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Dear all,

Happy New Year, and welcome to the February 2026 issue of the EU-China Energy Magazine. As we step into the Year of the Horse - a symbol of energy, speed, and persistence - I would like to extend my warmest greetings to all our colleagues and partners. May this year bring a swift pace to our shared energy transition and a galloping success to our collaborative efforts!

This issue arrives at a pivotal moment, as China prepares to publish its 15th Five-Year Plan (2026–2030) this March. We explore five critical climate questions that will help us understand how clean-energy targets might be upgraded or whether an absolute cap on coal consumption is finally on the horizon. On the European side, we dive into the new Grids Package. With electricity grids increasingly identified as the primary bottleneck to the energy transition, we examine whether new legislative initiatives have the power to accelerate the build-out of cross-border connections and to reform permitting processes in time to avoid a climate catastrophe.

Our featured articles this month also highlight the practical ‘how-to’ of the transition, beginning with a look at industrial transformation. We examine how industrial clusters, such as the Port of Rotterdam and the Chifeng Net Zero Industrial Park, are pooling resources to reduce risks for hard-to-abate sectors. We also consider manufacturing resilience, offering an analysis of Europe’s solid foundation in battery and EV manufacturing, in a challenge to prevailing narratives and a demonstration of the power of stable regulatory signals. Finally, we cover the technical and social dimensions of decarbonisation and affordability, ranging from the competitiveness of electrifying low-temperature industrial heat to the role of "One-Stop Shops" in making energy renovations affordable for EU households.

I hope you find the insights in this issue both pragmatic and full of inspiration for the year ahead. Wishing you a prosperous and energetic Year of the Horse from all of us here at ECECP!

Dr Flora Kan

ECECP Team Leader
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1.  ​ News in brief
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European News

# Policy Initiatives 

EU: Grids Package to modernise grid infrastructure for Energy Transition

On 9 December 2025, the European Commission set out proposals for a ‘European Grids Package’ that is intended to modernise the continent’s energy infrastructure, lower bills, and secure energy independence. The comprehensive set of initiatives aims to integrate fragmented national markets into a cohesive European network through infrastructure planning, accelerated permitting and improved cross-border cost-sharing. To fund the grid infrastructure expansion, the Commission has proposed a five-fold increase in the Connecting Europe Facility (CEF) budget to EUR 29.91 billion for 2028-34. Additionally, eight urgently-needed strategic ‘Energy Highways’ have been identified that will fast-track essential connections, aiming to deliver affordable energy and secure industrial competitiveness.

EU: Commission strengthens the Carbon Border Adjustment Mechanism

On 16 December 2025, the European Commission proposed measures to reinforce the Carbon Border Adjustment Mechanism (CBAM), closing loopholes and preventing circumvention. Responding to industry feedback, the scope of CBAM will expand from 1 January 2028 to cover 180 steel and aluminium-intensive downstream products, such as machinery and appliances. This will ensure that emissions are reduced globally rather than merely relocated to countries with weaker climate policies. To protect EU producers from carbon leakage, a temporary support scheme will be introduced, reimbursing a portion of carbon costs for vulnerable sectors. Additionally, the proposal includes provisions for recognising equivalent carbon pricing in partner countries and simplifying compliance, ensuring a fair and competitive environment as the CBAM adjustment is progressively phased in from 1 January 2026.

EU: Russian gas ban officially comes into force

The European Union has codified its commitment to energy sovereignty with the publication of the REPowerEU gas regulation (EU/2026/261). This historic legislation came into force on 3 February 2026, and mandates a complete phase-out of Russian natural gas imports by 2027. Alongside this gas ban, the Commission released a statement (EU/2026/268) signaling an imminent legislative proposal to ban Russian oil imports. This parallel measure is expected to be tabled in early 2026, with a hard deadline to cease all oil inflows from Russia no later than 2027, so completing the EU’s decoupling from Russian fossil fuels.

North Sea nations pledge enhanced cooperation for offshore wind and hydrogen

At the 2026 North Sea Summit in Hamburg, Ireland, France, Belgium, The Netherlands, Luxembourg, Germany, Denmark, Norway, Iceland and the UK signed the Hamburg Declaration, committing to develop 100 GW of joint offshore wind capacity. This landmark pact aims to mobilize EUR 1 trillion in investment, doubling down on home-grown renewables and hydrogen to secure European energy independence. Key actions include de-risking cross-border grid projects, streamlining permitting, and protecting infrastructure from cyber and physical threats. The agreement targets 300 GW of offshore wind by 2050, potentially saving Europe EUR 70 billion annually in fossil fuel imports, while creating over 91 000 new jobs. Implementation will be coordinated by the North Seas Energy Cooperation (NSEC) group.

Germany launches new EV purchase subsidies 

The German government has introduced a new subsidy programme for electric vehicles (EVs), targeting households with a taxable income under EUR 80 000. Eligible families can receive up to EUR 6 000 for towards hybrid or fully electric cars. The decision to include plug-in hybrids in the scheme has been criticized by environmentalists. The coalition aims to support 800 000 EV purchases over the next three to four years: adoption currently lags well behind Germany’s 2030 target of 15 million vehicles.

# Market & Business 

EU: Buyer phase launched for Hydrogen Mechanism

The European Commission has launched a new phase of the Hydrogen Mechanism (under the EU Energy and Raw Materials Platform), inviting European buyers to review supply offers from over 260 projects before 20 March 2026. The Hydrogen Mechanism connects off-takers with suppliers of renewable and low-carbon hydrogen and derivatives, including ammonia and e-fuels. The buyer phase follows strong supplier participation, with hundreds of hydrogen projects submitting offers. The initiative aims to accelerate hydrogen market development, support industrial decarbonisation, and strengthen Europe’s energy security and competitiveness through coordinated matching of demand and supply.

EU: World first voluntary standard set for permanent carbon removals

The European Commission has adopted the first certification methodologies under the Carbon Removals and Carbon Farming (CRCF) Regulation, marking a major step towards establishing a credible EU framework for permanent removal of carbon from the atmosphere. The new voluntary rules cover three technologically mature pathways—direct air capture with storage (DACCS), biogenic carbon capture and storage (BioCCS), and biochar carbon removal—setting out clear criteria for quantification, permanence, risk management and liability. Designed to address greenwashing concerns, the framework provides long-awaited regulatory clarity to encourage private investment in carbon removal technologies. The first projects are expected to apply for EU certification in the coming months, while additional methodologies for carbon farming and carbon storage in bio-based construction products are due to follow.

EU: Wind and solar overtake fossil fuels in 2025 power mix

For the first time, wind and solar power generated more electricity than fossil fuels in the EU during 2025, according to a new report from energy think tank Ember. The two renewable sources accounted for 30% of the bloc’s electricity, narrowly surpassing fossil fuels at 29%. This milestone was driven by a surge in solar capacity, which grew by over 20% for the fourth consecutive year, and which now supplies 13% of the EU’s power. While gas generation saw a temporary 8% rise due to lower hydropower output, coal collapsed to a historic low of 9.2%. Overall, renewables provided nearly half (48%) of the EU’s electricity, marking a structural shift towards clean energy despite weather-related challenges.

EU: Battery storage market hits new peak in 2025

The EU’s battery energy storage market entered a new phase of maturity in 2025, deploying a record 27.1 GWh of new capacity, a 45% increase from the previous year. According to SolarPower Europe’s EU Battery Storage Market Review 2025, this marks the 12th consecutive year of growth: for the first time, utility-scale installations outpaced the residential sector. Italy led the utility-scale market, followed by a growing merchant sector in Germany. Despite these gains, the report warns that the current pace of development is too slow to meet the EU’s target of 750 GWh of cumulative capacity by 2030. Challenges such as regulatory barriers, grid connection delays and skill shortages continue to hamper deployment across all sectors.

Netherlands: New government pledges CfD scheme for offshore wind

The new Dutch government has announced plans to implement a Contracts for Difference (CfD) scheme to secure 40 GW of offshore wind capacity by 2040. This policy shift follows the failure of the subsidy-free 1 GW Nederwiek 1-A tender in 2025, which attracted no bids. To restore investor confidence, a new 1 GW tender for IJmuiden Ver Gamma-A, backed by state support, is scheduled for September 2026. In parallel, the administration will introduce a Grid Congestion Act to accelerate permitting and allow intervention in stalled projects. The SDE++ renewable subsidy programme will also be expanded, with six additional tender rounds, signalling a renewed commitment to overcoming development delays and grid bottlenecks.

Germany: New instantaneous reserve market opens for storage

Germany has introduced a market-based mechanism for procuring instantaneous reserve. This service, which balances grid frequency within milliseconds of a disturbance, was previously provided inherently by the rotating mass of fossil fuel power plants at no cost. For the first time, inverter-based assets, particularly battery energy storage systems (BESS) with grid-forming technology can compete alongside conventional power plants by offering this service. By opening this market, Germany aims to create new revenue streams for flexibility assets and support grid stability as coal and gas plants are phased out.

# Technology & Innovation 

Finland: First industrial-scale sand-based thermal storage 

Finnish cleantech startup TheStorage has commissioned its first industrial-scale sand-based thermal storage system at a brewery. Installed in January 2026, the pilot converts renewable electricity into heat, allowing the brewery to replace fossil fuels with renewable steam independent of real-time electricity prices. The system circulates sand between insulated silos, heating it to 800°C with electricity before passing it through an external heat exchanger to generate steam with ten times the efficiency of conventional static storage. Scalable from 20 to 500 MWh, the company claims this solution can reduce industrial energy costs by up to 70% and carbon emissions by 90%.

Germany: Startup installs world's first flameless hydrogen heating system

German start-up HYTING has commissioned the world’s first catalytic hydrogen air-heating system at a customer site in Offenbach, marking a practical milestone for hydrogen-based heating. The 10 kW system uses a flameless catalytic process to generate heat with hydrogen and oxygen, producing only water vapour and no carbon emissions, and operates safely below flammable hydrogen concentrations. Integrated with a heat pump, the hybrid setup delivers peak heat efficiently for commercial spaces, offering a potential low-carbon alternative to conventional natural gas heating. 

# Projects & Investments 

EU: 235 cross-border energy projects endorsed to boost interconnectivity

The European Commission has adopted a new list of 235 Projects of Common Interest (PCIs) and Projects of Mutual Interest (PMIs) to bolster cross-border energy infrastructure. This is the second project list under the revised TEN-E Regulation, which prioritises low-carbon and resilient systems to fuel EU’s clean future. The list includes 113 electricity projects essential for integrating renewables, 100 hydrogen and electrolyser initiatives, and 17 carbon transport projects. These developments are crucial for meeting the EU's 2040 climate goals, which require an estimated EUR 1.5 trillion investment in energy grids. The selected projects will benefit from accelerated permitting and eligibility for Connecting Europe Facility (CEF) funding, reinforcing the EU's drive toward a decarbonised and secure Energy Union.

EU: Six renewable hydrogen projects secure EUR 270 million from Innovation Fund

Six projects selected under the EU’s 2024 Innovation Fund hydrogen auction have signed grant agreements, securing EUR 270.6 million to scale up renewable hydrogen production. The projects, located in Spain, Finland and Norway, will install over 380 MW of electrolyser capacity and are expected to produce around 500 kilotonnes of renewable hydrogen over ten years. Two projects will supply hydrogen to the shipping industry. Funded through EU Emissions Trading System revenues, the scheme helps bridge the cost gap between renewable hydrogen production and market prices, supporting decarbonisation in hard-to-abate sectors such as chemicals, shipping and heavy transport, while cutting an estimated 3.4 million tonnes of CO₂ emissions.

EU: EUR 650 million to bolster cross-border energy infrastructure

The European Commission has approved nearly EUR 650 million in grants under the Connecting Europe Facility (CEF) to support 14 cross-border energy infrastructure projects, strengthening EU energy security and renewable integration. Around EUR 470 million will go to electricity infrastructure, including pumped-storage hydropower, smart grids, and measures to improve the cyber and physical resilience of critical infrastructure in the Baltic region. About EUR 176 million is allocated to hydrogen projects, largely for preparatory studies, with one flagship hydrogen storage project in Germany receiving the first-ever CEF funding for hydrogen construction works. The next CEF call for proposals for energy infrastructure is planned for the second quarter of 2026.

EU: EUR 3 billion boost for decarbonisation of buildings and road transport 

The European Commission and the European Investment Bank (EIB) has launched the ETS2 Frontloading Facility, unlocking EUR 3 billion to accelerate decarbonisation in buildings and road transport. This funding allows Member States to pre-finance clean energy programmes such as cleaner heating, energy efficiency upgrades, and zero-emission mobility, before the new emissions trading system (ETS2) officially begins in 2028. Targeting a socially fair transition, the initiative supports low- and middle-income households by making green solutions more affordable. It aligns with the Social Climate Fund, funding measures such as heat pump installation and expanded public transport. The facility aims to smooth the implementation of ETS2, ensuring economic efficiency while reducing energy demand and transport costs for citizens.

Germany and Denmark: New agreement for Bornholm Energy Island Offshore Wind Project

Germany and Denmark have reached a formal agreement to jointly develop the Bornholm Energy Island offshore wind project in the Baltic Sea, a key delivery of the EU’s new Energy Highways initiative under the European Grids Package. The project will link around 3 GW of offshore wind capacity to both countries’ grids, transforming offshore wind into a shared European energy resource. Prioritised as a PCI project, the development is backed by a EUR 645 million grant from the EU’s Connecting Europe Facility. The agreement marks an important step forward in the construction of cross-border infrastructure to ensure secure, clean, and affordable energy across Europe.

China News

# Policy Initiatives

New guidance to boost power grid development and renewable integration

China has released new guidance in support of its power grid, which will support large-scale renewable integration, ensure system security, and underpin a unified national electricity market. By 2030, the country aims to establish a new grid platform centred on backbone transmission and distribution networks, complemented by smart microgrids. Targets include expanding west-to-east power transmission capacity beyond 420 GW, adding around 40 GW of interprovincial balancing capacity, enabling renewables to supply about 30% of power generation, and accommodating up to 900 GW of distributed energy. The roadmap includes grid support for over 40 million charging points. By 2035, closer coordination across transmission, distribution and microgrid systems, stronger safety governance, and fully digitalised, smart grid assets are expected to underpin the stable operation of China’s new power system.

Capacity pricing framework launched for grid-scale storage

China has launched a new capacity pricing mechanism for grid-scale energy storage, linking fixed-cost availability payments to existing coal power capacity price benchmarks. This policy allows standalone grid storage projects (rather than renewable co-located assets) to be paid for their availability to support system reliability, rather than just for energy delivered. Pricing is based on the storage system’s ability to discharge continuously and support the system’s highest load peaks, reflecting its true contribution to peak demand. The mechanism provides more accurate financial signals, potentially accelerating investment in storage. Qualifying standalone grid-scale storage projects can now be included in the framework on a project list basis, allowing them to secure payments on an equal footing with traditional power plants. Implementation details will be determined by provincial authorities.

New guidelines to establish energy meteorological service system

The China Meteorological Administration (CMA) and the National Energy Administration (NEA) have jointly issued guidelines to establish an energy meteorological service system by 2027, covering energy planning, resource forecasting, disaster prevention and power market operations. It outlines 20 specific tasks to enhance meteorological service capabilities across the full energy supply chain, from production, supply and storage, to sales. In its call for stronger use of digital technologies and sector coupling, the policy highlights the role of meteorological data as a crucial factor for energy security and power grid reliability, with a focus on improving weather services for hydropower, wind and solar generation. 

Zero-Carbon Factory Initiative to boost industrial decarbonisation 

Five ministries have jointly issued a new guideline to promote the development of zero-carbon factories, aiming to accelerate industrial decarbonisation and green transformation. The initiative will be rolled out in phases, starting with industries that rely mainly on electricity and face lower decarbonisation barriers. From 2026, pilot zero-carbon factories will be selected to set benchmarks, with expansion by 2027 into sectors such as electric vehicles, batteries, photovoltaics, electronics, and data centres. By 2030, the programme will extend to harder-to-abate industries including steel, chemicals, and building materials, exploring new pathways for deep industrial decarbonisation. The guidelines outline key implementation pillars, including scientific carbon accounting, increasing renewable energy use, efficiency upgrades and implementing digital management systems to drive the industrial green transition.

New guidelines to promote industrial green microgrids

China has issued new guidelines to accelerate the development of industrial green microgrids, aiming to bolster green electricity consumption and drive decarbonisation in key industries. The plan requires newly built renewable power projects at industrial enterprises and parks to ensure at least 60% of their electricity is consumed locally or in close proximity. While over 300 microgrid projects are currently in operation, the sector remains largely in a pilot phase. The guidelines aim to scale up applications by prioritising advanced technologies, including high-efficiency water electrolysis for hydrogen production, fuel cell generation, and integrated wind-solar hydrogen systems, while establishing unified technical standards and market mechanisms.

Ambitious target for 15 GW solar thermal power by 2030

China has released a policy roadmap to scale up solar thermal power (CSP), targeting around 15 GW of installed capacity by 2030, with costs broadly comparable to coal-fired generation. The policy highlights the benefits of solar thermal as a flexible peaking resource and long-duration energy storage, supporting grid stability in the new power system. The roadmap promotes faster project development, and integrated deployment with wind and solar PV and energy-intensive industries to improve local renewable consumption. The guidance also calls for solar thermal to participate in power markets: eligible projects can be paid if they offer reliable storage capacity, helping diversify revenue streams. 

Stricter EV battery recycling rules to apply from April 2026

China has introduced tighter regulations on electric vehicle (EV) battery recycling that will come into force on 1 April 2026. Car manufacturers and battery producers must establish robust recycling systems, improve collection rates, and track batteries throughout their lifecycle via national digital systems to support reuse, remanufacturing, and resource recovery. The rules also require batteries to remain with vehicles at scrapping, preventing illegal disposal. Firms must submit detailed technical data, strengthening lifecycle oversight and ensuring environmentally responsible management of used EV batteries.

# Market & Business

Wind and solar capacity tops 1.8 TW in 2025, extending lead over fossil power

China’s combined wind and solar installed capacity reached 1 840 GW at the end of 2025, widening the gap with thermal power to nearly 300 GW. Solar capacity surged 35% to 1 200 GW, while wind climbed 23% to 640 GW, together accounting for over 47% of the country’s total power capacity. Renewable capacity first surpassed thermal power in the first quarter of 2025. The country added a record 434 GW of wind and solar in 2025 alone, solidifying its role as the world’s largest renewable energy market. Global wind and PV costs have fallen 60% and 80% respectively over the last decade.

New corporate climate reporting standard

China has issued its first national corporate climate reporting standard, designed to encourage companies to disclose climate-related risks, opportunities, governance and impacts in a consistent way. The document is aligned with the International Financial Reporting Standards (IFRS) climate disclosure framework, making it easier for firms to report under global norms while reflecting China’s policy context. While initially optional, the standard is intended to become mandatory, expanding from listed to non-listed companies and from qualitative to quantitative requirements. Specific guidelines for high-impact industries such as power, steel, and cement are under development, and will help create a comprehensive system that supports China's ‘dual carbon’ goals and combats greenwashing.

Carbon footprint reporting for NEV batteries starts in 2026

China’s Ministry of Industry and Information Technology (MIIT) has launched a pilot program requiring manufacturers of new energy vehicle (NEV) power batteries to report product carbon footprints starting in 2026, with full reporting expected in 2027. Manufacturers must calculate lifecycle emissions per unit of power output across four stages: material acquisition, production, distribution, and recycling. By establishing a transparent, standardised reporting system, Beijing is seeking to align China's battery industry with international standards, particularly the EU’s stringent battery regulations, so protecting the competitiveness of its battery exports.

China lowers battery scrap import duty to aid recycling sector

China has lowered import tariffs for some battery scrap in a fresh bid to support its recycling industry. Black mass, produced from spent lithium-ion batteries, is one of a broad list of items on which duty has been reduced to 3% from 6.5% from 1 January 2026. The move follows Beijing’s decision to relax restrictions on such imports from August 2025, in an effort to supply more feedstock to recyclers grappling with overcapacity and to diversify from mined resources.

China to scrap export tax rebates for photovoltaic and battery products

China’s Ministry of Finance and State Taxation Administration has announced a significant reduction in export tax rebates for photovoltaic (PV) and battery products, aiming to stabilise export prices and mitigate trade friction. Effective 1 April 2026, the export tax rebate for PV products will be fully cancelled. The rebate rate for battery products will be reduced from 9% to 6% on 1 April 2026, before being completely eliminated on 1 January 2027. The China Photovoltaic Industry Association welcomed the move, stating it will help restore rational pricing in international markets and prevent ‘involution-style’ competition (harmful internal price wars) that has eroded industry profits.

China’s transformer exports surge in wake of global shortage

China recorded a sharp rise in power transformer exports in 2025, benefiting from global grid constraints driven by data centre expansion and accelerating electrification. Customs data show exports reached a record CNY 64.6 billion, up 36% year-on-year, as shortages push up prices worldwide. Chinese manufacturers are benefiting from overseas grid modernisation and strong domestic investment in renewables-heavy transmission networks. Global grid investment exceeded USD 480 billion in 2025, while transformer prices and lead times have roughly doubled since 2021, reflecting persistent supply pressures.

# Technology & Innovation

SPIC launches ‘Chuno’ battery system for long-duration storage

China’s State Power Investment Corp (SPIC) has launched the world’s first ultra-high-temperature ‘Carnot battery’ system, known as ‘Chuno’, which couples a heat-pump cycle with a heat-engine cycle to convert electricity into stored heat and cold, then back into electricity on demand. The 1 MW / 4 MWh pilot system uses air as the working fluid in a heat-pump cycle to store electricity as heat at temperatures exceeding 560°C and cold down to -60°C. SPIC claims that it achieves a round-trip (electricity-to-electricity) efficiency of over 65% with no degradation in cycle efficiency across operating conditions, showcasing a long-duration energy storage alternative to conventional lithium ion batteries and compressed air energy storage.

CATL and Changan unveil world's first mass-produced sodium-ion EV

Chinese battery maker CATL and Changan Automobile have jointly unveiled the world's first mass-produced passenger electric vehicle (EV) powered by sodium-ion batteries. The new vehicle, slated for hit the highway by mid-2026, boasts a range of approximately 400 km and addresses the ‘winter anxiety’ common with traditional EVs. CATL reports that the sodium-ion pack could significantly reduce fire risks while improving performance in extreme heat and cold conditions. It delivers triple LFP power at –30°C, maintains a range of over 90% at –40°C, and stays stable even at –50°C. Wider adoption of the technology is planned across multiple EV lines, signaling a potential shift away from lithium-dependent batteries.

Launch of world's largest liquid-air energy storage project

China has commissioned the world’s largest liquid-air energy storage facility, known as the Super Air Power Bank, in the Gobi Desert. Developed by China Green Development Investment Group in partnership with the Chinese Academy of Sciences, the project stores energy by cooling air to extremely low temperatures until it becomes liquid, then releasing it to drive turbines when power is needed. Paired with a large on-site solar project, the facility can charge using renewable electricity and provide long-duration storage. The project highlights China’s push to scale up innovative energy-storage technologies to support renewable integration and grid stability.

Completion of first full-scale underwater pumped storage trial

China Dongfang Research Institute has successfully completed a full-condition trial of its first kilowatt-class underwater pumped storage system ‘Dongchu No. 1,’ operating at a depth of 65 metres in Minhu Lake, Fujian Province. The prototype completed more than 100 continuous submerged charge-discharge cycles, confirming its efficacy in a real aquatic environment. The system uses a sealed, pressure-resistant hollow sphere on the lakebed that acts as a lower reservoir, using hydrostatic pressure to drive a turbine when discharging. The test marks a step forward in exploring alternative long-duration storage solutions for offshore wind farms, and could potentially diversify China’s long-duration storage technology portfolio.

# Projects & Investments

First batch of 52 national zero-carbon industrial parks is unveiled

China has released its first national list of 52 zero-carbon industrial parks, establishing green transformation hubs across all 31 provincial-level regions to accelerate industrial decarbonisation. The parks are intended to cut emissions to near-zero levels (around one-tenth of current averages) through integrated planning, clean energy consumption, digital management and efficiency upgrades, with some allowed to use carbon offsets. Focused on new energy industry clusters and high-value sectors such as new energy equipment manufacturing and data centres, these parks must source at least 50% of their electricity from directly supplied renewable power, supplemented by green power certificate trading. The emphasis is on using green energy to produce green products.

SGCC to invest CNY 4 trillion in power grid upgrades 

China’s State Grid will invest CNY 4 trillion in upgrading the national power grid between 2026 and 2030, a 40% increase from the previous Five-Year Plan. The spending will focus on expanding west-to-east power transmission through ultra-high-voltage (UHV) lines, enabling large-scale delivery of renewable electricity from resource-rich western regions to major eastern demand centres. State Grid aims to add around 200 GW per year of wind and solar capacity, while boosting cross-regional transmission capacity by over 30%. The investments will also strengthen local distribution networks and promote microgrids and off-grid solutions.

Large compressed-air energy storage project enters full implementation

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

Steel maker Baowu lanches 1.5 GW offshore wind-hydrogen project

Through its Baowu Clean Energy subsidiary, China Baowu Iron and Steel Group has officially launched the Baowu Qingneng (Yangjiang) Green Hydrogen Industrial Park in Guangdong Province. The project features 1.5 GW offshore wind capacity directly connected to electrolysers, targeting an output of 80 kt/year of green hydrogen. The industrial park also includes a hydrogen equipment manufacturing base, a solid-state hydrogen storage materials production line, and an R&D centre, allowing for a fully integrated zero-carbon industrial loop linking ‘green power, green hydrogen, and green metallurgy.’ The project is expected to provide a scalable and replicable pathway for decarbonising heavy industries such as steelmaking.
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2.   Grids as the missing link: will the new Grids Package fill the gaps in time?
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Several structural gaps continue to affect Europe’s energy system, and energy transport infrastructures are among the most critical ones. They connect production to consumption, underpin security of supply at all grid levels, and remain essential even in an increasingly decentralised energy system. This strategic role also makes them a priority target for physical and cyberattacks. Despite a prevailing discourse of de-regulation and simplification, cables and pipelines therefore continue to require targeted regulatory incentives.

From targeted initiatives to a comprehensive grids package

On 10 December 2025, the European Commission published its awaited Grids Package, which comes after a series of targeted policy and legislative initiatives.

During the past two years, the European Commission has adopted the REPowerEU and the Electricity Market Reform, which led notably to the revision of the Electricity Regulation and Renewable Energy Directive (RED) providing for the speeding-up of permitting for renewable energy projects, including grid elements. These reforms also strengthened incentives for anticipatory grid investments and clarified forward-looking network planning, notably through a Commission guidance published in June 2025.

The strategic value of offshore grids for the energy transition and security of supply is more apparent than ever. Offshore wind development has further highlighted the need for new, often cross-border and hybrid grid solutions, where cost-allocation and benefit-sharing among Member States remain contentious. The Commission has already responded with guidance on collaborative investment frameworks (June 2024). Several attacks on submarine cables and pipelines have made irrefutable the reality of new threats on energy infrastructures, which prompted the adoption of an EU Action Plan on Cable Security (February 2025).

The Grids Package adopted in December 2025 completes the picture, proposing revisions of existing framework legislation such as the TEN-E Regulation and the Electricity Regulation.

Increase interconnectivity to strengthen European energy system integration

Interconnectivity is central to building resilience, security of supply and solidarity among Member States. Beyond existing tools, such as the Ten-Year Network Development Plan (TYNDP), the 70% rule and the 15% interconnection target, the Grids Package drives further integration by reshaping how cross-border needs are identified and prioritised.

The proposed revision of the TEN-E Regulation aims to strengthen cross-border energy infrastructure planning and speed up permitting, much in line with previous acceleration initiatives under the RED Directive. The selection process itself for Projects of Common Interest (PCI, among EU countries) and Projects of Mutual Interest (PMI, between the EU and third countries) is proposed to be simplified, and a corridor approach is followed with the identification of eight Energy Highways covering electricity, natural gas and hydrogen.

While these measures are seen as quite consensual, one of the most debated elements will be the proposed centralisation of an EU-wide scenario under the responsibility of the European Commission. Based on Member State and stakeholder inputs, this ‘central EU scenario’ would guide ENTSO-E, ENTSO-G and ENNOH in identifying infrastructure needs, and allow the Commission to initiate a ‘gap filling’ process where cross-border capacity is lacking.

Cost allocation and benefit sharing of cross-border projects remains politically sensitive but unavoidable. Without a harmonised EU approach, new interconnection projects risk delay or public opposition due to uneven cost distribution between hosting and benefiting states. The proposed TEN-E Regulation revision therefore reinforces ex-ante cost-allocation obligations (allocation agreements), increases transparency in cost and benefit assessments, proposes voluntary bundling of cross-border PCIs and PMIs to foster cost-sharing discussions, and builds on the use of congestion income for financing cross-border projects.

Grid access regime 2.0

European electricity grids face severe congestion, which slows down the energy transition and hampers further economic development and puts security of supply at risk. So far, connection queues and grid congestion have been subject to varying national mechanisms. The Grids Package comes with a series of recommendations and some fundamental changes.

The package includes European Commission ‘Guidance on timely and efficient grid connections’ focusing on better network planning, improved use of existing assets using network tariffs as regulatory incentives, promotion of connection flexibility and greater transparency on grid hosting capacity. A stronger role for digitalisation will support a better use of the grid and faster grid connection processes, which will be further supported by the upcoming strategic roadmap for digitalisation and AI in energy (2026).  Most importantly, Member States would be allowed to move away from the ‘first-come first-served’ principle towards a ‘first-ready first-served’ approach, marking a clear change in approach compared to current grid connection practice. 

Extending public acceptance and benefit sharing toolboxes to grids

As for any infrastructure project, pipelines and grids bring multiple benefits for society (security of supply, enhanced grid capacity, and price stability), but may also result in public opposition in relation to siting and cost-sharing. The issue is rightly acknowledged by the Commission that proposes applying some of the benefit sharing and public acceptance tools used for renewable energy generation projects, in addition to existing public consultation procedures.

Notably, it is proposed that renewable energy projects over ten MW must share benefits with the local population. Such schemes already exist in certain Member States. Independent facilitators may act to support early dialogue and mediation, thereby reducing the risks of judicial challenges and supporting co-operative development. Finally, the Commission will prepare a practical toolbox on public inclusion in early 2026 which will facilitate the sharing of good practices on how to involve citizens and promote benefits.

All energy carriers should be covered

A striking element of the Grids Package is its implicit reliance on deep electrification. While electricity will certainly play a central role, the limited exploration of alternative or complementary system pathways, including the roles of biogases, heating and cooling, or CO2 networks, raises questions about the robustness of the underlying scenarios and a weaker focus on energy system integration than under previous initiatives.

Old tools, new tools: new governance?

Overall, the Grids Package builds on existing tools, proposing revisions and upgrades of the existing legislative framework rather than introducing entirely new instruments or governance models. This approach reflects the limited appetite for structural reforms and an important implementation backlog as Member States are still working on the transposition of provisions from the 2019 Clean Energy Package, Fit for 55, and Electricity Market Reform. It also relies on the transfer of mechanisms already tested in other parts of the energy sector, such as accelerated permitting rules and public acceptance tools. It does not introduce a new governance model, but it stretches the existing one to its limits. Its success will depend on how effectively it bridges planning, energy security and digitalisation frameworks at a time when infrastructure vulnerabilities and geopolitical risks are growing faster than Europe’s regulatory cycles. A swift and pragmatic approach to implementation by Member States will be instrumental. Closing these gaps in a timely and coherent manner will be critical as Europe faces growing infrastructure vulnerabilities and increasingly complex system integration challenges.

By Catherine Banet

Academic Co-Director and professor at the University of Oslo

Republished with permission from the Centre on Regulation in Europe (CERRE)
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3.   Five key climate questions for China’s next ‘five-year plan’
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China’s central and local governments, as well as state-owned enterprises, are busy preparing for the next five-year planning period, spanning 2026-30.

The top-level 15th five-year plan, due to be published in March 2026, will shape greenhouse gas emissions in China – and globally – for the rest of this decade and beyond.

The targets set under the plan will determine whether China is able to get back on track for its 2030 climate commitments, which were made personally by President Xi Jinping in 2021.

This would require energy sector carbon dioxide (CO2) emissions to fall by 2-6% by 2030, much more than implied by the 2035 target of a 7-10% cut from ‘peak levels’.

The next five-year plan will set the timing and the level of this emissions peak, as well as whether emissions will be allowed to rebound in the short term.

The plan will also affect the pace of clean-energy growth, which has repeatedly beaten previous targets and has become a key driver of the nation’s economy.

Some 250-350 gigawatts (GW) of new wind and solar would be needed each year to meet China’s 2030 commitments, far above the 200GW being targeted.

Finally, the plans will shape China’s transition away from fossil fuels, with key sectors now openly discussing peak years for coal and oil demand, but with 330GW of new coal capacity in the works and more than 500 new chemical industry projects due in the next five years.

These issues come together in five key questions for climate and energy that Chinese policymakers will need to answer in the final five-year plan documents next year.

Five-year plans and their role in China

Five-year plans are an essential part of China’s policymaking, guiding decision-making at government bodies, enterprises and banks. The upcoming 15th five-year plan will cover the years 2026-30, set targets for 2030 and use 2025 as its base year.

The top-level five-year plan will be published in March 2026 and is known as the five-year plan on economic and social development. This overarching document will be followed by dozens of sectoral plans, as well as province- and company-level plans.

The sectoral plans are usually published in the second year of the five-year period, meaning they would be expected in 2027.

There will be five-year plans for the energy sector, the electricity sector, for renewable energy, nuclear, coal and many other sub-sectors, as well as plans for major industrial sectors such as steel, construction materials and chemicals.

It is likely that there will also be a plan for carbon emissions or carbon peaking and a five-year plan for the environment.

During the previous five-year period, the plans of provinces and state-owned enterprises for very large-scale solar and wind projects were particularly important, far exceeding the central government’s targets.

The five-year plans create incentives for provincial governments and ministries by setting quantified targets that they are responsible for meeting. These targets influence the performance evaluations of governors, CEOs and party secretaries.

The plans also designate favoured sectors and projects, directing bank lending, easing permitting and providing an implicit government guarantee for the project developers.

Each plan lists numerous things that should be ‘promoted’, banned or controlled, leaving the precise implementation to different state organs and state-owned enterprises.

Five-year plans can introduce and coordinate national mega-projects, such as the gigantic clean-energy ‘bases’ and associated electricity transmission infrastructure, which were outlined in the previous five-year plan in 2021.

The plans also function as a policy roadmap, assigning the tasks to develop new policies and providing stakeholders with visibility to expected policy developments.

Will the plan put China back on track for its 2030 Paris pledge?

Reducing carbon intensity – the energy-sector carbon dioxide (CO2) emissions per unit of GDP – has been the cornerstone of China’s climate commitments since the 2020 target announced at the 2009 Copenhagen climate conference.

Consequently, the last three five-year plans have included a carbon-intensity target. The next 15th one is highly likely to set a carbon-intensity target too, given that this is the centerpiece of China’s 2030 climate targets.

Moreover, it was president Xi himself who pledged in 2021 that China would reduce its carbon intensity to 65% below 2005 levels by 2030. This was later formalised in China’s 2030 ‘nationally determined contribution’ (NDC) under the Paris Agreement.

Xi also pledged that China would gradually reduce coal consumption during the five-year period up to 2030. However, China is significantly off track to these targets.

China’s CO2 emissions grew more quickly in the early 2020s than they had been before the Coronavirus pandemic, as shown in the figure below. This stems from a surge in energy consumption during and after the ‘zero-Covid’ period, together with a rapid expansion of coal-fired power and the fossil-fuel based chemical industry. as shown in the figure below.

As a result, meeting the 2030 intensity target would require a reduction in CO2 emissions from current levels, with the level of the drop depending on the rate of economic growth.
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Energy sector CO2 emissions, billion tonnes. Black: historical. Blue dashes: pre-Covid trend. Red: path to meeting carbon-intensity targets with 5% GDP growth. Pink: path with 4.2% growth. Sources: Year-to-year change in CO2 emissions calculated from reported GDP growth and CO2 intensity reductions since 2017; earlier figures calculated from reported total energy consumption and energy mix, using CO2 emission factors from China’s latest national GHG emission inventory, for 2021. Absolute emission level for 2021 from the emission inventory, with emissions for other years calculated from year-to-year changes. The path to targets is calculated based on carbon-intensity reduction targets for 2015, 2020 and 2025, together with reported GDP growth. There was no carbon-intensity target for 2006-10, but a 21% reduction was achieved, so the path to targets is set equal to actual emissions. For 2025, CREA projection of 0.5% increase in energy sector CO2 emissions and 5% GDP growth is used. For 2030, two different assumptions about average GDP growth rate in 2026-30 are used, with corresponding maximum CO2 emission level to meet the 2030 carbon-intensity reduction commitment calculated. Pre-Covid trend is the linear best-fit to 2012-19 data.

Xi’s personal imprimatur would make missing these 2030 targets awkward for China, particularly given the country’s carefully cultivated reputation for delivery. On the other hand, meeting them would require much stronger action than initially anticipated.

Recent policy documents and statements, in particular the recommendations of the Central Committee of the Communist Party for the next five-year plan, and the government’s work report for 2025, have put the emphasis on China’s target to peak emissions before 2030 and the new 2035 emission target, which would still allow emissions to increase over the next five-year period. The earlier 2030 commitments risk being buried as inconvenient.

Still, the State Council’s plan for controlling carbon emissions, published in 2024, says that carbon intensity will be a ‘binding indicator’ for the next five-year period, meaning that a target will be included in the top-level plan published in March 2026.

China is only set to achieve a reduction of about 12% in carbon intensity from 2020 to 2025 – a marked slowdown relative to previous periods, as shown in the figure below.

(This is based on reductions reported annually by the National Bureau of Statistics until 2024 and a projected small increase in energy-sector CO2 emissions in 2025. Total CO2 emissions could still fall this year, when the fall in process emissions from cement production is factored in.)

A 12% fall would be far less than the 18% reduction targeted under the 14th five-year plan, as well as falling short of what would be needed to stay on track to the 2030 target.

To make up the shortfall and meet the 2030 intensity target, China would need to set a goal of around 23% in the next five-year plan. As such, this target will be a key test of China’s determination to honour its climate commitments.
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Energy sector CO2 emissions and CO2 intensity reductions by five-year period. Source: Year-to-year change in CO2 emissions calculated from reported GDP growth and CO2 intensity reductions since 2017; earlier figures calculated from reported total energy consumption and energy mix, using CO2 emission factors from China’s latest national GHG emission inventory, for 2021. For 2025, CREA projection of 0.5% increase in energy sector CO2 emissions and 5% GDP growth is used. For 2026-2030, maximum CO2 emission level to meet the 2030 carbon intensity reduction commitment is calculated based on reductions achieved until 2025.

A carbon-intensity target of 23% is likely to receive pushback from some policymakers, as it is much higher than achieved in previous periods. No government or thinktank documents have yet been published with estimates of what the 2030 intensity target would need to be.

In practice, meeting the 2030 carbon intensity target would require reducing CO2 emissions by 2-6% in absolute terms from 2025, assuming a GDP growth rate of 4.2-5.0%.

China needs 4.2% GDP growth over the next decade to achieve Xi’s target of doubling the country’s GDP per capita from 2020 to 2035, a key part of his vision of achieving ‘socialist modernisation’ by 2035, with the target for the next five years likely to be set higher.

Recent high-level policy documents have avoided even mentioning the 2030 intensity target. It is omitted in recommendations of the Central Committee of the Communist Party for the next five-year plan, the foundation on which the plan will be formulated.

Instead, the recommendations emphasised ‘achieving the carbon peak as scheduled’ and ‘promoting the peaking of coal and oil consumption’, which are less demanding.

The environment ministry, in contrast, continues to pledge efforts to meet the carbon intensity target. However, they are not the ones writing the top-level five-year plan.

The failure to meet the 2025 intensity target has been scarcely mentioned in top-level policy discussions. There was no discernible effort to close the gap to the target, even after the midway review of the five-year plan recognised the shortfall.

The State Council published an action plan to get back on track, including a target for reducing carbon intensity in 2024 – albeit one not sufficient to close the shortfall. Yet this plan, in turn, was not followed up with an annual target for 2025.

The government could also devise ways to narrow the gap to the target on paper, through statistical revisions or tweaks to the definition of carbon intensity, as the term has not been defined in China’s NDCs.

Notably, unlike China’s previous NDC, its latest pledge did not include a progress update for carbon intensity. The latest official update sent to the UN only covers the years to 2020.

This leaves some more leeway for revisions, even though China’s domestic ‘statistical communiques’, published every year, have included official numbers up to 2024.

Coal consumption growth around 2022 was likely over-reported, so statistical revisions could reduce reported emissions and narrow the gap to the target. Including process emissions from cement, which have been falling rapidly in recent years, and changing how emissions from fossil fuels used as raw materials in the chemicals industry are accounted for, so-called non-energy use, which has been growing rapidly, could make the target easier to meet.

Will the plan upgrade clean-energy targets or pave the way to exceed them?

The need to accelerate carbon-intensity reductions also has implications for clean-energy targets.

The current goal is for non-fossil fuels to make up 25% of energy supplies in 2030, up from the 21% expected to be reached this year.

This expansion would be sufficient to achieve the reduction in carbon intensity needed in the next five years, but only if energy consumption growth slows down very sharply. Growth would need to slow to around 1% per year, from 4.1% in the past five years 2019-2024 and from 3.7% in the first three quarters of 2025.

The emphasis on manufacturing in the Central Committee’s recommendations for the next five-year plan is hard to reconcile with such a sharp slowdown, even if electrification will help reduce primary energy demand. During the current five-year period, China abolished the system of controlling total energy consumption and energy intensity, removing the incentive for local governments to curtail energy-intensive projects and industries.

Even if the ratio of total energy demand growth to GDP growth returned to pre-Covid levels, implying total energy demand growth of 2.5% per year, then the share of non-fossil energy would need to reach 31% by 2030 to deliver the required reduction in carbon intensity.

However, China recently set the target for non-fossil energy in 2035 at just 30%. This risks cementing a level of ambition that is likely too low to enable the 2030 carbon-intensity target to be met, whereas meeting it would require non-fossil energy to reach 30% by 2030.

There is ample scope for China to beat its targets for non-fossil energy.

However, given that the construction of new nuclear and hydropower plants generally takes five years or more in China, only those that are already underway have the chance to be completed by 2030. This leaves wind and solar as the quick-to-deploy power generation options that can deliver more non-fossil energy during this five-year period.

Reaching a much higher share of non-fossil energy in 2030, in turn, would therefore require much faster growth in solar and wind than currently targeted. Both the NDRC power-sector plan for 2025-27 and China’s new NDC aim for the addition of about 200 gigawatts (GW) per year of solar and wind capacity, much lower than the 360GW achieved in 2024.

If China continued to add capacity at similar rates, going beyond the government’s targets and instead installing 250-350GW of new solar and wind in each of the next five years, then this would be sufficient to meet the 2030 intensity target, assuming energy demand rising by 2.5-3.0% per year.

All previous wind and solar targets have been exceeded by a wide margin, as shown in the figure below, so there is a good chance that the current one will be, too. 
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Solid line: China’s combined capacity of solar and wind power. Dashed lines: Various official targets. Source: Capacity by year from National Energy Administration (NEA). Targets compiled from various policies, including five-year plans, NEA annual energy work guidance and China’s nationally determined contributions. Targets include specific targets for wind and solar separately, for the two technologies combined and for ‘new energy’ capacity, including other non-fossil energy sources. Targets stated as gross capacity additions over a given period were converted to targeted cumulative total capacity by adding the target to the capacity level at the end of the base year, assuming that retirements are negligible.

While the new pricing policy for wind and solar has created a much more uncertain and less supportive policy environment for the development of clean energy, provinces have substantial power to create a more supportive environment.

For example, they can include clean-energy projects and downstream projects using clean electricity and green hydrogen in their five-year plans, as well as developing their local electricity markets in a direction that enables new solar and wind projects.

Will the plan set an absolute cap on coal consumption?

In 2020, Xi pledged that China would ‘gradually reduce coal consumption’ during the 2026-30 period. The commitment is somewhat ambiguous.

It could be interpreted as requiring a reduction starting in 2026, or a reduction below 2025 levels by 2030, which in practice would mean coal consumption peaking around the midway point of the five-year period, in other words 2027-28.

In either case, if Xi’s pledge were to be cemented in the 15th five-year plan then it would need to include an absolute reduction in coal consumption during 2026-30. An illustration of what this might look like is shown in the figure below.
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China’s annual coal consumption growth rate by five-year period, 2006-2025. For 2026-2030, the commitment to ‘gradually reduce coal consumption’ is illustrated as a small absolute reduction over the period. Source: Until 2024, calculated from reported total energy consumption and energy mix. For 2025, the CREA projection of a 0.3% increase is used.

However, the commitment to reduce coal consumption was missing from China’s new NDC for 2035 and from the Central Committee’s recommendations for the next five-year plan.

The Central Committee called for ‘promoting a peak in coal and oil consumption’, which is a looser goal as it could still allow an increase in consumption during the period, if the growth in the first years towards 2030 exceeds the reduction after the peak.

The difference between ‘peaking’ and ‘reducing’ is even larger because China has not defined what ‘peaking’ means, even though peaking carbon emissions is the central goal of China’s climate policy for this decade.

Peaking could be defined as achieving a certain reduction from peak before the deadline, or having policies in place that constrain emissions or coal use. It could be seen as reaching a plateau or as an absolute reduction.

While the commitment to ‘gradually reduce’ coal consumption has seemed to fade from discussion, there have been several publications discussing the peak years for different fossil fuels, which could pave the way for more specific peaking targets.

State news agency Xinhua published an article – only in English – saying that coal consumption would peak around 2027 and oil consumption around 2026, while also mentioning the pledge to reduce coal consumption.

The energy research arm of the National Development and Reform Council had said earlier that coal and oil consumption would peak halfway through the next five-year period, in other words 2027-28, while the China Coal Association advocated a slightly later target of 2028.

Setting a targeted peak year for coal consumption before the half-way point of the five-year period could be a way to implement the coal reduction commitment.

With the fall in oil use in transportation driven by EVs, railways and other low-carbon transportation, oil consumption is expected to peak soon or to have peaked already.

State-owned oil firm CNPC projects that China’s oil consumption will peak in 2025 at 770m tonnes, while Sinopec thinks that continued demand for petrochemical feedstocks will keep oil consumption growing until 2027 and it will then peak at 790-800m tonnes. 

Will ‘dual control’ of carbon prevent an emission rebound?

With the focus on realising a peak in emissions before 2030, there could be a strong incentive for provincial governments and industries to increase emissions in the early years of the five-year period to lock in a higher level of baseline emissions.

This approach is known as ‘storming the peak’ (碳冲锋) in Chinese and there have been warnings about it ever since Xi announced the current CO2 peaking target in 2020.

Yet, the emphasis on peaking has only increased, with the recent announcement on promoting peaks in coal consumption and oil consumption, as well as the 2035 emission-reduction target being based on ‘peak levels’.

The policy answer to this is creating a system to control carbon intensity and total CO2 emissions – known as ‘dual control of carbon’ – building on the earlier system for the ‘dual control of energy’ consumption.

Both the State Council and the Central Committee have set the aim of operationalising the ‘dual control of carbon’ system in the 15th five-year plan period. 

However, policy documents speak of building the carbon dual-control system during the five-year period rather than it becoming operational at the start of the period.

For example, an authoritative analysis of the Central Committee’s recommendations by China Daily says that ‘solid progress’ is needed in five areas to actually establish the system, including assessment of carbon targets for local governments as well as carbon management for industries and enterprises.

The government set an annual target for reducing carbon intensity for the first time in 2024, but did not set one for 2025, also signaling that there was no preparedness to begin controlling carbon intensity, let alone total carbon emissions, yet.

If the system is not in place at the start of the five-year period, with firm targets, there could be an opportunity for local governments to push for early increases in emissions – and potentially even an incentive for such emission increases, if they expect strict control later.

Another question is how the ‘dual’ element of controlling both carbon intensity and absolute CO2 emissions is realised. While carbon intensity is meant to be the main focus during the next five years, with the priority shifting to reducing absolute emissions after the peak, having the ‘dual control’ in place requires some kind of absolute cap on CO2 emissions.

The State Council has said that China will begin introducing ‘absolute emissions caps in some industries for the first time’ from 2027 under its national carbon market. It is possible that the control of absolute carbon emissions will only apply to these sectors.

The State Council also said that the market would cover all ‘major emitting sectors’ by 2027, but absolute caps would only apply to sectors where emissions have ‘stabilised’.

Will it limit coal-power and chemical-industry growth?

During the current five-year period, China’s leadership went from pledging to ‘strictly control’ new coal-fired power projects to actively promoting them.

If clean-energy growth continues at the rates achieved in recent years, there will be no more space for coal- and gas-fired power generation to expand, even if new capacity is built. Stable or falling demand for power generation from fossil fuels would mean a sharp decline in the number of hours each plant is able to run, eroding its economic viability.

Showing the scale of the planned expansion, researchers from China Energy Investment Corporation, the second-largest coal-power plant operator in China, project that China’s coal-fired power capacity could expand by 300GW from the end of 2024 to 2030 and then plateau at that level for a decade. The projection relies on continued growth of power generation from coal until 2030 and a very slow decline thereafter.

The completion of the 325GW projects already under construction and permitted at the end of 2024, as well as an additional 42GW permitted in the first three quarters of 2025, could in fact lead to a significantly larger increase, if the retirement of existing capacity remains slow.

In effect, China’s policymakers face a choice between slowing down the clean-energy boom, which has been a major driver of economic growth in recent years, upsetting coal project developers, who expect to operate their coal-fired power plants at a high utilisation, or retiring older coal-power plants en masse.

Their response to these choices may not become clear for some time. The top-level five-year plan that will be published in March 2026 will likely provide general guidelines, but the details of capacity development will be relegated to the sectoral plans for energy.

The other sector where fossil fuel-based capacity is rapidly increasing is the chemical industry, both oil and coal-based. In this sector, capacity growth has led directly to increases in output, making the sector the only major driver of emissions increases after early 2024.

The expansion is bound to continue. There are more than 500 petrochemical projects planned by 2030 in China, of which three quarters are already under construction, according to data provider GlobalData.

As such, the emissions growth in the chemical sector is poised to continue in the next few years, whereas meeting China’s 2030 targets and commitments would require either reining it in and bringing emissions back down before 2030, or achieving emission reductions in other sectors that offset the increases.

The expansion of the coal-to-chemicals industry is largely driven by projects producing gas and liquid fuels from coal, which make up 70% of the capacity under construction and in planning, according to a mapping by Anychem Coalchem.

These projects are a way of reducing reliance on imported oil and gas. In these areas, electrification and clean energy offer another solution that can replace imports.

Conclusions

The five-year plans being prepared now will largely determine the peak year and level of China’s emissions, with a major impact on China’s subsequent emission trajectory and on the global climate effort.

The targets in the plan will also be a key test of the determination of China’s leadership to respect previous commitments, despite setbacks.

The country has cultivated a reputation for reliably implementing its commitments. For example, senior officials have said that China’s policy targets represent a ‘bottom line’, which the policymakers are ‘definitely certain’ about meeting, while contrasting this with other countries’ loftier approach to target-setting.

Depending on how the key questions outlined in this article are answered in the plans for the next five years, however, there is the possibility of a rebound in emissions.

There are several factors contributing to such a possibility: solar- and wind-power deployment could slow down under the new pricing policy, weak targets and a deluge of new coal- and gas-power capacity coming onto the market.

In addition, unfettered expansion of the chemical industry could drive up emissions. And climate targets that limit emissions only after a peak is reached could create an incentive to increase emissions in the short term, unless counteracted by effective policies.

On the other hand, there is also the possibility of the clean-energy boom continuing so that the sector beats the targets it has been set. Policymakers could also prioritise carbon-intensity reductions early in the period to meet China’s 2030 commitments.

Given the major role that clean-energy industries have played in driving China’s economic growth and meeting GDP targets, local governments have a strong incentive to keep the expansion going, even if the central government plans for a slowdown.

During the current five-year period, provinces and state-owned enterprises have been more ambitious than the central government. Provinces can and already have found ways to support clean-energy development beyond central government targets.

Such an outcome would continue a well-established pattern, given all previous wind and solar targets have been exceeded by a wide margin.

The difference now is that a significant exceedance of clean-energy targets would make a much bigger difference, due to the much larger absolute size of the industry.

To date, China’s approach to peaking emissions and pursuing carbon neutrality has focused on expanding the supply and driving down the cost of clean technology, emphasising economic expansion rather than restrictions on fossil-fuel use and emissions, with curbing overcapacity an afterthought.

This suggests that if China’s 2030 targets are to be met, it is more likely to be through the over-delivery of clean energy than as a result of determined regulatory effort.

By Lauri Myllyvirta

Senior fellow at Asia Society Policy Institute and lead analyst at the Centre for Research on Energy and Clean Air

Republished from Carbon Brief under CC BY 4.0 Licence.

Qi Qin and Chengcheng Qiu, China analysts at the Centre for Research on Energy and Clean Air, contributed research.
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4.   The clean energy fast lane: How clusters speed up the industrial transformation

[image: ]


Industrial transformation will require an estimated $30 trillion in additional investment by 2050, yet many low-carbon projects struggle to reach financial close. The industrial cluster model, where companies across multiple sectors co-locate under a shared vision and coordinated governance, provides valuable learnings around the conditions and business models under which low-carbon technologies can be deployed at speed and scale. By pooling infrastructure, resources and knowledge, industrial clusters create environments where innovation can move from concept to implementation quicker than it would in isolation.

A global industrial transformation is essential to decarbonize hard-to-abate sectors and drive sustainable, resilient growth. Delivering this transition will require an estimated $30 trillion in additional investment by 2050 and will depend on the establishment of effective mechanisms to reduce risk and strengthen market demand, as well as stable, enabling policy environments.

Amid persisting barriers related to technology and market readiness, high capital costs and policy and regulatory gaps, the industrial cluster model demonstrates how low-carbon technologies can be deployed at speed and scale. Industrial clusters are geographic areas where companies across multiple sectors co-locate under a shared vision and coordinated governance. By pooling infrastructure, resources and knowledge, industrial clusters create environments where innovation can move from concept to implementation more quickly than it would in isolation.

Recent success stories show that industrial clusters are highly effective at mobilizing capital for low-carbon technology deployment, offering valuable insights into the conditions that expedite final investment decisions for respective projects. As hubs of collaboration and shared risk, clusters provide several specific benefits that strengthen bankability for clean energy infrastructure projects:


●  Cluster projects garner targeted support from governments, often through dedicated programmes.

●  Companies within clusters share infrastructure associated with high-capital expenditure (carbon capture, transport, storage and green hydrogen production for example), thereby reducing the investment required from each user.

●  Centralized cluster governance streamlines processes and risk allocation, reducing inefficiencies and shortening timelines.

●  Clusters aggregate demand for and supply of energy and resources, generating larger production volumes and increasing credibility for commercial lenders.

●  Bulk procurement and construction efficiencies within clusters unlock economies of scale, thereby decreasing costs.

●  Cluster stakeholders share best practices and collaborate on research and development, reducing risks and enabling cost parity with traditional technologies to be reached more rapidly.



In a new report developed by the World Economic Forum in collaboration with Oliver Wyman, we analyse case studies of industrial clusters which take advantage of these benefits to advance low-carbon infrastructure projects to final investment decision. These examples show how locally tailored mixes of private capital, public support and risk-sharing mechanisms can further speed up industrial transformation – often following one of three models.

Model 1: regulatory clarity and a consistent policy framework

The first model is based on strong regulatory clarity and a consistent policy framework that provides investors with transparent insight into government support mechanisms. Such an environment enables projects to attract financing from diverse sources, combining commercial project finance with developers’ capex contributions.

For example, HyNet North West – one of the UK’s flagship low-carbon clusters – was able to secure a £2.5 billion financing package from more than 20 banks thanks to the UK’s favourable regulatory and licensing frameworks, which offered the certainty and market confidence required to attract private investment. This cluster integrates six priority projects: Eni’s Liverpool Bay project establishes the essential carbon transport and storage backbone, enabling five adjacent industrial players to develop capture projects that link into the system.

In addition to strong support from the UK government, Eni’s role as system operator – together with close collaboration with industrial emitters and cost efficiencies gained from repurposed infrastructure – has played a critical role in facilitating technology deployment, maturing the project to final investment decision.

Model 2: clear policy direction, but less certainty around long-term incentives

The second model is used in contexts with clear policy direction, but less certainty around long-term incentives. This increases the role of cluster administrators in convening stakeholders and deploying their capital and credibility to de-risk projects and draw in external finance.

Deployment of integrated carbon capture and storage (CCS), hydrogen and ammonia production in the Port of Rotterdam – Europe’s largest port – reflects this model. Respective projects benefit from substantial public support through grants and subsidies, but also from the Port Authority’s dual role as project orchestrator and critical infrastructure owner. It works with private-sector partners to mitigate risks and enable project delivery.

Another impactful example is the Mumbai Green Hydrogen Cluster – one of India’s most ambitious and strategically important green hydrogen initiatives, led by the Government of Maharashtra and supported by the national government and the Asian Infrastructure Investment Bank (AIIB).
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Model 3: independently financed infrastructure

The third model relies on a single, large-scale organization whose balance-sheet strength, expertise and resources enable it to finance and deliver most of the infrastructure independently. This reduces the need for connections with governments and multilateral development banks.

The Chifeng Net Zero Industrial Park in China – the world’s largest green-hydrogen and ammonia production facility – is driven forward with limited domestic incentives by Envision Group’s investment in integrated renewables and green hydrogen. Its rapid execution has been enabled by a single commercial anchor through a long-term green ammonia offtake agreement with Japan’s Marubeni Corporation.

In Japan, as part of the Kawasaki Carbon Neutral Industrial Complex, one of the major industrial clusters in Japan, corporate players commit most of the financing for hydrogen and CCS deployment projects. Kawasaki City provides mostly non-capital support such as streamlined approval processes and enabling shared infrastructure.

The cluster model is not a silver bullet. Successful financing structures are extremely context-specific and still ultimately depend on commitment from first movers and offtakers, as well as the coordination of different stakeholders’ interests. With increasingly constrained public budgets, it is also crucial that risks are shared as efficiently as possible, with governments focusing strictly on risks that corporate players cannot absorb.

Yet, across different approaches, industrial clusters are generating valuable learnings around the factors that help expedite complex, capital-intensive low-carbon projects toward final investment decisions. By boosting credibility for corporate lenders through shared risks and infrastructure, better-aligned capital, aggregated demand and streamlined processes, they convert fragmented pipelines into investable portfolios. Ultimately, this will help establish proofs of concept required for technologies to reach investor confidence and market readiness – a crucial step toward the eventual objective of decarbonizing hard-to-abate sectors and driving sustainable, resilient growth.

By Nadia Mondini and Emilie Kaern

Republished from World Energy Forum under CC BY 4.0 licence.
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5.   Europe has a solid basis for battery and electric vehicle manufacturing growth

[image: ]


Europe is successfully building up battery and EV manufacturing capacity, though mainly thanks to foreign investment.

Batteries and electric vehicles (EVs) contribute to Europe’s energy security, climate policy and industrial strategy. Stationary batteries help to stabilise electricity grids, while EV adoption helps reduce reliance on imported oil and reduces the one-sixth of global carbon dioxide emissions from road transport​[1]. The two technologies accounted for two-thirds of the $700 billion global clean technology market in 2023, showing their relative importance compared to other cleantech (IEA, 2024). In the United States, for which comprehensive data is available, investment in battery and electric vehicle manufacturing outstrip other clean-tech investment​[2].

The European Union is using policy to shape domestic battery and EV markets. Rules limiting the average fleet-wide carbon emissions from new cars and vans (Regulation (EU) 2019/631) have increased the incentives for manufacturers to supply and market electric vehicles, boosting uptake. Significant fiscal support at national and European levels has been used to attract battery and EV manufacturing investment. Meanwhile, the EU has imposed tariffs on Chinese-produced EVs, while European EVs now face higher US tariffs. 

Battery and EV investments therefore show how an industrial transformation is unfolding alongside the clean energy transition. Figure 1 shows these investments since 2017, with bubble sizes proportionate to the value of investments. Since January 2017, we estimate that companies have invested €38 billion in European battery manufacturing facilities and a further €34 billion in electric vehicle facilities (Bruegel, 2025)​[3].

––––––––
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Figure 1: Battery and electric vehicle manufacturing investments, 2017-2025
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Source: Bruegel (2025). Note: covers 292 investments in 113 battery and EV manufacturing facilities; investments include new facilities and the expansion or conversion of existing sites; investments are tracked from when they are first publicly announced, construction begins and when projects are completed or, occasionally, cancelled; see Bruegel (2025).

This analysis addresses three questions. First, what have investments delivered in terms of battery and EV manufacturing capacity and how does that compare with domestic demand? Second, who owns these facilities and how important has foreign investment been? Third, how are investments distributed across Europe and how has this changed over the past eight years?

What has €72 billion in investment delivered?

Each investment is tied to an annual manufacturing capacity: numbers of EVs that can be assembled, or, for batteries, cell fabrication and battery pack assembly stages. As of September 2025, we estimate that European factories had the capacity to produce 4.6 million electric vehicles (including pure battery and plug-in hybrid) and 251 gigawatt hours (GWh) of battery cells​[4] annually. This compares to 2024 annual demand of 2.3 million electric vehicles and 410 GWh of batteries, of which roughly 90 percent are for EVs and the remainder are stationary batteries. Factories in Europe thus have the capacity to produce twice as many EVs as domestic demand, and to meet approximately two-thirds of domestic battery cell demand (Figure 2). 

Figure 2: European manufacturing capacity expressed proportionally to 2024 demand
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Source: Bruegel (2025).

A proper evaluation of investments should cover not only delivered capacities but also the utilisation of this capacity. Such analysis is complicated because production data is closely guarded by industry. Trade data offers an approximation of production. On a net basis, the EU imports batteries and exports electric vehicles (Figure 3). In 2024, net exports of EVs from the EU were worth €14 billion, while net imports of batteries amounted to €17 billion. 

Figure 3: EU monthly net trade in electric vehicles and batteries (€ millions)
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Source: Bruegel (2025).

The main destinations for EU exports of EVs over the past five years have been the United Kingdom (one-third of all exports) and the US (one-fifth). Exports to Türkiye have been rising and reached 10 percent of EU EV exports in 2025, while Norway and Switzerland receive around 9 percent and 6 percent, respectively. The EU’s position as a net exporter of EVs is threatened by the August 2025 EU-US joint agreement which set a 15 percent tariff on US vehicle imports​[5]. EV exports to the US dropped substantially, by almost 40 percent, in July-September 2025 compared to the same period in 2024.

Who owns Europe’s manufacturing facilities?

Foreign direct investment, particularly from South Korea, has been crucial for building EU battery manufacturing capacity. Three companies (LG Energy, SK Innovation and Samsung SDI) were early innovators in lithium-ion technologies and today own four-fifths of operational battery cell manufacturing capacity in Europe (Figure 4). LG Energy, with European Investment Bank support, built Europe’s largest battery cell manufacturing facility in Wrocław, Poland, with 86 GWh or 35 percent of the continent’s capacity. SK Innovation began construction of the €1.6 billion Iváncsa (Hungary) facility in March 2022, and Samsung SDI has invested over €1.5 billion into the Göd (Hungary) facility since 2016.

Figure 4: European battery cell capacity (GWh) by region of owner’s HQ and status
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Source: Bruegel (2025).

While South Korean investment has slowed recently, substantial Chinese investment is arriving. Most notably, in May 2025, CATL, a Chinese company and the largest car battery producer worldwide, began construction in Debrecen (Hungary) of what may become Europe’s largest battery cell facility with a potential capacity of 100 GWh/year and investment reaching €7.3 billion.

The EU has tried to develop home-grown battery champions. Northvolt’s €4 billion investment in Skellefteå (Sweden), launched in late 2018, secured a $5 billion loan backed by the European and Nordic Investment Banks to expand the site – still the largest green loan ever raised in Europe​[6]. While Northvolt subsequently declared bankruptcy (Tagliapietra and Trasi, 2024), the 16 GWh Skellefteå plant began operations and is being sold to US firm Lyten​[7]. France is home to the two other European-owned operational battery cell facilities. Verkor operates an 8 GWh facility in Dunkirk, while the Automotive Cells Company joint venture runs a 13 GWh plant in Douvrin. Further projects are under construction by PowerCo (a Volkswagen subsidiary) and Volvo, with the latter at time of writing searching for a new partner to complete its Gothenburg (Sweden) facility, following Northvolt’s collapse.

For electric vehicles, foreign companies are less dominant. Established European automakers, including Volkswagen, BMW, Renault and Stellantis, own most EV capacity, partly because many investments involve retrofitting or expanding existing factories (Figure 5). In 2020, Volkswagen completed the €1.2 billion conversion of its Zwickau (Germany) facility to produce only electric models and began a €1 billion electric retrofit of its Emden (Germany) plant.

The largest single EV investment in Europe is the €5.8 billion by Tesla in their facility in Grünheide (Germany), where construction began in January 2020. The facility has the capacity to assemble 375,000 EVs annually. Chinese company BYD is building a €4 billion facility in Debrecen (Hungary), with an expected annual capacity of 150,000 once complete.

Figure 5: European electric vehicle manufacturing capacity by region of owner’s HQ and status
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Source: Bruegel (2025).

Is Europe’s industrial map shifting? 

Overall, since 2017, Germany has attracted the largest volume and number of investments in EVs and batteries in Europe. However, in 2025, Hungary and Spain are Europe’s leading investment destinations (Figure 6).

Figure 6: Ongoing investments into battery and EV manufacturing in Europe, € billion
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Source: Bruegel (2025). Note: announced investment volumes are distributed uniformly between the dates on which an investment begins and finishes according to construction timelines; for example, a €1.2 billion investment beginning in January 2021 and finishing in December 2021 would count for €100 million in investment in each month of 2021.

Investment in Hungary comes predominantly from Chinese companies. This includes the CATL €7.3 billion battery cell and BYD €4 billion EV investments mentioned above, but also Eve Energy (€950 million, battery cell) and EcoPro (cathodes, €700 million).

Whilst CATL has announced a joint venture with Stellantis to invest over €4 billion in a battery plant in Zaragoza, ongoing investments in Spain are not driven by Chinese companies but rather the Volkswagen Group. In 2023, Volkswagen subsidiary PowerCo began construction of a potentially 40 GWh battery cell plant in Sagunto, near Valencia. Volkswagen itself is investing €1 billion to prepare its Navarre facility for EV production. Meanwhile Seat, another Volkswagen subsidiary, is investing €3 billion in its Pamplona plant to prepare for further EV production.

Poland and Hungary are currently neck-and-neck leading in battery cell production capacity​[8]. Together they account for over two-thirds of European capacity. While LG is expanding its Polish facility, Chinese investment in Hungary means the country is on course to become Europe’s leading battery manufacturer. Germany is far ahead of any other European country in terms of EV capacity, with Spain and France ranking next​[9]. 

Success so far – and keeping it that way

The EU now boasts a solid industrial base for the manufacturing of both batteries and EVs. This base can already meet a large part of domestic battery demand, and the EU has become a net exporter of EVs. 

EU vehicle CO2 limits have been crucial for establishing stable demand expectations. Any proposal to weaken the EU’s 2035 deadline for CO2 limits to reach zero​[10] should be rejected by European governments and the European Parliament. This weakening would unfairly penalise companies that have already invested billions of euros into EV and battery production and would discourage future investment. It would impede the core objective of the Clean Industrial Deal – the European Commission’s plan to marry decarbonisation and economic competitiveness​[11] – and harm the long-term competitiveness of the EU car industry. It would also seriously undermine Europe’s reputation as a global climate leader. The rapid cancellation of projects in the US following the dismantling of policies that supported battery and EV investments throughout 2025 offers a warning[12]​. 

Foreign investment has been responsible for most battery investment, initially from Korean companies but today increasingly from China. The construction of these plants has created European jobs and longer value chains by enabling investment by European companies in downstream EV facilities. Continued openness to foreign investment is important for battery supply chains and for other clean technologies.

While Europe has healthy battery and EV manufacturing capacities today, demand for both will increase and additional supply will be needed. Since 2022, there has been a shift in manufacturing investment away from Germany and towards Hungary and Spain. The energy transition involves a restructuring of manufacturing supply chains, and it is inevitable that some industrial relocation will be economically efficient. Policy should embrace rather than fight this.
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6.  ​ One-Stop Shops as local instruments for affordable energy in the EU
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The role of local and regional actors in protecting and empowering energy consumers has been gradually acknowledged at the EU level, with the consultation document on the Citizens Energy Package explicitly recognising their importance in achieving affordable energy in the EU. Within this context, one-stop shops (OSS) are emerging as a central instrument to translate these EU-level objectives into tangible outcomes for households at the local level.

The Affordable Energy Action Plan highlights energy efficiency as one of the most effective measures to lower energy bills, reduce exposure to price volatility, and enhance energy security. However, the benefits of energy efficiency depend on the capacity of consumers to understand and choose the most adequate technical options, access support schemes, and navigate administrative processes. These challenges can be particularly relevant for households and small businesses, for whom energy renovation and efficiency investments appear complex, risky, or inaccessible. One-stop shops respond directly to this challenge by providing integrated, user-centred services that level the plaiying field in the delivery of energy efficiency policies.

What is the role of One-Stop Shops in supporting the implementation of energy efficiency policies?

One-stop shops are designed as single entry points where consumers can receive comprehensive support related to energy efficiency improvements. While their specific structure may vary across regions, OSS typically combine several core functions. These include the provision of impartial information on energy efficiency measures, guidance on regulatory and administrative requirements, assistance in identifying suitable financial incentives, and support in connecting consumers with qualified service providers.

By integrating these services, OSS reduce transaction costs for consumers and lower non-financial barriers to action.

Instead of engaging separately with public authorities, financial institutions, and technical experts, consumers can rely on a coordinated support structure that accompanies them throughout the process. This integrated approach aligns closely with the Affordable Energy Action Plan, which emphasises the importance of empowering consumers to take informed decisions that lead to lasting reductions in energy expenditure.

One-Stop Shops in the EU regulatory framework

The role of One-Stop Shops is embedded in the EU’s revised energy efficiency legislation. The Energy Efficiency Directive (EU 2023/1791) places increased emphasis on consumer empowerment, information provision, and access to support mechanisms. Member States are required to ensure consumers have access to clear, reliable, and tailored information on energy efficiency measures, including through the establishment of advisory services and one-stop shops. In parallel, the revised Energy Performance of Buildings Directive reinforces this approach by explicitly calling for the deployment of one-stop shops to facilitate building renovations. According to article 22, Member States are required to establish at least one-stop shop per region and per 80,000 inhabitants, among other criteria. Together, these legislative instruments position OSS as a cornerstone of the EU’s energy efficiency governance. 

Empowering consumers through local action

A defining characteristic of one-stop shops is their proximity to consumers. OSS often operate close to the communities they serve, allowing them to adapt their services to local housing conditions, income levels, and energy systems. This proximity enhances trust and improves the effectiveness of outreach activities, particularly for consumers who may be less familiar with energy efficiency programmes. Whether they are established by municipal, regional, or national actors, the involvement of local authorities is thus key to ensure that OSS answer to the needs of local population and small businesses.

From the perspective of consumer empowerment, OSS contribute to improving energy literacy and awareness. By providing clear explanations of potential savings, payback periods, and comfort benefits, they help consumers understand how energy efficiency improvements can reduce their bills and improve their quality of life over time. In doing so, OSS support one of the key messages of the Affordable Energy Action Plan: that affordability is not only achieved through price interventions, but also through reduced consumption enabled by better information and support.

Besides, OSS are also crucial to streamline the whole process – from planning and design, to financing, permitting and implementation – and promote coordination among stakeholders. They often bring together local authorities, energy agencies, financial institutions, and service providers, creating structured ecosystems for delivering energy efficiency solutions. This coordination enhances policy coherence and ensures that public funding, regulatory frameworks, and market offerings are aligned. Such coordination is particularly relevant in the context of EU funding instruments supporting the Affordable Energy Action Plan. By guiding consumers towards appropriate programmes and helping aggregate demand, OSS can improve the effectiveness and absorption of public resources. This reinforces the link between EU-level policy objectives and local implementation capacity.

Addressing Vulnerable Consumers and Energy Poverty

The revised EU legislation on energy efficiency introduces strengthened provisions on vulnerable consumers and energy poverty, requiring Member States to prioritise these groups in the design and implementation of energy efficiency policies. One-stop shops play a critical role in operationalising these provisions. By offering personalised advice and targeted support, OSS can help vulnerable households access schemes that might otherwise remain out of reach. Simplified procedures, assistance with applications, and tailored communication formats can significantly improve participation rates among groups facing administrative or informational barriers.

Moreover, OSS can act as intermediaries between vulnerable consumers and public authorities, ensuring that support measures are effectively matched to household needs. This intermediary role supports the broader objectives of the Affordable Energy Action Plan by ensuring that affordability gains are distributed equitably and that energy efficiency improvements contribute to reducing energy poverty.

Learning from local best practices

The growing emphasis on one-stop shops has been accompanied by the implementation of several local and regional OSS models across Europe. Cities have been testing different governance structures and service portfolios, illustrating the adaptability of the one-stop shop concept and its relevance across diverse territorial contexts. For instance, the OSS created by the city of Ghent is a good example on how to provide personalised renovation advice to the local population, supporting citizens from start-to-finish with a special attention to vulnerable households. Other initiatives are more focused on information and awareness, as the travelling OSS created in the Lisbon area. While models differ, the shared objective remains consistent: to make energy efficiency accessible, understandable, and affordable for consumers. 

By Isabel Azevedo
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7.   Can low-temperature heat in factories be electrified competitively?
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Scaling up low-emissions heat technologies requires a close look at their cost competitiveness

Around the world, manufacturers are looking at how to optimise their supply of heat, which is crucial to industrial processes. This can boost their competitiveness, but there can also be trade-offs, including with energy security and climate objectives. In addition, low- or near-zero emissions heat options often cost more upfront than conventional alternatives, can be difficult to integrate, may involve higher operating costs, and are not always available on a commercial scale.

However, there is a potential sweet spot in industrial sectors that are less energy-intensive (such as food processing, textiles and machinery production) that represent around 30% of total industrial energy use. Globally, about 75% of heat demand in these industries is below 200 °C. This is relatively modest and can often be met by commercially available low-emissions technologies – with costs that are comparable to fossil fuel-based options under certain circumstances. Energy-intensive industries, by contrast, rely more on high-temperature heat that is more difficult to supply without fossil fuels.

The IEA’s tracking of recent projects around the world demonstrates growing momentum towards the adoption of low-emissions heat technologies by industrial firms that are less energy-intensive. In Spain, for example, a brewery is using a 30 megawatt (MW) solar thermal system to provide heat for its processes and reduce natural gas use. In Hungary, a corn processing plant recently installed 56 megawatt-hours (MWh) of electrified heat and thermal energy storage to provide process heat. In Norway, a fishmeal manufacturer installed 5 MW of heat pumps to produce process steam, while a thermal storage company installed 100 MWh thermal storage unit powered by on-site solar PV in the United States and a 33 MWh unit in Thailand.

Electrification is promising for low-temperature industrial heat

Electric heating technologies – one driver of the emerging Age of Electricity – can be applied in a wide range of industrial settings. They offer operational advantages such as accurate temperature regulation and fast rates of load ramping, allowing for operators to rapidly increase or decrease the amount of heat supplied. Heat pumps and electric boilers are promising technologies for low-temperature heat, in particular – although each comes with its own competitiveness considerations.

Although electric boilers cost about the same to buy and install as natural gas boilers today, their energy costs are considerably higher. In the United States, it is around 4 times more expensive to run a standalone electric boiler than a natural gas boiler, whereas in China, it is twice as expensive. However, operating electric boilers in combination with existing natural gas boilers or thermal energy storage (TES) can improve their cost competitiveness, as discussed in more detail in the following section.
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The efficient performance of heat pumps means they use less electricity than electric boilers to generate the same amount of heat, so they have lower running costs. However, equipment and installation costs are substantially higher.

Calculating the levelised cost of heat (LCOH) is useful for comparing the cost competitiveness of different heating technologies. Generally, this value is largely set by capital expenditures and energy costs, the latter of which can vary widely by region.

This metric indicates that the high energy costs of electric boilers prevent them from being competitive across regions. Meanwhile, for heat pumps, the capital costs alone are almost as high as the overall LCOH for natural gas and coal boilers in the United States and India, respectively. However, in other regions, the cost gap between heat pumps and boilers that run on fossil fuels is smaller – and the wide range of energy prices on the ground at different industrial sites means that heat pumps will be cost competitive in many cases.  

Grid connection costs can pose a significant challenge, though they vary considerably across countries and regions, and they may change as the uptake of renewables increases. Industrial sites may even have spare grid connection capacity, particularly if recent energy efficiency upgrades have reduced their electricity use or if other nearby sites have closed. Given the uncertainty, we have excluded grid connection costs from this analysis, although they remain a significant barrier to electrification for many sites.
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Hybrid systems can make electrified industrial heat more cost competitive

Since electricity makes up a large part of the overall LCOH for electrified heat – especially for electric boilers, for which electricity costs are roughly three times higher than for heat pumps – finding ways to reduce these costs is a priority for improving competitiveness. End-user electricity prices in industries that are less energy intensive are typically based on fixed retail rates, although there is growing interest in direct wholesale market contracts, generating renewables on site or nearby, or a combination of both. In the wholesale market, electricity prices range from periods of negative wholesale prices to periods of higher prices.

Hybrid systems that combine two or more technologies can be used to accommodate this variability in electricity prices. Options include pairing electrified heat with existing natural gas boilers or thermal energy storage, both of which can be easily integrated with the steam networks used in non-energy intensive industries. Thermal energy storage (TES) systems – which store heat by raising the temperature of materials and changing their phase, or by using reversible chemical reactions – have the advantage of being able to capture and retain heat at times of low energy prices for later use. Some thermal energy storage systems are separate from the heating equipment, while others are combined into one integrated system.

Using natural gas boilers when electricity prices are high and switching to electric boilers during cheaper hours can decrease overall heating costs. While this does not achieve full system electrification, it reduces the carbon intensity of industrial heat and can enable wider uptake among facilities that already have gas boilers.
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The ability for hybrid systems to improve cost competitiveness ultimately depends on whether energy savings can offset greater investment needs and operating expenses. Adding thermal energy storage and keeping existing boilers significantly reduces the LCOH for electric boilers, whereas the benefits are lower for heat pumps. The higher capital costs needed for heat pumps can even exceed the savings, especially when larger equipment is needed to charge the TES. As a result, hybrid configurations are generally better suited to systems with electric boilers, while heat pumps tend to perform more effectively as standalone solutions.
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In Germany, for example, hybrid systems that operate electric boilers at utilisation rates of around 20%, with existing natural gas boilers covering the remaining hours, can achieve a LCOH that is 15% lower than natural gas boilers operating 100% of the time. Should carbon costs rise, it could further increase the optimal share of heat provided by the electric boiler. In power markets with a greater number of hours when electricity prices are lower than natural gas prices, the optimal utilisation rate of the electric boiler increases significantly.

[image: 44e910d4-6fda-4d10-8c20-68febcc75638]

Notes: Numbers in brackets are the average cost of the electricity purchased by each system configuration. The CO2 price is EUR 80/t. End-user industrial natural gas price excluding VAT is EUR 60/MWh. Wholesale hourly electricity prices are in the range EUR -136 to 916/MWh, to which we add a multiplicative markup of around 65% representing the combined effect of network costs, taxes and levies (excluding VAT) and incentives for flexibility. Grid connection costs are excluded from the analysis due to uncertainty. Systems are sized based on LCOH minimisation: in the electric boiler + TES configuration the storage is 48 MWh and the charging power 3 MW, whereas in the electric boiler + TES + natural gas boiler the capacity is 24 MWh and the power 3 MW. Natural gas boilers are assumed to be already in place and able to continue operating, which reflects common industrial setups and avoids the need for redundant capital investment in hybrid systems. The utilisation rate of the natural gas boiler is optimised to the minimum LCOH to 80% (electric boiler + natural gas boiler), 59% (electric boiler + TES + natural gas boiler). Thermal energy storage assumes a water tank system. Sources: EUROSTAT for industrial natural gas price, electricity network costs, and taxes and levies on electricity (assumed consumption bands are I4 and IE, respectively). ENTSO-e for hourly wholesale electricity prices.

In Germany, based on 2024 prices, using a hybrid solution with thermal energy storage could result in a more than twofold reduction in the average cost of electricity for heating compared with a standalone electric boiler, benefitting from storing heat generated when electricity prices are low. Even lower average electricity costs can be achieved with hybrid setups involving the natural gas boilers many industrial sites already have, and the additional capital expenditure could be paid back in five years.

As the uptake of renewables boosts the number of hours with low electricity prices, the cost competitiveness of these hybrid solutions is expected to improve. They can also provide considerable additional revenues if sites can access markets for grid balancing, frequency regulation and other ancillary services, while also enhancing a site’s resilience to energy supply risks. Thermal energy storage systems can support the integration of on-site variable renewables as well, reducing reliance on electricity purchases and grid costs.

Cost competitiveness of electrified industrial heat is being addressed in four main ways

To improve the cost competitiveness of electrified heating in industrial settings, governments, businesses and industry groups are taking four primary approaches:


●  Energy prices: Some countries are working to rebalance energy taxation to account for the environmental impacts of fossil fuels, reducing their cost advantage. Finland, for example, has lowered its industrial electricity tax and increased taxation on fossil fuels, and Germany is lowering network costs and taxes. Though fixed tariffs are attractive for their financial certainty, time-of-use pricing, locational price signals and other tariff adjustments can also support more affordable electricity and encourage flexible demand (in California, industrial customers are required to use them). However, this depends on the ability to forecast low-cost periods and respond to real-time flexibility incentives, which can be difficult for operators. AI-enabled tools could significantly enhance forecasting capabilities.

●  Building awareness and expertise: General awareness of low-emissions industrial heat options and sector-specific expertise remains low since the deployment of these technologies is still relatively limited. Initiatives to change this include the OECD’s work with Indonesia’s textile sector, the establishment of the Alianza Q-Cero in Spain, a collaboration on expanding the use of heat pumps in the paper sector, and the heat pump taxonomy the IEA is developing. Similarly, Heat as a Service models can enable industrial sites to outsource some considerations to specialists while minimising upfront capital investments.

●  Reducing financial risks: Many industrial firms are sensitive to risks associated with large upfront investments, especially small and medium-sized enterprises and those in emerging and developing economies. This is a significant barrier, particularly for heat pumps. While equipment and installation costs will decline with continued deployment and equipment standardisation, loans, subsidies and tax credits can support uptake in the interim. Existing schemes include international programmes from the World Bank and Climate Investment Funds, a pilot EUR 500 million Industrial Heat Auction in the European Union, and an established fund in New Zealand. Equipping installers and engineers with the right skills is also crucial for scaling up deployment and cutting installation costs.

●  Action on grids: Investments to expand transmission and distribution networks are critical, as is guaranteeing access to reliable electricity. Brazil’s experience highlights how a strong regulatory framework can unlock billions of dollars in private grid investments. Reducing lead times for grid connections is another challenge; the United Kingdom has responded by prioritising low-emissions energy projects in connection queues, and the Netherlands has unlocked 40% of the country’s peak capacity for new connections to users who can offer flexibility. Furthermore, adjusting grid tariffs to reflect real-time congestion, as through Germany’s new dynamic grid fees, can drive demand-response adoption and the integration of hybrid systems. In parallel, developing capacity and ancillary services markets can further enhance system flexibility and provide additional revenue streams.


By Richard Simon, Pol Guardia Calsina
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8.   Featured publication
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Regulatory Frameworks for European Energy Networks 2025
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This report by the Council of European Energy Regulators (CEER) provides a comprehensive overview of regulatory frameworks governing electricity and gas networks across nearly 35 European jurisdictions. Covering both transmission (TSO) and distribution (DSO), it examines key parameters shaping investment conditions, including rates of return, regulatory asset bases, asset depreciation, and incentive mechanisms. The analysis identifies a growing convergence towards incentive-based regulation, particularly in electricity networks, reflecting technological advances and evolving investment needs. Supported by detailed annexes with national and general case studies, as well as revenue modelling, the report offers a clear picture of how regulatory approaches across Europe are adapting to modern energy infrastructure requirements.

+ More

District Storage Paper
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Developed by the Smart Networks for Energy Transition (SNET) of the European Technology & Innovation Platforms (ETIP), this publication positions district energy storage systems (DESS) as a critical enabler of renewable energy integration, local flexibility, and sector coupling, supporting deep decarbonisation and resilience at the district level. Drawing on EU case studies, the paper presents a structured, 360-degree overview of DESS use, technology options, regulatory frameworks, and business models. It emphasises that the promise of a decentralised, renewable energy future hinges on energy storage, and that scaling up the deployment of DESS requires a joined-up strategy across policy, finance, technology, and society. This definitive guide highlights the urgent need for coherent policies, accessible markets, digital systems management, and active community engagement. Ultimately, the report provides the necessary framework to unlock the full contribution of DESS to European climate and energy objectives.

+ More

Evaluating the Cost-Competitiveness of Low-Carbon Energy in Future EU Power Markets
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Published by the European Commission’s Directorate-General for Economic and Financial Affairs, this discussion paper explores how to maintain investor confidence in a power system increasingly dominated by low-carbon technologies with high upfront capital costs and variable production. It identifies system flexibility and long-term contracts as the two essential pillars for ensuring the cost-competitiveness of clean generation assets across diverse market environments. A central focus of the analysis is the role of two-way Contracts for Difference (CfDs), which support clean energy investment by stabilising revenues for generators while shielding consumers from extreme price fluctuations. The analysis emphasises that success of CfDs depends on competitive auctions to set efficient strike prices as well as the removal of regulatory barriers to non-fossil flexibility such as batteries. Additionally, positive cash flows from CfDs should be reinvested into clean energy to enhance the competitiveness of European industry.

+ More
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Lessons from using state organs to finance the green transition in China
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This policy brief from the Grantham Research Institute describes the key state-led initiatives China has enacted to steer capital towards a green transition, highlighting learning points for other countries. It shows how coordinated, top-down policy guidance enables central banks, financial regulators and public financial institutions to align incentives across the financial system. The brief highlights innovative tools such as greening central bank collateral, macroprudential regulation and targeted re-lending, all of which have lowered the cost of capital for clean energy projects. It concludes that the active role of state-owned enterprises and state-capitalised private equity funds has been decisive in scaling risk-tolerant investment and securing demand for clean technologies, and that this role underpins China’s global competitiveness in renewables, batteries and electric vehicles. While China’s approach has often been evaluated as inefficient by western states, the report argues that similar state-led tools already exist in countries around the world. The key lesson is not institutional replication, but greater ambition in using state-led finance to drive decarbonisation.

+ More

––––––––
[image: ]


Technologies and policy levers for more sustainable batteries
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The International ZEV Alliance has developed a report that explores technologies and policy approaches to support more environmentally and socially responsible EV battery supply chains. It provides a comprehensive evaluation of how strategic sourcing, processing pathways, renewable energy, battery chemistry and recycling can reduce the carbon footprint of battery production. Based on mineral and battery-production GHG modeling assessments, the report demonstrates how production choices and electricity mixes can alter dramatically the carbon footprint of EV batteries. Key findings are that enhancements to battery durability and upscaling of recycling efforts are among the most effective levers for decarbonising the sector. It also sets out key policy considerations for governments, including the alignment of battery certification schemes, guidelines and standards to support responsible mining and sustainable battery manufacturing at scale.

+ More
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[5] ‘Europe’ includes the United Kingdom and Norway. In this analysis, by battery and electric vehicle investment, we mean investment in manufacturing of batteries and EVs.

[6] https://northvolt.com/articles/northvolt-financing-january2024/

[7] https://lyten.com/2025/08/07/lyten-to-acquire-all-remaining-northvolt-assets-in-sweden-and-germany/

[8] https://european-clean-tech-tracker.bruegel.org/technology/batteries/manufacturing

[9] https://european-clean-tech-tracker.bruegel.org/technology/electric-vehicles/manufacturing

[10] https://www.politico.eu/article/european-commission-2035-co2-emissions-climate/

[11] https://www.bruegel.org/first-glance/europes-clean-industrial-deal-four-priorities-fulfil-its-promise

[12] https://www.axios.com/2025/08/28/us-tech-projects-growth
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