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Dear all,

Welcome to the May issue of the EU-China Energy Magazine. 

This month marks a significant milestone: 6th May 2025 is the 50th anniversary of the establishment of diplomatic relations between the EU and China. Over the past five decades, collaboration between EU and China has grown in depth and breadth, encompassing a wide array of sectors, with energy being a critical area of shared interest and mutual benefit.

In this issue, we investigate a diverse range of topics that reflects the evolving energy landscape in both the EU and China. We begin with a comprehensive explanation of EU capacity mechanisms in the electricity market by Eurelectric, examining how they work, how EU regulation has evolved, and what features contribute to a well-designed mechanism.

We then turn our attention to China, analysing how the country’s policy adjustments are helping to manage the rising energy demand from data centres, and discussing the challenges it faces in renewable energy consumption.

Building on previous discussions about China’s renewable circular economy, this issue features an article by our editor-in-chief, Daisy Chi, focusing on the challenges surrounding the recycling of wind turbines in China. She investigates the current policy framework and market as well as the technology bottlenecks, interviewing industry associations and recycling companies. This article will be followed in a later issue by another piece that will look at innovative wind blade recycling case studies from both the EU and China, exploring the potential for EU-China cooperation.

In this issue, we also consider how artificial intelligence might reshape our approach to the energy system, highlighting how AI could impact energy markets and the associated risks.

This month, we welcome Li Ruixin as ECECP’s new policy expert. Ruixin was the designated reporting expert for the EU-China ETS project for five years and has attended every COP meeting for the past ten years.

We believe this issue provides valuable insights into the dynamic energy sectors of both the EU and China, fostering greater understanding and encouraging continued dialogue and cooperation. And as consistent with the theme of AI in energy, the cover design of this issue is made with the help of AI. We hope you enjoy this issue.

Dr Flora Kan

ECECP Team Leader

31 May 2025
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1.  ​News in brief
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European News

# Policy Initiatives 

EU: NZIA secondary legislation adopted

The European Commission has adopted four new pieces of secondary legislation under the Net-Zero Industry Act (NZIA), which aims to further accelerate decarbonisation technologies manufacturing in the EU. The new regulation: 1) clarifies the scope of the NZIA by listing specific components to which the NZIA requirements will apply; 2) sets rules for the inclusion of certain non-price criteria in renewable energy auctions; 3) identifies which final products and their main components are subject to ‘resilience’ criteria; 4) lists common criteria for strategic project selection. The Commission has also issued a Communication which clarifies where the EU’s supply of net-zero technologies comes from, highlighting third country dependencies for specific technologies. The document provides a crucial reference for the enforcement of the above regulation.

EU: REPowerEU Roadmap outlines full phase-out of Russian energy by 2027

The European Commission has unveiled the REPowerEU Roadmap to end EU dependency on Russian gas, oil, and nuclear energy, while ensuring stable energy supplies and prices. Key measures include banning new Russian gas contracts and ending existing spot contracts by end-2025, with a full import ban by 2027. Actions will also be taken against Russia's shadow oil fleet and restrictions are to be imposed on Russian uranium imports. Legislative proposals by the Commission will be published in June. 

EU: Oil and gas firms ordered to provide CO2 storage capacity by 2030

The Commission has adopted a Delegated Regulation which mandates 44 oil and gas companies to collectively deliver 50 million tonnes/year of CO2 injection capacity into geological storage sites by 2030 under the Net-Zero Industry Act. Their individual obligations are based on their 2020-23 share of production, while smaller producers are exempted. The storage sites must be operational by 31 Dec 2030 under CCS rules. Each storage site will be recognised as a Net-Zero Strategic Project within the CO2 value chain, which can include CO2 capture and associated transport infrastructure. The regulation is due to come into force in late July 2025 after scrutiny.

EU: Commission unveils plan to boost circular and efficient products in the EU

The European Commission has adopted a 2025-30 working plan for the Ecodesign for Sustainable Products Regulation (ESPR) and Energy Labelling Regulation, in a bid to promote the circular economy. This plan prioritises products such as steel, aluminium, textiles, furniture, tyres, and mattresses for ecodesign requirements and energy labelling over the next five years. The Commission will also introduce measures on product repairability (including a score for some products) and recyclability of electrical equipment. Future requirements will include product performance (e.g. durability, energy efficiency) and information (e.g. carbon footprint), which will be provided via the Digital Product Passport or EPREL.

Denmark: Government to reconsider nuclear power to enhance energy security

Denmark is considering lifting a 40-year-old ban on nuclear power to support an electricity system based on solar and wind. The government will conduct an analysis of the benefits of new nuclear power technologies, with its findings expected by 2026. The move marks a significant policy shift in a country that has previously prioritised wind and solar power.

Belgium: Parliament votes to abandon nuclear phase out plans

Belgium’s parliament has approved to scrap the country’s planned nuclear phase out, marking a turning point in its energy history. Previously, a 2003 law required all nuclear plants to close by 2025, while prohibiting the construction of new reactors. The new government now aims to maintain a nuclear capacity of 4 GW to secure a clean baseload capacity. The four reactors remaining in operation have a net capacity of around 3.4 GW.

EU, UK to work on linking carbon markets

European Commission President Ursula von der Leyen and UK Prime Minister Keir Starmer have announced an agreement to work towards linking the EU and UK carbon markets via their emissions trading systems (ETS), which put a price on carbon emissions for key GHG intensive sectors. Following Brexit, the UK launched its own ETS in 2021 after leaving the EU’s system. The recent announcement is one of a series of agreements reached at the first ever EU-UK summit on 19 May, covering areas ranging from security and defense and migration to energy and climate change policies.

UK: Parliament passes legislation to establish Great British Energy

The UK Parliament has approved legislation for establishment of Great British Energy (GBE), a state-owned company which will invest GBP 200 million (EUR 238 million) in clean power projects, including rooftop solar and community renewables, with profits reinvested locally or used to lower energy bills. Launched in July 2024 as part of the government’s Plan for Change, GBE will focus on offshore wind and private-sector partnerships, backed by GBP 8.3 billion (EUR 9.9 billion) in funding to help the UK reach 50 GW of offshore wind by 2030 and full power decarbonisation by 2035.

# Market & Business 

EU: Member States’ climate plans edge closer to 2030 targets

The Commission’s assessment of its members’ National Energy and Climate Plans (NECPs) shows that EU countries are collectively on track to reach the 55% reduction target by 2030 compared with 1990 levels and 42.5% renewable energy share (as mandated by the EU’s Climate Law). The Member States’ current NECPs could deliver a 54% reduction in GHG emissions. Initiatives like the Clean Industrial Deal and Affordable Energy Action Plan will further support Member States’ decarbonisation efforts. The assessment provides a solid foundation for further discussions about a potential 2040 target. NECPs, which are regularly updated under the Fit for 55 package, remain critical for steering EU climate action toward neutrality in 2050.

EU: Report shows power grids ready for summer

ENTSO-E’s Summer Outlook 2025 confirms that most EU countries face no major risks to electricity supply this summer. Potential issues identified are limited to some markets with limited interconnection to the EU grid, specifically in periods of high electricity demand and low generation availability. Simulations under the EU Risk Preparedness Regulation show robust overall adequacy, supported by 90 GW of new renewable capacity (mostly solar) since last summer, offsetting reduced coal/lignite capacity, and an increase in gas capacity.

EU: Crucial step towards establishing hydrogen network operator alliance

The European Commission has released its Opinion regarding the statutory documents of the European Network of Network Operators for Hydrogen (ENNOH), an independent association representing future hydrogen transmission network operators at the EU level. This opinion, detailing views on ENNOH's draft articles of association, rules of procedure, and list of members, marks a crucial step towards its establishment. ENNOH is central to the EU's push for a unified hydrogen transmission network.

Eight Baltic Sea TSOs release cross-border cooperation roadmap

The power transmission system operators (TSOs) of Denmark, Estonia, Finland, Germany, Latvia, Lithuania, Poland and Sweden, grouped together in the ‘Baltic Offshore Grid Initiative’ (BOGI), have jointly released a roadmap that will boost efforts to deliver cross-border cooperation in the field of offshore wind energy and the associated electricity transmission grid infrastructure. The potential for energy generation in the Baltic Sea is around 93 GW compared to less than 5 GW installed capacity today. The countries have yet to agree on the regulatory and economic prerequisites that are required to jointly tap this potential. 

# Technology & Innovation 

Netherlands: World’s first offshore solar + wind project reaches milestone

A crucial phase has been reached at the Hollandse Kust Noord offshore wind farm in the Dutch North Sea, with the installation of the anchoring system for the solar project. This is the world's first offshore solar plus offshore wind project. Once operational, the solar panel installation on the existing 759 MW wind farm, operated by Crosswind, is expected to boost power output up to five times while using the same sea area. The anchoring system supplied by Oceans of Energy will secure the solar farm, and an electrical cable will link it to a nearby wind turbine foundation. 

Spain: Hybrid system cuts costs and boosts solar self-consumption

Researchers at the Technical University of Madrid in Spain have developed a hybrid energy storage system that combines Li-Ion batteries with power-to-heat-to-power thermal batteries (PHPS). This system, which also integrates PV, heat pumps, and low-temperature energy storage (LTES), reduces energy costs by 7% and boosts solar self-consumption of a building by up to 20%. The PHPS units are cheaper per kilowatt-hour than stand-alone Li-Ion batteries and can reuse waste heat to deliver heating in the building. 

Germany: Novel solution to turn wastewater into e-methanol

ICODOS, a German start-up that was established by the Karlsruhe Institute of Technology (KIT), in cooperation with Mannheim's Waste Water Department, has set up a facility that converts wastewater into carbon-neutral ship fuel. If it can be replicated at scale, Europe's 80 000 sewage treatment plants could become a vast fuel resource. The novel solution uses biogas from sewage, purifies it, and reacts the carbon dioxide in it with green hydrogen to produce carbon-neutral methanol. This methanol can fuel ships or be used in the chemical industry. The demonstration facility in Mannheim went online in March 2025.

Swiss: Start-up company turns railway tracks into solar power plants

Swiss start-up company Sun-Ways has launched the world's first photovoltaic solar plant on railway tracks, promising to revolutionise renewable energy integration in transportation infrastructure. The 100-metre-long installation, located in Buttes, Val-de-Travers, consists of 48 solar panels on railroad sleepers, generating up to 16 MWh of electricity annually and feeding it into the local grid. Using a specially adapted train, the installation process can deploy nearly 10 764 square feet of solar panels in hours, making it efficient and cost-effective.

New technology turns nuclear waste into power for 250 000 households

Thorizon, a Franco-Dutch deep-tech startup, aims to generate clean energy using nuclear waste. It plans to build a small modular molten salt reactor (MSR) using spent nuclear fuel mixed with thorium. The MSR can produce 100 MW of electricity, sufficient to power 250 000 households for over 40 years, as spent nuclear fuel still holds about 90% of its original energy. Thorizon's technology extracts this energy via a unique fission process. 

# Projects & Investments 

EU: EUR 1 billion funding to boost green hydrogen production

The European Commission has selected 15 renewable hydrogen projects located in five EU countries for the second European Hydrogen Bank auction. These include 12 production projects and three3 projects with off-takers in the maritime sector. These winning bidders will receive a total of EUR 992 million from the EU’s Innovation Fund, which raises its money from the EU ETS. Once operational, these projects are expected to produce nearly 2.2 million tonnes of renewable hydrogen over ten years. 

New hydrogen corridor to connect Oman, Netherlands and Germany

Eleven parties have signed a Joint Development Agreement (JDA) to create the world's first liquid hydrogen import corridor. Connecting Oman's Duqm port, the port of Amsterdam in the Netherlands, and German logistics hubs such as Duisburg, it will enable Europe to import commercial-scale liquid hydrogen. This initiative not only strengthens Europe's energy security and supports the EU's clean energy goals, but also facilitates the decarbonisation of sectors like steelmaking and transport.

Greece and Egypt: 3 GW subsea interconnection project agreement

Greece and Egypt have agreed to build a 1 000 km subsea power interconnector to transport North African renewable energy to Europe. It will have a transfer capacity of 3 GW and will be developed in two phases, each with a capacity of 1.5 GW. With an overall estimated investment of EUR 4 billion, the project has secured support from the EU and obtained EBRD grant financing for initial studies. Greece’s privately-owned Copelouzos Group will lead the project and will produce solar and wind energy in Egypt for transfer to Europe.

EU: JRC launches nuclear modelling hub for safety and innovation

Combining advanced digital tools with decades of nuclear research expertise at the EU’s Joint Research Centre (JRC), a new nuclear modelling hub will provide European stakeholders with reliable data and simulations to evaluate reactor designs and fuel safety, improving decision-making for nuclear industry and regulators. The hub is intended to accelerate the R&D and deployment of low-carbon nuclear technologies such as Small Modular Reactors, its primary target being heavy industry decarbonisation. It will also serve as a centralised platform to support the design and evaluation of European policies at the intersection between energy, environment and economy.

China News

# Policy Initiatives

China promotes development of private economy in energy sector

China’s National Energy Administration (NEA) has announced new measures to boost private sector participation in the energy industry’s green and low-carbon transformation. The measures aim to guide private enterprises to invest in energy infrastructure, while encouraging involvement in emerging fields like new energy storage, virtual power plants, EV charging networks, and smart microgrids. The policy also supports private involvement in major technological innovation, digital/smart upgrades, and renewable energy R&D, urging adoption of advanced recycling technologies to improve resource efficiency. To ensure fair competition, NEA pledges to simplify approvals, protect private enterprises’ rights, and facilitate their expansion into overseas markets. 

Boost to virtual power plants 

China’s NDRC and NEA have issued joint guidelines for the orderly development of virtual power plants (VPPs). The country plans to achieve over 20 GW of VPP capacity by 2027, and to top 50 GW by 2030. The document defines VPPs as a new organisational model that aggregates distributed energy resources, flexible loads, and energy storage systems with digital platforms. As independent operating entities, these platforms can contribute to power system optimisation and power market transactions. The guidelines encourage utilities, private companies, and firms across the energy value chain to invest in VPPs. Private-sector participation is explicitly supported, with incentives for innovation in both technology and commercial models.

China to deepen integration of energy and transportation sectors

A new guideline, jointly issued by ten departments, outlines 25 key tasks around enabling factors such as infrastructure, vehicles, fuel supply, and industrial development. The document sets ambitious targets to boost electrification and clean energy use in the transportation sector, aiming for 10% of transport’s final energy consumption to come from electricity by 2027, and for installation of 5 GW of non-fossil power capacity along China’s transport infrastructure. By 2035, China aims to establish a modern transportation sector that is fully integrated with the energy system, achieving a high electrification rate, with green power generated along transport corridors primarily to be used locally. Electric vehicles will dominate new sales, supported by large-scale deployment of NEV heavy-duty trucks and a robust green fuel supply network.

China rolls out new action plan for coal-fired plant upgrades

China’s NDRC and NEA have jointly launched an action plan to upgrade its coal power sector over the next two years. The plan calls for upgrades to existing units, higher standards for new projects, and pilot demonstrations of next-generation technologies. Focused on key areas including cleaner and lower-carbon operation, reliability and safety, flexibility regulation, and smart operation, the plan establishes robust technical criteria for the modern coal power sector. Pilot demonstration projects for new generation plants are required to reduce carbon emissions per kilowatt-hour by at least 10%-20% compared to 2024 levels for similar units.

New guideline to improve market-based allocation of resources, environmental factors

China has recently unveiled a guideline aimed at improving the system for market-based allocation of resources and environmental factors such as carbon emissions, water use and pollution rights, as the country accelerates the overall green transition of economic and social development. The guideline outlines measures to deepen reforms in the trading of resources and environmental factors, including improving quota allocation systems, expanding the scope of tradable elements, strengthening trading mechanisms, and enhancing foundational capacities.

New rules set to guide auxiliary power services

China has unveiled rules to guide the development of the power auxiliary service market to ensure power stability, a key step forward towards a unified national electricity market. Jointly released by the NDRC and NEA, the aim of the new guidelines is to create a clear market where providers of these services are paid based on the principle of ‘who provides gets paid; who benefits pays’. Previously managed via plans or free of charge, these auxiliary services - such as peak shaving and frequency regulation- will now use market-based pricing. The move will create significant opportunities for new energy technologies like energy storage, virtual power plants, smart microgrids and vehicle-to-grid operations.

# Market & Business

Wind and solar capacity overtakes thermal power 

Data from China’s National Energy Administration shows that wind and solar power generation capacity reached a combined 1 482 GW in Q1 2025, surpassing thermal power capacity (1 451 GW) for the first time. The milestone follows 74.33 GW of wind and solar power installation added in Q1, with cumulative installations now standing at 536 GW of wind and 946 GW of solar. This shift underscores China’s rapid energy transition, as renewables continue to dominate new power additions.

China and UAE ink record-breaking LNG deal

On 18 April, Abu Dhabi National Oil Company (ADNOC) opened a Beijing office to enhance business ties with Chinese customers and partners, with three liquefied natural gas (LNG) agreements announced at the ceremony. These include a 15-year sales and purchase contract with ENN Natural Gas subsidiary ENN LNG (Singapore), which will supply up to 1 million metric tonnes of LNG annually from the low-carbon Ruwais project. This represents the largest-ever LNG deal between China and the UAE. Additionally, ADNOC Trading signed two LNG agreements with CNOOC Gas & Power Group and Zhenhua Oil respectively.

China invests more in overseas wind and solar than coal 

A new analysis of China’s overseas power plant portfolio by Boston University’s Global Development Policy Center finds that China’s overseas energy investments - both through foreign direct investment (FDI) and development finance institutions (DFIs) - have shifted to renewable energy for the first time, with no new investment in overseas coal-fired power plants since 2021. In 2022-23, Chinese financiers committed nearly 5 GW of new overseas power generation capacity, with greenfield investments accounting for 93%. Of these, 68% went to solar and wind projects. However, it also highlights that while overall power investment declined, existing portfolios remain carbon-heavy due to previous coal plant projects still coming online.

China accelerates large-scale battery swap tech for heavy-duty trucks

China battery giant CATL launched a next-generation battery-swapping ecosystem for heavy-duty trucks together with China Communications and Transportation Association, targeting 50% electric penetration in the sector within three years, as part of its push to decarbonise freight transport. Unveiling its #75 standardised battery and chassis-based swapping solution, the company plans to build a nationwide network of swapping stations covering 150 000 km of expressways and trunk roads by 2030, serving 80% of trunk freight capacity. The company has partnered with over 10 automakers to roll out more than 30 chassis-based battery-swapping heavy-duty truck models.

Auto manufacturers’ association urges fair competition, opposes ‘price war’

The China Association of Automobile Manufacturers (CAAM) has called on domestic new energy vehicle (NEV) companies to maintain fair competition and avoid market monopolies or product dumping. This initiative comes amid concerns over industry profitability: recent price cuts by a major automaker have sparked involution-style ‘price wars’. These wars risk squeezing profit margins, compromising product quality, and destabilising the supply chain. CAAM warns that unregulated competition can erode research and development efforts, consumer trust, and long-term industry growth. With NEV sales now accounting for over 40% of new car sales, both Ministry of Industry and Information Technology (MIIT) and CAAM are committed to enforcing competition rules to ensure a healthy market environment.

# Technology & Innovation

Scientists find new method to extend lifespan of lithium-ion batteries

A join research team lead by Ningbo Institute of Materials Technology and Engineering (NIMTE), Chinese Academy of Sciences (CAS), has developed lithium-rich layered oxide cathode materials that contract when heated (150–250°C), restoring nearly 100% voltage to ageing lithium-ion batteries. Published in ‘Nature’, the breakthrough technology leverages the materials’ negative thermal expansion to reset structurally degraded cathodes to their original ordered state. These materials offer over 300 mAh/g capacity (30% higher energy density than commercial cathodes) and cost advantages. The discovery tackles battery lifespan issues that stem from thermal fluctuations, paving the way for next-generation high-energy-density lithium batteries with prolonged durability.

China starts first large-scale Lithium-Sodium Hybrid energy storage station

China has launched its first large-scale lithium-sodium hybrid energy storage station—the Baochi Energy Storage Station in Yunnan Province. Spanning 3.3 hectares, the 400 MWh facility stores and discharges 580 GWh of electricity annually with 98% from renewables, enough to power 270 000 households. It combines lithium batteries with China’s first large-capacity sodium-ion battery, which reacts six times faster than conventional models. The station improves grid integration for over 30 local wind and solar plants, enabling efficient renewable power consumption.

China's first offshore CCUS project becomes operational

China National Offshore Oil Corporation (CNOOC) has brought the country’s first offshore carbon capture, utilisation, and storage (CCUS) project in the Pearl River Mouth Basin. Based at the Enping 15-1 platform, Asia’s largest offshore oil rig, the facility captures CO₂ from oil production, purifies it to a supercritical state, and injects it into underground reservoirs at an initial rate of 8 tonnes per hour. This process enhances oil recovery while sequestering carbon, creating a marine energy recycling model. Marking a full-chain upgrade of China’s offshore CCUS equipment and technology, the project will inject over 1 million tonnes of CO₂ into reservoirs over the next decade, driving a projected increase of 200 000 tonnes in crude oil production.

China’s fusion energy research sets new records 

Southwestern Institute of Physics, a subsidiary of China National Nuclear Corporation (CNNC), has announced a breakthrough in nuclear fusion research. The institute announced that its new-generation ‘artificial sun’ HL-3 reached an atomic nucleus temperature of 117 million degrees Celsius and an electron temperature of 160 million degrees Celsius for the first time, with comprehensive parameters greatly improved. 

# Projects & Investments

Green light for five new nuclear power projects

China’s central government has approved five new nuclear power projects, including Sanmen Phase III in Zhejiang, Xiapu Pressurised Water Reactors in Fujian, Haiyang Phase III in Shandong, and other projects in Guangdong and Guangxi. With these approvals, the combined installed capacity of nuclear power plants in operation and under construction now exceeds 120 GW. In 2024, China’s nuclear power generation reached 450.9 TWh, a 3.7% increase from the previous year, accounting for 4.5% of the country’s total power output. Looking ahead, China NDRC and NEA pledge to prioritise R&D in cutting-edge nuclear technologies, including 4th generation nuclear reactors, small modular reactors (SMRs), and fusion energy.

1 GW wind-solar-storage hybrid project commissioned in Qinghai

CHN Energy (CEIC) has achieved full capacity grid connection for its 1 GW Dachaidan wind-solar-storage hybrid project, located in the Haixi Prefecture of China’s Qinghai Province. Comprising 700 MW of solar PV and 300 MW of wind power, the hybrid facility also deploys eight different energy storage technologies to smooth renewable power output. The project is expected to generate 2.1 TWh of electricity annually, equivalent to saving 700 000 tons of coal and cutting 1.93 million tons of CO₂ emissions per year. The project is a landmark initiative in the country’s second batch of national large-scale renewable energy base projects.

Sinopec launches hydrogen-focused venture capital fund

Chinese state-owned energy giant Sinopec has officially launched a hydrogen-focused venture capital fund, with an initial phase investment of CNY 5 billion. As China’s largest fund dedicated to the hydrogen industry chain and the first such specialised fund at the central SOE level, the fund targets early-stage investments and incubation of high-growth potential assets, including key materials, core equipment, and proprietary technologies across the full hydrogen value chain including production, storage, transportation, application, and R&D. The fund aims to foster a cohesive hydrogen industry ecosystem by strategically backing innovative, scalable solutions that address critical bottlenecks in the sector. 

BYD establishes European HQ and R&D center in Hungary

Chinese NEV automaker BYD has announced plans to establish its European headquarters in Budapest, Hungary, as part of its strategy to launch local vehicle production and mitigate the impact of EU tariffs. Revealed in late 2023, the company’s USD 4.5 billion passenger car factory in Hungary is expected to begin production by late 2025 with an annual capacity of approximately 200 000 vehicles. The Budapest hub will also house a research and development (R&D) center focused on intelligent driving technologies and next-generation EV systems.
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2.  EU Capacity Mechanisms explained
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In an ideal electricity market, the energy available in the system would fully meet consumers’ power consumption every hour of every day. In the real world, however, there are times when the system’s energy supply is not sufficient to meet demand. When this occurs there are power plants on standby that are activated to generate additional power. To ensure that these plants keep their facilities up and running in case of a supply-demand shortcoming, support schemes are introduced- known as capacity mechanisms (CM).

What are capacity mechanisms?

In more technical terms, a capacity mechanism is a measure designed to ensure resource adequacy, namely, the ability of electricity resources to meet demand, taking into consideration the demand forecast, generator availability and transmission constraints.

Paying facilities just to exist may sound strange, but it is fundamental to ensure a stable flow of electrons and avoid blackouts on the generation side. This is even more crucial for Europe’s evolving energy system. As Europe transitions to net-zero, these mismatches between supply and demand are expected to increase due to a growing share of renewable power generation. By 2030, solar and wind combined are expected to make up nearly 54% of Europe’s total power generation, with a further increase up to 71% by 2050.

When the sun doesn’t shine and the wind doesn’t blow, such mechanisms serve as an insurance for the power system and the European economy as a whole, to better secure power supply and prevent consumers’ disconnections and blackouts – as seen in Eurelectric’s study on energy security.

How do capacity mechanisms work?

Capacity mechanisms remunerate energy resources for their available capacity, typically through long-term contracts. These measures are classified as state aid. As such, they are agreed upon at the national level and require the approval of the European Commission’s Directorate General (DG) for Competition.

Traditionally, the main targets of such measures have been nuclear, gas and coal power plants as they are dispatchable resources. Today these mechanisms have been increasingly extended to hydropower, storage and demand-side flexibility.

What are the benefits of capacity mechanisms?

Today, capacity mechanisms are one of the main tools to:


●  Ensure energy security: capacity mechanisms have become crucial tools for Europe’s security of supply as the number of peaking plants – those plants used only to answer peaks in electricity demand – are decreasing vis-a-vis growing renewables.


“The level of dispatchable capacity is expected to decline by 40% by 2050 as we decarbonise the energy system” – said Nicolas Leicht – Energy Economist at Aurora Energy Research at an event organised by Euractiv.


●  Address flexibility needs: capacity mechanisms can also provide flexibility to the system by remunerating firm and flexible capacity to balance variable renewable generation.

●  Lower cost of capital: having a capacity mechanism in place brings clarity for investors and helps reduce the risk related to the cost of capital. 

●  Contribute to system resilience: CM can also help the system in limiting the extent, severity and duration of system degradation following an extreme event.


Where are capacity mechanisms adopted?

Capacity mechanisms exist worldwide, and their popularity is growing. The first mechanisms appeared during the early 2000s within the US electricity system as well as the Unified Energy System of Russia. Since then, over twenty countries have adopted capacity mechanisms. In 2020, they covered “around 40% of installed power capacity in the United States, 50% in South America, and 80% in Europe” – shows the Renewable and Sustainable Energy Reviews.

EU power markets have been historically based on the energy-only market design model, but many countries have deemed it necessary to introduce capacity mechanisms to support investment, and to provide the politically desired level of security.
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As in 2022, eight Member States had active capacity mechanisms in place in 2023: Belgium, Ireland, France, Italy and Poland implemented marketwide capacity mechanisms, while Germany, Finland and Sweden applied strategic reserves– reports ACER. 

Strategic reserves, capacity markets and capacity payments are therefore the main types of support measures adopted in Europe. Let’s look at their differences. 

What is the difference between strategic reserves, capacity markets and capacity payments?

Strategic reserves were the first mechanisms introduced by countries to keep traditional power plants – mostly coal and gas – open in case their capacity was needed for adequacy reasons. Such reserves were placed outside of the electricity market and paid for by the central authority.

They were targeted towards specific plants, but there quickly became a risk of countries activating them too often, as they can be used to not only manage resource adequacy but also reduce high prices. This created market distortions and diminished the business case for those energy resources not included in the reserves.

To avoid such misuse, capacity markets were introduced. In a capacity market, all technologies can participate through a competitive auction. Even resources from neighbouring countries are now eligible. The market participant with the best offer receives some remuneration for their firm capacity.

Lastly, capacity payments are administratively set payments where the central authority can pay all or some market participants for their firm capacity.

How has the regulation on capacity mechanisms evolved?

Public opinion on capacity mechanisms has shifted significantly in Europe, especially after the 2022-2023 energy crisis. The EU approach to these support measures has therefore evolved likewise, across three key regulations:

State Aid Law

Capacity mechanisms became more common in Europe a decade ago. In 2014, the EU chose to regulate capacity remuneration through state aid law, under the supervision of DG Competition to ensure that these measures do not pose risks to competition and trade.

According to Article 107 of the Treaty on the Functioning of the European Union (TFEU), “any aid granted by a Member State or through State resources in any form whatsoever which distorts or threatens to distort competition by favouring certain undertakings or the production of certain goods shall [...] be incompatible with the internal market”. However, the same article allows for exemptions in case aid is granted to “facilitate the development of certain economic activities to the extent it’s not contrary to the common interest”.

As this exemption remained quite vague, the Commission decided to narrow its definition for the energy sector in the Climate, Energy and Environmental Aid Guidelines (CEEAG) in 2022. Such guidelines apply to state aid supporting the developments of economic activities that also improve environmental protection and support security of power supply, thus including capacity mechanisms.  

State aid’s high level of abstraction creates challenges for the harmonisation of these measures beyond the national level. Nevertheless, these rules for a long time were the only means to control the adverse effects of CM designs. The EU Clean Energy for all Europeans Package sought to change this by adopting specific rules on resource adequacy.

Clean Energy Package 2019

The 2019 Clean Energy Package emphasised the need to restrict the abuse of capacity mechanisms by privileging the energy-only market and considering capacity mechanisms as a last resort measure to ensure resource adequacy.

To activate a capacity mechanism, Member States must prove the existence of an adequacy issue through a rigorous assessment. Before resorting to CM, countries are requested to present a plan to address the root causes of their problem through market reforms.

“This requirement reflects the recognition that markets, if well designed, free of regulatory distortions and sufficiently connected to the EU electricity grid, can provide the right amount and type of capacity to meet any demand” – says the European Commission.

If that was not enough, however, countries can then resort to strategic reserves and as a last resort to capacity markets. 

Another requirement introduced by the package was to allow foreign resources from neighbouring countries to participate in the capacity mechanism, a concept known as cross-border participation. 

Electricity market reform 2023

The 2022-23 energy crisis changed the rules of the game for capacity mechanisms. The price crisis triggered several market interventions, disrupted the business cycle and investments in new capacities. The very foundation of the energy market was questioned. As concerns over Europe’s energy security mounted, scepticism towards capacity mechanisms shifted. Markets with guidance on investments became the preferred option to not having markets at all.

The EU electricity market design (EMD) reform thus turned capacity mechanisms into a structural component of the electricity market and a key tool for ensuring Europe’s security of supply, and called for an acceleration in the approval process.

Clean Industrial Deal State Aid Framework 2025

In March 2025, the Commission took stock of current capacity mechanisms and released a proposal to accelerate the clearance process and harmonise design parameters across European markets. This proposal is known as the Clean Industrial Deal State Aid Framework (CISAF).

Although the CISAF could drive greater convergence across Europe and provide for a faster approval process, the requirements should minimise distortions and account for different system needs. In response to the public consultation on CISAF, Eurelectric proposed to: 

Account for a more granular assessment of the different energy system needs at national the level: The draft CISAF relies heavily on the European Resource Adequacy Assessment (ERAA). However, National Resource Adequacy assessments should also inform design choices, de-rating factors and other parameters, ensuring that national system specificities are fully considered.

Improve the proposed cost allocation methodology: With the proposed methodology, CM costs could be allocated to hours with high prices without actual stress on the electricity system. Instead, we propose using stress periods defined ex-ante.

Assess joint procurement of adequacy and flexibility on a case-by-case basis: The draft CISAF might lead Member States to procure flexibility and adequacy jointly by default. Instead, the necessity of a joint procurement should be assessed on a case-by-case basis, reflecting the specific conditions of each national system.

State of play of capacity mechanisms

Today, Europe has one third of capacity markets, one third of strategic reserves and one third of energy-only markets. In 2024 capacity markets secured 1793 GW of capacity with a third of payments going to clean and storage technologies.
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Barriers to capacity mechanisms

Today there is no common vision at the EU level on how to ensure security of supply. Many EU countries introduced capacity mechanisms to support investments in firm and flexible technologies, and to provide the politically desired level of security. This, however, has led to a patchwork of approaches across Europe, with limited harmonisation, creating hurdles for an efficient cross-border participation.

Lack of design harmonisation

Even if the EMD reform opened capacity mechanisms to all new and existing technologies, there is not yet a common vision on their design. Several shortcomings remain in the capacity mechanisms implemented so far, such as:


●  Barriers to the full participation of all types of capacities in capacity mechanisms in Europe, creating an uneven playing field;

●  Hampered cross-border participation in most capacity mechanisms;

●  Wrong signals for consumers as CM’s costs are generally passed on to consumers through a ‘flat’ fee over the delivery year, and do not reflect periods of peak demand and scarcity – which correspond to the periods for which assets have been contracted as part of the capacity mechanism.


Forgetting flexibility

Moreover, the current generic capacity mechanism design targets capacities providing adequacy services, without valuing their contribution to flexibility needs. As the need for system flexibility will significantly grow in Europe, contracting mechanisms may need to value capacities’ contribution to these flexibility needs to ensure that they are met. Joint procurement should therefore be assessed on a case-by-case basis though.

Lengthy approval process

State aid clearance is required through a complex and uncertain process which has not yet fostered strong harmonisation and coordination. The current approval process generally lasts at least six months, but the pre-notification period can reach up to two years according to the Commission. The latter includes all the early discussions with Member States where the design of the scheme is still in the making. This includes several rounds of exchanges with national actors and with the Commission’s services to make sure that the CM design aligns with EU legislation.

5 adjectives for a well-designed capacity mechanism:


●  Market-based:  remunerating capacity should be carried out in a competitive market, for prices to be allowed to move freely without distortive price regulation.

●  Technology-neutral: all sources providing firm capacity should be allowed to participate in the market without discrimination. This includes generation technologies but also demand-side response and storage.

●  Open to new and existing assets: market-access should be based on a level-playing field between both new and existing firm capacity providers.

●  Cross-border participative: capacity mechanisms should be open to cross-border participation to drive regional cooperation, considering regional interdependencies

●  Contract-enabling: the outcome of capacity mechanisms should be capacity contracts and not just a regulatory commitment.


Much remains to be done to improve these support schemes, harmonise them across Europe, and ensure that they cover all sources of firm capacity. But one thing is certain: capacity mechanisms are here to stay.

By Eurelectric

This article was originally published by Eurelectric and is republished here with permission.

Disclaimer: This article is for informative purposes only and may not reflect Eurelectric positions. Official Eurelectric positions are reflected only in position papers published here.
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3.  How China is managing the rising energy demand from data centres
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The rise of artificial intelligence (AI) and other technologies has driven the “surging” growth of data centres in China, with associated increases in energy demand and emissions. 

There were 449 data centres in China at the end of 2023, the most in the Asia-Pacific region. 

The International Energy Agency (IEA) says in a new report that China accounted for 25% of global data-centre electricity consumption in 2024, the second largest consumer following the US. 

In common with other countries, China expects the electricity consumption of its data centres to grow rapidly over the next few years, partly as a result of the rise of AI.

However, the scale of current demand – and any future increase – is uncertain.

For now, other drivers of rising electricity demand remain far more important than data centres.

Still, while estimates differ, some reports suggest data centre electricity demand could increase from around 100–200 terawatt-hours (TWh) in 2025 to as much as 600TWh by 2030, with associated emissions of 200m tonnes of carbon dioxide equivalent (MtCO2e). 

China’s central and local governments have enacted a range of policies to address the environmental impacts of data centres, but challenges remain.

Growing electricity demand

China’s State Council posted a 2021 report from state-owned newspaper China Daily, which said the electricity consumption of China’s data centers in 2020 was 200TWh, some 2.7% of demand that year, rising to 400TWh (3.7%) by 2030. More recent government figures put demand at 77TWh in 2022, 150-200TWh in 2025 and 400TWh by 2030.

In early 2025, Bloomberg reported even higher estimates from Goldman Sachs, saying that data centre electricity demand in China was “expected to more than triple [from 200TWh today] to almost 600TWh by the end of the decade”.

In contrast, the IEA estimates Chinese data centre electricity demand of just 100TWh in 2024, with the potential to double by 2027.

Furthermore, data centres remain relatively small, both in terms of their share of China’s electricity demand overall and as a driver of demand growth. 

Currently, data centres in China use between 0.9% and 2.7% of the country’s annual electricity, according to different estimates. 

However, Bloomberg reports they use “less than a 10th” of the electricity required by the manufacturing sector, noting that demand from factories grew by 300TWh in 2024 alone.

The IEA says data centres have accounted for just 3% of new demand since 2022 – and will grow to perhaps 6% out to 2027. It says larger drivers of demand growth in China are industry, including industrial electrification, as well as electrification of heat and transport.

Still, the amount of CO2 associated with data centres could reach 1% of the country’s total emissions by the end of 2025, according to Han Xue, deputy director of the department of resource and environment policy at the Development Research Centre of the State Council. 

Building ‘green data centres’

In 2021, China announced a three-year action plan to construct “new data centres” that are “efficient, clean, optimised and circular”. 

The three-year action plan included measures to enhance data centres’ power usage effectiveness (PUE), the most widely used metric for gauging their energy efficiency. 

The calculation is the total amount of energy used divided by IT equipment energy usage. The higher the ratio, the less energy efficient the data centre.

By the end of the action plan, the average PUE had been reduced to 1.48, down from 1.54 in the previous year. 

The new goal, announced in 2024, was to cut the PUE of large data centres down to 1.25 by 2025. In comparison, Germany, which hosts the highest number of data centres in Europe, requires its existing data centres to reach an average PUE level of 1.5 from 2027. 

Meanwhile, in 2022 China launched a long-awaited national project named “east data west computing” (东数西算), which aimed at processing data produced in the more populous eastern provinces in the west of China. It encourages new data centres to be built in the west, where large solar and windfarms are based, in order to assist the busy metropolis centres in the east. 

Under the project, the data centres in central and western regions handle more of the non-realtime cloud computing needs, such as offline analysis and storage backup, while the time-sensitive data services continue to be met in the east. 

Regional governments, such as Inner Mongolia in northern China, have also issued local policies encouraging data centres to be paired with renewable energy facilities. 

Elsewhere, Beijing’s local government has provided financial support to data centres for improving their PUE. Meanwhile, Guangdong province, the southern technology hub, has opted to move some data centres undersea, in order to reduce the need for cooling technology and cut power use. 

Since 2020, the Chinese government has tracked a range of information on data centres’ energy transitions. The latest update from 2024 said more than 50 data centres nationwide have met a standard for “green” energy requirement, including one from State Grid and 14 from the country’s internet companies.

Facing renewable challenges

By 2030, China’s data centres are projected to consume anything from 400TWh to 600TWh of electricity, with associated emissions of perhaps 200MtCO2e.

Currently, renewable resources in China are primarily distributed in the northern part of the country, while demand is still concentrated in the south-eastern coastal areas. This means that data centres often rely on long-distance transmission to use renewable power, even with efforts from the “east data west computing” programme.

“Green electricity has broad application prospects in the data centre industry, but it still faces many challenges,” says Lü Xin, project lead at Beijing-based thinktank Greenpeace East Asia. 

Trading green power between provinces remains difficult due to factors such as variable renewable output and the high costs of long-distance transmission, according to several reports.

China has issued policies supporting direct transmission of renewable electricity to data centres and has established “green power industrial parks”, with dedicated renewable sources and storage. 

“These policy developments and improved market mechanisms will bolster the adoption of green power by data centres,” says Lü.

Another challenge is the water demand of data centres. As they often require a lot of water for cooling, this could exacerbate water stress in the country’s already arid western and northern regions. 

To alleviate the concern, governments in Beijing, Ningxia and Gansu are mandating higher water use efficiency for data centres, as well as phasing out the ones with low efficiency of power and water use. 

As data centres expand to handle AI workloads, more “hyperscale” data centres with gigawatts of energy demands may emerge, demanding higher power capacity. A cleaner fuel mix in a country’s overall power structure can help to mitigate the emissions. 

For now, however, data centres in China are at a “significant disadvantage from the emissions perspective”, due to the country’s reliance on coal, according to research firm SemiAnalysis. 

Coal accounts for about 60.5% of China’s power mix. The IEA says most data centres in China are located in the east where about 70% of electricity supply is from coal, but the rise of renewables and nuclear power should ”push coal to decline” after 2030. 

The report estimates that both renewables and nuclear will “together make up 60% of China’s data centre electricity supply” by 2035.

By Yuan Ye

Republished from Carbon Brief under CC licence.
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4.  Wind turbine recycling - the path to circularity
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A wave of wind turbines is nearing the end of its operational lifespan in China. How is China planning to manage the recycling of the complex materials used in wind turbine manufacturing? ECECP speaks to wind turbine experts to find out how China’s regulators and industry players are responding to the challenge.

The inaugural issue of the ECECP magazine, published in December 2019, highlighted innovative EU solutions for recycling wind turbine blades. At that time, wind turbine recycling in China was in largely uncharted territory, with no supporting policies or institutional frameworks in place and limited technological preparation. Five years on, as a generation of ageing wind turbines approaches the end of its operational lifespan, a vast new recycling market is emerging, attracting much media attention and stakeholder interest. This article investigates China’s preparations for this significant shift, exploring the policy framework, technological advancements and market-driven solutions that are poised to transform decommissioning challenges into opportunities.

Wind farm upgrades trigger wave of decommissioning

Since implementation of China’s Renewable Energy Law in 2005, the wind power industry has ballooned, with installed capacity reaching over 540 GW by the end of April 2025​[1]. However, with early turbines approaching the end of their 20-year lifespan, many are now due for retirement. These older turbines, often located in prime wind resource areas, are now demonstrating reduced efficiency and lower power output. In response, China’s National Energy Administration issued guidelines in 2023 to encourage the upgrading of old wind farms, replacing turbines that have exceeded 15 years of service life or with small unit capacity under 1.5MW.

This new policy has set the stage for a significant surge in wind turbine decommissioning. According to the latest statistics​[2] from China National Resources Recycling Association Committee for Wind and Solar Equipment Recycling (CWSER), by the end of 2024, China had decommissioned 2 317 turbines wind turbines with a total power capacity of 2.85 GW. In 2025, decommissioned capacity is forecast to reach 3.85 GW, with an exponential acceleration expected in the years ahead. By 2030, the cumulative number of decommissioned turbines is expected to exceed 34 000, with total capacity hitting 45 GW, which is more than ten times the current capacity. The figure could skyrocket to 150 GW by 2040. As wind power installations continue to expand, and innovation leads to ever larger turbines, the management of wind turbine waste is set to become ever more challenging.

The question then arises: how can we ensure that these ‘green power giants’ have a sustainable afterlife, transforming them from potential environmental burdens into valuable assets in the circular economy? Over recent years, the government and industry have acted swiftly to align policies, standards, and technologies, laying the groundwork for a full cycle green recycling system. Yet, the sector remains in its infancy, with many operational and systemic issues still outstanding.

Policy framework: start by clarifying responsibility

To safeguard the development of the wind turbine recycling sector, China has rolled out a series of policies and plans in recent years. These policies aim to clarify responsibilities, drive technological and business model innovation, and activate the market, the overall aim being to establish a comprehensive framework for the circular economy for wind power equipment.

[image: 1750303443897]

A key milestone was reached in July 2023 with the Guidelines for Promoting Circular Utilisation of Decommissioned Wind and Solar Equipment​[3]. For the first time, the country established a systematic framework for recycling within the renewable sector. Aligned with the full lifecycle principle, its detailed measures are structured around three core pillars: green design to minimise environmental impact from the outset; standardisation of recycling practices to ensure safe and efficient decommissioning; and high-value reuse and safe disposal to maximise resource recovery and reduce pollution. The aim is to build a robust circular economy for wind power equipment.

Given that it is crucial to have clarity over who bears responsibility for managing the wind turbine waste, the Guidelines specifically hold the generation companies of centralised wind power projects responsible for the recycling and end-of-life disposal of their wind turbines, and urges manufacturers, operators, and recyclers to work on the issue together.

However, Yao Xin, Associate Dean of Research Institute for Environmental Innovation (Suzhou) of Tsinghua (RIET) notes in the annual conference of Recycling of Wind and Photovoltaic Equipment Industries held by CWSER on 16 May, that current policy initiatives on recycling wind turbines still largely rely on policy guidance, with unclear legal basis for enforcement. Detailed, enforceable rules and standards regulating the responsibility of different stakeholders, compliance standards, and cost-sharing mechanism are still unclear. Nevertheless, he is hopeful that the legislative agenda for 2025, which includes the Ecological Environment Code and the upcoming revised Circular Economy Law and Renewable Energy Law, may finally crystallise the legal obligations and roles of those responsible. 

‘It is interesting to note that China and the EU differ significantly in liability frameworks for decommissioned equipment,’ Yao points out. ‘The EU’s Extended Producer Responsibility (EPR) holds manufacturers accountable for the entire lifecycle of their products, including post-use recycling and disposal. This system prioritises recyclability from the initial design stages. As a global leader in wind turbine manufacturing and exports, it would be interesting to see how China might adopt an EPR model for its wind sector, and align with international norms.’ 

Technology preparation: the complexity of wind blade waste

A typical wind turbine comprises 86% steel, 7% fiberglass composites, and 7% copper, aluminum, rare earths, and lubricants​[4]. Unlike most metal components such as the gearbox and tower, which can often be reused, remanufactured or recycled as scrap metal and can hold their value, wind turbine blades have proved difficult and costly to reclaim, and have a low reuse value. The pursuit of lightweight, strong and long-lasting blades has led manufacturers to rely on composite materials that typically contain fiber reinforced plastics (FRPs), accounting for over 90% of blade weight. While these properties make a turbine more resilient, they are a major headache at the end of its lifespan as these thermoset materials cannot be remelted or reshaped after curing. 

To date, decommissioned wind turbine blades account for 48 450 tonnes of composite waste in China​[5], a figure that is set to rise sharply. As more turbines reach end-of-life, the environmental pressures associated with these non-degradable materials will only escalate.

In 2024, China’s Ministry of Ecology and Environment for the first time categorised decommissioned wind blades and scraps as ‘recyclable waste’ under the revised Industrial Solid Waste Catalogue​[6], thus establishing a legal requirement for recycling and responsible disposal. ‘This literally means that outdated disposal practices like simply dumping and landfilling are no longer allowed. Instead, disposal must now follow the principles of reducing waste volume with the aim to recycle them as resource’, explains Zhang Hui, Deputy Secretary-General of CWSER. Industry associations like CWSER are now pushing for green decommissioning initiatives to standardise responsible disposal practices.

Current available options for recycling wind blade waste reply on mechanical, thermal, and chemical methods to recover resources. Mechanical recycling involves cutting blades into large sections or smaller strips for direct reuse in various applications such as street furniture. Alternatively, the blades can be shredded or ground into fine powder. These processed materials can be used to produce a range of composites products such as industrial pallets, panels, construction templates and more.​[7] Thermal (pyrolysis) treatment involves heating the composite materials under high temperature in oxygen-free conditions to break down the resin into gases and oils, which can be recycled separately. However, this method is energy-intensive and costly. Chemical (solvolysis) recycling uses solvents to break the matrix bonds under certain conditions, so that fibers and resins can be retrieved separately without significantly damaging their mechanical properties. 

‘At the moment, physical recycling is the most economically competitive method that is ready and proven profitable in real-world projects in China,’ says Li Huajie, general manager of ZAECOTECH​[8], a Chinese recycling firm specialising in mechanical recycling system and solutions for wind turbine blades. ‘Pyrolysis and chemical approaches are also promising, but the overall investment and running costs are much higher. Currently, these projects remain at the laboratory or demonstration stage in limited numbers, and are struggling to attract investment at the current available waste volume.’ 

As for solvolysis method, which is at a relative low level of technology readiness (TRL), it is widely acknowledged that its adoption will largely depend on the implementation of green design in next-generation recyclable wind turbines. However, the reality is that, with fierce price competition in generation projects, turbine and blade manufacturers have limited incentives to invest in R&D and scale up the production of recyclable blades. 

Currently, there are only about ten companies in China capable of handling large-scale wind turbine blade recycling​[9]. Most recyclers are still in the early stages of getting their technologies ready or testing them in small-scale projects. 

While various technical routes are being tested to cure the wind turbine blade conundrum, most companies are resorting to co-firing in power plants. ‘Sending these materials to incineration does relieve waste management pressures, but the opportunity is missed to transform the blade waste into higher value products,’ comments Li Huajie. ‘The best way to approach it is to ensure that the maximal value of the blade material is economically retrieved and truly circulated.’

Sector development: Closing the circular loop

Despite the work to identify green solutions, most decommissioned wind turbine blades have not yet been recycled​[10], and some are simply being quickly dismantled and moved to storage faciclities without reaching a proper recycling deal. One of the key reasons behind this is the information gap between asset owners and the downstream market: on the one hand, the companies that are trying to dispose these retired wind blades struggle to find suitable buyers for the recycled materials. On the other hand, potential buyers in the downstream markets are not fully aware of the availability of these recycled blade materials and of how they can be used in their own businesses.

In addition to market acceptance issues, wind turbine blade recyclers face profitability hurdles driven by high recycling costs, logistical challenges, the low value of the recycled material, and a lengthy recycling process that exposes recyclers to bulk commodity market price fluctuations.​[11] Together, these challenges reduce the incentive to invest in recycling capacity. Currently, China’s blade recycling businesses still rely on disposal fees from wind farm owners to subsidise the dismantling and processing costs. Recyclers report that these fees — which can range from a few hundred RMB to RMB 2 000 per tonne — often fail to cover their operating costs. However, according to Cheng, there have already been at least two cases where recyclers accepted zero disposal fees, indicating that downstream recycled products can generate enough revenue not only to cover initial processing costs but also to yield a profit. As the saying goes, ‘one man's trash is another man's treasure’.

Cheng emphasises that bridging the information gap and fostering cross-sector collaboration are crucial for identifying practical applications for recycled wind turbine blade materials. ‘Sometimes making the business work depends on downstream application creativity. As long as the recycled material is cost competitive with virgin material, even a niche market can thrive.’

Innovative business models are crucial for a successful recycling economy. As the responsible parties and asset owners, wind power generation companies are key when it comes to closing the circular loop for wind turbines: they are the crucial link in overseeing the whole process, including installation, operation, upgrading, and decommissioning, and are therefore well positioned to assess optimal end-of-life treatment strategies from a full lifecycle perspective, and thus easy to regulate. This central role also streamlines regulation. 

Cheng suggests drawing inspiration from the home appliance sector’s ‘trade-in plus buyback’​[12] model, which could help the wind sector build a healthier recycling ecosystem, transforming burdens into opportunities. This model can not only create new revenue streams for the manufactures, through recycling and repurposing decommissioned turbines, but can also lead to more affordable turbine upgrades, while preventing substandard end-of-life treatment and disposal.

The recycling ecosystem has received a further boost with the establishment of the state-backed China Resources Recycling Group in 2024. The group has been tasked with establishing recycling networks across the country and operating a national platform for resource recycling. On 22 April 2025, a subsidiary company was launched in Nanjing, specifically dedicated to recycling and repurposing new energy devices such as wind turbines, solar panels, and batteries​[13]. ‘This move will attract businesses across the entire value chain,’ notes Li Huajie. ‘With its strong capability to mobilise diverse resources, the group can potentially break down barriers between industries like energy, construction, transportation, and consumer products. This will unlock more cross-sector business opportunities to collectively develop practical solutions for recycled materials, and drive progress toward a more circular economy.’ 

Collaboration is key to unlock a circular economy

It would be wrong for wind turbines, which generate green power throughout their lives, to become environmental burdens in their afterlives. The answer to this challenge lies in building a healthy ecosystem and truly harnessing the maximum value of recycled materials. In face of the coming wave of wind turbine decommissioning, Cheng Gangqi advises companies and local governments to plan rationally to invest in recycling facilities. Uncoordinated investment, he believes, could risk turning the ‘blue ocean’ market into a competitive ‘red ocean’. ‘No single company can handle the recycling of all materials on its own. It is only through collaborative efforts from all parties and cross-sector cooperation that we can truly transform the wind turbine wastage from an environmental burden into a real goldmine.’

This article will be followed by a second piece on tackling the shared wind blade recycling challenges, focusing on technological innovation and application cases from the EU and China.

By Daisy Chi
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5.  ​Should AI change the way we think about the energy system?
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The energy system is just that—a system of interconnected parts. When looking at a system, most people find it easier to think about the component parts than the connections between them. Yet the connections often drive the behaviour of the system. A rainforest is not just trees and animals—it is also the food chains, water cycles, and symbiotic relationships that keep it going. The same is true of the energy system.

AI will increasingly connect parts of the energy system that have not been strongly connected before. This will change the way the system behaves—for the better in some cases, and for worse in others. To account for this, we need to update how we think about the energy system. This article outlines three ways AI will influence energy system complexity and proposes changes to the sector’s mental models that may be required as a result.

AI means small things matter

The first connection that AI enables is between numerous small assets across the system. As the energy system becomes more decentralized, moving from large power stations to distributed generation and flexible demand, it is faced with the need to coordinate the control of millions of small assets. AI enables the aggregation of these small assets—e.g. electric vehicles (EVs) and heat pumps—so they behave in a coordinated manner. This allows operators to treat them conceptually as a single large asset and continue dispatching as they always have.

Except they can’t. Aggregates of many small assets have different physical and statistical properties to large assets, as well as emergent behaviours. They are geographically dispersed. Their performance can’t be measured as effectively using standard metering. There is less guarantee the asset will perform similarly to how it has in the past. We desperately want to hold onto our existing ways of operating by treating them like virtual power plants, but that is probably not the best way to manage them.

Instead, we should be shifting our way of thinking to take advantage of the strengths of an AI-driven aggregation approach: its fluidity and ability to optimize at multiple levels. The system no longer has a few big levers that do exactly what you expect; instead it has thousands of dials that are less precise individually but can give much more fine-grained control in combination. AI can be incredibly powerful in helping tune those dials to achieve the desired state, but this requires us to shift to thinking at a higher level of abstraction—how do we design and evaluate the goals for the system, rather than try to find combinations that achieve particular goals?

A potential strength of AI-based optimization is that it can be applied simultaneously at multiple levels of granularity, with different objectives. The devices in a home can be optimized together to maximize self-consumption, maintain comfort, and reduce energy costs. The homes in a local area can be optimized to smooth peaks and reduce strain on the distribution network. Imbalances in supply and demand at a regional or national level can be met through combinations of homes, devices, or areas flexing their demand. In practice, it will become impossible to manage so many different devices and objectives without the use of AI. The system will become dependent on automatic optimization in many different parts of the system working well and coordinating to achieve the desired objectives.

The challenge is, how effectively will markets and operators be able to express what is actually required of the system? This is far from trivial. The most difficult part of solving an optimization problem is often formulating the problem and the objectives. The combination of markets that exists today represents our attempt to distil the requirements down into manageable, discrete components that we can put a price on. The fact that so many decisions taken by the control room fall outside of merit order is perhaps an indication that the current market inadequately reflects the true requirements of the system.

To make automated decisions truly optimal, sufficient information about the desired state of the system needs to be provided to the optimizer. Most of the time this will come through price signals, although there may be edge cases (e.g. recovering from a power outage) where price signals will struggle to embed the required information. It is important to consider and plan for those cases—e.g. how the system will prevent EV chargers all reconnecting at once after an outage—but also strive to have price signals that convey as much information about the requirements for the system as possible. This means policymakers need to act to make price signals more granular in time and space. Proposed market reforms, including locational marginal pricing, are an essential step in enabling AI to be able to help optimize the energy system.

AI will change how markets operate

In fact, markets are the second area where AI increases connection. Historically, developing an optimal strategy for participating across the different markets in the energy sector has been limited by the ability of a small number of experts to model different markets and make trading decisions. Where the number of possible actions is extremely large (for example charging and discharging battery storage in multiple markets), strategies have necessarily been constrained by human ability to weigh up many different potential outcomes. Participants have therefore often specialized in one or two different markets, with relatively stable strategies.

The introduction of reinforcement learning (RL) for cross-market optimization is starting to change that. ​[14]Particularly in the gridscale battery operation, organizations are starting to use RL to develop optimal strategies that involve participating in many different markets simultaneously.

This is an obvious opportunity for AI to reduce costs for consumers. By optimizing across multiple markets, batteries can be charged when there is plentiful power and discharged when they are most needed. Other generation and storage technologies can benefit from this too.

For the UK to capitalize on this opportunity requires two things: strong research and development in RL for power systems, and market structures that benefit from cross-market optimization. The UK is making some progress on the former (though we should lean into it more strongly), but the latter is more challenging UK energy markets were not originally designed with such extensive interconnectivity in mind. Assets shifting quickly between markets has sometimes been seen as problematic—it could lead to unexpectedly low liquidity in a market—and as a result, barriers to participating in multiple markets have often been erected (or at least paths to doing so have not been smoothed). 

Concern about this risk is reasonable, and AI may exacerbate the risk. Even when given reasonable objectives, AI can be surprisingly effective at exploiting loopholes in how a system is designed to achieve those objectives.​[15] While identifying regulatory loopholes and grey areas has historically required a significant degree of human intent, the use of AI agents makes the unintentional discovery (and exploitation) of these more likely to occur. From a regulatory perspective, this may make distinguishing between legitimate optimization and market manipulation more challenging. If market mechanisms start creaking at the seams, it certainly places the regulator in the difficult position of having to stay on top of new problems that are arising whilst also working to redesign markets to be more robust.

However, enabling cross-market optimization is ultimately in the long-term interests of the sector. Cross-market optimization allows multiple price signals to be considered by AI algorithms and therefore more information about the system requirements to be included in decisions. This will enable assets to be deployed most effectively and the overall costs of operating the system to be reduced.

AI could introduce more complex failures

The third element of connection that is introduced by AI is connected failures. This could present in a number of ways. A decentralized system with many different parties controlling assets using AI introduces the potential for interactions between AI systems to lead to undesirable behaviours. At the simplest level this could involve multiple algorithms with competing objectivesvying for control of devices in a home. For example, a heat pump that is trying to maximize efficiency by running continuously at low power might be turned up and down repeatedly by an aggregator to provide flexibility services to the grid, with no understanding of the impact of that on the heat pump control algorithm.

At a larger scale, control algorithms for multiple aggregators could synchronize, driving rapid changes in demand over very short time periods. An Energy Systems Catapult project (Resilient Electric Vehicle Charging) explored this for EVs, and found that current approaches to EV charging will present several risks to grid security as EV penetration grows. Similarly, monitoring of early adopters in Energy System Catapult’s Living Lab already shows a large overnight peak occurring around 12:30 a.m. when many EV tariffs have the cheapest rates. While mandated randomization of start times can help soften load steps, the volume of price-driven demand could still result in rapid multi-GW ramps in a few years’ time. Even more seriously, it is possible that when the system experiences rare events or data outages, individual AI systems may respond in ways that combine to worsen the situation.​[16] For example, they may drive a reinforcing feedback loop that accelerates the system towards instability or failure. Similar instances have been observed in other sectors. In aviation, two Boeing 737 Max crashes were attributed to issues with automated flight controls, where erroneous sensor data led to the algorithm repeatedly putting the plane into a dive that pilots were unable to override. In finance, the 2010 flash crash of the US stock market, in which the Dow Jones plunged 9 per cent in minutes before mostly recovering, was exacerbated by high-frequency algorithmic traders selling aggressively in response to falling prices. The stock market was able to recover rapidly because of its purely digital nature, but the physical power system would not bounce back as easily after a crash.

This poses a particular challenge from a governance perspective. Much of the focus on AI governance and AI assurance is at an organizational level. However, in a highly connected system like the energy system, many of the risks may arise from interactions and therefore may be very difficult for a single organization to identify and manage. The sector needs to consider how to manage these system-wide risks collaboratively. To address this, AI guidance from Ofgem (the UK Office of Gas and Electricity Markets)needs to ensure that organizations consider the potential interactions of their AI systems with other systems. Ofgem and the National Energy System Operator should also take responsibility for monitoring AI interaction risks, and provide organizations with the capability for system-wide stress testing that involves multiple AI agents.

Large, heavily regulated energy sector organizations like the networks have a strong safety culture and are generally well incentivized to be thorough in their safety testing of AI for control systems (though Boeing provides a cautionary example).

However, it is important to recognize that the non-deterministic (and often less interpretable) nature of AI systems means that existing approaches to safety testing information technology systems may have blind spots (e.g. data drift) that mean new approaches to safety testing are needed.

Equally important is the fact that newer organizations in the sector (e.g. aggregators) are likely to be faster to adopt AI for control systems, have a less established safety culture or awareness of system-level risks, and have incentives to ‘move fast and break things’. As AI-aided decentralization progresses, it is likely that much more of both the opportunities and risks to system stability from AI will rest with organizations that are outside the regulator’s core focus. To both grasp the opportunities and manage the risks, we need to fundamentally shift our mindset from one of centralized control to one of distributed coordination and optimization.

How our thinking and actions need to change

AI is connecting different parts of the energy system. As a result, we can no longer simplify and ignore assets, organizations, or interactions that were negligible in the past. Instead, we need to give much greater thought to the second-order effects that arise from interactions, and how these can be beneficial or problematic. As a sector, we need to get much better at thinking in the

following ways.

The edge as the core

We need to think about domestic assets and the organizations that design and operate them as much more core to the energy system. We need to become very effective at designing resilience, risk management, and control from the edge inwards, rather than from the centre out.

To help achieve this we should be drawing in talent and perspectives from sectors that have already undergone this transition(e.g. telecommunications) or are intrinsically decentralized (e.g. peer-to-peer software).

Policymakers and regulators need to actively consider how their structure and playbooks might need to evolve to keep pace with the changing shape of the sector.

Dynamic rather than static

We need to intentionally train ourselves out of thinking of operating the system as choosing between a relatively manageable number of largely consistent options. We need to resist the temptation to keep trying to wrestle an increasingly complex system into that same paradigm.

Instead, we need to vastly improve our ability to be conceptualizing and evaluating new combinations and aggregations that meet system needs in near real-time. We need to lean into (and invest in) both AI-based systems that help identify and implement novel options, and decision-making processes and markets that allow us to capitalize on those opportunities.

Clarity of objectives

We need to improve our ability to express the goals and objectives of the energy system (and its different components) in effective, consistent, interoperable (and ideally machine-readable) ways. This is essential to enable the effective design of both markets and AI systems.

Achieving this will require valuing and training people to be experts at conceptualizing and specifying objectives at different levels of detail. It will also require increasingly cross-disciplinary work, with software and AI developers needing to work with not just engineers but also policy experts, ethicists, and many others who bring perspectives that are essential in defining robust objectives.

Concluding thoughts

Unlike in many other sectors, AI is not driving the transformation of the energy sector—the sector was already mid-transformation. 

However, AI does change how the system can, and will, be operated. As is so often the case, our ability to leverage the power of a new technology is going to be shaped not by the technology itself, but by our ability to change the way we, as individuals, organizations, and society, think. We need to be proactive in equipping ourselves with the ways of thinking that will be most valuable in wielding AI as a tool for a decentralized, decarbonized energy system.

By Sam Young

Republished with permission from Oxford Energy Forum.
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6.  Three facts that show how solar and wind strengthen energy security
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With three-quarters of the world in fossil-importing countries, new data from Ember shows that solar and wind have reached the price and scale to significantly displace fossil fuels and boost energy independence.

Ember has calculated three new facts that demonstrate the extent of the world’s population relying on imported fossil fuels, highlighting how one-off investments in clean energy can reduce the flow of fossil imports and show the scale at which solar and wind can already replace imported fossil fuels.

Fact 1: 74% of the global population lives in countries that are net importers of fossil fuels

According to the new calculations made using IEA Energy Balances Data for 2022, Ember estimates that 74% of the world’s population lives in countries that are dependent on fossil fuels from other countries. 

This is slightly less than previous historic research from 2018, when it was reported that 80% of the global population lived in countries that were net fossil fuel importers. The shift is largely due to the US, which had long been a net importer but became a net exporter in 2019. Today, the US not only exports fossil fuels, but also aims to expand its exports in the coming years. Just 12 countries supply 80% of net fossil fuel exports.

Many countries rely on fossil fuel imports for the vast majority of their overall energy needs, including Japan (87%), Korea (81%), Türkiye (69%) and Germany (67%). In comparison, China has kept its import reliance relatively low to 21% of its energy needs by relying on domestic coal and clean electricity – and simultaneously electrifying its economy – to avoid increasing its import dependency on oil and gas.

[image: 1749003464181]

Fact 2: The import cost of a solar panel ‘pays back’ in just one year, compared to the import cost of burning gas in a power plant

Importing one gigawatt of solar panels costs USD 100 million, based on the 2024 average global price of USD 0.1 per watt. At a 17% utilisation rate, this would generate 1.5 TWh of electricity per year. 

Similarly, importing gas to generate the same amount of electricity (1.5 TWh) in one year also costs USD 100 million. That’s based on the average international LNG price of USD 11 per million BTU in 2024 and assuming a 55% efficiency when burned in a gas power plant.  

However, while solar panels require a one-off import cost, importing fossil fuels is a recurring expense for countries. In 2024, USD 100m of solar panels could save USD 100m of gas imports in the first year, creating an ‘import payback’ within just one year. Over a 30-year lifespan of solar panels, this could result in savings equivalent to 30 years of gas import costs at 2024 prices. 

[image: 1749003520890]

There are, of course, additional costs involved in installing solar panels, beyond just the cost of the panel itself. According to IRENA estimates from 2023, these additional expenses — such as labour, land and financing costs – can add up to around USD 0.50 per watt of solar panel costs. Many countries are investing in domestic battery manufacturing to avoid future dependence on imports.

Fact 3: The world is already producing enough solar and wind electricity that – if used in electric vehicles – would displace all of the world’s gasoline consumption

Electrification of the global energy economy will require a lot more clean electricity – and clean electricity is already being built at a scale able to meet this challenge. 

In 2024, global motor gasoline demand was 27.25 million barrels per day, equal to 14,042 terawatt hours (TWh) of energy. However, because internal combustion engines are only about 24% efficient, only a small portion of that energy was usable – 3,370 TWh.

Global solar and wind generation reached 4,625 TWh in 2024. Electric cars, which are about 84% efficient — far more than internal combustion engines – can convert this energy more effectively. While there is no ‘standard’ efficiency for gasoline and electric cars, we take the midpoint cited by the IEA.

Therefore, if the entire output of wind and solar were used in running electric cars, it would generate around 3,886 TWh of usable energy. This means solar and wind could already generate enough electricity to replace the global gasoline demand from motor vehicles – if the global gasoline vehicle fleet were all electric. This reflects that solar and wind are now mainstream technologies, which have the capacity to replace fossil fuels at scale, not just in the power sector but also in the transport sector and across the entire energy economy.

[image: 1749003585764]

Solar and wind are on a fast upward path, having tripled in just the last seven years, meeting 15% of global electricity generation in 2024. The growth of electric cars is just getting started – the IEA’s 2024 World Energy Outlook showed electricity demand from electric vehicles is projected to rise from 115 TWh today to around 1000 TWh by 2030 in the Stated Policies Scenario.

The fact that wind and solar already generate enough energy to replace global gasoline demand underscores their potential to displace fossil fuels at scale—not just in electricity, but across the entire energy system. As clean electricity and electric vehicles continue to scale rapidly, the world has a clear opportunity to increase energy independence and bring down energy costs.

‘Fossil fuels are like renting a home, renewables are like owning one. The difference is simple: with fossil fuels you keep paying, prices are out of your control and the landlord can end the contract when they like. Renewables are an upfront investment, but provide long-term stability and independence. While clean energy infrastructure may require initial investment, it frees nations from volatile fuel imports and recurring costs, unlike fossil fuels, which are a permanent economic drain that keeps you dependent on an external force.' 

By Dave Jones

‍Global Insights Programme Director at Ember

Republished from Ember under a Creative Commons Attribution Licence (CC-BY-4.0).
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7.  Featured publication
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Flexibility in the Energy Sector
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This report from the Centre on Regulation in Europe (CERRE) addresses the crucial need to understand energy system flexibility in Europe, with flexibility needs expected to double by 2030 and triple by 2050. The report combines theoretical concepts with real-world case studies from Denmark, Germany, the US, Australia, Sweden, Italy, Canada, Spain, and the UK. It evaluates the EU regulatory framework on energy system flexibility and concludes that it is adequate in theory but unequally implemented in Member States. Adopting a whole-system view that encompasses all energy carriers, the report identifies five key enablers of flexibility: cooperation between TSOs and DSOs in energy grids, aggregators managing distributed resources; local flexibility markets; collective self-consumption via prosumer networks and energy communities, and digitalisation. Additionally, the report provides six policy recommendations to enable flexibility across the energy system.

More+

Making the most of green electricity
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This report from Germany’s Consentec GmbH, prepared for Agora Energiewende, addresses the challenge of integrating renewable energy into Europe's power system. Despite progress in decarbonisation, issues that include the growing volumes of unused renewable electricity and negative power market prices highlight the need for greater system flexibility. In response, the EU has introduced Flexibility Needs Assessments (FNAs) as a strategic reporting obligation, requiring Member States to identify the flexibility needed to integrate renewables efficiently while maintaining system stability and reducing fossil fuel use. The report explores key principles for identifying flexibility gaps in the power system and offers recommendations for an effective FNA methodology to maximise the use of decarbonised electricity while ensuring cost-efficiency.

More+

A roadmap for cost-reflective electricity network tariffs in the EU
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Traditional flat volumetric tariffs are not cost-reflective and do not incentivise consumers to spread their electricity usage over time, leading to inefficient grid investments and barriers to electrification (such as higher costs for EVs and heat pump installation). A new report by Smart Energy Europe (smartEn) and FTI Consulting proposes transitioning to cost-reflective tariffs such as capacity-based, time-of-use, dynamic volumetric tariffs which can better align consumer behaviour with grid costs, and so reduce peak demand and network costs as electrification levels increase. The report evaluates four different network tariff designs (from least to most cost-reflective) and proposes a roadmap for transitioning to more cost-reflective tariffs, taking into account the state of electrification and grid infrastructure in different EU Member States. The report provides practical guidance for policymakers on how to design and implement cost-reflective tariffs based on local conditions and the level of electrification.

More+

Making the EU electricity grid fit for net-zero emissions
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The EU must modernise its electricity grid if it is to meet its 2050 climate goals, according to the European Court of Auditors’ (ECA) Review 01/2025. Taking a comprehensive look at the state of Europe’s electricity infrastructure, the authors point out that the EU’s ageing power grid is ill-prepared for rising electrification. Achieving net-zero requires EUR 2 trillion in grid investments, far exceeding current levels of investment, although flexibility solutions such as demand response, energy storage and smart grids could reduce grid costs and congestion. Slow permitting, complex planning, equipment shortages, and labour gaps are delaying grid expansion. The report urges reforms to regulatory/financial frameworks to enable operator investments while protecting consumers from rising costs. The authors call for EU-wide coordination, localised innovation, and flexible energy systems supported by clear regulation and strategic funding in order to align with net-zero ambitions. 

More+

Bridge, 2025 brochure
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Construction of a smart and integrated energy system is central to the global energy transformation that is under way. Research and innovation, followed by an effective deployment of the novel solutions, play a foundational role in unlocking the full potential of smart grids. ​This EU BRIDGE brochure details 202 (123 ongoing) innovative projects funded by Horizon 2020 and Horizon Europe, focusing on smart grids, energy storage, islands, and digitalisation. The BRIDGE projects cover a wide variety of innovative technologies and services, addressing diverse challenges across multiple sectors. These technologies and services have been organised into six primary categories: consumer technologies, grid technologies, large scale storage technologies, distributed storage technologies, generation technologies, market-based and other technologies and services. The brochure contains detailed fact sheets about each ongoing project.

More+
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