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1. Introduction 

Europe’s low-voltage (LV) electricity networks are undergoing a profound transforma�on as 
electrifica�on accelerates, distributed renewable energy expands, and consumers increasingly become 
ac�ve par�cipants in the energy system. Although technological innova�on is advancing rapidly with 
EU-funded research being prominent, regulatory and market frameworks have not evolved at the same 
pace. This disconnects risks undermining the impact of innova�ve tools and pla�orms designed to 
improve observability, enable flexibility, and support energy communi�es. 
 
This brief synthesises insights from the SynGRID technology and regulatory gap analysis to present a 
comprehensive narra�ve of the challenges and opportuni�es facing LV networks. It outlines policy 
direc�ons that can ensure Europe’s energy transi�on proceeds efficiently, inclusively, and securely.  
 

2. Technological Developments and Emerging Challenges 

Over the past decade, numerous EU projects, such as COMPILE, RE-EMPOWERED, FLEXIGRID, 
WeForming, STREAM and DINGO have demonstrated advanced tools capable of enhancing grid 
flexibility, strengthening monitoring and control capabili�es, and empowering consumers and 
communi�es. These developments span digital twins for LV grids, AI-supported energy management 
systems (EMS), automated demand-side management (DSM) solu�ons, microgrid controllers, and 
pla�orms for ci�zen par�cipa�on. 
 
Despite technological progress, Europe’s LV networks con�nue to suffer from major gaps in visibility 
and opera�onal intelligence. In most Member States, DSOs lack the sensing infrastructure necessary 
to understand LV grid behaviour in real �me. This is increasingly problema�c as prosumers, electric 
vehicles, heat pumps, and storage systems are connected at the grid edge in large numbers. Without 
sufficient monitoring and forecas�ng tools, grid operators must rely on conserva�ve assump�ons, 
o�en resul�ng in unnecessary curtailment or costly reinforcement.  
 
Interoperability also remains a persistent obstacle. Technologies developed across different projects 
and commercial vendors o�en depend on proprietary data formats, incompa�ble communica�on 
protocols, or closed so�ware environments. As a result, DSOs face high integra�on costs, and 
innova�ve tools are rarely deployed at scale. 
 
Digital twins and advanced modelling have shown promise in suppor�ng planning, hos�ng-capacity 
assessment, and scenario analysis. However, their effec�ve use is hindered by incomplete or low-
quality data, as well as the lack of harmonised modelling standards. These limita�ons are par�cularly 
evident in LV grids, where asset registries are o�en incomplete and measurement points sparse. 
 
Demand-side management, a cornerstone of flexibility provision, faces similar barriers. While 
automated DSM solu�ons have matured technologically, their deployment is constrained by limited 
consumer engagement, insufficient price signals, and the absence of affordable, interoperable systems 
for households. 
 
Energy communi�es, ini�ally posi�oned as key actors for local flexibility, renewable integra�on, and 
ci�zen empowerment, also struggle with fragmented implementa�on across Member States. Digital 
tools for community opera�on and ci�zen engagement o�en exist only in pilot form, lacking the 
usability, standardisa�on, and regulatory clarity necessary for widespread adop�on.  
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3. Regulatory Misalignment with System Needs 

The analysis makes clear that regulatory frameworks across Europe remain rooted in assump�ons 
about centralised power systems. Although EU legisla�on has taken important steps to recognise new 
actors and promote flexibility, na�onal implementa�on varies widely and rarely addresses the prac�cal 
needs of LV grid opera�on. 
 
One of the most significant regulatory gaps concerns LV observability. While transmission and medium-
voltage networks are subject to established monitoring requirements, LV grids—where most DER 
growth is occurring—have no equivalent regulatory obliga�ons. Without clear mandates or incen�ves, 
DSOs invest unevenly in digitalisa�on and o�en lack business models that jus�fy investment in 
monitoring technologies.  
 
Interoperability and data governance pose further barriers. No EU-wide framework clearly defines how 
DSOs, aggregators, energy communi�es, and third-party service providers should exchange data. 
Similarly, standards for communica�on protocols, DER control, or AI-supported decision tools are not 
harmonised, crea�ng uncertainty about compliance and responsibili�es. 
 
Regula�on around microgrids is s�ll nascent. Ambiguity around ownership structures, grid 
interconnec�on rules, opera�onal responsibility, and tariff arrangements makes it difficult for 
microgrids to move beyond pilot stages. Their role as providers of resilience or flexibility remains 
largely unrecognised in regulatory terms. 
 
Demand-side management frameworks remain fragmented. In several countries, independent 
aggregators s�ll lack formal recogni�on, and many retail tariffs do not provide the dynamic signals 
required for meaningful demand response. Even where flexible tariffs exist, consumers o�en face 
administra�ve or technological barriers that limit their ability to par�cipate. 
 
The situa�on is similar for energy communi�es: administra�ve complexity, inconsistent na�onal 
interpreta�ons of EU defini�ons, and the absence of detailed rules for energy sharing, peer-to-peer 
trading, or community storage restrict the forma�on and scaling of communi�es.  
 
Local flexibility markets, although widely tested in European R&I projects, also lack a harmonised 
regulatory founda�on. A major issue is the absence of cost-recovery mechanisms for DSOs: 
reinforcement investments are capital expenditures added to the regulated asset base, whereas 
flexibility procurement is treated as an opera�ng cost with no guaranteed recovery. This inherent 
regulatory bias discourages flexibility-first solu�ons even when they are more cost-effec�ve. 
Coordina�on between DSOs and TSOs remains underdeveloped, increasing the risk of conflic�ng 
service ac�va�on.  
 

4. Policy Priorities for a Future-Ready LV System 

To ensure that technological innova�on can translate into actual system transforma�on, regulatory 
frameworks must evolve in ways that support widespread digitalisa�on, interoperability, and flexibility. 
 
A founda�onal step is the establishment of clear EU guidance on LV observability. Manda�ng minimum 
levels of monitoring, data quality, and cybersecurity, while providing financial support for DSOs, would 
ensure more consistent progress across Member States. Enhancing visibility at the LV level would, in 
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turn, enable more accurate hos�ng capacity assessments, reduce curtailment, and improve 
opera�onal efficiency. 
 
Interoperability must become a policy priority. Developing harmonised requirements for data formats, 
communica�on protocols, and grid-edge device interfaces would significantly reduce integra�on costs 
and lower market entry barriers. A framework for cer�fying AI tools used in opera�onal decision-
making would also build trust and ensure transparency in increasingly automated grid environments. 
 
Market rules need similar modernisa�on. Demand-side flexibility, whether from households, SMEs or 
communi�es, requires robust regulatory recogni�on of aggregators, transparent baseline 
methodologies, and tariff structures that accurately reflect real-�me system condi�ons. Consumers 
must be able to access, share, and control their energy data, with strong privacy safeguards. 
 
Energy communi�es would benefit from more consistent na�onal implementa�on of EU defini�ons 
and clearer guidance on how communi�es can operate, invest, share energy, and par�cipate in 
markets. Simplifying administra�ve procedures and clarifying taxa�on and compensa�on mechanisms 
would further remove barriers. Digital pla�orms for community par�cipa�on should also be 
supported, par�cularly those designed with accessibility and inclusiveness in mind. 
 
Local flexibility markets require a comprehensive regulatory founda�on. Establishing harmonised 
product defini�ons, performance verifica�on rules, and a common framework for TSO-DSO 
coordina�on will be essen�al. Equally important is addressing the current cost-recovery imbalance by 
allowing DSOs to treat flexibility procurement on equal foo�ng with tradi�onal reinforcement. 
 
Finally, data governance and cybersecurity must be addressed proac�vely. As LV grids become more 
digital and decentralised, the exposure to cyber risks increases. Regula�ons should ensure secure data 
exchange and clearly define data ownership, access rights, and responsibili�es, in line with the EU Data 
Act, GDPR, and NIS2.  
 

5. Conclusion 

Europe has already demonstrated powerful technological solu�ons capable of transforming its low-
voltage networks. Yet the full value of these innova�ons can only be realised if regulatory frameworks 
evolve in parallel. The findings of the SynGRID analysis highlight that the gap between technological 
capability and regulatory readiness is widening. Closing this gap requires a coordinated effort that 
places LV observability, interoperability, flexibility, and ci�zen par�cipa�on at the heart of future policy. 
 
By modernising grid regula�on, suppor�ng innova�on-friendly markets, and ensuring inclusive 
par�cipa�on, Europe can build a resilient, efficient, and ci�zen-centred energy system—one that can 
meet its climate objec�ves while enabling communi�es and consumers to take an ac�ve role in the 
transi�on. 
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