industries. It is therefore necessary to establish a
synchronisation project before the launch of flagship
projects, in order to ensure interoperability, autonomy
and sustainability across these projects. Synchronisation
projects should be based on fundamental principles for
the responsible use of data and platforms. In addition, in
order to establish comprehensive intelligent networking
of industry, they should also guarantee

« technical compatibility, to ensure interoperability,
open infrastructures and uniform standards

« the legal basis for digital autonomy and the trust-
worthy exchange of data in accordance with the law

» economic consideration of new digital added value
and increases in efficiency and flexibility (resilience),
and

- socio-political compatibility of the higher-level aims
of resilience, competitiveness and sustainability.

There are certain organisations and communities that
should be taken into account in regard to these aspects.



As a result, synchronisation work cannot be organised
by a single organisation. Instead, this task must be orga-
nised by a shared, open, multi-stakeholder entity in the
form of a supporting project. As part of this, relevant
expert panels should be involved for each of the four
aspects listed, and should take on a central role in the
project. The aims, purposes and foundations of these
aspects are outlined below:

Technical compatibility and interoperability

To ensure technical compatibility, a body is to be crea-
ted that can provide comprehensive technical exper-
tise, including in the fields of technical and semantic
interoperability, IT security, open source-based archi-
tecture and reference models, and national and interna-
tional standardisation work. This technical compatibi-
lity body should be assigned an explicit mission and
provided with suitable tools and funding within the
Manufacturing-X initiative to achieve this.

Technical and semantic interoperability is central to
ensuring technical compatibility. This also encompasses
the shared understanding of use and access rights for
the data involved. Data providers decide which data
(data sets), with which usage and access rights (data
business policy) are shared with which users, and for
what purpose data is processed. In order to limit access
to and use of data to authorised parties, it is necessary
to define the semantically interoperable attributes that
the data must be assigned. This requires vendor- and
domain-neutral international standards that can map all
forms of assets, whether these are components, machi-
nes or other assets, including non-intelligent assets, and
can provide for the storage and processing of their data.

A further key topic is ensuring compatibility in terms of
open interfaces and neutral standards for anyone to use,
with no technological or competitive barriers. To achieve
this, the Asset Administration Shell (AAS) was develo-
ped within the Plattform Industrie 4.0 as a basis for the
digital twin and a “standard data connector” between
value creation partners. The AAS was based on the refe-
rence architecture model for Industrie 4.0 (RAMI 4.0).
The development of the Global Production Language
additionally enabled standardised horizontal and verti-
cal communication among machines, based on OPC UA,
in the form of OPC UA Companion Specifications. The
NAMUR Open Architecture (NOA) and the Module
Type Package (MTP) were developed specifically to
meet the need for a flexible, modular process industry.
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Recently, we have seen the convergence of the various
activities. One example is the BaSys 4 funding projects,
which bring the reference architectures and implemen-
tations for discrete manufacturing and process manu-
facturing together in an open-source middleware solu-
tion. The approaches taken by the AAS and the
International Data Space Association (IDSA) were
merged with the Eclipse Dataspace Connector and are
currently undergoing joint practical testing within the
Catena-X project. Further standardisation activities lin-
ked to ECLASS, AutomationML, the Open Industry 4.0
Alliance, etc. are making major contributions to the
joint implementation of the comprehensive approach
for digitally networked production taken by Industrie
4.0. As a basic principle, all of these standardisation acti-
vities use open-source approaches in order to achieve
widespread uptake in practice and therefore to ensure
interoperability throughout the entire “Industrie 4.0
ecosystem”.

Legal basis and digital autonomy

To ensure legal compatibility, a “legal basis” body is to
be created that can provide comprehensive expertise,
including in the fields of sector- and industry-specific
national and international legislation (in particular, EU
regulations such as the EU Data Act), legislation, con-
tractual and consumer protection law, GDPR, Supply
Chain Act, etc. The “legal basis” body should be assigned
an explicit mission and provided with suitable tools
and funding.

Data sharing must take place in accordance with the
law, despite the fact that numerous important legal
questions regarding the usage and the sharing of data
remain open at both national and international level.
As part of the European data strategy, several legisla-
tive proposals are currently under discussion, for
example the Data Act, the Data Governance Act, the
Digital Markets Act and the Digital Services Act. Esta-
blished legal standards such as the General Data Pro-
tection Regulation (GDPR), antitrust law and consumer
protection law must be taken into account. To facilitate
the rapid establishment of a DataSpace Industrie 4.0,
we must eliminate the current legal uncertainty, which
is a key obstacle to companies sharing data, as quickly
as possible.

We must apply and further develop rules and standards
ensuring secure, trustworthy data exchange and gua-
ranteeing digital autonomy in Europe. Work is under-



way together with European partners within the Gaia-X
initiative, which was launched by the Plattform Indust-
rie 4.0, to establish a secure and trustworthy data infras-
tructure for the exchange of data in Europe. The Import-
ant Project of Common European Interest for Next
Generation Cloud Infrastructures and Services (IPCEI-
CIS) aims to develop innovative technologies for a
“Multi-Provider Cloud-Edge Continuum” (for the
exchange and processing of large volumes of data with
extremely low latency, among other things). The stan-
dards and services developed by IPCEI-CIS and Gaia-X
must be compatible. For example, the artificial intelli-
gence regulatory sandbox, launched by the Plattform
Industrie 4.0, and the Industrie 4.0 Legal Testbed are
available for the prototype testing of strategies for auto-
mated data exchange via open platforms, data mining
using artificial intelligence, and all of the associated
legal issues.

Economic considerations

To ensure economic compatibility, an “economic consi-
derations” body is to be created that can provide com-
prehensive expertise, including in the fields of new busi-
ness models, pricing models and billing processes in the
digital context, as well as accounting and financial
reporting for digital value creation, etc. The “economic
considerations” body should be assigned an explicit
mission and provided with tools and funding.

New collaboration models must be developed and an
active cultural shift implemented in order to foster data-
based solutions and new digital business models (e.g. for
greater resilience and sustainability), as well as increased
efficiency and flexibility in production processes. Con-
sistency of aims at the different levels among the stake-
holders involved and ensuring provision of a “trusted
space” for multilateral sharing of data have a key role to
play in this. The importance of data custodians, who
enable the trustworthy, secure exchange of data, will
increase in this context. Specific approaches, opportuni-
ties and barriers to multilateral sharing of data have
already been illustrated, including in the example of Col-
laborative Condition Monitoring.

Socio-political compatibility

The Manufacturing-X initiative must contribute to hig-
her-level socio-political aims such as resilience, sustai-
nability, climate protection, environmental transforma-
tion, participation in society, and social justice, and must
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play an active part in the socio-political discourse. Part
of the work within the Plattform Industrie 4.0 includes
the contribution of preliminary work, for example,
papers on resilience and Industrie 4.0 by the Sustainabi-
lity Task Force, highlighting specific development paths
and potential business models for the environmental
transformation of industry. The trade unions and emp-
loyer associations are compiling strategies and discus-
sion papers on topics such as “Working well in the
future”, including in the Plattform Industrie 4.0 Working
Group on Work, Education and Training. Industry asso-
ciations are also taking part in the socio-political dis-
course. The political sphere and public authorities are
addressing topics such as climate change mitigation and
sustainability.

To ensure socio-political compatibility, trade unions and
employer representatives, associations, and the political
sphere, in addition to the research community, if appli-
cable, should be brought together and involved.

3.3 Transformation hubs and
transformation projects

Transformation hubs ensure widespread application
in industry

Cross-sector and industry-specific transformation hubs
will support the widespread application of Manufactu-
ring-X throughout industry. Numerous transformation
hubs will be required to ensure this. Within these hubs,
accredited, competent sector and industry experts will
be able to put operational transfer measures into place
at national level by means of networks.

Transformation hubs will serve as go-betweens within
the Manufacturing-X community, particularly for the
flagship projects and the use cases, and for the target
small and medium-sized enterprises in each leading
industry and sector. The transformation hubs will work
in two directions, channelling results from the Manufac-
turing-X initiative to participating companies, and com-
municating requirements based on the practical expe-
rience of SMEs to the flagship projects. The
transformation hubs will use this two-way perspective
to organise specific processes that



« work actively to raise awareness of the Manufactu-
ring-X initiative as a whole, and the results of the
flagship projects in particular, in the relevant sectors

* recognise individual potential in companies, match it
to results of the funding projects, and initiate specific
implementation measures

« use a set of interlinked transfer instruments to sup-
port implementation measures in the companies;
these measures include instruments such as referrals
to technology consultants, technology scouts, regula-
tory sandboxes, expert and training networks, and
transformation projects

« use close dialogue to involve, and exploit synergies
with, existing structures (associations, chambers, clus-
ters, competence and innovation centres, investment
projects, etc.), thus generating additional impetus for
transfer

« generate ongoing processes of change and transfor-
mation in the companies by providing motivation,
support, and expertise and resources for further-rea-
ching, self-financed productive implementation, and

 create user communities, continuing to maintain,
expand and embed these even after completion of the
flagship projects.

Transformation hubs drive transfer and networking acti-
vities forward that can be used within the target sectors
to reach the largest possible number of companies. For
example, additional relevant stakeholders or communi-
ties should be included in the network of a transforma-
tion hub. In addition, transformation hubs are to deve-
lop innovative collaboration formats that will help with
the transformation process by providing additional fun-
ding when the projects reach a certain level of maturity.
Given the anticipated length of the transformation pro-
cess, it is in the interest of the transformation hubs to
position themselves within their target groups as insti-
tutions driving the transformation, even beyond the
funding phase.

Transformation projects are among the principal
tools in the digital transformation

Given that they are the most important transfer instru-
ment for the transformation hubs, transformation pro-
jects are to be provided with ringfenced funding. The aim

of transformation projects is to provide targeted support
to SMEs for connecting to the leading industry data eco-
system. This type of project is required to support neces-
sary investment in migration work, to enable skills
development within small and medium-sized enterpri-
ses, and to promote in-house developments by SMEs
aimed at allowing them to connect to data ecosystems.

A large number of small and medium-sized enterprises
require migration and data preparation, as well as a
connection to the Manufacturing-X network, in order to
achieve the data-based foundation for participation in
the relevant data system, which will generate a benefit
for the company. Creating a uniform data basis is a cru-
cial factor for small and medium-sized companies that
calls for financial and specialist support.

A key transfer task of the transformation hub should
therefore be to use transfer projects as an instrument to
connect service providers in the digital economy (supply
side) with companies in the goods-producing sector
(demand side). Specifically, transformation projects are
to serve to ensure that companies that enquire are pro-
vided with additional financial means (e.g. migration
vouchers, tax relief, etc.) so that, with the support of
transformation hubs, they can make use of appropriate
migration services.

Alongside a transfer by service providers, both user and
provider companies should be empowered such that
every company can participate individually and benefici-
ally in the Manufacturing-X network. This means that
businesses, particularly SMEs, must be supported in
developing skills and competences, for example by
means of assistance or funding for training measures.

In addition, start-ups that develop apps or Manufactu-
ring-X services in-house should be assisted through
transformation projects (for example with development
vouchers).

3.4 Transfer management

Higher-level transfer management will be necessary to
ensure the standardised, rapid transfer of overall results
(such as use cases) and content (such as the importance
and necessity of interoperability and an intelligently
networked industry) to interested companies throug-



hout Germany, and for the networking of content for
transformation hubs among themselves and with the
flagship projects.

This higher-level transfer management must be able to
unify communication and marketing, as well as commu-
nity and networking work, in terms of content. It is
important to put transfer management in place as early
as possible and to coordinate it with a view to ensuring
constructive interaction among the planned flagship
project implementation activities, in consultation with
the transformation hubs.

The task of overarching transfer management includes,
in particular,

< communication: active marketing of the whole initia-
tive and all flagship projects within a synchronised
portfolio of channels and formats

* a shared internet platform collating all key informa-
tion on the Manufacturing-X initiative with defined
areas for all projects, divided into the usual categories
of aims, partners, (interim) results, services, events,
etc. Facilitation consists of systematically recognising
and mapping interconnections between elements of
content

« active networking management for all those involved
in projects, particularly on the basis of priority content
areas that apply across several projects (e.g. standards)

 working from the perspective of system solutions and
consistently looking for integration potential among
the projects and driving forward the development of
this potential

« ensuring that the solutions within the use cases in the
flagship projects result in the most coherent overall
system for widespread transfer

¢ a shared intranet platform with wide-ranging functi-
ons for transparency, networking and collaboration
(“workshop”)

* putting together a set of transfer instruments to be
provided to all transfer stakeholders in the hubs.

The more successful the project networking and the
presentation of solutions and examples, the easier it will
be to market the initiative as a whole and therefore to
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provide impetus for the transformation. Project networ-
king is essential for identifying integration potential.

The active management of networking among the pro-
jects, down to the level of individual work packages and,
ultimately, all of the experts involved, is decisive for the
continuous identification and development of integra-
tion potential. The transfer management process provi-
des the framework conditions and coordination and
management capacity to achieve this.

3.5 Governancein
Manufacturing-X

An open community structure brings stakeholders
together and ensures a high level of transparency.
Implementing Manufacturing-X successfully requires
an overall strategy and an implementation roadmap, in
addition to an organisational framework. In this con-
text, all stakeholders who are involved or interested
from business, the political sphere, associations and
the research community should be able to come toge-
ther on a cross-sectoral basis and work within a trans-
parent participation process to actively shape the ini-
tiative’s development.

To achieve this, Manufacturing-X will need to build on
existing requirements in terms of content and organisa-
tion, and must expand these in a targeted manner to
allow existing structures and communities to interact
coherently under a single, harmonised umbrella. This is
the fundamental requirement for a DataSpace Industrie
4.0 to emerge that has the necessary acceptance among
all market stakeholders. The main task of the Manufac-
turing-X initiative is therefore to establish a compre-
hensive organisational framework that will bring toge-
ther the existing communities, with their established
structures for dialogue and decision-making, and, if
necessary, supplement or extend them.

The further development and the setting up of a decen-
trally organised data economy is a concerted industrial
policy project that is structured into several phases and
different packages of tasks. Manufacturing-X outlines
the different development and implementation steps
that are necessary in each case within a shared roadmap
that is constantly evolving.



The governance of Manufacturing-X is based on an
open, transparent organisation

The future governance of the initiative will (have to) be
embedded within an independent organisation with
legal structure. Setting up this organisation will call for
broad-based support from all partners involved. The
primary responsibility for this falls on businesses that
are carrying out specific Manufacturing-X projects, as
well as on associations. The organisation that is to be
developed must be fundamentally transparent and
open to enlargement at both national and internatio-
nal level.

The specific structure of the organisation and the legal
form it is to take can be decided at a later point in the
process, based on suitability. A number of options could
be discussed, and there is also the option of using exis-
ting structures. For example: the Catena-X network has
established a governance structure for setting up a data
space for value-added processes in the automotive
industry. The future organisation of Manufacturing-X is
to be in harmony with Catena-X, as a minimum, as both
initiatives require similar, interoperable foundations.
However, each area of application will require its own
standards and strategies.

The technical and organisational foundations for esta-
blishing a cross-sectoral Manufacturing-X community
have been laid. Structures for organising and facilitating
individual elements of the DataSpace Industrie 4.0, in
particular in regard to key individual aspects such as
technological interoperability, are already established
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on the market. Organisations such as the OPC Founda-
tion, the Industrial Digital Twin Association (IDTA), the
International Data Space Association (IDSA), the Open
Industry 4.0 Alliance (OI4A) and Catena-X bring toge-
ther the technological discussion within their respective
communities or hemispheres, and are responsible for
developing individual technological building blocks and
for implementing them in specific sectors (Catena-X).

Manufacturing-X builds on these organisational approa-
ches, merging them with additional initiatives from the
numerous sectors of industrial production. This means
that Manufacturing-X is creating the first cross-cutting
organisational framework to bring together the existing
organisations within a shared, uniform overall strategy.
This framework offers guidelines for cooperative dialo-
gue in order to continually develop the cross-sectoral
system architecture, guaranteeing fundamental inter-
operability among the individual sectoral solutions and
implementation within a unified, comprehensive “Data-
Space Industrie 4.0”.

Central topic areas are to be developed as part of
Manufacturing-X governance

Central topic areas that this type of organisational fra-
mework must address and develop in a process of dia-
logue and based on broad consensus include: the over-
all strategy and roadmap, the system architecture and
standards, widespread transfer and scaling, certification
and operating strategies, national and international net-
working, marking and public relations work, and viable
open-source repositories.



The future organisational structure of the initiative will
have to coordinate and harmonise the following tasks
(as a minimum), which at the present time indicate at
least the starting point for future development:

Overall strategy, roadmap, coordination: The success-
ful implementation of a decentralised data economy in
industry requires cooperation among numerous stake-
holders and organisations. This calls both for the
development of sound structures to coordinate and
synchronise the different activities, and the creation of
efficient decision-making structures for the targeted
management of the overall initiative on the basis of a
constantly evolving roadmap.

The fundamental governance task for Manufacturing-X
is to provide an organisational framework for establis-
hing, applying and updating an overarching roadmap for
implementation of the DataSpace Industrie 4.0. The dif-
ferent stakeholder groups would position themselves
and their individual approaches within such a strategy,
and would focus their activities on the basis of this road-
map, which would apply to all stakeholders (“north star”
function). Dialogue among the different stakeholders
would lead to a collaborative implementation plan for
setting up an interoperable DataSpace Industrie 4.0. The
Manufacturing-X initiative is to provide the necessary
organisational framework for coordinating all stakehol-
ders and measures involved during the implementation
of the jointly defined, constantly evolving roadmap.

Technology: The first reference pilot projects setting up
an industrial data economy are in place. Central ele-
ments are hosted in independent organisations such as
Gaia-X, IDTA and the OPC Foundation, and are continu-
ally developed, independently of each other. The Manu-
facturing-X projects utilise and merge the individual
elements for setting up digital ecosystems. This calls for
the organisation of an ongoing process of exchange
among the technology providers and the application
projects, to make sure that the most up-to-date techno-
logy is always used. At the same time, individual requi-
rements emerging from the use of the technology must
be reflected back, so that further technological develop-
ment meets the needs that are identified.

The necessary process of dialogue and exchange, toge-
ther with the decision-making structures, have not yet
been implemented, and must be established within
Manufacturing-X. The key elements for this are structu-
res that are open, transparent and legally sound in equal
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measure, within which the technology providers and the
users (for example, users of funded flagship projects for
implementing the data ecosystem) can work together to
share their experience from the initial implementation
projects so that these can flow into the efficient ongo-
ing development of the projects.

System architecture and standards: A shared basic
architecture for industry is the technical and organisa-
tional foundation for establishing interoperable data
ecosystems for the different sectoral applications.
Alongside the technical aspects of interoperability,
such an architecture must also offer (at least) a uni-
form legal, economic and organisational framework
that enables economically efficient cooperation among
the stakeholders in the value network. The individual
fragments of such an architecture are to be defined in
parallel in various flagship projects (see Section 3.1)
and are then to be transferred to a basic system archi-
tecture within a multi-project approach in a separate
measure in the form of a synchronisation project (see
Section 3.2). This basic system architecture is to pro-
vide the foundation for the DataSpace Industrie 4.0. In
addition, standardisation is a key element of the sys-
tem architecture. The main coordination tasks involved
in this process are specifying the necessary standardi-
sation tasks, identifying suitable national and interna-
tional standardisation bodies, and orchestrating and/
or actively supporting the relevant processes from wit-
hin the Manufacturing-X community.

The system architecture is to be set up using an
approach based on distributed projects and parallel
development. It will be key to the project’s success to
bring the different projects and consortiums involved
(see Section 3.1) together under a single organisational
umbrella. This will help provide the necessary structures
for mutual dialogue and a secure framework for action
and decision-making in the coordination of potential
building blocks (and the standards that may emerge as a
result) for the system architecture of the DataSpace
Industrie 4.0. The necessary structures and coordination
processes go far beyond the implementation and the
sphere of responsibility of the individual projects; they
are to be developed and put in place as part of the joint
initiative of corporate governance for the setting up and
management of this community.

Marketing and public relations work: As a concerted
initiative by a wide range of stakeholders, Manufactu-
ring-X requires a consistent corporate identity and a



joint umbrella brand that can present and represent the
comprehensive approach, beyond the individual pro-
jects and the results of the different collaboration pro-
jects (such as the elements of the system architecture),
to experts, the political sphere, and the general public.
In addition, a single point of contact is necessary. This
would then coordinate and facilitate mutual exchange
among the Manufacturing-X community, encouraging
dialogue with representatives of similar data space
approaches in other sectors (sector coupling) at natio-
nal, European and international level.

National and international networking: The value net-
works in industry are global in scale. For pragmatic rea-
sons, Manufacturing-X is to begin as a national initiative.
However, close networking with, and integration into, a
European and global context is essential, both to ensure
that results from Manufacturing-X can be seamlessly
scaled to international level, and at the same time to
make sure that relevant developments, for example in
the regulatory setting of the EU Commission (e.g. the
Data Act), can be applied quickly.

Widespread transfer of results: The success of Manu-
facturing-X depends to a great extent on the dynamic
growth of the community and on the number of compa-
nies and organisations that become involved in the
DataSpace Industrie 4.0, acknowledging, using and
applying the basic rules. The widespread transfer of
results among companies must provide information on
current results in the development of the data space
and the consequent added value for companies. It must
also offer usable solutions for adaptation (“plug-and-
play”) and provide a channel for feedback from practical
application cases to those involved in technological
development. The existing ecosystem offers efficient
communication and transfer structures for this, which
are generally backed by the relevant industry associati-
ons. There is also a need for additional cross-sectoral
orchestration and coordination that can, for example,
align the technical content of the transfer with current
technological developments in the Manufacturing-X
community and transfer these to target-group-specific
formats. As market readiness increases and uptake
grows more widespread, practical organisational struc-
tures are to be created for identifying topic- and/or sec-
tor-specific user requirements for solution strategies, to
facilitate productive dialogue between those involved in
continuous development (see Sections 3.1 and 3.2) and
those involved in widespread implementation (see Sec-
tions 3.3 and 3.4).
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Open-source repository: Developing and establishing
the system architecture is a collaborative process among
the entire Manufacturing-X community. For this to suc-
ceed, every stakeholder must have open access to the
(validated) core building blocks and results, and the
option to participate actively in the general develop-
ment. This calls for a coordinated open-source strategy
with a defined policy on participation and individual
contributions. Role model processes have been imple-
mented successfully both within Gaia-X and in the
development of the Asset Administration Shell by the
IDTA, as well as in the Catena-X network within the
Eclipse environment. This means that the organisational
basis for these approaches can be implemented and fur-
ther developed as needed.

Certification: In the market implementation of the stra-
tegies that are to be developed, interoperability and
functionality will depend fundamentally on the “imple-
mentation fidelity” of the competitive applications vis-
a-vis the defined system solutions. To ensure a high
level of engagement and trust in the market, certifica-
tion options have been established for central building
blocks and are in some cases already in use for indivi-
dual solutions (OPC, Catena-X, etc.) A certification
option for central elements from Manufacturing-X is
therefore to be developed for a future marketing phase.
This option should provide reliable access to the data
space in a way that is scalable and economically efficient
for participants.

Operating strategy: The future operation of the Data-
Space Industrie 4.0 will be based on certain central ser-
vices that must be available or provided as fundamental
“infrastructure” for the ecosystem. Based on initial
applications and use cases from both the Catena-X net-
work and from the initial projects within Manufactu-
ring-X, technological, organisational and economic
requirements for the operation of such services must be
formulated across all projects and agreed in a process of
dialogue with the community. This will foster a high
level of user acceptance for subsequent implementation
on the market and will facilitate the development of
more stable, competitive operating models for the long-
term implementation under market economy conditi-
ons of the DataSpace Industrie 4.0.



4. The future: what happens now

In parallel to the development of the first building
blocks for implementation, we must also develop the
structures necessary to organise the coordination and
orchestration tasks described above. To achieve this, we
will look to the Plattform Industrie 4.0 network to pro-
vide a core group of central stakeholders from compa-
nies, associations, the research community and the pub-
lic sector. This group will then form the nucleus that is
responsible for, and pushes forward with, establishing a
Manufacturing-X community. The processes established
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by the Plattform Industrie 4.0 should be used to foster
joint dialogue aimed at setting out sound management
structures for Manufacturing-X and gradually expanding
the range of stakeholders. The necessary conditions
should be put in place within the next 12 months to
create the relevant structures that, going forward, will
be responsible for the orchestration of the Manufactu-
ring-X community and will facilitate the development of
a DataSpace Industrie 4.0 as a public-private innovation
partnership.



