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As 2025 draws to a close, welcome to this latest issue of the EU-China Energy Magazine.

This month, we focus on energy storage — the crucial component bridging the gap between green power generation and demand, and the key to transforming intermittent sunshine and wind into a flexible, on-demand resource.

We open with a thought-provoking piece from the global energy think tank Ember. The author draws a powerful parallel between the green transition and the agricultural revolution. Just as granaries turned perishable crops into a stable food supply, this article argues that storage is not merely a grid balancer, but a fundamental tool that will reset market dynamics by turning electricity into a dependable commodity.

Our second article, from the International Energy Agency (IEA), delves into the battery hardware underpinning this revolution. As concerns regarding mineral supply risks intensify, the article highlights why technological innovation and diversified supply chains are essential to ensuring the secure, affordable, and sustainable growth of battery energy storage.

Next, we focus on China’s new energy storage sector, which is undergoing a profound transformation from a phase of ‘disorderly expansion’ to ‘high-quality development’. We look at how China is moving from simply building capacity to making effective use of it. In this original piece, our Editor-in-Chief, Daisy Chi, analyses how new policies are ending mandatory allocation and enabling storage assets to participate independently in power markets.

Turning our attention to Europe, another article examines what is holding back battery storage deployment and outlines Eurelectric's proposals for a faster roll-out across the EU.

We then look beyond electrons to chemical storage. Green ammonia is emerging as a vital solution for hard-to-abate sectors, particularly long-distance shipping. We examine how, despite a recent slowdown in China’s broader green hydrogen market, growing demand from global shipping could be the catalyst that scales this zero-carbon fuel.

We hope you find this issue both interesting and insightful.

Finally, I would like to congratulate our magazine team for producing this beautifully designed magazine cover. On behalf of everyone at ECECP, I would like to thank you for your continued support and encouragement. We wish you a Merry Christmas and a Happy New Year.

Dr Flora Kan

ECECP Team Leader
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1.  ​News in brief
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European News

# Policy Initiatives 

EU: New strategy for global clean and resilient transition

The European Commission and the High Representative have unveiled a new international strategy aimed at positioning Europe at the forefront of the global clean energy transition. 

The strategy outlines how the EU will support partner countries in deploying clean technologies and ensuring supply-chain resilience, while promoting Europe’s clean-tech industry and exports. Key pillars include boosting EU clean tech manufacturing to capture 15% of the global market, fostering bilateral and multilateral alliances, and driving international carbon pricing. Building on the Clean Industrial Deal, the strategy combines diplomatic engagement, trade and regulatory cooperation, and industrial policy. By leveraging tools like the Global Gateway and engaging in multilateral forums, the EU seeks to support developing partners while opening new opportunities for European businesses.

EU: Commission launches Sustainable Transport Investment Plan for aviation and shipping

The European Commission has unveiled its new Sustainable Transport Investment Plan, aimed at accelerating the adoption of renewable and low-carbon fuels in aviation and waterborne transport. The initiative supports the scaling-up of sustainable aviation fuels (SAF), renewable maritime fuels and related infrastructure, to help meet ReFuaelEU and FuelEU Maritim targets. The plan estimates EUR 100 billion will be needed to scale production and reduce fossil fuel reliance. Initial funding measures are expected to mobilise EUR 2 billion via InvestEU by 2027 and launch an ‘eSAF Early Movers Coalition’ pilot, targeting EUR 500 million for synthetic aviation fuel projects. Medium-term measures include establishing a mechanism to connect fuel producers with buyers to secure revenue and de-risk investments.

EU: Energy to remain a top policy priority in 2026

The European Commission’s 2026 Work Programme, titled ‘Europe's independence moment’ confirms that energy will remain a central focus next year. Early 2026 will see new moves such as an Electrification Strategy (including heating and cooling), and an Energy Security Package. ‘Energy Omnibus’ aimed at simplifying legislation. In the second half of the year the focus will shift to post-2030 Energy Union objectives, including legislative proposals on governance, renewables, energy efficiency, and CO2 transport. In addition, the Grids Package, the Citizens Energy Package and the Clean Energy Investment Package are expected to be published before the end of 2025.

Germany: New regulations set for hydrogen networks

Germany has introduced a comprehensive regulatory framework that defines how hydrogen network capacity will be calculated, allocated and contracted across the future national hydrogen grid. The new rules establish a harmonised Entry-Exit system that will become mandatory from 1 January 2028. Operators will be required to offer the maximum firm technical capacity, while interruptible capacity is allowed only when firm products are fully booked. A national platform will handle all primary and secondary capacity transactions, offering unified annual products (up to 15 years), and monthly / daily products, with at least 10% of system capacity reserved for short-term bookings. The move is intended to create a stable, transparent, and investment-ready hydrogen market.

Spain: New law to strengthen the electricity system

The Spanish government has approved a Royal Decree introducing urgent measures to strengthen the country’s electricity system, including promoting energy storage, repowering facilities, and accelerating electrification. The law expands the supervisory role of the National Commission on Markets and Competition and requires system operator Red Eléctrica to propose technical improvements for transmission and distribution networks. It also prioritises hybridising power plants with storage and sets a five-year limit on connection rights to prevent speculative investment. The decree aligns with Spain’s goal of deploying 22.5 GW of battery energy storage systems (BESS) by 2030, supporting grid stability and the energy transition.

# Market & Business 

EU: Green energy imports hit EUR 14.6 billion in 2024

According to new figures from Eurostat, the EU imported nearly EUR 14.6 billion worth of green energy products from non-EU countries in 2024: EUR 11.1 billion of solar panels, EUR 2.9 billion of liquid biofuels and EUR 0.5 billion of wind turbines. The overall value of solar-panel imports dropped 43% compared with 2023 due to falling prices, though physical volumes showed a modest rise. Meanwhile, wind turbine imports surged 102 % in value and 113 % in weight, reflecting a sharp increase in demand for wind power infrastructure. China remains the dominant supplier, providing 98% of solar panel imports and 43% of wind turbines for the EU in 2024.

Europe: Energy storage capacity set to more than double by 2030

Europe’s energy storage capacity is projected to exceed 215 GW by 2030, more than double current levels, according to a new report by LCP Delta and Energy Storage Europe. Battery systems are expected to account for over 160 GW, with annual deployments rising to 20–25 GW, more than 20 times higher than in the early 2020s. Pumped hydro remains the largest technology at nearly 54 GW, while utility-scale batteries represent the main area of growth, adding 4 GW in 2025 to reach almost 45 GW. Commercial and industrial systems continue to expand, while residential battery sales have stabilised after an earlier subsidy-driven surge.

EU: Registration opens for new Raw Materials Mechanism

The European Commission has opened registration for the new ‘Raw Materials Mechanism’ under the EU Energy and Raw Materials Platform. The mechanism aims to strengthen Europe’s supply-chain resilience by linking buyers and sellers of strategic raw materials, supporting new projects, and enabling coordinated demand aggregation. It is open to companies on both supply and demand sides, as well as financial institutions and storage-service providers. The platform serves a wide range of industries, from green and digital technologies to aerospace and defence, facilitating demand aggregation and joint purchasing. It also supports project development in both the EU and third countries. While commercial negotiations will take place independently, the platform will host its first matchmaking round in the first quarter of 2026.

EU: First Hydrogen Mechanism call to link buyers and suppliers

The European Commission has launched its first call for interest under the Hydrogen Mechanism — the EU’s new platform to connect buyers and suppliers of renewable and low-carbon hydrogen and its derivatives including ammonia, methanol, eSAF, and e-methane. The mechanism aims to reduce market uncertainties, improve transparency, and foster supply-demand matching. It also supports infrastructure development, access to financing, and new business opportunities across the hydrogen value chain. The submission window is open until 2 January 2026.

EU: Day-ahead electricity market shifts to 15-minute trading intervals

On 30 September 2025, the EU’s day-ahead electricity market moved from hourly to 15-minute trading intervals. The 15-minute market time unit is part of the Single-Day Ahead Coupling (SDAC), the system that connects day-ahead electricity markets across EU countries. The shift is designed to improve the integration of variable renewable energy sources like wind and solar, allowing for better management of fluctuations and reducing imbalance costs. Finer trading granularity will facilitate market optimisation and will help transmission system operators to maintain grid stability.

EU: Household gas prices drop by 8.1% in H1 2025

Eurostat reports that average household gas prices in the EU fell by 8.1% in the first half of 2025, reaching EUR 11.43 per 100 kWh, down from EUR 12.44 in the second half of 2024. This decrease signals a return to typical seasonal price fluctuations characteristic of the pre-crisis energy market. Despite the overall drop, the share of taxes and levies in final gas bills rose slightly to 31.1%, reflecting a continued phase-out of crisis-era subsidies. Prices varied significantly across Member States: Sweden recorded the highest rates at EUR 21.30 per 100 kWh, while Slovenia and Austria saw the largest price reductions. Meanwhile, gas prices for non-household consumers remained largely stable.

Denmark: Tenders open for 2.8 GW new offshore wind farms

The Danish Energy Agency has opened tenders for three offshore wind sites including North Sea Mid, Hesselø, and North Sea South, together targeting at least 2.8 GW of new capacity. Developers will bid under a two-sided, capability-based contract-for-difference (CfD) scheme that guarantees a fixed electricity price and reduces market risk. The state has set a payment cap of DKK 55.2 billion across all sites. The new tenders follow a failed 2024 auction round, and are designed to revive offshore wind deployment by offering improved incentives.

# Technology & Innovation 

EU: 61 net-zero innovation projects secure EUR 2.9 bn EU funding

The European Commission has awarded EUR 2.9 billion from the Innovation Fund to support 61 projects across Europe focused on scaling up net-zero technologies. Financed by revenues from the EU Emissions Trading System (ETS), these initiatives aim to strengthen Europe’s technological leadership and accelerate decarbonisation. The projects span 18 countries and 19 industrial sectors, focusing on energy-intensive industries, renewable energy, energy storage, and industrial carbon management. Collectively, the projects are expected to avoid approximately 221 million tonnes of CO₂ equivalent over their first ten years of operation. The funding aims to accelerate Europe’s transition to climate neutrality, foster innovation, and strengthen industrial competitiveness. Grant agreements are expected to be finalised in the first half of 2026.

Germany: ‘Liquid solar’ pilot for H2 and CO2 production

German start-up Greenlyte Carbon Technologies has commissioned a commercial pilot project at the University of Duisburg-Essen to demonstrate its "liquid solar" technology. The system uses 100% solar power to capture CO2 from ambient air and combine it with water, simultaneously producing hydrogen and CO2 streams. The pilot aims to capture 40 tonnes of CO2 annually to produce five tonnes of synthetic natural gas. The modular, fully electrical process utilises a proprietary electrolyser to generate raw materials for producing e-fuels. Greenlyte claims the method reduces energy costs by 30% and system costs by 50% compared to conventional alternatives, offering a scalable path toward sustainable e-fuels.

Denmark: ‘Power-to-Salt’ concept converts coal plants into grid storage

Danish company Aalborg CSP is developing a ‘Power-to-Salt’ technology to repurpose retiring coal-fired plants across Europe into large-scale thermal energy storage facilities. The system uses excess wind or solar electricity to heat molten salt, which can later generate electricity via existing turbines. By retaining much of the coal infrastructure—turbines, generators, grid connections—this approach lowers costs, shortens deployment, and supports grid stability. The company is testing the concept with AES Bulgaria, converting a 2010-built coal plant. The technology aims to integrate renewables, enhance grid stability, and offer plant owners new revenue streams from balancing services and stored electricity.

# Projects & Investments 

EU: EUR 15.5 bn campaign to boost renewable energy in Africa

The European Commission has launched a new year-long campaign to mobilise up to EUR 15.5 billion in investments for renewable energy projects across Africa. Announced ahead of the 2025 AU-EU Summit, he initiative aims to leverage EU financial, technical, and policy support to accelerate solar, wind and other clean energy development on the African continent, enhance energy access and promote sustainable growth. Team Europe contributed the lion’s share with over EUR 15.1 billion, pooling resources from the EU budget, Member States, including significant pledges from Italy and Germany and financial institutions like the EIB. The funding aims to deliver 26.8 GW of renewable energy generation and connect 17.5 million households to reliable electricity.

EU: EUR 643 million for five EV battery cell projects under Innovation Fund

Five electric-vehicle battery cell production projects have secured a total of EUR 643 million in grants under the Innovation Fund 2024 Battery call. These projects, spread across four EU Member States, are expected to enter operation between 2027 and 2029 and could cut around 88 million tonnes of CO₂ equivalent over their first decade. Implementing innovative processes and technologies, these projects will support key segments of the battery value chain with advanced material production, cell manufacturing, recycling technologies and second-life applications, boosting Europe’s manufacturing industry and the emerging battery ecosystem.

EU: EUR 600 million to support 70 projects for zero-emission transport infrastructure

The European Commission has awarded over EUR 600 million to 70 projects across 24 EU countries to deploy alternative-fuel infrastructure and accelerate zero-emission mobility along the Trans-European Transport Network (TEN-T). Funding under the Alternative Fuels Infrastructure Facility (AFIF) will support 1 000 charging points for light-duty vehicles and nearly 2600 for heavy-duty vehicles, alongside 38 new hydrogen refuelling stations. The initiative also funds the electrification of ground operations at 16 airports and upgrades to 24 maritime ports with onshore power supply (OPS) and bunkering for ammonia and methanol.

Greece-Egypt: TSOs sign MoU for 3 GW GREGY interconnector

The transmission system operators of Greece (ADMIE) and Egypt (EETC) have signed a Memorandum of Understanding with project promoter ELICA, to advance the GREGY electricity interconnection. The EUR 3.6 billion project will transmit 3 GW of renewable electricity from Egyptian solar and wind parks to Europe via a submarine HVDC cable. Recognised as a Project of Common and Mutual Interest (PCI/PMI) under the EU’s Global Gateway programme, the project gained renewed urgency following the 2022 energy crisis. This agreement initiates the next phase of technical studies for the link, which complements the existing EuroAfrica Interconnector proposal.

China News

# Policy Initiatives

China issues blueprint for integrated development of new energy

China NEA has released guidance to promote integrated and coordinated development across solar, wind and hydro, along with storage, hydrogen, and non-electric applications. By 2030, China aims to shift from simply scaling capacity to integrating renewables across electricity, industries and energy services, adopting a system-oriented deployment approach. The plan encourages construction of green manufacturing zones, industrial parks, and data centers powered by renewables, as well as development of green hydrogen, ammonia and methanol production, heating via heat pumps or geothermal, and long-duration thermal storage. It targets co-located wind-solar farms, distributed renewables in rural and urban areas, smart microgrids, and vehicle-to-grid systems.

New guidelines set to boost renewable energy integration

China’s NDRC and NEA have released a strategic roadmap to accelerate renewable energy integration and develop a new power system. The guidelines mandate that by 2030, new electricity demand growth must be met primarily by renewables, ensuring the grid supports the integration of at least 200 GW of new green power capacity annually. The plan targets a fully adapted new power system by 2035, underpinned by a unified national electricity market to optimise resource allocation. Key reforms centre on diversified and innovative consumption models that facilitate local and inter-provincial green power consumption, and deployment of advanced technologies such as long-duration storage, grid-forming control, and AI control technologies to secure grid stability.

China lanches new program to green its coal regions

A new guideline promotes the integrated development of coal and new energy in support of a green revolution. Coal-mining regions are encouraged to diversity their energy sources by embracing wind and solar, adopt electric and hydrogen-powered mining trucks, use renewable energy for heating and cooling, and build smart micro-grids to facilitate the trade of green electricity. NEA expects this development model to be well established in mining areas by 2030, bringing renewed vitality and sustainable growth to coal-mining areas.

New guideline prioritises clean energy in new tech, products

China’s State Council has released a guideline that will accelerate the cultivation and upscaling of new application scenarios, identifying clean energy as a priority sector. The policy promotes the large-scale adoption of clean energy in railways, heavy trucks, and logistics, aiming to build green transport corridors and integrated energy supply chains. It also calls for digital innovations, including the development of smart grids, green power direct supply models, and virtual power plants. Furthermore, the directive emphasises the need to establish international standards and certification mechanisms for green energy to support the sector's high-quality development.

NDRC unveils funding measures for industrial carbon reduction

China’s top planner NDRC has released new administrative measures to guide central budget investments in energy-saving and carbon-reduction projects. The policy targets upgrades in key carbon-intensive sectors, including power generation, steel, nonferrous metals, petrochemicals, and building materials, as well as data centers and heating networks. A key priority is to accelerate the shift away from coal by supporting clean-energy retrofits for coal-fired units and industrial boilers in sectors like food processing and textiles. Funding will be directed toward regions that can demonstrate strong progress on energy efficiency, circular-economy development, and carbon-neutrality goals.

Pilot program to accelerate ‘AI+ Energy’ integration

China is organising a pilot program to accelerate the adoption of AI in the energy sector. The initiative aims to leverage the country's vast market scale to develop replicable solutions and viable business models across eight major scenario categories and 37 key tasks. Under the scheme, the NEA will collect high-value application needs from energy enterprises, inviting technology providers to bid on specific tasks. Selected pilot projects will require energy companies to open their scenarios and data to tech partners, under strict security protocols, to bridge the information gap between industry demand and AI solution providers.

# Market & Business

China moves to curb 'involutionary' competition in battery energy storage industry

China’s Ministry of Industry and Information Technology (MIIT) said on 28 November that it will roll out targeted measures to rein in aggressive price wars that threaten to destabilise the battery energy storage market. Oversupply and irrational bidding have squeezed margins and put many firms at risk, prompting calls for stronger regulation. The MIIT plans to increase capacity-monitoring, enforce quality and consistency standards, crack down on IP violations, and guide companies toward rational production planning and orderly overseas expansion. The goal is to shift the sector away from destructive price wars and toward sustainable, high-quality growth.

China’s EV charging infrastructure build-out accelerates

China’s electric vehicle (EV) charging infrastructure reached 18.64 million units by the end of October, up 54% year-on-year, according to the National Energy Administration. The total includes 4.53 million public chargers and 14.11 million private units, up 39.5% and 59.4% respectively. Public charging facilities together account for around 203 GW, averaging 44.69 kW per unit. The rapid expansion comes as China rolls out a new three-year action plan, launched in October 2025, targeting 28 million chargers nationwide and over 300 GW of public charging capacity by 2027.

China pilots sustainable-fuel certification system for green transport

China has initiated a pilot run of a global sustainable transport certification system in Beijing, representing a key step toward greener transport. Led by China Energy Engineering Group and the Global Sustainable Transport Innovation and Knowledge Center, the initiative aligns with international maritime standards to promote clean fuel adoption. The first projects to be certified are a green ammonia facility in Jilin and a green methanol plant in Inner Mongolia. The system aims to lower costs and offer Chinese solutions for reducing global shipping emissions.

Shanghai Electric, Siemens to accelerate China’s power prid transformation

Shanghai Electric and Siemens have signed a framework agreement to deepen cooperation on medium- and low-voltage power equipment, aiming to support China’s push toward a greener and more digital power grid. Announced during the China International Import Expo, the deal focuses on strengthening manufacturing, expanding market opportunities, and jointly advancing intelligent grid technologies. The partners will work on power-distribution equipment and digital solutions that enhance efficiency and reliability as China upgrades its grid to integrate more renewables.

Chinese solar power giant Longi enters storage sector

Longi Green Energy has officially launched its Longi Energy Storage One-Stop Solution, marking its development from a solar PV leader into an integrated solar-storage-hydrogen solutions provider. As part of this move, the company unveiled its first Solar-Storage Technology Innovation Center in Europe, offering consulting, training, O&M support, and spare parts to provide full-lifecycle local services. The storage solution will initially be rolled out in the UK, Germany, Italy, and Spain. LONGi also announced a partnership with Italy’s PotisEdge, which will provide technology and safety support.

# Technology & Innovation

New milestone in compact fusion Tokamak project

China’s cutting-edge fusion project, Burning Plasma Experimental Superconducting Tokamak (BEST), has reached a key milestone with the installation of its massive ‘Dewar base’. This vacuum-insulated vessel is crucial for maintaining the reactor's superconducting magnets at cryogenic temperatures, enabling them to contain plasma heated to over 100 million degrees. This marks the transition to the final assembly phase, bringing the project closer to its goal of powering a light bulb from fusion by 2030. With BEST, China hopes to bridge the gap between current experiments and commercial fusion energy in the coming years.

5 MW high-altitude wind energy kite takes off

China Power Engineering Consulting Group has successfully tested the world’s largest high-altitude wind energy kite in Inner Mongolia. Spanning 5 000m2, the airborne system is designed to harvest wind energy at altitudes between 500 and 3 000 metres, driving a ground-based generator with a rated capacity of 5 MW. The technology is projected to produce approximately 10 GWh annually, offering significant advantages over traditional onshore wind farms, including 30% lower generation costs and 90% reduced land usage. Commercial power generation trials are scheduled to launch in late 2026.

World’s first wind-powered underwater data center completed

China has completed construction of the world's first wind-powered underwater data center (UDC) in Shanghai's Lin-gang Special Area. The CNY 1.6 billion, 24 MW UDC project is designed to operate on over 95% green electricity sourced from offshore wind farms. By leveraging the natural cooling of the underwater environment, the facility reduces power consumption by 22.8% compared to traditional land-based data centers, while eliminating cooling water usage and cutting land use by over 90%, marking a significant step in green computing infrastructure.

# Projects & Investments

Large compressed-air energy storage project enters full implementation

China has launched full implementation of what will become the world’s largest compressed-air energy storage (CAES) project — a 1.05 GW / 6.3 GWh facility in Ulanqab, Inner Mongolia. Developers report that key engineering challenges relating to the underground cavern system have now been resolved, allowing construction to move into its next phase. Once operational, the plant is expected to deliver about 2 TWh of electricity annually and reduce carbon emissions by more than 1.6 million tonnes per year. The project is designed to strengthen North China’s grid flexibility and support the large-scale integration of renewable energy.

China announces major 20 GWh sodium-ion battery plant

China is ramping up investment in sodium-ion batteries with a new 20 GWh manufacturing facility announced by Guangde Qingna Technology Co. Ltd in the Suining Economic and Technological Development Zone, Sichuan Province. The CNY 6 billion project aims to strengthen China’s sodium-ion supply chain and expand new energy storage capacity. As demand grows for grid storage and renewable integration, this initiative underscores the rising role of sodium-ion tech as a lower-cost, resource-abundant alternative to lithium-ion batteries.

China launches first provincial EV-charging capacity assessment platform

China’s State Grid has unveiled its first provincial-level platform to assess the available capacity of electric vehicle (EV) charging facilities in Anhui Province, marking a breakthrough in large-scale vehicle-to-grid (V2G) management. Initially covered Hefei and Chuzhou, the platform uses a proprietary algorithm to monitor charging usage in 15-minute cycles, factoring in location, solar output, and charger numbers to provide precise, dynamic capacity predictions. Since launch, it has completed 2 860 assessments with 98.6% accuracy. It has already identified potential transformer overloads and supports bidirectional and scheduled charging, enabling smarter V2G integration and helping optimise electricity use across cities.

Sinopec discovers major shale oil reserve in Sichuan Basin

Sinopec has announced the discovery of a big shale oil reserve in the Sichuan Basin, estimated to hold 100 million tonnes. Located in Chongqing's Qijiang District, the find marks a major advancement in China’s unconventional energy exploration. An exploratory well at the site has already yielded promising daily outputs of 38.64 cubic meters of oil and 10 000 cubic meters of natural gas. This discovery supports China's strategy to diversify its energy portfolio and enhance domestic security by tapping into unconventional resources. 

New Hualong One reactor connected to grid at Zhangzhou

China National Nuclear Corporation (CNNC) has successfully connected Unit 2 of the Zhangzhou Nuclear Power Plant in Fujian Province to the power grid. The project represents the world’s largest base for China’s third-generation nuclear technology. Once completed, the six-unit site will have a total installed capacity of 7.2 GW, with each unit generating over 10 TWh of clean electricity annually. The launch validates the technology readiness of the Hualong One design, supporting China's ambition to enhance long-term energy security through advanced nuclear technology.
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2.  Silos for Sunshine: we’ve mastered harvesting the sun, but storage is the gamechanger
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The shift to renewables represents an agricultural revolution for energy, moving from searching and extracting scarce fuels to harvesting abundant sunlight in place. Much as granaries and refrigeration transformed food markets, storage will turn electricity from perishable to persistent, unlocking a new era of energy abundance.

Electricity is ‘the ultimate perishable good’, Ember’s Daan Walter explained to the Financial Times, and batteries can unlock its potential much like ‘grain silos stabilised harvests and refrigeration preserved fresh food. The technology to do this may be new, but the economics are as old as civilisation. We are moving from an era where we track down and gather fossil fuels to one where we can harvest renewable electricity in place.’

A self-reinforcing battery boom

We are in the midst of an electricity storage boom, with deployment nearly doubling every year. In 2024, developers deployed over 160 gigawatt-hours of new battery storage, which is nearly as much in one year as in all recorded history. As deployment scales, costs continue to fall; by as much as 40% last year. Recent tender results from China show turnkey costs for stationary storage around $60 per kilowatt-hour, with similar prices in India and Saudi Arabia, indicating prices continue to fall aggressively in 2025. That marks an order-of-magnitude drop compared with typical battery prices just seven years ago. 

Battery storage quality has improved dramatically as well — with near ‘plug-and-play’ grid systems cutting installation time and cost, longer lifetimes (some warrantied for as much as 20 years), minimal fire risk, and the rise of sodium-ion batteries that use no critical minerals.

A virtuous cycle has taken hold: lower costs lead to faster deployment, which in turn drives further cost reductions through learning and economies of scale.

[image: IMG_256]

This rapid progress has sparked a debate about how big storage could — or should — become. Many still seem to treat electricity storage as a completely novel challenge. It isn’t. The basic problem of how to store a valuable but perishable resource is one humanity has solved many times before.

The energy agricultural revolution

The shift to renewable energy is more than a technical upgrade; it marks a structural change in how societies generate and use energy. We call it the electrotech revolution. For centuries, humans have scoured the planet for fossil fuels, chasing energy across continents. Now we are learning to harvest it in place, from sunlight and wind, reliably and close to home.

There is a clear parallel with the agricultural revolution here. When early societies learned to farm, they began producing food in place — harvesting from the same fields again and again instead of chasing animals across vast territories. That shift unlocked far greater energy yields from the land, rising by roughly two orders of magnitude in most estimates. The result was abundance, settlement, and growth: the foundation of civilisation itself.

An analogous revolution is now underway in energy. By shifting from tracking down and collecting fossil fuels to farming sunshine, wind, water and heat from the ground, we are unlocking a resource base that is more local, steady and vastly larger: capable of supplying orders of magnitude more energy than fossil fuels — with every nation sitting atop renewable resources at least ten times, and for some a thousand times, greater than its demand. As renewable generation scales and electrification carries it through the economy, the age of electrotech marks a new period of energy abundance.

[image: IMG_256]

Key unlock for an agriculture revolution: storage

As the energy sector enters its own agricultural revolution, it faces a familiar challenge: how to plan for variable yields and preserve abundance through leaner periods. 

Agriculture has always produced perishable goods, and storage has long been the key to transforming volatility into stability. Humanity has grappled with this problem for a very long time; in fact, it lies at the foundation of civilisation itself. More than 10,000 years ago, early societies began building granaries to hold surplus grain through leaner seasons; allowing for settlement and trade. 

For millennia afterwards, inadequate storage forced farmers to sell harvests immediately, creating recurring cycles of glut and scarcity. Across global breadbaskets, grain and cereal prices collapsed at harvest and surged months later. Lacking reliable storage, farmers rushed goods to market, overloading transport routes such as shipping and rail networks. Only more advanced storage solutions that emerged in the late 19th and early 20th century stabilised the market.  

The same logic now applies to renewable electricity. Electricity is the ultimate perishable good; more so than grain, milk, or fruit, as it must be consumed within a fraction of a second. Producers race their output to market — literally at the speed of light — along copper wires, often oversupplying the system and driving curtailment and extreme price swings.

The rise of new electricity storage tech such as batteries addresses much of this challenge, just as previous storage technologies did. Grain silos stabilised harvests; refrigeration globalised fresh food. In every case, storage moved from rare and costly to cheap and ubiquitous. Electricity storage follows the same trajectory, turning the perishable into the persistent.

Comparing this revolution to earlier ones offers useful perspectives for a market still finding its shape. From this historic perspective, four broad takes emerge.

Take 1: Storage will probably be (much) bigger than we think

Seen through the lens of past storage revolutions, one thing becomes clear: forecasts almost certainly underestimate how large electricity storage will become. Most energy outlooks tend to only model the bare minimum needed to balance grids; typically 30–40 TWh globally in the long term. But this ignores two powerful forces: resilience and convenience.

No one ever calculated the cost optimal minimum size of fridge storage space the world required. Once refrigeration became affordable, businesses and households began purchasing their own units for greater flexibility and peace of mind, installing them throughout the supply chain — from farms and distribution centres to supermarkets and homes. The same logic will apply to batteries. As costs fall, they’ll appear everywhere: at solar farms, substations, businesses, and homes — not just where they’re strictly ‘needed.’

We may even put small batteries in most electrical appliances, from laundry machines to lightbulbs and cooktops — the ‘batterisation of everything’ as energy analyst Gerard Reid calls it. If each device can run independently for a while, homes could smooth their own demand at an outlet-to-outlet level in real time, balancing loads not just across the grid but within the house itself.
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Rough assumptions suggest how quickly this could scale. If utilities pair each kilowatt of solar with one or two kilowatt-hours of storage, grid operators install a few hours of storage at each substation, homeowners keep 20–30 kWh systems, and factories maintain a few dozen MWh for backup, the totals add up fast. Across roughly 20 TW solar, 500,000 substations, 3 billion households, and a million large factories, that comes to around 100–180 TWh of stationary storage globally in the long term— three to six times higher than current long-term forecasts. The manufacturing capacity to support this is already being put in place: global battery production is on track to reach twice even the most ambitious (net zero) IEA forecasts by 2030. 

As with every previous storage revolution, the end state won’t be a bare-minimum system. It will reflect how people actually live: with buffers, redundancy, and a preference for autonomy.

Take 2: More storage means less transport

One overlooked consequence of storage revolutions is their impact on transport. Before refrigeration, fresh food had to reach markets every day, making supply chains fragile and inefficient. Cold storage changed that. Express ‘milk trains’ once raced into cities like New York every morning to deliver dairy products before they spoiled, driving the construction of new rail lines built to handle that daily rush. When refrigeration spread, goods could be stored near supply centres and demand centres and shipped off-peak. The need for peak transport capacity fell, and much of that overbuilt network was gradually abandoned or repurposed. 

Electricity is following a similar path. Today’s grid depends on long-distance transmission because supply needs to meet demand instantly or is lost. That means we build transport capacity to meet the highest peak loads, even though they occur for only a few hours per day or even per year. As storage expands, that urgency fades. Power can move in time, not just in space. Batteries, like cold storage a century ago, smooth the system; storing energy wherever it’s convenient, and allowing transport to spread into off-peak times.
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Many grid plans still lag behind this reality. Much of today’s strategy assumes the old race to market: ever more transmission to chase supply in real time. Cheap batteries support a different model of a more distributed system where storage can often substitute for costly grid upgrades. Ignoring this is like building new rail lines in the 1920s to rush dairy products to New York while overlooking the arrival of refrigeration.

Local storage doesn’t just flatten peaks or defer investments; it also adds resilience to transport interruptions. Communities with their own batteries can ride through outages, much as towns with granaries once endured a failed harvest or an interrupted supply line.

Take 3: Storage and production help each other

A common critique of the storage boom is that it can’t last; that storage destroys its own market. The more storage you build, the less prices fluctuate, and the less profitable each storage project becomes. The same is said of solar: the more panels you install, the more oversupply and low prices you get when the sun is shining, and so the lower the revenues for all solar farms. Both arguments make sense in isolation, but together they don’t.

Storage and variable generation obey different economics. Production thrives on price stability; storage profits from volatility. That makes them natural complements.

The food storage analogy makes this easy to see. From the granaries of ancient Egypt to the imperial storehouses of China, societies have long used storage to tame production volatility. The 19th-century American Midwest offers a more recent illustration: as grain silos spread, farmers could hold back their crops rather than flooding the market at harvest, stabilising prices and improving profits. Stability made farming more attractive, drawing investment and expansion — which in turn made more storage worthwhile. Storage and production complemented each other to enable the Midwest’s grain and cereal boom. 
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The same feedback loop now shapes electricity. When solar expands, midday prices collapse, creating the arbitrage space that makes batteries profitable. Once built, those batteries flatten prices again, allowing even more solar to follow. Meanwhile, solar and batteries themselves continue to get cheaper as they scale, meaning they can thrive under progressively lower prices and thinner arbitrage opportunities. Storage and generation climb together; each expansion justifying the next. Just looking at storage or production economics in isolation seems to suggest cannibalisation; but in reality it is coordination between variable supply and storage.

Take 4: Storage will reset market dynamics

Many of today’s electricity markets trade in hourly and 15-minute intervals. That structure exists not due to preference but by necessity — supply and demand must match instantly because storage has long been scarce. As storage expands, that constraint will ease, and markets will evolve much as they did for other perishable goods.

Perishables like milk once had to be sold daily in market squares or delivered door-to-door for same-day consumption before they spoiled. Then cold storage came in which let shops and households stock food for days and weeks, turning daily markets into weekly shopping trips. Storage reset the cadence of the market from day-to-day to week-to-week.

Electricity will likely follow the same path. Once power can be stored for a few hours, trading shifts from minute-to-minute scarcity to buying the cheapest energy within that few-hour window. As storage grows, that time window — and with it, the structure of the market — widens. Markets that once cleared every hour will clear across days or even weeks instead, with prices reflecting time-shifting rather than instant balancing. 

Emerging long-duration energy storage (LDES) technologies will extend that logic further, much like freezing extends the life of food far beyond cooling. As LDES scales, the entire shape of the market can change from fast-cycling spot trades to slower, deeper cycles of accumulation and release, resembling today’s gas or grain markets more than the electricity systems of the past.

The path to energy abundance is paved with storage

We are entering an era of energy abundance. The sun delivers more energy to Earth every five days than all known fossil fuel reserves combined. As we shift from using fossilised sunlight to real-time solar power, the challenge is no longer energy capture, but energy storage.
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Humanity has solved this challenge many times before with other perishable goods. Storing renewable electricity is but the latest challenge in a long line of storage revolutions. As batteries and other solutions get cheaper, they’ll spread across homes, grids, and devices; not just to balance supply and demand, but to deliver resilience and convenience.

We’ll need to plan for this; integrating storage not as an afterthought but as a core part of how we build grids, design buildings and products, and organise power markets.

Renewable electricity may be a new kind of harvest, but the challenge of storing it, and the system-wide shifts it sets in motion, go back to the dawn of agriculture. The technologies may be new, but the dynamics are as old as civilisation.

By Daan Walter

Principal of Ember

Republished from Ember under CC-BY-4.0 Licence.
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3.  How can innovation help secure future battery markets and mineral supplies?
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Battery demand surged more than forty-fold between 2010 and 2024, while average battery prices dropped by more than 90%. In 2024, the global battery market was worth about USD 130 billion – greater than the net oil imports of Germany, France and Italy combined. This rapid transformation has reshaped the battery market: portable electronics, once the dominant application, now represent just 5% of demand. In contrast, electric vehicles (EVs) account for around 75% of demand; battery energy storage systems (BESS) cover 15%, while other uses – such as electric bikes and drones – make up the remainder. This shift has been driven by sustained innovation in battery design, chemistry and manufacturing, alongside economies of scale and improved production efficiency.

The global EV battery market is currently split between lithium iron phosphate (LFP) and lithium nickel cobalt manganese oxide (NMC) chemistries, each accounting for roughly half of total demand. LFP is the fastest-growing segment, already dominating energy storage deployment due to its lower cost and longer cycle life. However, supply chains for both chemistries remain geographically concentrated, raising concerns over the security of supply.

There are opportunities to tackle this concentration and thereby improve supply chain resilience. Innovation is a key one, with research ongoing into established and new technologies. Among technologies that have already been commercialised, improvements continue to bring down costs while boosting performance. At the same time, research into new technologies could reshape battery supply chains and enhance competitiveness over the medium and long term.

[image: 0735b7cc-8120-49ee-bfd6-e27a0b240c3e]

Disruptive innovation holds promise, but it is not a panacea

For new entrants in any mature technology sector, competing with established producers is very difficult, even with substantial financial backing. Innovation in next-generation battery technologies is sometimes seen as a way for newcomers to leapfrog incumbents. However, relying on potential disruptive breakthroughs is a precarious foundation for business success, and especially for broader industrial strategy. In the absence of an efficient, competitive battery manufacturing ecosystem, even promising advances may struggle to reach commercial scale quickly enough to deliver real benefits.

Several innovative battery approaches currently stand out. Sodium-ion batteries – which are similar to lithium-ion batteries in design, but substitute lithium with the more-abundant sodium – gained significant attention after lithium prices spiked in 2022. Thanks to timely investment and existing technological maturity, sodium-ion batteries have moved quickly towards commercialisation. In China, EVs with sodium-ion batteries entered the market in late 2023 and large stationary sodium-ion storage batteries were connected to the power grid in 2024. However, sodium-ion batteries can only compete with LFP batteries on cost in the context of high lithium prices or significant energy density improvements. In addition, with China projected to hold 95% of global sodium-ion production capacity by 2030, the technology is unlikely to provide a competitive opening for new entrants, although it could offer advantages in terms of technology diversification, especially when lithium prices are high.
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Meanwhile, solid-state batteries have attracted attention and investment thanks to their promise of longer driving ranges and enhanced safety, although these have yet to be demonstrated in real-world applications. The term ‘solid-state batteries’ covers a wide range of technologies; the most frequently mentioned advantages come from designs that are currently in the prototype stage.

While solid-state battery cells are already being produced, their integration into EV battery packs remains challenging. Among the most advanced, Chinese firm BYD plans to sell its first EV using all-solid-state batteries from 2027, with mass production following in 2030. Japan’s Toyota and Korea’s Samsung have set similar timelines.

Early costs will be high, reflecting immature manufacturing processes and supply chains, but premium markets – where customers value range and performance – could support early adoption, providing margins for manufacturers to navigate scale-up challenges and work towards lower production costs. Nevertheless, this implies that it will take time for solid-state batteries to make a dent in the mass market for EVs, and they will likely remain limited to premium segments until the first half of the 2030s.

Lithium-sulphur batteries are less mature technologically but are also receiving considerable attention, especially in the United States. Their appeal lies in storing more energy per kilogram, enabling lighter battery designs. However, they also require more space for the same amount of energy compared with today’s battery technologies, which limits their attractiveness for mainstream EV applications. The defence sector may prove an early adopter if production is scaled up at sufficient volumes and technical obstacles, such as safety concerns, can be addressed.

A similar approach – focusing on niche but already sizeable or growing markets – is being pursued by developers of several other innovative battery technologies, such as redox-flow and metal-air batteries, both of which target longer-duration storage.

The entry bar for new technologies keeps rising as established technologies outperform expectations

Innovation takes time, and while researchers continue to develop potentially disruptive battery technologies, existing technologies keep advancing, driven by incremental improvements.

Since global EV sales began to rise exponentially after 2020, lithium-ion batteries have advanced rapidly across all metrics – a trend that has accelerated since 2023. Global prices for lithium-ion batteries fell by about 30% between 2020 and 2024 thanks to economies of scale and innovations in battery cell and pack manufacturing and design. At the same time, battery pack energy density rose by over 50% for NMC batteries and about 65% for LFP batteries, without compromising safety or longevity – on the contrary, safety standards have improved substantially, and EV battery lifetimes are exceeding expectations. Fast-charging capabilities have also surpassed any previous record. In early 2025, BYD and CATL released batteries that enable 400-500 kilometres of additional range to be added in just five minutes – a timeframe comparable to refuelling conventional cars.

Moving from innovation to impact takes factories and funding

For new technologies to gain market share and reshape the battery industry, their viability alone is insufficient; the critical point is industrial scale-up, which ultimately determines the transformation of markets.

Viewed through this lens, established battery technologies retain a clear advantage. Manufacturing capacity for solid-state batteries that is already installed, under construction or has reached a final investment decision represents just 1% of the total battery manufacturing capacity, and 80% of these projects are in China; for sodium-ion batteries, this share is 4% (and this capacity is almost exclusively in China). The remaining 95% of capacity has been planned to produce lithium-ion batteries. While actual market shares may differ due to excess production capacity, the limited manufacturing base – coupled with higher initial costs and lower technological, supply chain and market readiness – is set to constrain the near-term potential of emerging chemistries.

Given this, new technologies are expected to capture a relatively small share of the 2030 market. Even so, a small share of a fast-growing market can still represent a major opportunity, with battery demand projected to expand more than threefold from 2024 to 2030 and fivefold to 2035 based on today’s policy settings.

Still, competition is fierce. China has now become a key engine of battery innovation worldwide. The same incumbents that dominate lithium-ion production are investing heavily in innovation – CATL alone invested over USD 2.5 billion in research and development and employed more than 20 000 researchers in 2024.
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Changing this landscape will require significant investments, whether from incumbent manufacturers investing in next-generation technologies or from start-ups and smaller players. However, attracting investments has become increasingly difficult for start-ups making batteries. Equity fundraising declined from over USD 7 billion at its peak in 2021 to about USD 2 billion in 2024, making it harder for newcomers to gain traction.

[image: 20944e9d-c74d-4f34-9119-55a8244127f5]

Will disruptive chemistries leapfrog today’s technologies, or will steady improvements in established chemistries mean they stay ahead?

Tomorrow’s leaders in next-generation batteries will be those that pair technical breakthroughs with manufacturing efficiency, strong supply chains and a skilled workforce, much as today’s lithium-ion batteries industry has done. Skills, suppliers and operational know-how must transfer smoothly across technologies if innovation is to translate into competitiveness.

Even disruptive energy technologies often require time to gain a foothold in global markets, particularly one as large and fast-growing as the battery sector. While current project pipelines suggest that established lithium-ion technologies will continue to dominate until at least the mid-2030s, emerging technologies developed today may secure critical niches and help position producers for long-term competitiveness. Specialised segments, such as premium applications, can allow producers to build experience, generate profit and eventually move towards the mass adoption of new technologies.

Looking ahead, innovation will remain at the core of the battery industry, underpinning continued improvements in performance and cost, enabling access to new applications and markets, and reinforcing the central role of batteries in energy systems.

By Teo Lombardo, Transport Modeller

Simon Bennett, Energy Technology Analyst

Timur Gül, Chief Energy Technology Officer

Republished from IEA under CC-BY-4.0 License
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4.  When the Speculative Bubble Bursts: China’s New Energy Storage Sector Comes of Age
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China’s energy storage sector has reached a crossroads. The wild expansion of recent years has slowed, and the world’s largest energy storage market is now pivoting from nascent chaos to market-driven maturity. This article examines how China’s policies have evolved to support new energy storage as the flexibility backbone of the modern power system. 

The ‘Giant Power Bank’

As variable renewable energy (VRE) installations have surged across China, the country’s power system is struggling to meet ever-increasing stability challenges. New energy storage, particularly lithium-ion battery energy storage systems (BESS), has emerged as the crucial source of flexibility. Acting as ‘giant power banks’, these systems are now integral to every major segment of the new power system, absorbing excess renewable energy and releasing it at times of peak demand.

On the generation side, these power banks, paired with wind and solar farms, help smooth output fluctuations, allowing more renewable energy to be dispatched while reducing curtailment. For grid operators, energy storage provides essential resilience by offering peak shaving, backup capacity, frequency regulation, and voltage control. Meanwhile, on the demand side, industrial parks and commercial consumers are using battery storage to arbitrage electricity prices — charging when rates are low and discharging when they are high. When combined with distributed solar and microgrids, this approach boosts both cost efficiency and energy autonomy.

China’s new energy storage boom

Over the past five years, China’s new energy storage industry has ballooned. As of September 2025, China’s cumulative new energy storage capacity stood at 107.15 GW, representing 40% of global installations and a thirty-fold increase compared to the end of the 13th Five-Year Plan.​[1] In 2024, new energy storage surpassed traditional pumped hydro to become the country’s main form of energy storage. While lithium-ion batteries dominate due to their high energy density and fast response, alternative energy storage technologies such as compressed air, flow batteries, and gravity storage are developing quickly through piloting, and are complementing lithium solutions.
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Figure 1: Cumulative installed capacity growth of new energy storage.

Note: Data compiled from the National Energy Administration.
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Figure 2: Cumulative installed capacity mix of China energy storage sector.

Source: CNESA​[2].

This exponential growth is underpinned by China’s industrial manufacturing strength. China now hosts the largest, most complete energy storage battery supply chain in the world, from raw materials and battery cells to integrated systems, accounting for over 90% of energy storage battery shipments and 70% of system shipments worldwide.​[3] 

In 2024, the country produced 1.17 TWh of lithium-ion batteries, generating an industry value exceeding CNY 1.2 trillion. Of these, energy storage lithium-ion batteries account for 260 GWh, representing 22% of the total lithium battery production.​[4] According to BloombergNEF’s observations​[5], production of energy storage lithium-ion batteries in China is expanding even faster than that of EV batteries, fueled by robust domestic and international market demand. Meanwhile, large-scale production and technological upgrades are pushing down costs, paving the way for widespread commercial application.

Policy evolution: from ‘start-up’ to ‘scale-up’

This rapid expansion of new energy storage is no accident; it has been engineered thanks to an evolving enabling policy framework as well as continuous optimisation of market mechanisms. Since 2021, the government has introduced a comprehensive set of policy framework covering top-level planning, technical standards, and market reforms. 

Early policies focused on mobilising the industry by introducing top-level design and setting clear targets. The 2021 Guidelines on Accelerating the Development of New Energy Storage​[6], alongside an implementation plan​[7], charted a clear roadmap for the 14th Five-Year Plan period and beyond, setting an ambitious milestone of 30 GW by 2025 (this target was met two years ahead of schedule) and full marketisation by 2030. This distinctly goal-oriented strategy sent a powerful signal to the market, successfully triggering the first wave of rapid capacity growth.

During 2022-24, policy priorities shifted towards creating an enabling environment for the industry to grow, most notably by clarifying technical standards, dispatch rules and market participation mechanisms. These policies were designed to provide the structural safeguards necessary to sustain sector expansion. 

At the start of 2025, a wave of new regulations was introduced that prioritised improved utilisation of energy storage assets, and aimed to establish and perfect power market mechanisms. This new policy drive represents a fundamental shift in focus from capacity expansion alone to high-quality development, paving the way for a more efficient and commercially viable New Energy Storage sector.

Yue Fen, deputy secretary-general of the China Energy Storage Alliance (CNESA), explains that while the 14th Five-Year Plan prioritised technological breakthroughs and rapid scale-up through demonstration projects, the industry has now reached a turning point. The focus is shifting from ‘construction’ to ‘implementation’ — prioritising utilisation rates, cycling frequency, and commercial viability. This transition relies on market mechanisms to unlock the full potential of the flexibility value offered by energy storage.

Storage 1.0: The speculative bubble sparked by mandates

The focus on market mechanisms is sorely needed. For years, China’s storage boom has been fueled by mandatory storage requirements applied to new wind and solar plants. The first project was launched in 2017 in Qinghai province, and industry development accelerated sharply following a 2021 national notice​[8] encouraging renewable developers to build or procure peak-shaving capacity to smooth their output and solve grid integration issues. Many provinces implemented rigid requirements that forced renewable project developers to install battery energy storage typically equivalent to 10%-20% of their project's capacity​[9], with some regions demanding ratios as high as 40% as a prerequisite for grid connection. Some provinces even introduced sanctions if the requirement was not met. This policy, though well-intentioned, created a wave of ‘passive’ installations introduced purely to meet grid connection approval thresholds rather than system needs.

The consequences soon became clear. Although new installations surged, most saw extremely low utilisation rates because they had no clear role in daily grid operations and earned revenue only through limited charging and discharging opportunities. Many developers were left with high-cost storage assets that had been built only to satisfy the local administration. Industry statistics​[10] showed that renewable energy co-located energy storage projects operated at an average utilisation index​[11] of just 34%, achieving barely 177 full charge-discharge cycles per year — far too few to recover investment costs. For energy storage assets dependent on frequent cycling to generate revenue, this represented a fundamental mismatch between design and reality.

This forced allocation policy engineered a ‘false prosperity’ that masked deep structural inefficiencies. While the sector successfully leveraged the renewables boom to achieve a massive leap in scale, it failed to deliver the critical grid regulation capabilities originally intended. The persistently low utilisation rates underscore the harsh reality: without effective market mechanisms, the true value of energy storage could not be fully realised.

The effects of this distorted installation demand and its effects have rippled across the upstream battery supply chain. Because developers were forced to install storage simply to meet mandates, they naturally gravitated toward the cheapest systems available. This pushed energy storage system providers into fierce price competition, driving system prices down by 80% in just three years, with nearly one-third of companies selling below cost. At the same time, China’s energy storage lithium-ion cell production expanded so quickly that it now amounts to more than twice the world’s total installation demand, according to BloombergNEF’s analysis​[12]. Tian Qingjun, senior vice president of Envision Energy, once warned that this ‘race to the bottom’ was eroding product quality and even spilling into overseas markets, threatening China’s competitive position in the long-term.​[13]
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Figure 3: China energy storage lithium-ion cell production and demand.

Source: BloomberyNEF​[14]

Storage 2.0: The shift to market drivers

The turning point came in February 2025, when the central government issued a landmark reform​[15] that prohibited the use of energy storage as a prerequisite for renewable project approval, grid connection, or electricity market entry. This policy effectively ended the mandatory era, signaling a decisive turn toward market-oriented development. Although the sudden policy shift led to a immediate dip in new installations in the first quarter of 2025​[16], as investors reassessed their strategies, it also cleared the way for more rational, economically grounded investment decisions. For the first time, storage investment would be pursued because it created measurable value, not because it checked an administrative box.

At the same time, China's broader electricity market reforms provided storage with new avenues to monetise its capabilities. While the country accelerated the rollout of spot markets by the end of 2025 and refined rules for the power ancillary market, battery energy storage assets gained recognition as an independent market participant. This opened the door for storage operators to earn revenue through price arbitrage in the spot market, through participation in frequency regulation and reserve services, and hopefully increasingly through capacity payments that reward reliable availability. Seven provinces, including Gansu, Inner Mongolia and Hebei, have already introduced detailed capacity compensation mechanisms, offering a stable revenue floor that strengthens the financial case for storage investment.​[17] 

The emergence of a revenue-stacking model that combines revenue streams from ‘spot market arbitrage, ancillary services, and capacity compensation’ has illuminated a clear path to profitability, and can significantly bolster the economic viability of projects, making them increasingly attractive to investors. Zhang Jianhui, CEO of HyperStrong, argues that granting storage systems the right to trade independently is a game-changer. By unlocking new opportunities for participation in the evolving power system, the investment potential of new energy storage has been brought into sharp focus, paving the way for capital to flow into the sector.​[18]

At the same time, the expansion of new application scenarios for energy storage further reinforces this policy shift towards a market-driven approach. Policies promoting virtual power plants​[19], direct supply of green power​[20], zero-carbon industrial parks​[21], and renewable-powered data centers, all highlight the role of storage in enhancing flexibility and operational security. Data centers in particular — rapidly growing electricity consumers with stringent reliability requirements — are emerging as major drivers of commercial storage demand. In each of these applications, storage will no longer be an accessory to renewable energy, but a core asset enabling new business models.

Looking ahead: opportunity and consolidation

As China moves into the 15th FYP period, the rising penetration of renewables is making the strategic importance of energy storage more prominent. The country has officially elevated new energy storage to a national development priority in its 15th FYP top-level policy document.​[22] In addition, in a recent energy storage roadmap, the government has set ambitious targets of 180 GW of new energy storage capacity by 2027, which is expected to drive around CNY 250 billion in direct investment. This milestone signifies more than just scale: it marks a comprehensive upgrade to the industry’s strategic positioning and quality, providing stable expectations for future growth. CNESA forecasts​[23] suggest that by 2030, China’s installed capacity could reach 236 GW, or even exceed 290 GW under ideal scenarios, depending on market evolution and the pace of deployment in emerging application landscapes.

Yet this next stage for new energy storage industry will also be one of consolidation and competitive realignment. After years of aggressive price competition, regulators have explicitly signaled a crackdown on ‘involution’ competition, steering the industry away from destructive price wars toward a landscape defined by technology and value. Coupled with stricter battery safety standards, this will likely force low-quality manufacturers out of the market, allowing high-tech, well-managed companies to consolidate their leadership. What lies ahead is a marketplace that rewards efficiency, reliability, and innovation — traits that will define the true winners of the energy transition’s next chapter.

By Daisy Chi

Editor-in-Chief of EU-China Energy Magazine
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5.  ​What’s the hold-up? Charging into the battery debate
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Power Barometer 2025​[24] made one thing clear: Europe’s electricity system is delivering on decarbonisation. Renewables and nuclear power now generate 72% of the EU’s electricity, and solar has officially overtaken coal in Europe’s energy mix. But the Power Barometer also carried a warning: as variable renewables rise, Europe must rapidly scale up flexibility to fully integrate them into the system.

One way to provide that flexibility is through batteries. Batteries have become a central theme in policy and industry discussions, often presented as the missing link between rising renewables and system stability.

This is why in this article, we take a closer look at how battery storage supports flexibility, what’s holding back its deployment, and what Eurelectric recommends for a smarter rollout.

Flexibility: still loading...

Renewables are booming. Fossil fuel generation fell by 89 TWh in 2024 (more than the entire Belgian electricity consumption), pushing the fossil share of the mix to a historic low of 28%. Meanwhile, solar and hydro added over 80 TWh, nuclear output rose by 31 TWh, and solar PV overtook coal for the first time.

These are major gains. But behind them lies a growing challenge: managing the variability of renewable electricity. In 2024, negative prices surged across Europe – occurring 4.5% of the time as weak demand and insufficient flexibility were unable to capture excess generation.

So what is flexibility?

Flexibility, in power system terms, is the ability to adapt supply or demand in response to short-term signals. It can be unlocked in three ways:

On the demand side, for instance through dynamic pricing, industrial load shifting, or smart EV charging that aligns charging times with renewable availability.

On the supply side, by using dispatchable low-carbon generation or retrofitted plants that can ramp quickly to meet peaks.

Through storage, especially battery energy storage systems (BESS) and pumped storage hydropower, which absorb excess power and release it when needed.

Batteries 101

Batteries are one of the key providers of power system flexibility. Battery Energy Storage Systems store electricity when supply exceeds demand and releases it when the system needs it – whether that’s seconds, minutes or hours later.

Today’s dominant technology is lithium-ion – known for high round-trip efficiencies (85-90%)​[25], fast response times and high cycling capability. But other chemistries are also gaining traction, from flow batteries with longer discharge durations to sodium-ion batteries offering alternative raw material profiles. Together, these technologies can balance intraday fluctuations and support longer-duration needs.

Batteries are modular, location-agnostic and quick to deploy. Increasingly, they are being co-located with renewables in hybrid projects like solar + storage or wind + storage, that not only stabilise output but also secure the business case for renewables. By smoothing variability and facilitating grid connections, hybrids reduce pressure on the network while improving system integration. Batteries can also operate independently, providing grid services wherever flexibility is most needed.

In practical terms, BESS help shave peaks, fill valleys and keep frequency and voltage within operational boundaries. They also offer fast-response ancillary services like frequency containment reserves, voltage control and synthetic inertia – traditionally provided by fossil plants.

Importantly, recent falling battery costs are helping to drive deployment. Over the past decade, the price of battery packs has dropped by more than 85%, making projects increasingly viable. In 2024 alone, installed utility-scale capacity jumped by over 50%, reaching 5.4 GW. Despite this, the challenge remains: at least 60 GW will be needed by 2030 to keep pace with renewable integration.

So what’s the bottleneck?

Meeting these additional 60GW will not be an easy mission. Batteries still face significant barriers to deployment. Three main bottlenecks emerge:


●  Market design misalignment. Many BESS operators face difficulties accessing and stacking multiple revenue streams. While they can technically provide services across energy, capacity, balancing and other flexibility markets, in practice they are often restricted to one or two. Regulatory limitations and market access rules can prevent batteries from reaching full economic viability. This results in underused assets and underwhelming investment signals. Unlocking stacked fairly remunerated revenue streams is essential to secure business cases and de-risk investments.

●  Permitting and grid connection delays. Despite their modularity, BESS projects often get caught in complex permitting processes – sometimes treated as if they were generation assets, sometimes as industrial facilities. Hybrid projects (e.g. solar + storage) may even be subject to double permitting procedures, which discourages integration. On top of this, grid connection queues remain long in many Member States. Reforming these queues – moving away from simple first-come, first-served models toward prioritisation based on project readiness or system value – could significantly accelerate deployment.

●  Lack of clear planning and targets. Lastly, in several countries, storage assets are still burdened by double taxation: electricity is charged when stored and again when reinjected into the grid. Removing these distortions is critical to ensure storage can play its full role in balancing Europe’s electricity system.


Eurelectric’s recommendations

Batteries are not a silver bullet. But they are a cornerstone of Europe’s future power system and must be treated as such. Eurelectric recommends four key actions:


●  Implement existing reforms fast: The Electricity Market Design reform and the Renewable Energy Directive already provide the right tools to recognise and reward flexibility. But delays in transposition and implementation risk undermining their impact.

●  Ensure fair remuneration: Batteries must be allowed to stack revenues from all services they can technically provide – including congestion management, frequency support, voltage control and capacity. Where such markets don’t yet exist, they should be created.

●  Simplify and harmonise permitting: Clear, standardised permitting rules for standalone and hybrid BESS projects are essential to reduce delays and costs.

●  Prioritise grid access for flexible assets: BESS should be recognised as flexibility assets and receive appropriate priority when it comes to grid connection and network planning.


Ultimately, rules alone are not enough. What matters is that they are applied quickly, consistently and across all Member States. Implementation is not an afterthought – it is a precondition for delivery.

Conclusion

The Power Barometer reminds us: Europe has made tremendous progress on decarbonisation. But to complete the transition, flexibility is crucial.  Battery storage is already proving its worth, whether in managing residual load, stabilising prices or preventing blackouts. Yet it still represents just a fraction of what is needed. To stay on track, battery deployment must scale by a factor of ten in the next six years.

With clean electrification climbing the EU agenda (as shown by the Tripartite Agreements under the Affordable Energy Action Plan, which put storage and flexibility alongside offshore wind and grids) storage investments will play a central role – from industrial decarbonisation to grid resilience and prosumer integration.

But the conversation is just beginning. 

Republished with permission from Eurelectric. 

This blog post was originally published as part of Eurelectric’s LinkedIn Friday Features. Subscribe here to stay updated and never miss an edition.

Disclaimer: This article is for communication purposes only and may not reflect Eurelectric positions. Any positions taken in this article shall not be attributable to Eurelectric’s official positioning. Official Eurelectric positions are reflected only in position papers published here.
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6.  Can China’s green ammonia cope with the green hydrogen slowdown?
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Producing green ammonia can be commercially viable without domestic subsidies, but obstacles to scaling remain

[image: IMG_256]

The world’s first pure ammonia-powered demonstration vessel making its maiden voyage in Hefei, Anhui province, June 2025 (Image: Zhou Mu / Xinhua / Alamy)

About 70% of the ammonia produced globally goes into making nitrogen fertilisers, with the rest used in pharmaceuticals, textiles and mining industries. But the gas has the potential to play an increasingly important role in tackling climate change.

‘Green ammonia’, made with renewable energy, can be used as a zero-carbon fuel for ships or power generation, as well as a ‘carrier’ for hydrogen. Consisting of hydrogen and nitrogen, ammonia is easier to liquefy than straight hydrogen and can be transported in pre-existing tanks and pipelines. At the destination it can be ‘cracked’ back into hydrogen using catalysts.

Making green ammonia is more expensive than the conventional variety because it requires sustainably produced hydrogen and a stable supply of renewable power. Foreign buyers have shown themselves willing to pay Chinese companies a green premium for the product, but globally there is a trend of green gas projects being cancelled due to soft demand and growing costs. In China, many projects remain stuck on paper.

Although buyers of ammonia to make agricultural fertilisers are mostly unwilling to pay a premium, demand for the product may well increase from a global shipping industry needing to cut its emissions, experts told Dialogue Earth. Expanding China’s carbon market to include the chemical industry would improve the economic viability of green ammonia, they added.

Efforts to boost green ammonia in China

In July, Envision Energy’s green hydrogen and ammonia plant started running in Chifeng, Inner Mongolia. Capable of producing 320,000 tonnes of green ammonia a year, it marks a shift in China from demonstration projects to large-scale commercial production, CCTV News stated.

China has been promoting a low-carbon transition in ammonia production since 2022 to help meet its carbon targets. A little over two weeks after the Chifeng project started operating, a similar plant came online in Da’an, Jilin. That one, owned by State Power Investments Corporation, can produce up to 180,000 tonnes of green ammonia a year.

By the end of 2024, China had almost 100 green ammonia plants either planned or in construction. If all built, their total output would be 20 million tonnes annually – equivalent to 48% of current global production, and more than any other country. This is according to data provided by the Rocky Mountain Institute (RMI), a non-profit focused on clean energy.

Li Ting, chief representative and managing director of RMI China, told Dialogue Earth that China’s green ammonia sector is starting to take shape, but has not yet taken off. The current stage is a ‘crucial battle’, she said – a window in which to prove the technology and the business model works, and to get policies, standards and market mechanisms in place.

Costs of green ammonia

China is the world’s biggest producer and consumer of ammonia, making 73 million tonnes in 2024. Of that, 78% was ‘brown ammonia’ made from coal. In 2020, ammonia production in China emitted 220 million tonnes of CO2 – about 2.2% of national emissions.

Ammonia is usually synthesised by combining hydrogen with atmospheric nitrogen in high-temperature, high-pressure reaction chambers. The quantity of carbon emitted depends on the sources of both the electricity used and the hydrogen. Gas produced using fossil fuels is known as grey hydrogen. When the emitted carbon is captured, grey hydrogen becomes blue hydrogen. When the gas is produced by the electrolysis of water powered by renewable energy, it’s green hydrogen. The ‘colours’ of ammonia are similar, with the ideal being the green variety, which uses no fossil fuels at any point.

Phasing out brown ammonia in favour of green will make an important contribution to meeting China’s carbon targets. But you can’t make green ammonia without green hydrogen, and production of green hydrogen is being held back by high costs.

Most green ammonia plants today are integrated with on-site green hydrogen production. Some provinces have already put subsidies in place for green hydrogen, which will help make green ammonia cheaper. However, in most cases caps on the subsidies make them of limited use for bigger ammonia plants.

Electricity is the biggest cost of producing green ammonia, between 70% and 80% of the total. So the key to cheaper output is affordable and continuous supply of green electricity, which means building somewhere with plenty of wind or solar power. However, RMI has calculated that making green ammonia in China, even assuming constant wind power, costs 1.2 to 2.1 times as much as brown ammonia.

In reality, sources of renewable power fluctuate. Manufacturers can either opt to connect to the grid and buy in power when needed or stay off-grid and buy energy-storage systems. Both options add to costs.

Li Shuyi, principal of RMI’s China programme, works on the decarbonisation of heavy industry. She pointed out that the Chifeng facility is built close to good wind and solar resources and has opted for an off-grid approach. It has 680 megawatt-hours of electricity storage to ensure ammonia production can keep running. Its electricity costs will be one-third of those for nearby industrial facilities, giving it a solid foundation for competitiveness, she said.

With recent policy changes encouraging the consumption of green electricity, Li Shuyi expects to see more green ammonia plants opting to build combined wind-solar-hydrogen-storage models off the grid.

[image: IMG_256]

A demonstration project for solar-power generation and hydrogen production and storage in Delingha, north-west China’s Qinghai province (Image: Ma Mingyan / China News Service / Alamy)

Will buyers pay a premium?

The Chifeng plant is up and running without subsidies, partly thanks to cheap green electricity. But support from overseas customers and an improving system of green-ammonia standards have also helped.

With green ammonia still pricey, customers’ willingness to pay a green premium is important. In July 2024, Germany’s import strategy for hydrogen and derivatives of hydrogen set a price for green ammonia for the first time. At up to EUR 1,000 per tonne, this was three or four times as much as usual for ammonia. The Chifeng facility has signed a green ammonia supply contract with Marabeni, a Japanese trading conglomerate. The State Power Investments Corporation plant in Jilin has deals with buyers in Europe, Japan and Korea.

In May this year, the first phase of the Chifeng facility was awarded Renewable Ammonia Certification by French certification issuer Bureau Veritas, confirming the environmental attributes of the product and allowing for easier exports.

Li Shuyi said that a voluntary ‘organisational’ standard for grading green ammonia, set by the industry, came into effect at the start of this year. A compulsory industry standard, set by government, is in development and expected to be released at the end of the year. If China can speed up that work and align its standards with those in use internationally, the country’s products will be more competitive on export markets, she said.

Stable markets will boost upstream investment and confidence. According to Li Ting, countries like Germany and Japan have put green ammonia import plans in place to help emissions-intensive sectors such as shipping and chemicals with the costs of decarbonisation.

Lou Yushan, former Columbia University researcher and specialist in China’s hydrogen development, says Europe, Japan and Korea are the bigger buyers of ‘clean’ (blue and green) ammonia. In May 2024, Japan passed a Hydrogen Society Promotion Act, including a 15-year arrangement to subsidise the cost gap between green ammonia and coal or gas. Europe and Korea have similar mechanisms in place.

Most of China’s policy support is targeted at the production of hydrogen and ammonia. There is less help downstream to encourage the use of greener products and the industry still needs support to close the loop, says Lou.

Lou also told Dialogue Earth that there are few buyers for green ammonia in China. The exception is ‘internal trading’ by big state-owned firms like Sinopec who produce and use it themselves. In the past, those companies manufacture ammonia and methanol using brown hydrogen. Now, policy is encouraging them to set up green hydrogen projects and use green hydrogen as a feedstock.

‘Those companies have money, they have land, they have access to cheap loans, and they’re not worried about finding buyers as they can use the green hydrogen or green ammonia in their own operations. Private firms like Envision Energy, however, need to look overseas for buyers,’ she said.

Uncertainties

Wherever you are in the world, the ability to run commercially and without domestic subsidies is project dependent, says Lou. Some, like that in Chifeng, are able to keep costs competitive and find buyers willing to pay a premium. Others have been delayed or cancelled. The final investment decision on a 600-megawatt green hydrogen and ammonia project in Angola, for example, was delayed in June due to lack of demand.

According to a recent article from Peking University’s Institute of Energy, soft demand and rising costs have led to many hydrogen-production projects around the world coming to premature ends.

This is also true in China. Policy changes have led to a rapid increase in plans for new green hydrogen, ammonia and ethanol, according to China-based non-profit the Global Energy Interconnection Development and Cooperation Organization. But most projects remain on paper only because energy companies are actually interested in gaining permits for renewable-power generation. To get these they have to show local government there will be enough demand for the power they generate, so they plan green chemical projects which don’t come to fruition.

Last September, governments including Inner Mongolia and Zhangye in Gansu announced a tightening of the approval process for green hydrogen projects, reported China Energy News. A failure to start construction would lead to the cancellation of the project and associated renewable energy permits, stated the Inner Mongolia government. Green ammonia production is the intended use for the output from 58% of existing green hydrogen projects, according to the Orange Group, a hydrogen-energy-focused research institute. With business models not yet clear and the hydrogen energy rush cooling off, green ammonia production is clearly facing uncertainties.

Fuel a way out

Although 70% of ammonia production currently goes into making fertiliser, the Rocky Mountain Institute expects the amount used in agriculture to fall to 20% by 2025. This is in part because fertiliser will be used more efficiently. Fertiliser is essential for agriculture and its supply and prices can impact food security. There is not much enthusiasm among buyers for paying a green premium for it.

Green fuel currently accounts for close to 0% of ammonia demand but in the future it may account for 50% and play a key role in remaking the sector. Li Ting says the shipping industry may be the first to use it as a fuel on a large scale. Shipping accounts for almost 3% of global emissions and the sector is under pressure to find alternative fuels, particularly for long-distance routes unsuitable for electric vessels.

Ammonia is relatively compatible with existing ship engines and the technology to use it as fuel is already well mapped out, making the shipping sector the most likely first mover, Li Ting said. As a globalised industry, shipping has also begun to set up cross-border cooperation and green-certification systems, laying the groundwork for international trade and pricing of green ammonia.

If shipping does scale up its use, she added, this would drive down costs, standardise practices and streamline supply chains, with the benefits then spreading to other industries such as manufacturing and agriculture.

But promoting green ammonia cannot rely on any single factor. Li Ting said: ‘Cutting electricity costs and scaling up electrolysers are naturally important, because this reduces unit costs. But for real scaled rollout and commerciality, we need policy, the market and the technology moving in step.

‘For example, if we could expand the carbon market to include the chemical industry and build in an effective carbon-pricing mechanism, green ammonia would become much more economically viable.’

China this year expanded its carbon market to include the steel, cement, and aluminium sectors, and it is anticipated that more heavy industries, such as chemicals, will be included by 2027.

By Niu Yuhan

This article was originally published on Dialogue Earth under the CC BY NC ND licence.
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Overview of Energy Storage Deployment in Europe: An analysis of current status and policy framework on energy storage

[image: 7dd42838-a6c2-4d12-a3ac-6399cd8b98e3]

Energy storage is increasingly recognised as the cornerstone of a secure and low-carbon energy system, yet its deployment faces technological, economic, and regulatory hurdles. This report by EU Joint Research Centre provides a comprehensive analysis of energy storage in Europe, examining its current status and the policy frameworks that are shaping the sector. It highlights the rising role of lithium-ion batteries, the sustained importance of pumped-storage hydropower, and the potential of storage to enable higher renewable energy integration. Case studies from Germany, Greece, the Iberian Peninsula, and the UK showcase successful policies and best practices. For policymakers and industry stakeholders alike, the report offers key insights into the evolving European energy storage landscape.

+ More

China’s Green Leap Outward: The rapid scale- up of overseas Chinese clean-tech manufacturing investments

[image: 96a1e8ab-ed6f-46ac-ac1f-260ded7a395b]

This report from the Net Zero Industrial Policy Lab at the US-based Johns Hopkins University provides a comprehensive overview of Chinese overseas investment in clean-technology manufacturing since 2022. It documents more than USD 220 billion committed across hundreds of projects in 54 countries, covering solar, wind, batteries, hydrogen, electric vehicles, and other clean technologies. The report draws on a new database to detail the geographic and technological distribution of these investments, including major battery, hydrogen, and EV hubs in Southeast Asia, MENA, Europe, and Latin America. By mapping China’s global clean-tech footprint, the report offers detailed data and insights for policymakers and industry stakeholders monitoring international energy transitions.

+ More

Integrating Distributed Energy Resources in China: Lessons from international experience

[image: dc1a0ed6-9fec-4690-9350-da67b86bf1f6]

This IEA report examines the rapid growth of distributed energy resources (DERs) in China, including rooftop solar, battery storage, and electric vehicle chargers. The integration of these resources presents both opportunities for system flexibility and challenges to grid planning and operation, highlighting the need for attention to distribution grids. Drawing on international experiences from Australia, Europe, Japan, and the United States, the study compares regulatory and market landscapes to identify best practices for effective DER integration. It also explores the role of policy, regulation, market design, digital infrastructure, and institutional frameworks in supporting effective DER integration. Designed for policymakers and industry stakeholders, the report provides guidance to inform strategies that can unlock the potential of DERs through 2030 and beyond.

+ More

Digitalisation and AI for power system transformation: Perspectives for the G7

[image: f097b082-0a70-4c7e-8a0a-1abfea80677a]

Developed by IRENA in collaboration with the Canadian G7 Presidency, this report highlights the critical role of digitalisation and AI in accelerating the energy transition. It introduces a comprehensive ‘value-cluster framework’, covering monitoring, forecasting, and operational optimization, to demonstrate how digital solutions enhance power system reliability, affordability, and sustainability. The analysis maps specific use cases that demonstrate reduced electricity costs, improved supply security, and greater renewable integration. Beyond technical assessment, the study offers actionable recommendations for global stakeholders to maximise these benefits. Strategic guidance focuses on strengthening data governance, building digital workforce skills, and systematically integrating digital innovation into long-term energy and climate planning.

+ More

From Gridlock to Grid Asset: Data Centres for Digital Sovereignty, Energy Resilience, and Competitiveness

[image: IMG_256]

Published by the Centre on Regulation in Europe (CERRE), this study addresses the critical challenge of integrating expanding data center infrastructure with energy grid constraints. Warning that data centers could become major bottlenecks, the report outlines an alternative path that would see them transformed into active grid assets, potentially unlocking 50–60 GW of demand-side flexibility for the EU by 2035. Citing case studies from Europe and the US, the authors propose a flexible regulatory framework and identify key policy actions to support data center integration, including streamlining permitting processes, enabling grid flexibility and clean energy use, incorporating data centers into spatial and electricity system planning, improving transparency and market-based signals, and strengthening cross-sector and cross-border coordination.

+ More
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