
© The ERIGrid 2.0 Consortium
EU H2020 Programme GA No. 870620

Methods and Concepts for the 
System Level Validation of Power and Energy Systems

Thomas I. Strasser

Coordinator H2020 ERIGrid-1/2.0
AIT Austrian Institute of Technology

Industry Forum Session 1
“Power Directions in a Post-COVID World”

doi:10.5281/zenodo.4997937

https://www.erigrid2.eu/
https://orcid.org/0000-0002-6415-766X
https://doi.org/10.5281/zenodo.4997937


© The ERIGrid 2.0 Consortium
EU H2020 Programme GA No. 870620

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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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

7

Validated 
Smart Grid System 

Configurations
· Validated 

concept / 
architecture

· Substantiated 
comparision

· Test report
· Improvement 

and innovation 
potential

· Certificate

Smart Grid Configurations
(Power + ICT system)

Optimization 

Control

(e.g., SCADA)

DER

DER

Tap

Changer

Communication 

Network

Power Distriubtion Grid

System 
Validation and 

Testing
Approaches

(cyber-physical 
systems based)

· Virtual-based 
methods

· Real-world-
based methods

· Combination of 
virtual & real-
world-based 
methods (HIL)

Holistic Validation Procedure (NA5)
(iterative process)

Trans-national 
Access to 

ERIGrid Research 
Infrastructure 

(NA3, TA1, TA2)
· Industrial user 

groups / 
vendors

· Academic user 
groups

· Project 
consortia 
(European & 
national 
projects)

Liaison with 
Initiatives and 
Associations 

(NA1)

Dissemination 
and 

Communication 
(NA2)

International 
Cooperation 

(NA2)

Staff Exchange, 
Education 

and Training 
(NA4)

Distributed and Integrated 
Research Infrastructure (JRA1, JRA4)

Installations for
· Component characterication and small-

scale system evaluation (Micro Grids)
· System integration and large-scale 

system testing

Improved Methods and Tools (JRA2, JRA3)
· Co-simulation / simulator coupling
· Integrated power system and ICT models
· Controller & Power HIL
· Laboratory experiments
· Cyber-security analysis and ICT-based 

assement methods

Networking Activities (NA) Joint Research Activities (JRA) Trans-national Access (TA)

St
a

ke
 h

o
ld

er

U
se

r

20.06.2021IEEE ISIE 2021 - Industry Forumdoi:10.5281/zenodo.4997937

https://www.erigrid2.eu/
https://doi.org/10.5281/zenodo.4997937


© The ERIGrid 2.0 Consortium
EU H2020 Programme GA No. 870620

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

10

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 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

▪ Flexible combination of simulation and lab-based
approaches beneficial

▪ 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)
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