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Background & Use case: 
Applied Material Science
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Motivation
▪ Accelerated Research by multiplying the 

effort?

▪ Traditional slow approach
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Motivation

Automated sample 
production and testing

Automated data analysis, 
machine learning and AI

Accelerated Research by reducing the human effort!
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Digital Transformation @ Fraunhofer ISC

Industry 4.0 
(Lab & Fab)

Hybrid information 
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FAIR Data
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and semantic 
data spaces

Machine 
readable
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Automation 
& Robotics

AI, ML &
Modeling

Human 
operable

Manual Tasks

Nano particle
synthesis

Fully automatic 
Glas-Screening

Tissue engineering /  
medical testing

Battery material 
synthesis (BIG-MAP)

Link: ISC Digital/MAPs

https://www.isc.fraunhofer.de/en/fields-of-activity/applications/digital-transformation/maps-materials-acceleration-platforms.html
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MAPs: Accelerating materials research and development 
to meet urgent societal challenges

Slide 7

advancedsciencenews.com

doi.org/10.5281/zenodo.8012140

https://emiri.eu/2022/07/04/digital-
revolution-in-materials-discovery/
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https://doi.org/10.1002/adma.202407791

Sep 2024

https://www.advancedsciencenews.com/the-successful-transition-to-renewables-needs-a-revolution-in-materials-research/
https://doi.org/10.5281/zenodo.8012140
https://emiri.eu/2022/07/04/digital-revolution-in-materials-discovery/
https://doi.org/10.1002/adma.202407791 
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Contributors
Europe
• Germany
• Belgium
• Spain
• The Netherlands
• UK (United Kingdom)
• Norway
• France
• Finland
• Denmark
• Italy
North America
• US (United States)
• Canada
Asia
• Japan
• Republic of Korea (South Korea)
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Motivation

• Governments globally are addressing climate change and resource demand 

• Rising global energy consumption and recent gas shortages highlight the urgent need for sustainable energy 
solutions to meet SDG 7 (clean and affordable energy) and SDG 13 (climate action).

• Advanced Materials (AdMats) are crucial for mitigating climate change impacts, energy resilience, and economic 
prosperity, with 20% of the industrial base and 70% of technical innovations relying on them.

• Materials research is essential for lower-cost, less toxic, and environmentally friendly AdMat solutions reducing 
reliance on critical raw materials (CRMs) and supporting circular economy practices

• The European Green Deal Industrial Plan supports climate neutrality and competitiveness, emphasizing the 
importance of a single EU market for resilience and global access, and is bolstered by the Twin Transition (green and 
digital transition).

• The Materials 2030 Manifesto calls for systemic collaboration across sectors to accelerate advanced materials 
development, aiming to reduce development cycles and costs through digital technologies and high-throughput 
experimentation.
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About MAPs
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About MAPs - Why will it be superior?

Closed loop: MAPs use, optimizing materials and advanced computational approaches to guide experiments and 
provide continuous feedback devices across the entire parameter space.

FAIR: MAPs produce fully documented, meta-data rich, and structured data sets that are Findable, Accessible, 
Interoperable, and Reusable (FAIR), ensuring comprehensive data management and stewardship.

Holistic: MAPs accelerate materials development across various industrial sectors by optimizing not just individual 
materials but entire devices for their intended applications.

Collaborative and cross-domain: MAPs enable connectivity of material data across multiple sectors, fostering 
collaboration and leveraging AI-driven transfer learning to bridge knowledge gaps and promote "Safe and Sustainable 
by Design" approaches.

Decentralized and modular: MAPs can integrate decentralized equipment through a centralized data repository, 
allowing global researchers to access, control, and utilize data, offering "experiments as a service" to regions with 
limited infrastructure.
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Projects
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Early Impact

AMANDA has, with reference to edisonian high-throughput
experimentation, achieved an acceleration starting at 30-fold[49] reaching 
recently over 100-fold[50, 51].
Among others this has lead to the identification of ultrastable perovskite 
compositions in the multidimensional parameter space. [52]

Particularly in the field of biological tissues
engineering,[42] significant increases in quality and throughput
have been achieved through laboratory automation while 
human effort for nanoparticle synthesis could be
reduced by approx. 44 %[44].

Within less than 100 catalysts created and tested (requiring
less than 3 months), a new promoter combination was found 
that is competitive to the one presently used by BASF in their 
commercial Oleflex process. [58]

For instance, recently published success
stories claim a reduction of experimental workloads in general 
by up to 90 %[113] and an acceleration of the development of 
new rare earth-free permanent magnets by a factor of 200[114]
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Building Blocks
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Building Blocks

Hardware
• Integrated automation of lab experiments with synthesis 

and characterization equipment.
• Robots for automating and accelerating sample handling.
• Specialized lab equipment for synthesis and analysis.
• Custom design and in-house built modules for flexibility.
• Safety requirements - equipment must handle hazardous 

substances.

Communication Protocols and Interfaces
• Interfaces connect hardware components to IT 

infrastructure.
• Need for remotely controlled lab equipment.
• Well-documented APIs are essential.
• Ethernet and IP-based protocols recommended.
• Industry-grade OPC-UA and OpenAPI conform HTTP REST 

protocols for communication.
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Dosing 
Units Mixer-

Weight-
Heater

Rotary 
EvaporatorLiquid-liquid 

extraction (LLE)

Components
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Physical Platform Integration
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Technical Integration
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Building Blocks

Software Infrastructure
• Supports multiple hardware systems, network 

infrastructure, and cloud platforms.
• Provides flexibility to scale, adapt and add functionality.
• Ensures multi-user access via web interfaces.
• Emphasizes security for data and software hosting.
• Microservice-basedarchitectures for workflow

orchestration and automation.
Software
• Planning and Optimization: AI-driven research process for

efficient resource use.
• Experimental Execution: Interface between planning

modules, lab equipment, and backend system.
• PredictiveMaterial Modeling and Digital Twins: Virtual 

experiments and simulations.
• Documentation: Standardized data acquisition and storage.
• Data Analytics and Insights: data processing and 

visualization.
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▪ What you see ▪ What you create in the background▪ independent

schemas ...

▪ … Combined to application 

specific structures

▪ … and send to digital workflows
Common 
Repositories

https://github.com/OO-LD/schema https://oo-ld.github.io/playground-yaml/

Linked Data Schemas

https://github.com/OO-LD/schema
https://oo-ld.github.io/playground-yaml/
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The OpenSemanticLab Stack

https://github.com/OpenSemanticLab

https://github.com/OpenSemanticLab
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Developed within Mat-o-Lab

Extract Metadata with AI
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Build Knowledge Graphs within a few clicks
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Electrode foil

Battery cell

Separation

Drying

Stacking
EoL-Test

Formation
Filling

Large Knowledge Graphs from reuseable patterns

AI Image 
Segmentation
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© Fraunhofer

• Provides the foundation for a seamless coupling of informational and behavioral digital twin & enables efficient creation and validation of Digital Twins

TimeSeriesDBFileStore DocumentStore
TripleStore / GraphDB

Ontologies: EMMO, 
BattINFO, GPO, BVCO, 

…

Information 

Twin

Behavioral 

Twin

Model SpaceData-driven Physics-driven
hybrid

…
…

Usecase: Comprehensive Semantic Information 
Structure in the Battery Value Chain

https://doi.org/10.1002/ente.202301305https://kiprobatt.de/wiki

https://github.com/emmo-repo/EMMO
https://github.com/BIG-MAP/BattINFO
https://github.com/General-Process-Ontology/ontology
https://github.com/Battery-Value-Chain-Ontology/ontology
https://doi.org/10.1002/ente.202301305
https://kiprobatt.de/wiki
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Demonstration

Run simulations & optimizations
https://onterface.open-semantic-lab.org

Video: https://doi.org/10.5281/zenodo.11582014

OpenSemanticLab LIMS & ELN BatteryResearch & more
Video: https://doi.org/10.5281/zenodo.11582036

https://onterface.open-semantic-lab.org/
https://doi.org/10.5281/zenodo.11582014
https://doi.org/10.5281/zenodo.11582036
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BIG-MAP Archive

FINALES

P
re

fe
ct

Software-Integration: OpenSemanticLab as MAP-ELN
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Live Demo during the BIG-MAP Data Workshop in Grindelwald

Video: https://zenodo.org/records/11653808

https://zenodo.org/records/11653808
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Building Blocks

Community

• Governance: Standards, quality control, and management of automated labs.

• Create Awareness: Dissemination of knowledge and success stories.

• Training and Education: Adapting R&D programs and ensuring high-quality software and automation modules.

• Technology Transfer: Ecosystem for startups and corporations to adopt technology.

Examples of MAP initiatives: BIG-MAP, DIADEM, PSDI, GC-MAC, EU-MACE, EuMINe, M4E, Acceleration Consortium, 

REACH2, MRS Meetings …



Dr. Simon Stier
Head of Digital Transformation @ Fraunhofer ISC

Impact

Scope Description

Synthesis High-throughput synthesis using thin films, micro/milli -fluidic tools, and pixelized annealing/sintering for efficient material processing.

Catalysis Lowering energy costs and reducing waste in material production through improved catalytic materials and processes.

Biotechnology
Enhancing strain engineering speed and efficiency for sustainable product and process development in chemicals and 
pharmaceuticals.

Bio-sourced Polymers, Hybrids, and Composites Accelerating monomer discovery and polymer production with advanced functionalities, focusing on recycling and sustainability.

Health, Pharma, and Bio-medicine Increasing productivity in drug discovery and development through AI-based data analytics and high-throughput approaches.

Energy Materials Developing novel materials for sustainable energy production and storage to meet increasing demand.

Photovoltaics Improving efficiency and cost-effectiveness of solar panels through new material development and optimization.

Metamaterials Accelerating design and fabrication of metamaterials for diverse applications like electrochemistry, membranes, and photonics .

High Entropy Alloys and Oxides Using automated thermodynamic modeling and high-throughput probing for advanced functionalities in complex material systems.

Materials for Additive Manufacturing Extending additive manufacturing to diverse material classes and integrating digital twins for enhanced process control.

Per- and Polyfluoroalkyl Substances (PFAS) Finding alternatives to PFAS in various industries due to health and environmental regulations.

Recycling Processes
Promoting circular economy by optimizing recycling processes for polymers and precious metals to maintain product properties and
improve material recovery.
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Impact

• Processing and Manufacturing
• Synthesis
• Additive Manufacturing
• Recycling Processes (Polymers, Precious Metals)

• Biotechnology and Health
• Bio-sourced Polymers, Hybrids, and Composites
• Biotechnology
• Health, Pharma, and Bio-medicine

• Energy and Catalysis Materials
• Energy Storages
• Photovoltaics
• Catalysis, 𝐶𝑂2 / 𝐻2

• Advanced and Functional Materials
• Metamaterials
• High EntropyAlloys and Oxides
• Per- and Polyfluoroalkyl Substances (PFAS)

• Synchronize material 
innovation and end-
product development

• Enable innovation 
that maximizes the 
use of existing assets

• Turn open innovation 
into societal impact

• Reduce dependency on 
raw materials

• Technology Sovereignity

• Green and digital 
Transition
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• Technological and Organizational Gaps: Initial implementations of MAPs show 
potential but face hurdles in widespread adoption, requiring coordinated 
regional, national, and international research strategies.

• International Collaboration: Strong international partnerships and 
collaborations are essential to accelerate materials discovery and innovation, 
requiring standardized hardware, communication protocols and ontologies for 
distributed MAPs.

• Education and Training: Increased awareness, training, and implementation of 
MAPs are needed to build a multidisciplinary and collaborative skillset, with 
initiatives like international postgraduate programs and specialized training 
schools.

• Funding and Research Strategy: Current funding is insufficient for sustainable 
MAP development; dedicated funding programs are needed to support the 
meta-method level, FAIR and OPEN research results, and the integration of 
MAPs with conventional labs and AI-ready data infrastructures.

Gaps



PublicPage

Vision: Making Research and Technologie Infrastructure FAIR
… and therefore MAP-ready

Level 1 - Findable: Create a machine readable catalogue of available capabilities (services and 

competences)

Level 2 - Accessible: Define a common protocol to submit requests and deliver results

Level 3 - Interoperable: A common language to describe the request and results datasets

Reusable: Defined legal framework, IP management and automated digital contracts

10.12.2024 © Fraunhofer 43

▪ Accelerate 

every process 

stage

▪ Strong digital 

ecosystem with 

academics and 

industry

▪ Both within 

Europe…

▪ … and 

worldwide

(+   )

R&D Dataspaces
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Contact: Dr. Simon Stier
MSc. Computer Science
MSc. Material Science

Head of Digital Transformation

simon.stier@isc.fraunhofer.de
Fraunhofer ISC, Neunerplatz 2, Würzburg

Thank you for 
your attention!

More Information: isc.fraunhofer.de/digitale-transformation
github.com/OpenSemanticLab

mailto:simon.stier@isc.fraunhofer.de
https://www.isc.fraunhofer.de/digitale-transformation
https://github.com/OpenSemanticLab

