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The workshop focused on the critical role of flexibility, system resilience, and advanced control 

technologies in enabling a carbon-neutral European energy system.  

 

Session 1 

The issue of efficient network management - Flexibility solutions such as smart grids, storage 

and flexible loads 

Flexibility as a key resource in the integrated energy system – Enrica Micolano (RSE) 

The increasing deployment of wind and solar generation, distributed energy resources, electrified 

loads and electric vehicles, reduces the availability of conventional reserves while increasing 

uncertainty and variability in both supply and demand. 

Power system flexibility was defined as the ability to manage this variability reliably and cost-

effectively while maintaining system stability and security of supply. 

Key flexibility resources include: 

• Demand Response 

• Electric Vehicles and Vehicle-to-Grid services 

• Battery Energy Storage Systems (BESS) 

• Thermal storage 

• Hydrogen storage 

• Sector coupling 

• Smart grids and digitalization 

• Improved market and regulatory frameworks 

Technical options to increase system flexibility: 



 

 

PATHFNDR Project, Turhan Hilmi Demiray (ETH Zürich) 

The Pathfinder Project highlights that the energy transition is no longer only a generation challenge 

but also: 

• A network challenge 

• A coordination challenge 

• A flexibility challenge 

The project investigates: 

• Active management of photovoltaic generation 

• Smart EV charging 

• Flexible heat pumps 

• Sector coupling 

• Integrated infrastructure planning 

• Digital tools supporting network operators 

General findings on distribution grids: 

• When performing network expansion studies, distribution utilities shall consider the flexibility 

potential of distributed resources. 

• Provision of flexibility can allow them to reinforce their networks in a more economic and 

timely manner. 

• Distributed resources can provide flexibility with close-to-zero economic and comfort impact, 

resulting in significant peak reduction. 

• However, contractually binding schemes for flexibility provision are required, so that a utility 

can count on the flexibilities in long-term infrastructure planning under uncertainty. 



Session 1 CETPartnership Project Presentations 

CoPRESS 

CoPRESS develops an interoperable platform based on microservices to coordinate: 

• Renewable generation 

• Battery systems 

• Local energy communities 

• Ancillary service participation 

Its objective is to maximize both self-consumption and flexibility value creation. 

DSM4Islands 

DSM4Islands focuses on Cyprus and Lampedusa as living laboratories for demand-side flexibility. 

Preliminary results indicate: 

• Up to 70% reduction in renewable curtailment 

• Increased renewable utilization 

• Reduced fuel consumption 

• Better integration of variable renewables 

FLEXBIT 

FLEXBIT aims to unlock flexibility from residential buildings, commercial buildings and industrial 

facilities. 

The project combines: 

• Batteries 

• Thermal storage 

• Hydrogen 

• Electric mobility 

• Industrial energy communities 

RESILIENT 

The RESILIENT project analyzed the relationship between gas consumption and electricity market 

dynamics. 

A key finding is that battery dispatch prices remain strongly linked to gas prices because batteries 

frequently substitute gas-fired generation during operation. 

 

  



Session 2  

The specific issue of power system stability in situations of reduced inertia 

A major challenge is the replacement of synchronous generators with inverter-based renewable 

generation. 

The resulting reduction in physical inertia creates several challenges: 

• Faster frequency changes (higher RoCoF) 

• Reduced fault current contribution 

• Increased sensitivity to disturbances 

• Lower transient stability margins 

• Higher risk of cascading failures 

 

Power system stability in situations of reduced inertia – Venizelos Efthymiou (ETIP SNET) 

Europe is already entering an era in which renewable generation displaces traditional rotating 

machines, making low-inertia operation a reality rather than a future scenario.  

The challenge is not the absence of conventional inertia itself, but ensuring that equivalent stability 

services are provided through modern technologies.  

Low-inertia systems face: 

• Faster frequency dynamics 

• Higher RoCoF 

• Deeper frequency excursions during disturbances 

• Reduced transient stability 

• Increased risk of protection system misoperation 

• Lower fault-current levels due to inverter-based resources 

Solutions include the following. 

Battery energy storage systems are a cornerstone of future resilient power systems. Combined with 

advanced inverter controls, storage systems can: 

• Deliver synthetic inertia 

• Provide fast frequency response 

• Inject or absorb active power within milliseconds 

• Support voltage and frequency stability 

Such responses can in some situations be even faster than those provided by conventional 

synchronous machines. 

Grid-following converters: 

• Synchronize to an existing grid using a phase-locked loop (PLL) 

• Follow voltage and frequency references created elsewhere 



• Control active and reactive power injection 

While effective for integrating renewables, they depend on an already stable grid. 

Differently, grid-forming converters: 

• Act as controlled voltage sources 

• Establish voltage and frequency references 

• Support islanded operation 

• Contribute directly to system stability 

Grid-forming technology is one of the most promising approaches for future high-renewable power 

systems. 

Advanced Control Strategies 

• Voltage-Frequency Control 

The inverter internally generates voltage and frequency references and regulates its output 

accordingly 

• Droop Control 

This approach emulates conventional generator behavior through: 

o Active power–frequency (P-f) relationships; 

o Reactive power–voltage (Q-V) relationships. 

It allows multiple converters to share power without extensive communications infrastructure. 

• Virtual Synchronous Generator (VSG) 

The most advanced solution. VSGs emulate inertia, damping, rotor-angle dynamics, frequency 

response, allowing inverter-based resources to behave similarly to conventional synchronous 

generators. 

Conclusions 

Renewable-dominated systems can achieve stability levels comparable to, or even better than, today's 

conventional grids, provided they are supported by: 

• Battery energy storage systems 

• Synthetic inertia 

• Grid-forming converters 

• Virtual synchronous machine technologies 

• Advanced control architectures 

Future power systems must be designed around control and stability services, rather than around 

rotating machines themselves. 

Session 2 CETPartnership Project Presentations 

Several CETPartnership-funded projects addressed the operational challenges of inverter-dominated 

power systems and the transition towards low-inertia grids. Together, they cover topics ranging from 

advanced converter control and oscillation mitigation to harmonic stability and large-scale system 

modelling. 



 

FlexDIS 

 

FlexDIS focuses on enhancing voltage and frequency support from distributed energy resources 

connected at the distribution level. The project develops advanced grid-forming control strategies 

capable of improving system stability during normal operation and fault conditions. 

 
Key research activities include: 

• Development of synchronized grid-forming controls with improved fault ride-through 

capability 

• Utilization of distributed flexibility from demand, electric vehicles, heat pumps, and inverter-

based generation 

• Assessment of voltage support services in distribution networks 

• Quantification of frequency-support reserves available from distributed resources 

 

NU-ACTIS 

 

NU-ACTIS addresses one of the emerging challenges of future power systems: converter-driven 

oscillations in highly inverter-dominated grids. The project is motivated by the expected increase in 

inverter penetration, particularly in the Nordic power system.  

 

Main objectives include: 

• Identification and modelling of inverter-driven oscillatory phenomena 

• Development of suitable RMS and EMT simulation models 

• Investigation of adaptive and AI-based control strategies 

• Creation of robust control solutions capable of operating under varying inertia conditions and 

evolving grid configurations 

 

Particular attention is devoted to the interaction between large clusters of inverter-based resources 

and the resulting control dynamics. 

 

TenSyGrid 

 

TenSyGrid explores the application of tensor-based mathematical techniques for modelling and 

stability assessment of future renewable-based power systems. The project seeks to overcome the 

limitations of conventional linearized approaches while maintaining computational efficiency. 

 

Expected outcomes include: 

• Development of multilinear tensor-based system representations 

• Fast computation of stability margins and system indicators 

• Improved modelling accuracy for converter-dominated networks 

• Integration of advanced stability-analysis capabilities into commercial-grade software tools 



The project uses the Maltese power system as one of its validation environments and aims to deliver 

practical tools for system operators.  

 

MITIGATE-HARM 

 

MITIGATE-HARM focuses on harmonic stability and resonance phenomena that increasingly emerge 

in power systems dominated by power electronics. The project leverages open-source simulation 

environments to support both research and industrial applications.  
 

Key areas of work include: 

• Detection of resonances and harmonic instabilities 

• Development of mitigation techniques for inverter-based systems 

• Enhancement of open-source tools for harmonic analysis and dynamic simulation 

• Integration with real-time simulation platforms for hardware-in-the-loop validation 

 

The project also aims to provide validated test cases based on real network configurations to support 

future industrial adoption. 

 

Common Message Across the Projects 

 

Although each project addresses different technical aspects of grid stability, a common conclusion 

emerges: 

• Future power systems will increasingly rely on inverter-based resources rather than 

synchronous machines 

• Stability services must therefore be delivered through advanced control algorithms, power 

electronics and storage technologies 

• Digitalization, real-time monitoring, and AI-assisted control are becoming essential enablers 

of secure low-inertia system operation 

• Open-source tools, interoperability, and scalable simulation frameworks are critical to 

accelerate technology deployment and support system operators in the energy transition 

 

This portfolio of projects demonstrates that the transition towards carbon-free energy systems 

requires not only renewable generation capacity, but also a new generation of stability and resilience 

solutions capable of ensuring secure system operation under increasingly dynamic conditions 

 

  



Keynote 

 

Cyber-Physical Resilience in Energy Distribution – Roberto Magnani (AEIT, ENIA) 

 

There is a growing convergence between operational technology (OT) and information technology (IT). 

The increasing digitalization of energy systems creates new vulnerabilities but also new opportunities. 

AI can be considered as an orchestrator of resilience, enabling the transition from reactive to proactive 

and “self-healing” operations. 

 

AI applications include: 

• Predictive maintenance 

• Failure forecasting 

• Cyber anomaly detection 

• Self-healing grids 

• Digital twins for operator support. 

European initiatives such as directives NIS2, CER and RED III, are important for strengthening critical 

energy infrastructures.  

 

Overall Conclusions 

The workshop clearly demonstrated that the future European energy system will depend on the 

convergence of: 

• Flexible demand and storage resources 

• Sector coupling 

• Grid-forming technologies 

• Advanced power-electronics control 

• Artificial intelligence and digitalization 

• Cyber-physical resilience frameworks 

A key message was brought by Venizelos Efthymiou: 

The success of the energy transition will not depend only on renewable generation capacity, but on 

our ability to provide stability, inertia, flexibility, and resilience through intelligent control systems, 

storage technologies, and advanced power electronics. 


