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Clean flexibility can significantly reduce dependence on 
gas in the power system, helping deliver electricity that 
is affordable, reliable, and secure.

In simple terms, “flexibility” is the ability to balance the power 
system to ensure that the electricity supply is always equal to 
electricity demand. 

While power systems have historically relied on gas to provide 
flexibility, clean flexibility is flexibility provided by clean 
technologies or approaches. 

This report presents the opportunity for clean flexibility in 
Europe. 

What is clean flexibility?
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 Lowers energy bills for customers, potentially saving 
Europeans €300 billion per year by 2030

 Reduces reliance on energy imports such as Russian 
gas, increasing energy security

 Supports low-income households by reducing energy 
bills and providing resilience to outages to local 
communities

 Keeps the lights on by filling “gaps” in supply and 
demand for electricity

WHY CLEAN FLEXIBILITY?



Clean flexibility solutions can make Europe’s electricity system cheaper, cleaner, more secure and more efficient. By 
replacing the role of gas in the power system, clean flexibility provides several benefits to European households, 
businesses and governments. 

Clean flexibility is a multi-billion-euro opportunity
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Clean flexibility reduces 
reliance on gas, which was 
responsible for the ten-
fold increase in electricity 
prices during the energy 
crisis of 2021–2022. 

It also insulates Europe 
from price volatility in the 
LNG market.

Energy Security

Clean flexibility avoids the 
curtailment of low-cost 
renewable generation. 

Without additional clean 
flexibility, 50–131 TWh of 
renewable electricity 
(equivalent to the annual 
consumption of Portugal 
and Sweden), could be 
curtailed annually by 2030.

Reduced Renewables 
Curtailment

Clean flexibility is already 
reducing customers’ 
electricity bills today—by 
£300 million in 2024 in 
Great Britain alone.

By 2030, demand-side 
flexibility could save 
Europeans €300 billion 
per year.

Lower Energy Bills

Customers participating in 
demand-side flexibility 
could earn up to €86 
million per year by 2030, 
or €600 per household.

Supporting demand-side 
flexibility in lower-income 
households can help 
improve energy 
affordability.

Direct Benefits for 
Flexible Households

Clean flexibility has been 
proven to enable 
autonomous and energy 
independent communities 
to run fully on renewable 
energy. Households 
participating in energy 
community models can 
save between 15%–60% 
on annual energy bills. 

Resilient Energy 
Communities

Note: Sources for these estimates are provided throughout the report.



 Great Britain has been fully powered by clean electricity for 
a record 87 hours in 2025 as of September.

 Portugal achieved 6 days in a row without fossil fuel 
generation in 2023, exceeding the previous record of 5 
consecutive days in 2019

 The Spanish Canary Island of El Hierro relied only on wind 
and hydropower generation for 24 days in a row in 2019

 Greece set a record of 5 hours in a row without fossil fuel 
generation in 2022

 Montenegro generated enough renewable electricity to 
power the entire country for 9 days in 2019

Zero-Carbon Operation Today

Clean flexibility supports a reliable grid without fossil-fuels
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 Great Britain models demand-side flexibility as being 
particularly important in reaching policy ambitions for a net-
zero power system by 2030.

 Portugal models a fossil fuel free power system by 2040 
with combination of pumped hydro, battery storage, smart 
electrification of transport and building space heat, power-
to-x for both renewable hydrogen and industrial heat, grid-
enhancing technologies, and greater interconnector 
capacity.

 Spain is projected to run on 93% zero-carbon electricity by 
2050 under current policies, enabled by battery storage, 
pumped hydro, EV smart charging, and greater 
interconnector capacity.

The Future with Clean Flexibility

https://www.carbonbrief.org/analysis-great-britain-has-run-on-100-clean-power-for-record-87-hours-in-2025-so-far/
https://www.carbonbrief.org/analysis-great-britain-has-run-on-100-clean-power-for-record-87-hours-in-2025-so-far/
https://www.portugal.gov.pt/en/gc23/communication/news-item?i=portugal-beats-renewable-energy-generation-record
https://www.portugal.gov.pt/en/gc23/communication/news-item?i=portugal-beats-renewable-energy-generation-record
https://www.goronadelviento.es/en/el-hierro-achieves-24-consecutive-days-of-supplying-its-electricity-from-100-renewable-energy/
https://veyt.com/articles/greece-power-system-ran-100-on-renewable-power-for-5-hours/
https://veyt.com/articles/greece-power-system-ran-100-on-renewable-power-for-5-hours/
https://www.cdm.me/english/montenegro-generated-enough-renewable-energy-to-power-the-whole-country/
https://www.cdm.me/english/montenegro-generated-enough-renewable-energy-to-power-the-whole-country/
https://www.neso.energy/publications/future-energy-scenarios-fes
https://www.portugal.gov.pt/download-ficheiros/ficheiro.aspx?v=%3D%3DBAAAAB%2BLCAAAAAAABACzMDexBAC4h9DRBAAAAA%3D%3D&utm_source=chatgpt.com
https://assets.bbhub.io/professional/sites/24/Flexibility-Solutions-for-High-Renewable-Energy-Systems-Spain-Outlook.pdf
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Clean flexibility addresses system needs across multiple timescales

Real-time balancing (milliseconds to seconds)

Small, rapid fluctuations in supply and demand 
require fast-acting resources to help balance.

Daily “ramping” (seconds to hours)

“Smoothing” the transition between high renewables 
in the middle of the day to high electricity 
consumption in the evenings.

Addressing transmission bottlenecks (mins to hours)

Shifting power away from stressed parts of the grid 
(“congestion”).

Daily Flexibility

“Peak” events (hours)

Alleviating periods of 
very high electricity 
demand that place the 
grid under stress.

Peak Flexibility

Inter-day balancing (days to 

weeks)

Addressing extended periods 
of low (or high) renewable 
energy production.

Forecast error (hours to days)

Managing deviations between 
forecasted and actual 
renewable generation and/or 
electricity consumption.

Inter-day Flexibility

Seasonal balancing 
(months)

Shifting renewable 
energy from periods 
of overabundance of 
supply relative to 
demand (spring and 
autumn) to periods of 
high demand (winter 
and summer).

Seasonal Flexibility

milliseconds seconds minutes hours days weeks months

The power system requires different clean flexibility solutions to address use cases on different time horizons—from near-
instantaneous balancing, to filling gaps during multi-day periods of low renewable energy generation.

Operational Time Horizon
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Clean flexibility takes many forms…

Clean flexibility solutions exist across the power system, from 
technologies that produce electricity to those that store or 
consume it more intelligently.

Generation: Large renewable energy power plants that can increase or 
decrease the amount they generate to provide flexibility

Demand-side flexibility: Technologies installed by customers that can 
intelligently change how they consume electricity

Storage: Large energy storage technologies such as batteries, pumped 
hydropower, and other forms of long-duration energy storage

Sector coupling: Converting electricity into other forms of useful energy 
(e.g., heat or renewable hydrogen)

Grid technologies: Transmission infrastructure that helps get more 
capability out of the existing power system

Storage, including batteries 
and pumped hydro

Demand-side flexibility, 
including smart EV 
chargers/appliances and behind-
the-meter batteries 

Generation, variable and 
dispatchable renewables

Grid technologies, including 
interconnectors

Sector coupling



Demand-Side FlexibilityGeneration

…and is provided by a portfolio of solutions
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Variable 
Renewables

Dispatchable 
Renewables

Renewable 
HydrogenH2

Behind-the-
Meter (BTM) 

Batteries

Smart EV 
Charging

Heating, 
ventilation, air 
conditioning 

(HVAC)

Behavioural 
Demand-side 

Response

Large building 
Demand-side 

Response

Storage

Flywheels & 
Super-

capacitors

Grid 
Batteries

Pumped 
Hydro

Long-Duration 
Energy Storage 

(LDES)

Power-to-X

Power-to-
Hydrogen

Power-to-Heat

H2

Grid Technologies

Interconnectors

Grid-Enhancing 
Technologies 

(GETs)
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Different clean flexibility solutions have different use cases

Daily Peak Inter-Day Seasonal
Cost

Technological 
Maturity(milliseconds to hours) (hours) (days to weeks) (weeks to months)

Variable 
renewables €€
Dispatchable 
renewables €€€
Renewable H2 €€€€
BTM batteries €
Electric Vehicles €
HVAC €
Behavioural DSR €
C&I DSR €
Supercapacitors & 
Flywheels €€€
Grid batteries €€
Pumped Hydro €€€
LDES €€€€
Power-to-X €€€€
Interconnectors €€€
GETs €
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Clean flexibility capacity in Europe is expected to 
grow from roughly 150 GW in 2030 to over 700 GW 
by 2050.

700 GW is equivalent to nearly four times the entire 
installed capacity of gas plants in Europe today (186 GW).

According to the 2024 Ten-Year Network Development Plan 
(TYNDP) of European countries, key sources of clean 
flexibility will include pumped hydro, demand-side 
response, electric vehicles, behind-the-meter battery 
storage, and utility-scale battery storage.

Clean flexibility has substantial scale to replace gas

Notes: Based on Brattle analysis of 2024 TYNDP from ENTSO-E and ENTSOG. 

OUTLOOK FOR EUROPEAN CLEAN FLEXIBILITY GROWTH

National 
Trends 

Scenario 
Baseline

Global Ambition 
Scenario

Distributed Energy 
Scenario

Pumped hydro

Flexibility-enabled EVs

Demand-side response

Utility-scale
battery storage

Behind-the-meter 
batteries

https://energy-charts.info/charts/installed_power/chart.htm?l=en&c=EU&legendItems=0x6ftr
https://tyndp.entsoe.eu/
https://tyndp.entsoe.eu/
https://tyndp.entsoe.eu/
https://2024.entsos-tyndp-scenarios.eu/
https://2024.entsos-tyndp-scenarios.eu/
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The examined European markets fall broadly into three groups, based on different clean 
flexibility emphasis and near-term priorities

Germany shows the potential-vs-deployment gap. Extensive deployment of rooftop solar and Europe's largest 
industrial base offer substantial demand-side flexibility potential, but less than 5% smart meter penetration 
leaves “behind-the-meter” resources largely inaccessible. Battery storage growth is strong, but its contribution 
is undersized relative to curtailment and congestion costs (€1.5B in the first half of 2025 alone).

The UK is one of Europe's most sophisticated flexibility markets, enabling both supply and demand-side 
flexibility solutions to provide system services and access market revenues for providing flexibility. Opportunity: 
extension to more geographic locations and better enable equitable access from demand-side resources.

Markets with proven flexibility deployments, 
aiming for scale. 

The challenge: refining the policies that support 
clean flexibility and extending the benefits to all 
regions and customers.

Italy has clean flexibility maturity and digital readiness. Wide-scale deployment of smart meters enables 
demand-side flexibility participation at scale. Utility-scale storage accelerated decisively in 2024, but capacity 
markets still award 95% of payments to fossil assets. Policy rebalancing would unlock greater scaling of clean 
flexibility as well as unlock the demand-side flexibility that digitalisation allow system operators to access.

For the detailed country case studies, see Technical Appendix I.



brattle.com | 10

The examined European markets fall broadly into three groups, based on different clean 
flexibility emphasis and near-term priorities
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industrial base offer substantial demand-side flexibility potential, but less than 5% smart meter penetration 
leaves “behind-the-meter” resources largely inaccessible. Battery storage growth is strong, but its contribution 
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Markets with rapidly expanding renewables 
outpacing flexibility deployment. 

The priority: capitalising on ‘curtailment as 
learning’ and deploying clean flex solutions to 
reduce curtailed energy and mitigate congestion. 

The UK is one of Europe's most sophisticated flexibility markets, enabling both supply and demand-side 
flexibility solutions to provide system services and access market revenues for providing flexibility. Opportunity: 
extension to more geographic locations and better enable equitable access from demand-side resources.
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The challenge: refining the policies that support 
clean flexibility and extending the benefits to all 
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Italy has clean flexibility maturity and digital readiness. Wide-scale deployment of smart meters enables 
demand-side flexibility participation at scale. Utility-scale storage accelerated decisively in 2024, but capacity 
markets still award 95% of payments to fossil assets. Policy rebalancing would unlock greater scaling of clean 
flexibility as well as unlock the demand-side flexibility that digitalisation allow system operators to access.

Poland curtailed 731 GWh in 2024, enough to power three major cities for a year. Utility storage as well as 
producer-consumer (“prosumer”) programmes are a success to build upon (e.g. 1.5 million ‘prosumers’ as of 
2024 with 60% including storage). Residential and industrial heat electrification hold further potential. Smart 
meter penetration (38%) remains a constraint on benefitting from coordinated demand-side flexibility.

Greece frequently operates at 50%+ renewable generation but curtailed 1 TWh in 2024 due to flexibility gaps. 
New frameworks establish priority grid access for 4.7 GW of battery storage enable greater control of 
renewable resources. The 29 non-interconnected island systems are transitioning away from diesel through 
interconnectors with the mainland and clean flexibility solutions.

For the detailed country case studies, see Technical Appendix I.
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Earlier-stage markets. 

The opportunity: integrating clean flexibility into 
planning from the outset, avoiding being locked in 
into old infrastructure and rules. 

Poland curtailed 731 GWh in 2024, enough to power three major cities for a year. Utility storage as well as 
producer-consumer (“prosumer”) programmes are a success to build upon (e.g. 1.5 million ‘prosumers’ as of 
2024 with 60% including storage). Residential and industrial heat electrification hold further potential. Smart 
meter penetration (38%) remains a constraint on benefitting from coordinated demand-side flexibility.

Greece frequently operates at 50%+ renewable generation but curtailed 1 TWh in 2024 due to flexibility gaps. 
New frameworks establish priority grid access for 4.7 GW of battery storage enable greater control of 
renewable resources. The 29 non-interconnected island systems are transitioning away from diesel through 
interconnectors with the mainland and clean flexibility solutions.

Bulgaria secured €600M (EU-RESTORE) for 10 GWh utility storage plus community-scale hybrid projects (e.g., 
Pernik: 32 MW solar + 61 MWh storage + heat). With solar continuing to grow at pace (+40% in 2024), Bulgaria 
needs to deploy flexibility in parallel with generation growth to avoid legacy system constraints.

Turkey’s 2035 Renewable Energy Road Map is paired with over $1B USD in World Bank/European Bank for 
Reconstruction and Development funding. 2024 regulatory reforms enable co-located storage and streamline 
permitting. Building flexibility into market rules from the start can avoid policy and fossil fuel lock-in, creating a 
framework to attract investment in modern, flexible systems.

For the detailed country case studies, see Technical Appendix I.



Advancing clean flexibility is not only about technical innovation or fast deployment. It requires coordinated 
planning, reliable implementation, functional data reporting, and market and regulatory alignment with a long-
term view.  

Scaling up clean flexibility – five key areas that underpin success
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• Refine policies to 
encourage/incentivize 
clean flexibility 
deployment

• Rebalance capacity 
mechanisms to end 
fossil asset skew

• Provide regulatory 
certainty for investors 
in clean flexibility

MARKET DESIGN & 
REGULATION

• Foster dynamic pricing 
and automation in 
homes and buildings

• Scale and replicate 
proven solutions or 
programmes

• Make participation 
simple: lower barriers 
to entry for all 
consumers

CONSUMER 
ENGAGEMENT

• Step up smart meter 
deployment 

• Ensure smart meters 
and networks are 
interoperable

• Enable real-time data 
access for aggregators 
of demand-side 
flexibility and 
consumers

DIGITAL 
INFRASTRUCTURE 

FOUNDATION

• Ensure flexibility-first 
grid planning and TSO-
DSO coordination

• Size and deploy 
storage and demand 
response in parallel 
with renewables

• Target grid bottlenecks 
strategically

COORDINATED GRID 
PLANNING

• Develop support policies 
based on experience 
from countries with 
greater clean flexibility 
deployment

• Avoid fossil legacy lock-
in

• Commit to multi-year 
funding and policy 
stability

ENABLING POLICIES,   
SUSTAINED SUPPORT
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