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Background and Motivation

▪ Planning and operation of the energy infrastructure becomes more complex

– Large-scale integration of renewable sources 
(Distributed Energy Res./DER – like PV, wind, etc.)

– Controllable loads (battery storages, 
electric vehicles, heat pumps, etc.) 

▪ Trends and future directions 

– Digitalisation of energy infrastructure

– Deeper involvement of consumers 
and market interaction

– Sector coupling (linking electricity, gas, and 
heat grids) for higher flexibility and resilience
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Needs and Requirements

▪ Separated design and validation of individual domains (power, ICT, heat, etc.) not sufficient anymore

▪ Integrated cyber-physical/multi-domain design and validation missing

▪ Reduction of manual steps necessary to handle complex system configurations

▪ Reduction of error sources due to 
manual steps required

▪ Improvement of application/software 
quality required

▪ Faster application development needed 
due to market behaviour and trends
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Vision and Research Directions

▪ Support for the integrated design, implementation, validation, and installation of smart grids and 
smart energy systems

– Integrated system design

– Validation and testing

– Installation and roll out

▪ Future research needs

– Improved development 
and testing services and tools

– Extended and advanced research infrastructures and laboratories

– Well educated researchers and engineers (“multi-domain understanding”)
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European Research Infrastructures (RI)

▪ Provide resources (major scientific 
equipment) and services to communities

▪ Conduct research and foster innovation

▪ Are strategic investments in scientific 
and technological excellence

▪ Act as knowledge and innovation hubs
(collections, archives or scientific data)

▪ Essential pillar of the European Science Area

 Only a few cover energy-related topics
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Integrated Smart Grid and Energy Systems RI’s
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– GA-ID 5189299

– FP6 NoE (11/2005-10/2011)

– 3 Mio EUR funding

– 12 partner

– Networking of DER labs, 
pre-standardization

– GA-ID 228449

– FP7 RI IA (09/2009-12/2013)

– 5 Mio EUR funding

– 16 partner from 12 countries

– TNA to DER labs, 
pre-standardization

– GA-ID 654113

– H2020 RI IA ( 11/2015-04/2020)

– 10 Mio EUR funding

– 18 partner from 11 countries

– TNA to Smart Grid and DER 
labs, pre-standardization

– GA-ID 870620

– H2020 RI IA (04/2020-09/2024)

– 10 Mio EUR funding

– 20 partner from 13 countries

– TNA & VA to Smart Grid, Smart 
Energy Systems and DER labs, 
pre-standardization

2005

2024

• Long-term, 

• Pan-European cooperation
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Smart Grid RI “ERIGrid” - Overview  

▪ Applied research for validation of

– Sustainable power and energy 
systems/smart grid systems

– Distributed Energy Resources (DER)

▪ Tight collaboration of partners

– 11 European countries involved

– 18 Partners from research and industry

– 19 top-class smart grid and DER labs
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Smart Grid RI “ERIGrid” - Approach
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Smart Grid RI “ERIGrid” - Achievements
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Advanced testing methods and tools

• Holistic validation approach for smart grids

• Approach for specifying test cases, test 
specifications and experiments
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Smart Grid RI “ERIGrid” - Achievements
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Advanced testing methods and tools

• Test chain approach

• Coupling approach for smart grid labs

• Virtual Pan-European Smart Grid RI
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Smart Grid RI “ERIGrid” - Achievements

11

Advanced testing methods and tools

• Co-simulation and hardware-in-the-loop 
based system-level testing

• FMI-based simulation library
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Smart Grid RI “ERIGrid” - Achievements
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Free access for user groups to

• Power system,

• Smart grid and 

• DER laboratories
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Smart Grid RI “ERIGrid” - Achievements
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Training of researcher and engineers

• Training schools

• Course/education material

• Tutorials and webinars
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Smart Grid RI “ERIGrid” - Achievements

▪ Validation methods and tools

– Integrated pan-European RI

– System-level validation method and test chain concept

– Set of open access/source tools (co-/real-time/HIL simulation)

▪ Training activities

– Education material (450 impacted students, 450 workshop 
and 290 webinar participants)

▪ Lab access programme

– 73 out of 97 TA user projects supported (~175 persons, 
~1,000 lab days)

▪ Various reports (~50) and over 160 publications …
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Smart Grid RI “ERIGrid” - Lessons Learned

▪ Exceptional team work, collaboration and results

▪ Multi-domain education and training essential

▪ Great feedback from lab access users

▪ Open research results contribute to innovation

▪ Lab-based RIs are essential for energy transition

▪ Collaboration on international 
basis important and beneficial

▪ Attracting enough 
(industrial) lab user groups
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Smart Energy Systems “ERIGrid 2.0” - Overview

▪ Extended and applied research based 
on ERIGrid topics and achievements for

– Smart grid and smart energy systems

– Digitalization with lab interfacing and 
data exchange for physical/virtual access

▪ Tight collaboration of partners

– 13 European countries involved

– 20 Partners from research and industry

– 21 top-class smart grid, smart energy
systems, and DER labs

– 8 virtual facilities
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Smart Energy Systems “ERIGrid 2.0” - Approach
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ERIGrid 2.0 – European RI for Smart Grids, Smart Energy Systems, and Renewables Research

EU Energy Transition Goal: Creation of a low-carbon, secure, reliable, resilient, 
accessible, cost-efficient, and market-based pan-European integrated energy system 

SUSTAINABLE, LOW-CARBON ENERGY POLICY

· 2015 Paris Agreement
· EC  Clean Energy for All Europeans  package

· EU Vision 2050
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Smart Energy Systems “ERIGrid 2.0” - Virtual Services
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• Focus on

• Simulation-as-
-a-Service (SaaS)

• Open data, 
Data- as-a-Service 
(DaaS)

• Virtual labs

www.erigrid2.eu/lab-access
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Smart Energy Systems “ERIGrid 2.0” - Lab Access
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www.erigrid2.eu/lab-access
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Conclusions

▪ Integrated analysis and multi-domain, cyber-physical systems based approach needed for mastering 
the complexity of smart energy systems

▪ Methods and tools for system-level testing as well as rapid configuration of 
lab-setups required

▪ Smart grid, smart energy systems, and DER research and development services (incl. physical labs) 
are necessary

▪ Harmonization and standardization necessary (e.g., IEEE P2004 on HIL)

▪ Multi-domain education and training essential

▪ RI/lab-collaboration on international basis very beneficial
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