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Industrie 4.0 Stakeholders
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Directive about relevant standards

Transfer of test results to standardization

Setup in Germany

International collaboration
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LNI 4.0 – Roadmap interlinked to Industrie 4.0 
and its Vision 2030
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Machine 
Interoperability

Human 
Integration

Data  Management 
& Analytics

Digital Economy 
Drivers

Digital Business 
Models

Industrie 4.0 Communication 
of Machines:
• Machines talk to each other 

in an interoperable manner 
in networked digital 
ecosystems

Data Spaces for Industrie 4.0:
• Global agreement on 

similar/ uniform reference 
architectures

• Use of higher-level metadata 
models including the 
associated infrastructure 
services

Industrie 4.0 BizMo:
• Value creation in the 

context of digital 
transformation

• Development of 
customer benefits based 
on digital technologies 
(e.g. peer to peer tender)

Digital Economy Drivers:
• Carbon reporting
• Supply chain resilience
• Circular economy
• Data Act, AI Act, Cyber 

Resilience Act, EU Data 
Governance Act, etc
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Human-Machine-Process
Interaction:
• Human work together with 

machines and in processes 
as companions

• Immersive integration of 
human, using Industrie 4.0 
technologies

Action Fields 
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The international network of LNI 4.0 – together 
towards Industrie 4.0
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Focus of International 
cooperation:

▪ International 
use cases & test scenarios

▪ Facilitate knowledge 
exchange

▪ Coordinate standardization 
effort

Netherland

Spain Italy

France
Korea

China

India

➢ Creation of a joint, international Network for Labs and 
Industrial Experiences!

➢ Leverage synergies in Testing, Training and Knowledge 
Transfer between Labs!

USA
Japan

Norway

Switzerland

Singapore

Romania

Austria

Australia

Europe

Poland

AAS = Asset Administration Shell
TSN = Time Sensitive Networking

Canada
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Time-Sensitive Networking (TSN)
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LNI 4.0 Testbeds at a Glance

6
Asset Administration Shell 
(AAS) (IEC63278)

Neutral and open Edge 
Management

4

Management of the Entire Life Cycle

Shopfloor Communication 
via OPC UA Human – Machine –

Process-Integration 
(HMPI) 

1 2 3

Two LNI-Testbeds with direct link to industrial communication

• Asset Administration Shell is a 
Metamodel with UML class 
diagram and related 
Infrastructure Services 

• Initiation, testing and 
validation  of further Modules 
in the AAS (energy efficiency, 
de-carbonization, etc.) and 
providing input for its 
standardization

• Build up of a AAS 
Demonstrator and Network to 
other demonstrators 

• TSN is a toolbox to enable Time-Sensitive 
Networking of machines and devices

• Further validation of extensions to the 
IEEE 802.1 standard family for time-
sensitive networking (TSN)

• Further participation at 
• OPC UA PubSub TSN prototyping
• Inter-domain stream establishment, 

distributed or centralized domain 
control

• TSN application in 5G

• Continuous plug-festivals based on SME 
requirements and LNI 4.0 Use Cases.

• Evaluation of a simple approach for 
production lines, fostering stepwise 
collaboration between automation 
system integrators and machine builders 

• Validation of Horizontal and 
vertical communication 
network of machines via 
semantic of OPC UA  
Companion Specifications

• Extension by commercial 
business aspects (reg. MES, 
ERP)

• Evaluation of Use Cases for 
different manufacturers tested 
with OPC UA client/server

• Edge computing technology 
as distributed computing 
paradigm and the 
decentralized data processing 
at the edge of the network, 
from the field devices to the 
Management System layer

• Finalization of Functional and 
Implementation  view

• Compatibility test of the 
Implementation View on 
different products and 
devices

• Validation of the proposal for 
standardization of the 
management of edge and 
field devices

• Data Management as 
fundamental basis for 
Industrie 4.0

• Network of existing 
activities at German and 
European level

• Extension to Artificial 
Intelligence and Digital 
Twin / Simulation

Machine Interoperability Human Integration

5 Network of Data Labs 
& Analytics

Data Management & 
Analytics

Creation and Validation of 
proposals for intelligent and 
immersive human machine 
integration and interaction

Entry point for the 
integration of humans:
= technical solutions and 
applications, whilst 
Linking to existing initiatives 
from the overall context (e.g. 
ethical, social, legal activities)
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Demonstrator for Edge Management Interoperability
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What is Edge Management? Partners

Testbed Edge Management



Motivation & Industry example: Battery production
Manufacturing-X. Make Data Work. 
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Example: Battery production

• Massive ramp up of battery cell production

• Battery production is enormously energy and water intensive

• Minerals supply chain dependents on other countries 

• 96% of the ingredients of a battery are recyclable per se

→ With consistent and transparent use of digital twins, we 

can design more sustainable products - and produce them 

more sustainably.

→ Requires data transparency along the entire value chain

→ Can technically be implemented by “Data Spaces” 

and requires data economy! 



Data economy, data ecosystems and Data Spaces
Industrial context 
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Company values 

Market needs

− Responsibility
− Sustainability
− Trust
− Sovereignty

Public needs/values

Competitive Advantage

Technology

− Value creation 
− business model
− IP protection
− partners

…….

− technology
− market access, 
− resilience, supply chain, …

Drivers of economy

(examples)

… reflected by companies

(examples)

Regulation
− Data Act
− Dig. Product pass

− Towards a de-central 
architecture

− Enabling Trustworthiness

Business strategy

Customer needs/values

x partners, mullti-
tier suppliers from 
different domains

Governance

…

“Monetization” 
of data usage 

Interoperability Operational 
model

Decentral and 
worldwide usage

Pre-requiste: Trust across multiple (unknown) entities



Contributions to „Factory-X“  a Manufacturing-X project:
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Individual Industry 

Business Challenge

Design and implementation of 

innovative business models based on 

data-driven use cases.

Joint Community 

Challenge

Building the common technical foundation 

cross-industry wide to guarantee 

compatibility and interoperability  

USEurope Japan South Korea Canada
IM-X

Australia

• IM-X
• Transfer
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Contact 

Anja Simon 
CEO Labs Network Industrie 4.0 e.V. 

Phone:   +49 174 3097300

Email:   anja.simon@siemens.com
LinkedIN:   https://www.linkedin.com/in/anja--simon/

10www.lni40.de 
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Dr. Dominik Rohrmus
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Thank you!
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