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Dear all,

Welcome to the first issue of the EU-China Energy Magazine in 2025.

Among the articles in this issue, we have an invited article that looks at green jobs in the energy transition. Qihan Geng, a green energy recruitment specialist in China, explores how professionals from various fields can transition into impactful roles in delivering the green economy by best leveraging their transferable skills. Through real-life case studies of successful career transitions, we hope this article will help you discover how a green career transition can be achieved.

Following our previous articles on battery and PV panel recycling, we continue to track the recycling/circular economy sector. We feature the IEA’s debut report, which assesses the current status of critical minerals recycling and its prospects for secondary supply.

We hope the valuable recommendations in these articles will provide inspiration to all.

The ECECP team wishes you all a Happy Year of the Snake!

Dr Flora Kan

ECECP Team Leader

21 January, 2025
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1.  ​New roles for energy efficiency in an electrified energy system

[image: image]


Electrification is a vital tool for meeting EU climate targets and environmental and energy security objectives. As the EU is already making more progress on decarbonising electricity than other energy vectors, increasing its share in the overall energy mix has significant climate benefits.

Electrification typically contributes to meeting policy goals in two key ways: It replaces the use of environmentally harmful fuels with cleaner electricity and it reduces overall energy consumption. For example, electrically powered appliances like heat pumps not only replace traditional technologies like gas boilers, but they also need less energy to provide the same service. Because of this second feature, many EU countries use energy efficiency policies to support the deployment of electric equipment among households. But are existing policies doing enough to realise the synergies between energy efficiency and electrification goals?

A sustained focus on energy-efficient solutions is important to meet EU climate targets, as outlined by the Commission in its energy modelling. Energy efficiency is also crucial to make electrification more affordable and inclusive. However, it is becoming increasingly important to consider the time and location of energy savings in order to maximise the benefits of electrification.

Energy efficiency enables electrification 

Energy efficiency, and policy that supports it, is vital to the process of moving towards electrification. As discussed above, efficient electrically powered equipment like heat pumps need less energy to provide the same service as traditional technologies like boilers. Adoption of these technologies can be promoted by energy efficiency policies. In addition, there are three main arguments for reinforcing energy efficiency policy in the context of electrification: First, energy efficiency policy stems the rise in overall demand for electricity. Second, energy efficiency policy supports demand-side flexibility. Both of these strategies make best use of generation and infrastructure, reduce the need for costly supply-side investment and can alleviate constraints on the speed of transition. And third, energy efficiency policy can also bring targeted benefits of affordable electrification to low-income and vulnerable consumers, making electrification more inclusive.

Mitigating the growth of electricity demand

Up to now, EU governments have mainly put in place energy efficiency policies to reduce energy consumption overall, regardless of their impact on electrification. However, some energy efficiency interventions contribute to electrification goals, while others do not, as illustrated by the following Table. It is important to recognise the rising or falling value of these interventions. For example: 


●  In the past, efficient use of fossil fuels was a key goal. But as the electrification destination becomes clearer and electrification progresses, investments in efficient fossil fuel equipment lose value. At the same time, energy efficiency solutions that involve a fuel switch away from fossil fuel equipment are valuable to progress towards the electrification goals.

●  Energy efficiency interventions that mitigate the growth of electricity demand are becoming more and more valuable as we make progress towards our electrification goals. They can unlock existing grid capacity, enable best use of existing resources and help accelerate electrification of diverse end-use sectors in the short and medium term while grid and other investments progress. Their value varies depending on when and where electricity is saved, as described in the next section.


Energy efficiency improvements can play a pivotal role in making the unavoidable growth of energy demand manageable. Given the enormous challenge of full decarbonisation by 2050, investments in both energy efficiency and electricity system expansion will be necessary.

Energy efficiency solutions and electrification

[image: 1736495898736]

Enabling benefits from demand-side flexibility 

Energy efficiency policy can increase energy users’ capacity to use electricity flexibly. The greatest potential source of demand-side flexibility in 2030 is predicted to be household heating, as shown in the following figure.

Projected sources of activated demand-side flexibility in 2030

[image: 1736496033206]

Note: In this figure, the category of industrial heating represents both electric and combined heat and power. Calculations are based on a 2030 electricity wholesale market simulation.

Data source: smartEn & DNV. (2022). 2030 demand-side flexibility: Quantification of benefits in the EU

Improvements to an inefficient building’s envelope help to maintain internal temperatures for longer, meaning that occupants can turn down their electricity-based heating (or cooling) equipment to respond to requests from the grid. Adequate levels of insulation ensure that households can confidently change heating schedules or allow automated control of their heating because their comfort is not compromised. Efficient thermal storage in a water tank can also be used by building owners to turn up electricity use at times of abundance – for example, charging domestic hot water or thermal stores overnight.

These flexibility benefits support the acceleration of electrification and reduce costs for end users. Greater demand-side flexibility allows system operators to cope with more of the congestion and balancing issues that can constrain the rate of electrification, and to do so more cost-effectively.

Contributing to affordability and inclusion 

Energy efficiency policy can and should have a strong social focus. Energy efficiency has been recognised by the EU as a priority measure to address energy poverty. Saving energy is particularly important and valuable for people who already have very high energy burdens, particularly those who are vulnerable or at risk of energy poverty. 

Increasing the efficiency of the home means it can hold heat and keep occupants comfortable for longer without active heat input. The ability to turn down heat input at times of the day when electricity is scarcer, and possibly more expensive, without compromising comfort, can provide further bill savings. Lowering operational costs and opening flexibility potential are key tools to make electrification affordable and inclusive.

The increasing relevance of where and when electricity is saved

When matters

Reducing electricity consumption in times when demand exceeds clean electricity supply can help keep costs in check. As discussed above, this can be achieved by deploying demandside flexibility, which can itself be facilitated by energy efficiency policies.

Various energy efficiency interventions also have a direct impact on hourly and seasonal electricity consumption. Investments in energy efficient technologies save energy whenever that appliance or use would be ‘on.’ For example: 


●  Replacing an inefficient air conditioner unit with a more efficient one saves energy during the summer, while replacing electric resistive heating with a heat pump saves energy in the winter. 

●  Increasing the efficiency of residential lighting mainly saves electricity during the evenings, when most people are at home, while a similar intervention in the commercial sector would save electricity when shops are open.


Different technology interventions, in different end-use sectors and electricity system conditions, will therefore be more or less useful depending on when clean electricity supply cannot keep up with electricity demand.

Where matters

Reducing electricity consumption in areas with grid congestion may have particular value as it can alleviate constraints and mitigate the increase in grid costs. The EU would still need to plan for massive investments in grids, but these investments could be targeted to where they are most needed. 

In the United States, energy companies have used geographically targeted energy efficiency investments to postpone specific grid investments or prioritise investments where they were most urgently needed. These projects established that energy efficiency investments are in some cases less costly than some specific grid upgrades to maintain appropriate levels of energy service in grid-constrained areas. A number of similar pilot projects have been rolled out in Europe.

Geographically targeted energy efficiency programmes can have multiple drivers, beyond supporting electrification. For example: 


●  They could focus on deploying energy efficiency actions to benefit low-income or vulnerable households, which would otherwise not be in a position to benefit from affordable electrification.

●  They can be driven by heat planning. If a heat plan identifies that a geographical area will transition to a modern district heating system using low-temperature water to heat homes, it makes sense to prioritise timely building fabric improvements in these areas.


Recommendations 

Energy efficiency will be crucial to successfully managing the transition to a decarbonised, electrified energy system. As the EU is figuring out the best strategies to accelerate electrification, we recommend that decision-makers involved in the design of future energy policy take the following steps: 

Recognise and assess the specific value of energy efficiency in the electrification process. Decision-makers interested in achieving more progress on energy efficiency can identify – and, when possible, quantify – the role of energy efficiency policy as an enabler of affordable, inclusive electrification. This knowledge and focus can drive more informed and targeted policymaking.

At the moment, neither energy efficiency policy nor electricity regulations fully recognise the benefits that energy efficiency brings to electrification. For example:


●  Headline energy efficiency targets and policies at EU level do not sufficiently differentiate or target support based on efficiency’s contribution to electrification.

●  There are very few projects in Europe where energy efficiency has been used to defer specific investments in transmission and distribution infrastructure.

●  Stakeholders are starting to investigate the role of energy efficiency as an enabler of demand-side flexibility services,but this benefit is not yet reflected in different policy areas. 

●  Many policies still provide undifferentiated support to all households, regardless of their income or vulnerability factors, despite the fact that energy efficiency has been recognised a key strategy to mitigate energy poverty and facilitate electrification.


Explore the role of targeted energy efficiency programmes that focus on specific challenges. These will likely become more important in the next few years. For example: 


●  The deployment of fabric insulation in specific geographical areas could relieve grid stress, enable continued progress on electrification, support the delivery of heat planning objectives or enable households to electrify affordably. 

●  Energy efficiency support schemes could focus on specific actions that address problematic peak consumption times. For example, policies could couple building fabric efficiency assessments and upgrades with heat pump rollout and default smart operation. 


Because the many benefits of energy efficiency, including social and health benefits, are often split across multiple parties, the focus on targeted projects might make it easier to bring these parties together. Coordination between energy efficiency policymakers and multiple grid planners will likely be needed, possibly in the context of a better integration of different energy planning exercises.

In that regard, decision-makers could gather relevant stakeholders, including grid companies, to pilot targeted energy efficiency programmes around specific challenges. This could happen in the context of the development of local heating and cooling plans, for example. 

Build synergies between policies promoting distributed energy resources. Energy efficiency is a distributed energy resource, like solar panels, batteries and demand-side flexibility. These resources interact. For example: 


●  Both fabric efficiency and an efficient heat pump contribute to improving the overall 

●  efficiency of a building. 

●  Fabric efficiency increases the ability of building occupiers to use electricity for heating 

●  flexibly. 


There might be a need to consider energy efficiency and other distributed energy resources collectively and maximise the contribution of these resources to the transition, rather than thinking in silos. A first step would be for decision-makers to identify successful business models combining different distributed energy resources and investigate policy measures which could further support such synergies.

These points may be of interest for the European Commission as it is designing its Electrification Action Plan and looking into options for a post-2030 climate and energy framework.

By Marion Santini, Louise Sunderland, Samuel Thomas

This article is adapted from the report 'Right Here, Right Now! New Roles for Energy Efficiency in an Electrified Energy System' by the Regulatory Assistance Project (RAP). 

It is republished here with permission.
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2.  How will Germany support the expansion of renewables in future?
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Photo: Stiftung Offshore-Windenergie.

Guaranteed feed-in support payments for renewable energy projects have been at the heart of Germany's energy transition since they were introduced in 1990, and have been emulated across the globe. Renewables are now the cheapest form of generating electricity, and the fastest growing power source in the country. As their share in the electricity mix grows, the country has to figure out how to bring integration costs down while spurring investments on. Germany is still a pioneer amongst big industrialised economies in rolling out renewables – meaning the discussions that the country is having now will be relevant for others around the world in future.

What is Germany's trademark renewable support scheme?

Germany has supported the expansion of wind and solar power with its trademark renewables surcharge (the EEG in German): a guaranteed feed-in payment that producers of renewable electricity receive for every kilowatt-hour (KWh) they feed into the grid, usually during a 20-year period.

The EEG was first introduced to drive the ramp-up of renewables, which due to the electricity market structure, would have had a hard time competing with other power sources — such as coal — due to their high upfront costs.

The feed-in tariffs are credited with powering the country's renewables growth and reducing the price of renewable technologies, not only in Germany. Many experts say the energy transition would not have been possible without the EEG.

The government financed the EEG by adding a renewables levy to electricity bills. While this helped to spur the growth of wind and solar power capacity over the past two decades, the renewables levy was also criticised for contributing to Germany’s relatively high household electricity prices, among the highest in Europe.

The fee was scrapped in mid-2022 amid the energy crisis in a bid to protect consumers from skyrocketing power prices. Instead, the government planned to fund support for renewables with the proceeds from emissions trading and the state budget. For large renewable projects, the feed-in tariffs are determined through an auction system, where capacity is put to tender and the lowest bids get awarded contracts.​

Is the current electricity system prepared to deal with a rising share of renewables?

Wind power and solar photovoltaic (PV) systems will be the main sources of Germany's and Europe's energy supply in the future. The share of renewable electricity generation in Germany increased from 3.6 percent in 1990, when the very first feed-in law was introduced, to around 57 percent of the country's gross electricity consumption in the first half of 2024.

Thus far, electricity systems were guided by demand, with generation adapting accordingly. This worked well when controllable coal and gas power plants formed the backbone of the power mix. However, the aim is for renewables — which are cleaner and cheaper, but intermittent by nature — to dominate the power market. This implies that the whole power system will have to become more flexible to adapt. This includes making demand more flexible, and adding electricity storage systems.

[image: IMG_256]

Germany's priority before was to increase renewable capacity, but as more and more wind and solar projects come online the inflexible corset of the conventional power system is beginning to burst at the seams. For the new system based on renewables, the rigid way electricity is produced and consumed is outdated: there are few incentives for installations to produce at times when electricity is more valuable, for consumers to reduce demand when supply decreases, or for storage systems to respond accordingly.

Transmission infrastructure is also not yet up to the job of making full use of all the new renewable energy, while electricity generation now often exceeds the country's total power consumption for short time spans, especially around midday, when sunshine is at its most intense and solar power generation at its highest.

The costs of integrating more and more renewable capacity into the power system are stacking up: measures to stabilise the grid (so-called re-dispatch costs) reached 3.1 billion euros in 2023; Germany paid just under 13 billion euros in grid fees the same year to slow the increase of electricity bills through the required grid expansion; and low wholesale electricity prices caused a hefty increase in the federal funds required to pay the guaranteed feed-in tariffs to renewable operators. Projections estimate around 23 billion euros will be needed for the whole of 2024, more than twice the amount initially earmarked.

Why is support for renewable expansion needed?

Germany must find the best way to ensure enough investment in renewables in the future to meet legally-enshrined climate targets, such as covering 80 percent of power consumption with renewables, and to secure more cheap electricity.

Huge amounts of renewable capacity will be needed for Germany and Europe to power their economies in a climate-neutral way. Demand for electricity is set to rise sharply as industrial processes, mobility and heating switch from fossil fuels to electricity (from gas boilers to heat pumps or from combustion engines to EVs).

While renewables have become the cheapest source of electricity, project developers face high risks for future investments. Surplus renewable electricity — for example, more and more solar at midday — that is difficult to control in today's system significantly reduces wholesale electricity prices, meaning utilities hardly make any market revenues. While lower power prices benefit consumers and industry, uncertain or insufficient market revenues pose a risk for investors wanting to recover their capital costs.

[image: IMG_256]

Developments which would dampen this so-called cannibalisation effect during renewable power generation peaks and ensure more stable market prices, such as increased means to consume electricity flexibly, and higher storage capacity, as well as the increase in electricity demand through the rise in electric cars and heat pumps for example, are policy developments which investors in future renewable capacities have no direct control over.

‘While we expect market revenues to likely sustain the build-out of renewable energy systems in the coming years, precise forecasts are difficult,’ Fabian Huneke, expert in the transition to a climate-neutral electricity system with think tank Agora Energiewende, told Clean Energy Wire. ‘To ensure projects are financed, planning certainty is important.’

Why does Germany need to change its support model for renewables?

In future, Germany should promote the ‘market-efficient’ use of renewable installations and allocate new capacity ‘in a way that benefits the system’, according to a policy proposal paper from economy ministry (BMWK). This means that they are able to generate electricity at times when it is particularly valuable, which can be achieved with solar panels directed towards the morning or evening sun, wind turbines equipped with blades specialised for low wind speeds, or adding storage systems, for example.

Many renewable projects are reliant on subsidies and often do not react to price signals to reduce production when there is oversupply. These technologies, however, are slowly reaching a stage where they are ready to be integrated into the electricity markets fully, based on remuneration from market revenues only, without subsidies.

‘We should keep the bigger picture in mind: renewable energies are key for climate neutrality in 2045. Looking forward, they require a safety net. Expensive support payments are a thing of the past,’ Huneke explained. ‘This means we need a dynamic system, which on the one hand maximises market-driven expansion, but on the other hand is backed up by an investment framework to ensure stability in critical phases and security for long-term planning.’

What role do European rules play in Germany's decision?

Following a power market reform earlier this year, the European Union requires that, from 1 January 2027, new state-backed support mechanisms to promote wind, solar, geothermal, hydro and nuclear power need to include a repayment clause to avoid possible over-funding.

At times when expensive fossil power plants make it into the wholesale electricity market, they set the price for all producers (following the merit order principle). This means operators with low running costs (i.e. renewables) can make huge unexpected revenues, also referred to as ‘windfall profits’.

A clawback clause would set a ceiling on the amount of money new renewable installations can make if they receive state support, and any profits beyond this ceiling have to be returned to the state. New contracts following Germany's Renewable Energy Act (EEG) support model, which include only a guaranteed feed-in tariff but have no cap, will no longer be allowed.

The EU made this a requirement in the wake of the energy crisis sparked by Russia's war against Ukraine.

To promote the market integration of renewable energies, the new EU rules also state that direct support payments should not have a negative effect on electricity markets (day ahead, intra-day, balancing and ancillary power markets). Member states, therefore, need to implement additional regulations to reduce the effects that guaranteed support payments (that operators receive for the green electricity they feed into the grid) could have on renewable power plants' decisions to generate electricity or not.

How will Germany deal with renewables growth and negative power prices?

Renewable energy covered over half of Germany's gross electricity consumption in 2023. The same year, installed renewable power capacity increased by about 17 gigawatts (GW) to a total of 166 GW. All the while, the number of hours with negative power prices is also on the rise at times of oversupply due to favourable conditions for wind and solar. When this happens, power plant operators pay consumers to use electricity, instead of getting paid to produce it. Between January and October 2024, Germany saw over 430 hours with negative wholesale electricity prices.
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Source: BNetzA. Graph: CLEW.

The higher the share of renewables in the electricity system, the more frequent the hours become in which wind farms and solar parks feed in electricity simultaneously. In combination with low consumption — and crucially, a lack of flexibility — wholesale prices tumble.

However, because renewable producers receive feed-in premiums for every kilowatt hour they feed into the grid, they have so far largely not been incentivised to react to negative prices by producing less.

According to a current cabinet proposal, from January 2025 onwards, feed-in tariffs should generally be suspended for new photovoltaic (PV) systems or wind farms at times of negative power prices (with the exception of small systems). Support currently stops at times when the spot market price is negative for three or more consecutive hours.

‘In the long term, the market should be able to stabilise itself without the need for permanent subsidies,’ Philipp Schröder, CEO at energy management start-up 1KOMMA5, told Clean Energy Wire. ‘Above all, this means getting out of the EEG hammock and funding that is more strongly aligned with market economy principles.’

Flexible electricity demand and more storage should also help stabilise wholesale power prices.​

How is Germany planning to support renewable expansion in future?

In a paper published in September 2024, the economy ministry proposed four options to support the expansion of renewables in the future, all different types of so-called two-sided Contracts for Difference (CfDs).

Installations with these contracts would, in essence, receive money when wholesale power prices are low, and have to give some profits back if power prices are high.

Renewables should stop receiving subsidies ‘as soon as the electricity market is sufficiently flexible and sufficient storage facilities are available’, according to the government's 2024 'growth initiative'.
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A solar PV park in the northern German state of Mecklenburg-Vorpommern. Photo: CLEW/Wettengel.

’Currently, a major point of contention is whether we should have a system where revenue guarantees are linked to the general capability of the wind farm or solar park to produce electricity – irrespective of the exact operation of the plant,’ Agora's Huneke explained. ‘Or, by contrast, a production-based system, i.e. a mechanism that links revenue guarantees to actual production.’

Another open question is how Germany plans to combine state support mechanisms with a market-driven expansion. ‘A combination of a high share of market driven-expansion and a public framework which de-risks investments can back sufficient renewables growth, benefit the state budget and reduce the overall cost of a renewables-based power system,’ Huneke added.

What challenges remain?

To drive down costs and make the most of the rising share of clean and cheap electricity, Germany must find a way to ensure that future renewable installations benefit the overall electricity system, while also making it more flexible and able to cope with more renewables.

‘Renewable energy project developers in Germany have had limited incentives to invest in system-friendly installations,’ DIW researchers wrote in 2017 already. This could mean, for example, setting up solar panels facing east or west, to generate electricity earlier in the morning or later in the afternoon. While these systems would generate less electricity overall compared to south-facing panels, they would feed in power when it is usually most needed.

‘We are currently still a long way from 100 percent renewables.’ Philipp Schröder, CEO at energy management start-up 1KOMMA5, told Clean Energy Wire. ‘If we do not manage to decouple the system from subsidies as much as possible, adapt the grid and infrastructure to the challenges, and avoid high costs for the general public, then neither scaling up renewables nor a 100 percent renewable-powered electricity system will come to pass.’

Is a future with no state support mechanism for renewables possible?

[image: IMG_256]

Photo: Siemens Gamesa.

Technologies such as offshore wind and some big solar parks have, in the past year, shown that it is possible to expand without any support scheme. However, there will be phases in which build-out slows because electricity prices are low or capital costs high (for example steel prices for wind turbines rising, or projects becoming more expensive the further away they go from the shore).

‘From today's perspective, experts generally believe that electricity market revenues alone will not be enough to provide sufficient security to refinance all the investments in renewable energy plants required to modernise the electricity system,’ the economy ministry wrote in its proposals paper.

While renewables networks expand and electricity demand significantly increases, a framework is needed to ensure the continuous build-out of new capacity. But the closer we get to climate neutrality, the more we can rely on a market driven build-out, according to Agora's Huneke.

By Carolina Kyllmann

Republished from Clean Energy Wire under CC BY 4.0 Licence.
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3.  Low-carbon tweaks to China’s coal power fleet may not boost the energy transition
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It will be tough to ensure the ‘fuel-switch’ changes are genuinely low-carbon, economic and sustained, writes economist Zhang Shuwei  

[image: IMG_256]

A worker checks processed material at a biomass-fuel producing company in Qingtongxia, north-west China. Biomass is to be blended with coal in Chinese power plants to reduce coal’s carbon intensity (Image: Yang Zhisen / Imago / Alamy)

One obvious response to the climate crisis – no matter where in the world you are – is a rapid decarbonisation of the energy sector. This involves a push for carbon neutrality by 2050 and then onwards to negative emissions. That aligns with the global warming limits enshrined in the Paris Agreement, which is accepted by most countries.

For some sectors – buildings, chemicals, cement and steel – cuts are still difficult and technical roadmaps need to be worked out from scratch. But for others, cuts will be no more expensive and might even boost profits.

Take renewables and electric vehicles (EVs) as examples. The cost of electricity from wind and solar PV is now half or less that of electricity from coal or gas power. And in April, the International Energy Agency head Fatih Birol said ‘the combination of solar PV and batteries is today competitive with new coal plants in India’. He predicted the same for China ‘in the next few years’. Meanwhile, EVs currently compete with traditional vehicles on price, range and performance, thanks to Tesla, China’s low-cost mass manufacturing, and further innovation. EVs account for over 50% of all new car annual sales in Norway and Sweden. The same milestone was reached in China during the first half of April. In India, EVs are even the cheaper option in some circumstances.

From a purely economic perspective, green solutions with price advantages will win a larger market share, and this could result in emissions mitigation. But things are a bit more complicated in the real world. Two attempts to switch to lower-carbon fuels illustrate this. In China, coal power plants are set to blend variable amounts of biomass or fashion green ammonia into their fuel. In Germany, internal combustion engine cars may end up being powered by synthetic fuels.

Similar forces are at work in both cases. As we will see, rather than waiting to be phased out, established and well-organised industries are influencing policy in an attempt to slow the transition.

Alternative fuels for Chinese coal power stations

In mid-July, the National Development and Reform Commission published a fuel-switch action plan for China’s coal power fleet up to 2027. To reduce the carbon intensity of power generation, plants will be allowed to burn alternatives to coal, such as biomass and green ammonia. Meanwhile, carbon capture and sequestration technology will be installed.

The action plan’s first batch of changes should be underway in 2025. Carbon emissions at participating power plants are expected to fall by about 20% per kilowatt hour from 2023 levels. By 2027, the anticipated reduction in setup and operating costs will enable the plan to be implemented more widely. Emissions per kilowatt hour are expected to have fallen again – approximately 50% from 2023 levels – and match those of gas-fired power.

This plan has the potential to cut carbon intensity, but its costs and feasibility at large scale beg the question: is the approach cheaper and more scalable than the alternatives, like simply replacing coal power with renewables?

A reliable biomass supply chain will be needed to produce, transport and store the new fuel. The cost of that supply chain will grow exponentially with distance. Moreover, fuel procurement has been an ongoing problem for biomass power plants in China. Geological sequestration (injecting CO2 into rock formations deep underground) is a particularly promising carbon-removal technology, but deployment remains limited. It is also unclear how this action plan’s full costs will be met, or how much of a difference this will actually make to China’s 1 200-gigawatt coal sector.

Outcomes will of course depend on the particular facilities and technologies chosen. Currently, funds are to be sourced from special, very long government bonds or similar. A way to allocate the financial burden between the government, power companies and customers will be developed, along with periodic policy support. The action plan says a methodology for calculating emissions cuts will be created and power generated with biomass or green ammonia will be treated separately. Grid dispatch systems will be adjusted to prioritise facilities with significantly lower emissions – defying the economic logic that cheaper sources of power are used first.

There is another practical issue. How to verify what the power plants are burning? For plant managers, it would be understandably tempting to report the burning of cleaner fuels while using coal. Monitoring this remains hard. It was once an open secret that ‘biomass’ power plants only burned biomass sometimes. At other times, they shovelled in coal, while still getting preferential on-grid prices for their power.

Germany sticks with the internal combustion engine

Retaining fossil-fuel facilities is not a problem in itself. The question is, how can those facilities become low-carbon and economically viable? Let’s look at a case in Germany.

In early 2023, the EU was discussing a ban on the sale of internal combustion engine (ICE) cars from 2035. A car lasts about 15 years, so to hit carbon neutrality by 2050, you need to start taking new ICE cars off the road from 2035. At the last minute, Germany blocked the deal to demand a loophole be left open. It wanted an exemption for ICE cars running solely on synthetic fuels, also known as electrofuels or e-fuels.

[image: IMG_256]

Germany’s federal minister for transport, Volker Wissing, fills a car with electrofuel at a test facility in Freiberg. E-fuels are being pursued as a low-carbon pathway to see internal combustion engines through the energy transition 

(Image: Hendrik Schmidt / dpa / Alamy)

E-fuels are made by splitting water into hydrogen and oxygen with electricity. Carbon dioxide is then combined with the hydrogen to produce diesel, jet fuel or fuel oil. ICE vehicles running on e-fuels could therefore avoid being phased out. This attractive prospect could be part of a zero-carbon transportation solution. But there are countless practical issues.

Manufacturing e-fuels requires obtaining hydrogen via electrolysis of water and setting up fuel supply chains. Both are cutting-edge innovations in need of research, development and testing. Making the switch for cars would be a complex process. The better choice would be to start this process in energy-intensive industries and the power sector.

Also, the problems seen with the use of biomass or green ammonia in China’s coal power plants reoccur here. How to build the logistics infrastructure from production to transportation to final user? How to kick-start the market and help it grow? And who should pay the inevitable start-up costs?

Moreover, ICEs are inherently inefficient. A car run on e-fuel may be five times less efficient than an EV. How can that be competitive? And how can we ensure those cars never run on petrol or diesel again? Will there need to be different nozzles for e-fuel cars? A separate supply chain for zero-carbon fuels? Whatever happens, it feels as though some are unwilling to replace the internal combustion engine.

Beyond tech and economics

Whether it’s power plants in China or cars in Germany, switching fuels doesn’t seem to make sense.

In both cases, the change would allow a lot of existing infrastructure to be retained. This is an important factor. Both industries have huge logistical networks and assets set up; significant social, economic and political influence; and perhaps even a sense of pride in their mission. There are 35 000 people working on engine development at BMW alone. They take great pride in their engines, which rely on thousands of components seamlessly working together. It must be hard to imagine that being lost to ‘creative destruction’.

With coal power plants, the aim is to avoid the social costs of rapidly shutting down existing assets. But the current approach ignores market mechanisms and risks slowing the energy transition.

While technological advances are important for the transition, we also need effective measures to overcome resistance from business and ensure our goals are met. For coal plants and cars, fuel switches look like positive steps towards combatting climate change and achieving low-carbon targets. But in practice, they are accompanied by many technical, economic, political and market complications and variables.

By Zhang Shuwei

This article was originally published on Dialogue Earth under the Creative Commons BY NC ND licence.
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4.  ​How China’s renewables rollout boosts its ‘war on sand’ 
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Arial view of a solar farm in the Tengger Desert, China. Credit: Sipa US / Alamy Stock Photo

China’s effort to build large solar power ‘bases’ in and around the desert is a major part of its current renewable plan.

What is less known is that the initiative – which has expanded rapidly in the country’s arid north and northwest – is also a part of China’s campaign to combat desertification, an issue increasingly exacerbated by climate change. 

For more than four decades, Beijing has been trying to prevent sand from degrading its land and forming dust storms with an afforestation programme called the ‘Three-North Shelterbelt’ (三北防护林).

Over the past two years, the programme – described as China’s ‘war on sand’ by the media – has been boosted by the development of large-scale solar bases in far-flung regions, such as Xinjiang and Inner Mongolia.

Installing solar panels in the desert can not only generate power, but also help prevent sand dunes from moving, according to Dr He Jijiang, executive deputy director of the Research Center for Energy Transition and Social Development at Tsinghua University, Beijing. 

Energy companies’ investments also provide financial support to many regions’ sand-control campaigns – an apparent obstacle in the past – Dr He tells Carbon Brief at a side event in the China pavilion at the ongoing 16th session of the conference of parties (COP16) of the United Nations Convention to Combat Desertification (UNCCD) in Riyadh, Saudi Arabia.

Taming of the sand

China is one of the worst-hit countries by desertification, which essentially means land degradation in dry lands. When land degrades, it becomes less healthy and productive.

Nearly 18% of China’s landmass – roughly seven times the size of the UK – is affected by the issue, according to statistics reported by Guan Zhi’ou, director of China’s National Forestry and Grassland Administration and the head of the Chinese delegation to COP16, in November. 

China’s effort to combat desertification has a strong link with its – and the world’s – climate actions.

Soil is the second largest natural carbon sink on Earth after oceans and stores a large amount of carbon. When land degrades, not only does it lose the ability to store as much carbon, it can also release carbon into the atmosphere, driving further climate change.

On the other hand, climate change accelerates land degradation and China is on the front line. The country has seen the largest total area shift from non-dryland into drylands over the past three decades, according to a major scientific report published by the UNCCD at COP16. This means more parts of China are now prone to land degradation.

Since the introduction of the Three-North Shelterbelt programme in 1978, China has adopted a series of measures to fight desertification, from planting sand-blocking vegetation to laying straw on the ground in the shape of checkerboards to prevent its vast deserts from expanding. These solutions have enabled the country to protect about 360 000km2 of desertified land and to rehabilitate 79 000km2 of it, Guan said.

The ancient Chinese people built the Great Wall and Beijing now intends to build a ‘Green Great Wall’. According to the plan, the Three-North programme will see a total of 350 000km2 of trees planted in northern regions over the space of 73 years – until 2050 – to block out dust storms, stabilise the soil and improve land fertility. 

Research by the Chinese Academy of Sciences showed that emissions averaging 213m tonnes of carbon dioxide equivalent were absorbed by forest, land and the environment every year between 1980 and 2015, due to the Three-North Shelterbelt programme, according to a release published by the National Forestry and Grassland Administration.

Solar solution

China’s plan for renewable energy from 2021 to 2025 calls for the ‘large-scale development’ of its sand-plus-solar anti-desertification method, a concept Beijing started promoting around two years ago. 

The concept centres around managing arid areas via building and maintaining solar farms. It stems from years of experience accumulated by Chinese solar developers, which have built solar farms in the desert for more than a decade – with varying degrees of success.

‘Building solar farms needs a lot of space. China has vast deserts, so [companies] wanted to take advantage of it,’ Dr He explains.

But to operate solar farms in such harsh conditions, these companies must first take various protective measures – and these measures helped combat desertification, too.

For example, companies need to put up fences around their solar farms to stop animals from entering, install anti-dust nets to prevent sand from gathering on equipment and make straw checkerboards around their bases to prevent nearby sand dunes from shifting, Dr He says. 
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Solar farm in the Tengger Desert, China. Credit: Cynthia Lee / Alamy Stock Photo

Solar panels also bring benefits to the ground underneath. For example, they can reduce water evaporation by blocking out direct sunshine, according to Dr Chen Siyu, a professor at the college of atmospheric sciences at Lanzhou University in Lanzhou, a city situated on the edge of the Gobi desert in China. 

Solar panels can ‘significantly increase’ the soil moisture of dry regions and, therefore, help plants to grow, Dr Chen tells Carbon Brief. A 2021 study conducted in northwest China projected that the soil moisture would increase by up to 113.6% when it is sheltered. 

‘Solar panels can also form a natural barrier, helping to shed wind speed and prevent dust storms from occurring and spreading,’ she says. 

Ramping up transition

The construction of solar farms also injects financial support to many regions’ sand-control campaigns, providing incentives for them to carry on, Dr He notes. 

‘In the past, planting trees only brought ecological benefits, not economic returns,’ he says. ‘Now, if a company wants to build a solar power station, it needs to cover all related costs, from hiring equipment to growing plants.’

Ramping up the solar-plus-sand method can scale up China’s renewable deployment, as well as improving soil conditions by bringing greenery, vegetable plots and livestock to the desert and barren land. Because of this, dryland has become ‘a type of resource’, Dr He says. 

The Chinese government has been pushing the concept as a way to upscale the development of desert-based solar.

But there are concerns over whether the country’s grid is ready to transport such a large amount of solar power from remote areas to big cities on the eastern coast thousands of kilometres away. 

Dr He recognises the challenge. ‘We don’t have enough long-distance transmission lines, but we are building many,’ he says. 

By Xiaoying You

Republished from Carbon Brief under CC BY 4.0 Licence.
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5.  Green jobs beyond engineering: a guide for aspiring professionals 
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Did you know that clean energy sectors accounted for over 34 million jobs globally in 2023, outpacing fossil fuel employment for the first time? Green energy is no longer just a buzzword: it is a booming industry that is reshaping the global workforce. As countries and corporations race toward sustainability goals, opportunities in this sector are expanding beyond traditional engineering and research roles, writes green energy recruitment specialist Qihan Geng, of The Green Recruitment Company (TGRC).

Whether you’re a fresh graduate or a seasoned professional seeking a fresh direction, the green economy offers a wealth of possibilities to make a difference. The shift to renewable sources goes beyond wind turbines and solar panels. It’s about the people driving this change—those who can manage projects, shape policies, inspire innovation, and integrate sustainability into every corner of the economy. 

Working at the intersection of talent and innovation, green energy recruitment specialist TGRC connects professionals to impactful roles and helps organisations to build future-ready teams. 

The changing landscape of green employment

The global shift to renewable energy is revolutionising not only how we power our world but also redefining the workforce driving this change. As clean energy industry grow rapidly, new roles are opening up across fields, not limited to technical engineering.

In 2023, clean energy sectors added 1.5 million jobs globally, with total employment in these sectors surpassing 34 million for the first time, now outpacing employment in fossil fuels​[1]. In the EU, clean energy jobs now account for over 12% of the energy sector workforce, driven by investments in solar, wind, and hydrogen technologies​[2]. China is a world leader in green employment, and is home to over 40% of the world’s renewable energy jobs, a testament to its dominance in solar PV manufacturing and wind turbine production​[3].

However, the picture is more complex in emerging markets. Despite representing 60% of the global workforce, these economies accounted for just 25% of clean energy job growth in recent years, hindered by structural barriers such as limited skills availability and infrastructure gaps. China stands as an outlier, capturing over 90% of its energy job growth from clean sectors, highlighting the need for targeted policies and investment in other developing economies. IRENA’s findings echo this disparity, demonstrating that targeted policy interventions and investment in vocational training are essential to unlocking the employment potential of renewables in these regions.

Beyond the numbers, the ability to adapt one’s existing knowledge to a new context is crucial for this transition. Professionals from diverse backgrounds are finding ways to apply their existing expertise to emerging roles in the green economy. For example, a project manager skilled in stakeholder coordination and risk management can seamlessly transition into overseeing renewable energy projects. Likewise, supply chain professionals familiar with lifecycle analysis and sustainability metrics are making procurement practices more sustainable and reducing emissions in logistics.

TGRC’s further demonstrates this evolution. Across the Asia-Pacific area (APAC), professionals from diverse backgrounds have pursued additional certifications and training to lead sustainability initiatives. For instance, marketing experts have specialised in green branding, helping organisations to align their strategies with environmental goals. Supply chain specialists, too, have embraced sustainable procurement practices, contributing to greener operations and lower emissions. These examples highlight how learning and adaptability can unlock opportunities in this growing sector.

Yet, challenges remain. The energy sector continues to grapple with significant skills shortages. Globally, professions such as electricians, energy auditors, and technicians remain in high demand. Gender disparities persist, with women representing just 24% of the renewable energy workforce, and targeted efforts are needed to create a more inclusive environment​[4].​

As the green energy sector continues to expand, the ability to adapt existing expertise to meet its evolving demands has become a key driver of success, underscoring the importance of transferable skills in this transition.

The role of transferable skills in the green economy

The Kyoto Protocol was superseded by the Paris Agreement in 2015, and subsequent shifts in international mechanisms marked a period of profound change for the carbon trading industry. This 'window of uncertainty' led to disruptions, with many professionals compelled to explore opportunities in other sectors or apply their transferable skills in adjacent fields. It was a time that tested resilience and resourcefulness, as individuals sought roles that reflected the emerging ESG (Environmental, Social, and Governance) initiatives or supported broader sustainability objectives. While these efforts indirectly contributed to reshaping the industry, this transformation was less a deliberate shift and more a testament to the resilience and ingenuity of professionals navigating a turbulent landscape. Their ability to identify opportunities in a rapidly changing environment underscored the importance of flexibility in driving forward sustainability goals even amidst uncertainty.  

Transferable skills are essential for if the world is to transition successfully into the green economy. Expertise from fields such as marketing, human resources, business development, and project management can contribute significantly to sustainability initiatives. Strong interpersonal skills, including effective communication, and negotiation, are essential for navigating the complex and collaborative nature of green energy projects. Expertise in employee engagement can help the implementation of sustainable workplace practices, while data analysis skills are in demand for emissions tracking and energy efficiency evaluation. Knowledge of areas such as renewable energy procurement, sustainable supply chain management, or ESG reporting can further highlight the adaptability and strength of someone seeking to enter this rapidly evolving field.

For project managers, applying their expertise in stakeholder coordination and risk management to renewable energy projects, familiarity with standards such as the UN’s SDGs or LEED standards can enhance project planning and help employees to align outcomes with sustainability goals. In the APAC region, familiarity with regional standards such as the Green Building Council’s Green Star system in Australia, Singapore’s Green Mark certification, and China’s Green Building Evaluation Standard (GB/T 50378), also known as the Three-star Rating System, adds significant value. Integrating these frameworks into project planning and execution ensures alignment with both global and regional sustainability goals and local compliance requirements.

Finance professionals equipped with skills in investment analysis, risk management, cost modelling and accounting fundamentals have the potential to drive significant progress in green energy initiatives. Renewable energy projects require substantial funding and meticulous financial planning, often combining bank loans, private investments, and specialised instruments such as green bonds. Professionals seeking to enter this field need to acquaint themselves with mechanisms such as power purchase agreements (PPAs) and energy performance contracts, which are essential for structuring and securing project financing.

Supply chain professionals can match their expertise with ESG goals to foster sustainable practices across procurement, logistics, and operations. Procurement managers, for instance, can prioritise eco-friendly vendors or low-carbon manufacturing, while logistics specialists can optimise routes or adopt cleaner transportation methods to minimise emissions.

In addition to operational adjustments, career prospects can be enhanced by tools like lifecycle analysis and carbon footprint tracking. These competencies are increasingly sought after as companies aim to meet regulatory requirements and improve supply chain transparency. Exploring certifications like ISO 20400 or collaborating with ESG teams on sustainability projects, supply chain professionals can gradually incorporate green practices into their work and build a future-ready career aligned with the demands of a sustainable economy. 

While deep technical knowledge is valuable, it takes a balance of foundational expertise, adaptability, and a commitment to continuous learning to thrive in the green economy. Success doesn’t rely simply on technical skills: it involves leveraging those skills effectively in a dynamic, evolving landscape. Those who invest in learning, seek mentorship, and adapt their skills to meet the demands of a greener future are well-positioned to succeed. With thoughtful planning and a growth mindset, professionals from diverse backgrounds can make meaningful contributions to the green economy.

[image: image]Transferring skills from fossil fuels to green energy

Transferring skills from fossil fuels to green energy

A case study from the US​[5], published by the Institute of Mechanical Engineers, which highlights the transformative journeys of engineers transitioning from fossil fuels to renewable energy. It offers an inspiring reminder of how adaptable professionals can leverage their expertise to drive the green energy transition.

Fervo Energy, based in Houston, Texas, is a geothermal power company where over 60% of its workforce comprises engineers from oil and gas backgrounds, demonstrating the high demand for transferable technical skills. These professionals bring invaluable expertise in drilling, completions, and reservoir engineering, applying them to cutting-edge projects such as horizontal geothermal wells and carbon capture facilities.

Camden Lang, formerly an engineer at XTO Energy, moved to Fervo Energy, where she now leads operations on next-generation geothermal projects. Her technical knowledge of well operations, gained in oil and gas, is directly applicable to her new role. Lang describes the move as ‘thrilling’, citing the opportunity to pioneer solutions to the global climate crisis while using familiar engineering principles in innovative ways.

This example demonstrates that mechanical engineers, particularly those skilled in systems design, problem-solving, and project execution, are uniquely positioned to thrive in renewable energy. By building on their technical foundations and embracing learning curves, professionals like Lang are not only shaping their careers but also contributing to the broader energy transition. As Lang aptly put it, ‘Life is about trying new things and exploring the world, because you only have so much time.’​[6]

Yet the green energy sector does not just need engineers. It thrives on the adaptability and resilience of professionals from all backgrounds. Success often requires patience, realistic expectations, and the ability to apply existing expertise in new contexts. By allowing time to grow and embracing incremental learning, professionals can position themselves to make meaningful contributions in this dynamic field.

Networking your way into green careers

Strategic networking is not just beneficial; it is essential for positioning yourself in the growing green energy sector. After identifying one’s transferable skills and honing your versatility, the next step is to apply them through strategic networking. Success in the green energy sector often depends as much on relationships as on expertise. Networking is about more than exchanging business cards—it is about building authentic connections that open doors to insights, opportunities, and meaningful career growth.

Strategic networking allows a professional to showcase their expertise to the right audience and connect with professionals who share their sustainability goals. From major conferences like the Global Clean Energy Forum to smaller university workshops, these events provide opportunities to share one’s story while building lasting relationships. Platforms like Beijing Energy Network and Riverside Energy Club offer opportunities for in-person engagement, while GreenBiz and LinkedIn provide digital avenues to connect with like-minded professionals. Webinars and online forums have also grown in popularity, offering ways to deepen one’s knowledge and meet industry experts without leaving home.

For newcomers to the green jobs market, internships and volunteer opportunities are excellent ways to gain hands-on experience and build a professional network. These roles demonstrate initiative and a willingness to contribute, traits that employers value. The university alumni network should not be underestimated: many institutions host sustainability-focused groups where shared backgrounds can lead to mentorship, career advice, or even referrals. Reaching out with a thoughtful message can spark conversations that make a difference.

Specialist recruitment agencies focused on sustainability are another invaluable resource. These recruiters bring insider knowledge and industry expertise, helping applicants to identify roles that match their skills and goals. They can streamline your job search and provide critical insights into employer expectations, saving time and effort.

Ultimately, networking is about more than simply making connections. It’s a tool for bringing together one’s strengths with real opportunities in the green energy sector and positioning oneself for long-term growth. Whether attending an event, engaging in online discussions, or collaborating with industry leaders, the relationships cultivated now will shape the path to success in the green economy.

Closing thoughts

Shifting into the green economy offers an opportunity to apply hard-won expertise to a global cause. By identifying roles that suit one’s strengths, pursuing focused learning, and cultivating valuable connections, it is possible to make meaningful and rewarding contributions to a more sustainable and resilient future.

Now is the time to act. If you’re reading this article and hungry for change, assess your skills, seek opportunities for growth, and connect with others driving change in this field. Start by gaining relevant knowledge, attending industry events, or reaching out to specialists who can guide your transition. Every step, no matter how small, brings us closer to a cleaner, greener world.

The future is being written in renewable energy and sustainable innovation. Where will your chapter begin?

By Qihan Geng

About the author

Qihan Geng is a director at The Green Recruitment Company, a leading supplier of global recruitment solutions to the green energy and technology sectors. With a proven track record of connecting top talent to transformative roles, Qihan helps organisations across the APAC region navigate the evolving green energy landscape, and supports professionals as they build impactful careers that drive positive change and accelerate sustainability.
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6.  Recycling of Critical Minerals
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Recycling is indispensable to the security and sustainability of critical minerals supply for clean energy transitions. This IEA report aims to evaluate the current status of recycling of minerals critical to the energy transition, analyses the prospects for secondary supply under different scenarios, and outlines targeted policy recommendations to accelerate the uptake of recycling that can pave the way for more sustainable and secure future mineral supply chains.

Recycling can bring multiple benefits in ensuring reliable and sustainable critical mineral supplies

Recycling is indispensable to the security and sustainability of critical minerals supply for clean energy transitions. As the shift to a clean energy system accelerates, substantial investments in new mines and refining capacity, especially in geographically diverse regions, will be required to produce essential minerals such as copper, lithium, nickel, cobalt and rare earths. While recycling does not eliminate the need for mining investment (or the associated revenues for resource-rich countries), it creates a valuable secondary supply source that reduces reliance on new mines and enhances supply security for countries importing minerals. This sets critical minerals apart from fossil fuels that cannot be reused (and whose use via combustion results in long-lived emissions in the atmosphere). Expanding recycling infrastructure can also help build reserves to buffer against future supply disruptions. Moreover, scaling up recycling mitigates the environmental and social impacts related to mining and refining while preventing waste from end-use technologies ending up in landfills.

This first-of-its-kind report on critical minerals recycling presents key policy recommendations to accelerate the uptake of recycling practices. Building on its landmark report in 2021, the International Energy Agency (IEA) has been deepening its analysis on the latest market trends and key policy issues around critical mineral supply chains through extensive data collection, modelling and close dialogue with industry stakeholders. At the IEA Critical Minerals and Clean Energy Summit in September 2023, participants highlighted the critical role of recycling in enhancing mineral security. Responding to this growing emphasis, the report assesses the current state of recycling, explores the potential for secondary supply, and presents policy recommendations to scale up recycling.
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Despite growing policy ambitions, the use of recycled materials has so far failed to keep pace with rising material consumption. In the case of copper, which plays a central role in all electrical applications, the share of secondary supply (including direct use scrap) in total demand fell from 37% in 2015 to 33% in 2023. Similarly, the share for recycled nickel decreased from 35% to 31% over the same period. The main exception is aluminium, which benefits from well-established waste management programmes and supportive regulations, where the recycled share increased modestly from 24% to 26%.
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Recycling of battery metals is an emerging commercial opportunity and is growing fast. Production of recycled battery metals, such as nickel, cobalt and lithium, has recently seen rapid growth, albeit from a low base. When assessing recovered metal volumes relative to theoretically available feedstock, rates surged to over 40% for nickel and cobalt and to 20% for lithium in 2023. The market value of recycled battery metals also experienced nearly 11-fold growth between 2015 and 2023, with 40% of this growth occurring in the last three years. Although electric vehicle (EV) batteries are not yet available for recycling at scale, these developments indicate vast potential for expanding recycling, if the right policy incentives are in place.

Policy momentum is gaining strength, with a surge in new policies and regulations. According to the IEA’s Critical Minerals Policy Tracker, more than 30 new policy measures related to critical mineral recycling have been introduced since 2022. These policies generally fall into four categories: strategic plans, extended producer responsibility (EPR), financial incentives and cross-border trade regulations. Some also include regulatory mandates such as industry-specific targets for material recovery, collection rates and minimum recycled content. However, most strategies are not yet comprehensive. Among the 22 countries and regions surveyed, only 3 had a broad framework that includes clear targets, implementation mechanisms, monitoring systems and economic incentives.

Recycling reduces the need for new mines, enhancing security and sustainability

A successful scale-up of recycling can lower the need for new mining activity by 25-40% by 2050 in a scenario that meets national climate pledges. While accelerated clean energy deployment calls for a substantial expansion of new mines and refineries to meet material demand, it also creates an opportunity for secondary supply to play an increasingly valuable role. In the Announced Pledges Scenario (APS), which reflects national climate pledges, recycling reduces new mine development needs by 40% for copper and cobalt, and by 25% for lithium and nickel by 2050. The market value of recycled energy transition minerals grows fivefold, reaching USD 200 billion by 2050. As a result, requirements for primary materials start to decline around mid-century. Nonetheless, investments in new mines remain essential as supply levels required by mid-century are still higher than today’s production and existing mines face natural declines in output.

Enhancing critical minerals recycling offers substantial financial and sustainability benefits. In the APS, some USD 600 billion of mining investments is required through 2040, while achieving net zero emissions by 2050 necessitates around USD 800 billion. Without an increase in recycling, these amounts would be 30% higher, increasing the burden of mobilising the necessary financing. Recycling can also mitigate the environmental and social impacts associated with mineral production. On average, recycled energy transition minerals such as nickel, cobalt and lithium incur 80% less greenhouse gas emissions than primary materials produced from mining. This translates into a 35% cumulative reduction in emissions from the production of lithium, nickel and cobalt required to meet their needs in climate-driven scenarios over the period to 2040.
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The energy security benefits of recycling are greatest in regions with limited mineral resources and high clean energy technology deployment. In Europe, under the APS context, secondary supply from batteries is projected to meet about 30% of the region’s lithium and nickel demand by 2050, notably higher than the global average of around 20%. This could substantially reduce either import bills or investment needs for domestic supply.

There is a major gap in today’s recycling rates between advanced and developing economies. In the case of electronic waste (e-waste), collection rates are notably higher in advanced economies than in emerging and developing economies. Collection rates in developing economies in Asia and Latin America are below 5%, and just 1% in Africa, with little improvement since 2010, whereas rates stand at 30% in Japan and Korea and 40-50% in Europe and North America. Support to strengthen collection and recycling infrastructure in developing economies, along with technology and skill transfer, can help prevent waste from ending up in landfills while fostering economic development in these regions.

Battery recycling is key to boosting overall recycling rates

Manufacturing scrap currently dominates the feedstock for battery recycling, but this balance shifts rapidly towards end-of-life EV batteries. Scrap from manufacturing processes still accounts for two-thirds of available recycling feedstock in 2030. From 2035 onwards, however, end-of-life EV and storage batteries take over as the largest source and represent over 90% of available feedstock by 2050. Lithium-ion batteries are one of the key technologies pushing up demand for critical minerals, but they also promise to be a major source for metal recovery.

Developments in battery chemistries have major implications for recycling. In the past few years, lithium iron phosphate (LFP) cathodes have gained significant market share from nickel-based chemistries, making up around 40% of EV batteries deployed in 2023, with their share expected to remain high. This shift impacts recycling economics due to LFP’s lower material value. This underscores the need for tailored business models, such as toll-based recycling, supported by regulation and strict mandates to prevent LFP batteries from ending up in landfills. Lessons from the 99% recycling rate of lead-acid batteries in the United States, achieved despite their low residual value, illustrate that well-designed policy measures can overcome economic hurdles in recycling.

Battery recycling capacity is expanding rapidly, led by the People’s Republic of China (hereafter, ‘China’). In 2023, global capacity for pretreatment and material recovery grew by 50% year-on-year, with China accounting for 80% of both. Analysis of the project pipeline indicates that China is on track to retain 75% of global pretreatment capacity and 70% of material recovery capacity in 2030. China recently announced the formation of China Resources Recycling Group Ltd., a state-owned enterprise dedicated to recycling and reusing end-of-life batteries, scrap steel and e-waste.

Battery recycling capacity is outpacing available feedstock, although the picture varies by region. If all announced projects come online as scheduled, global recycling capacity in 2030 could be seven times the available feedstock, even with the rapid levels of battery deployment achieved in the APS. However, the picture changes rapidly after 2030 as EVs reach end of life and feedstock availability increases sharply, surpassing announced capacity by 60% by 2040. There are major regional differences. China continues to see excess capacity relative to domestic feedstock. In Europe and the United States, excess capacity dissipates after 2030, and announced recycling capacity covers only 30% of feedstock by 2040. This is higher than in India, where the coverage in 2040 is just 10%.

Battery recycling could meet 20-30% of lithium, nickel and cobalt demand by 2050, but this depends on improving collection rates. The recovered metal volumes from available feedstock are influenced by many factors, with collection rates being the most critical. Under the assumption of continued increases in collection rates, in the APS, recycled volumes from batteries could reach 20-30% of demand for lithium, nickel and cobalt by 2050. However, the range varies depending on plausible variations in collection rates, from 30-40% with higher collection rates and 15-25% with lower rates. The reuse of EV batteries in storage applications meets around 10% of global storage demand by 2050.

The export of used EVs can significantly affect the global volume of recycling feedstock. A significant number of used conventional cars are exported from advanced to developing economies, but it is uncertain if this trend will continue with EVs, with major implications for battery recycling. In the APS, if EV exports mirror patterns of conventional cars, available battery feedstock for recycling in advanced economies and China could drop by 25% (1 terawatt-hour [TWh]) by 2050, while developing economies see a 50% increase (0.5 TWh); this is less than the decrease in advanced economies and China due to delayed battery retirement. Additional recycling capacity will be needed in importing regions, particularly for pretreatment facilities, to avoid waste and loss of potential feedstock for recycling. Clarity on EV export rules and conditions is important to reduce uncertainties and encourage recycling investments in both exporting and importing regions.

Relatively slow development of midstream battery supply projects is a major uncertainty for recyclers. While battery cell production projects are expanding in regions such as Europe and the United States (US), plans for the midstream supply chain such as precursor cathode active material (pCAM) and cathode active material (CAM) remain limited. By 2030, nearly 90% of these capacities are expected to remain concentrated in China, reducing the security benefits of recycling as recyclers need to compete to supply CAM producers, and cell manufacturers continue to import CAM. Strategic support for midstream development and vertically integrated projects could create more reliable domestic off-takers for recyclers. Strategic partnerships with countries with expanding CAM production, such as Korea, could provide a supplementary solution and serve as a valuable off-taker for European and US recyclers.

Greater clarity on policies and regulations is essential to support the uptake of battery recycling. The absence of clear, long-term regulations including export rules for used batteries and EVs as well as the implementation and enforcement of EPR creates barriers to investment. Providing long-term visibility for policies and regulations is crucial for instilling confidence in investors and recycling companies.
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Traditional metal recycling matters, especially for copper

Scaling up the recycling of end-of-life scrap from traditional industries is essential to alleviate pressure on critical mineral supplies, particularly for copper. Copper is an essential material used in a wide range of electrical applications, but a supply deficit is beginning to appear on the horizon. By 2035 announced projects are sufficient only to meet 70% of copper requirements in the APS. Increasing copper recycling is one of the most critical actions needed to ensure that the shift towards a more electrified and renewables-rich energy system is not held up by a bottleneck in supplies.

Opportunities to boost secondary copper supply are rising as scrap volumes surge from around 2030. Copper scrap availability is expected to grow alongside consumption until 2030, then outpace demand growth. In the APS, scrap volumes increase from 16 million tonnes (Mt) today to 19 Mt by 2030 and 27 Mt by 2050, theoretically able to cover three-quarters of projected demand. Construction remains the largest source of end-of-life copper scrap, but scrap from EVs and storage is set to grow the fastest, expanding more than 35-fold between 2030 and 2050. Enhancing collection rates and investing in secondary processing capacity are key to fully leverage this potential and ease future supply pressures.

Strong policy actions can further raise the share of secondary copper supply. The historical share of secondary supply in total copper demand has stagnated since 2015, but the anticipated surge in end-of-life scrap post-2030 is set to reverse this trend. A combination of policies – raising collection rates for legacy applications such as construction and cables, mandating recycling, improving sorting systems, and investing in new secondary smelters – can further elevate secondary supply’s contribution. Facilitating strategic partnerships between copper scrap supply chain actors such as scrap collectors, pre-processors and secondary smelters can also help optimise capacity utilisation and increase scrap trade efficiency. In the APS, the share of secondary copper supply in total demand (excluding direct use scrap) rises from 17% today to nearly 40% by 2050, underscoring the critical role of copper recycling in easing future supply pressures.
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There is substantial untapped potential for metal recovery from e-waste, mine waste and permanent magnets

Metal recovery from e-waste needs much more attention from industry and policy makers. Despite rising awareness, only a quarter of e-waste generated in 2022 was documented as properly collected and recycled. Since 2010, global e-waste generation has risen five times faster than collection and recycling efforts, resulting in a decreasing share of recycled e-waste. In 2022 alone, metals contained in e-waste were valued at around USD 90 billion, with only USD 28 billion recovered and turned into valuable materials. Of the 193 countries assessed in our report, only 80 had e-waste regulations as of June 2023, suggesting ample scope for strengthening policy actions. Stricter regulations and penalties for illegal dumping, enhanced traceability, and improvement in pretreatment processes can significantly boost critical mineral recovery from e-waste.

Rare earth recycling from permanent magnets is limited today but the rise of EVs and wind power brings significant potential to step up efforts. Currently, most rare earth recycling feedstock originates from manufacturing losses, with end-of-life permanent magnet recycling constrained by low collection rates (below 15%) and challenging economics. However, the growing use of permanent magnets in EV motors and wind turbines could drive up collection rates. High collection rates alone, however, may not be enough, as recyclers often prioritise more accessible or higher-value materials such as copper or battery metals. Improving recycling rates in this area is likely to require additional measures such as targeted economic incentives, rare earth recycling mandates and consumer commitments to using recycled content in products. In the APS, secondary rare earth supply triples by 2050, contributing to more secure and diversified rare earth supplies.

Recovering minerals from mine waste offers an opportunity to turn environmental liabilities into valuable resources. Mining generates around 100 billion tonnes of waste every year, in addition to the sizeable amount already existing in active, inactive and closed tailings. This waste volume is set to increase by almost 90% over 2020 levels by 2030. Reprocessing mine waste, or tailings, can reduce waste generation and mitigate environmental impacts such as water contamination, safety risks and soil pollution. For closed or abandoned sites, it also presents an opportunity for environmental remediation. Previously, the minerals left in mine waste were considered economically unviable, but declining ore quality and future supply concerns are making reprocessing more appealing. For instance, in Chile, the copper content in mine waste with higher grades than primary sources is poised to rise from 1.6 Mt in 2005 to 5.6 Mt by 2050. Realising this potential will require comprehensive waste resource mapping, supporting research and development (R&D) for new recovery technologies, providing economic incentives, and addressing liability barriers related to mine waste at abandoned sites.

Several cross-cutting issues remains to be addressed

Recycling businesses can be profitable, but innovative pricing schemes and business models are key to improving economic viability. Profits for recycling energy transition minerals may be lower than for bulk materials, but increased policy support and feedstock availability can strengthen the business case. Market-based battery metal recycling is particularly sensitive to material price fluctuations, requiring recyclers to have robust balance sheets and working capital to weather volatility and commodity cycles. New models such as toll-based recycling and revenue-sharing could offer recyclers better economic stability and encourage long-term investments, especially for LFP batteries.

New technologies hold promises for improving recycling efficiency. Current technologies often struggle with the complexity and diversity of products containing critical minerals, resulting in lower recovery rates and material loss. Emerging technologies such as advanced sorting, novel chemical and physical processes, and new quality control methods can help overcome these challenges. Positive trends are evident: lithium-ion battery recycling patents grew at an average annual rate of 56% from 2017 to 2022, and venture capital investment in battery and waste recycling surged between 2022 and 2023. Policy incentives and collaborations between research institutions and industry will be essential to bring these promising technologies to market.

Countries are taking action to regulate scrap trade to reduce unmanaged waste leakage and incentivise domestic recycling capacity. In addition to national regulations, international waste agreements such as the Basel Convention and the Organisation for Economic Co-operation and Development Decision on the Control of Transboundary Movements of Wastes continue to strengthen the control of transboundary waste trade. These measures will help ensure that exported scrap is properly recycled and sustainably treated in importing regions. However, effective and nimble implementation is essential to prevent these regulations from hindering the growth of the global recycling industry. For battery metals, a harmonised international classification of lithium-ion battery waste and black mass would provide much-needed clarity, reducing uncertainties around regulations concerning these emerging waste streams.

Recycling is not free from environmental and social impacts. Poorly managed battery recycling may result in pollution from waste residues, water contaminants and harmful emissions. In many countries, the waste collection stage often involves child labour or unsafe practices. While various voluntary standards are emerging, there are still significant gaps in social and governance aspects, requiring efforts to strengthen existing recycling standards. Traceability mechanisms can allow stakeholders to verify that materials are sourced and recycled according to best practices. Such mechanisms can also allow consumers to favour recyclers with higher environmental and social performance.

Policy makers need to look beyond recycling to integrate broader circular economy principles. Opportunities beyond recycling include circular product design, repair, refurbishing, reuse and repurposing. Circular design principles reflect the importance of improving products’ lifetime and facilitating easier recycling at the end of life. Increasing repairability via modular designs that make disassembly easier is a strategy that can be used in EVs and electronics. Repurposing and reusing also offer significant waste reduction opportunities. By adopting a holistic approach that considers the entire product life cycle, policy makers, industry stakeholders and consumers can create more sustainable pathways for the use of critical minerals.

––––––––
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7.  News in brief
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European News

# Policy Initiatives 

EU: ETS2 cap for 2027 adopted

The cap for the EU Emissions Trading System 2 (ETS2) has been set at 1 036 288 784 allowances for the year 2027. The cap covers emissions from buildings, road transport, and small industries, and is based on average CO2 emissions in these sectors between 2016 and 2018. Starting from 2025, this average will decrease by 5.1% each year until 2027.

EU: Member States agree new target for offshore renewable capacity 

EU Member States have agreed to install 88 GW of offshore renewable capacity in Europe’s five sea basins by 2030, rising to 360 GW by 2050. The TEN-E Regulation has been revised to support this expansion through coordinated grid planning, facilitating investment and minimising environmental impact. ENTSO-E will now update its strategic offshore network development plans to align with these goals.

EU: Intermediate gas storage filling targets set for 2025

To ensure that gas storage facilities are filled to at least 90% of their capacity by 1 November 2025, the EU has set intermediate targets for 1 February, 1 May, 1 July and 1 September 2025. The targets are designed to ensure secure gas supplies and market stability during the winter of 2025-26. Since adoption of the Gas Storage Regulation in 2022, the EU has consistently exceeded its gas storage targets, with storage reaching about 95% in 2024, equivalent to around one-third of the bloc’s annual gas consumption.

EU: Council approves certification framework for permanent carbon removals, carbon farming and carbon storage in products

This voluntary framework is intended to facilitate and encourage high-quality carbon removal and soil emission reduction activities across the EU, complementing ongoing efforts to reduce emissions. To achieve certification, carbon removal activities must meet four overarching criteria and undergo independent verification by third-party certification bodies.

Switzerland: National hydrogen strategy adopted

The strategy defines the country’s guiding principles and objectives for hydrogen and power-to-X derivatives. It also proposes measures for developing the domestic hydrogen market and connecting it to the European network. Switzerland anticipates low demand for hydrogen until the mid-2030s, but afterwards, demand is set to rise, and then it will be more advantageous to import from the EU or third countries than to produce it in Switzerland.

UK: Government sets out plan for clean power system by 2030

A new plan has been published which will set the foundations for a clean power system in the UK, leading to lower electricity bills. Key measures include cleaning up a dysfunctional grid system by giving precedence to the most important projects; speeding up decisions on planning permission by prioritising critical energy infrastructure; and expanding the renewable auction process to stop delays and get more projects connected. These measures are expected to open the door to GBP 40 billion a year of mainly private investment in homegrown clean power projects and infrastructure.

# Market & Business 

EU: Robust carbon market drives down emissions by 16.5% in 2023

The European Commission has released the 2024 Carbon Market Report, which analyses the performance of the EU ETS in 2023 and the first half of 2024. The report shows that in 2023, the EU ETS delivered a historic 16.5% reduction in emissions from stationary installations. This was driven mainly by the power sector, and was facilitated by a sustained and robust carbon price signal. Emissions within the ETS are now about 47.6% below 2005 levels. 

Quarterly reports confirm further structural progress within EU energy markets

The Q3 2024 gas and electricity market reports reveal that both markets have remained resilient to external shocks, strengthened cross-border flows and price convergence, and kept prices in check. Electricity demand showed moderate growth, while demand for gas has continued to fall.

ACER: Accelerated grid development crucial for EU's clean energy transition

The latest reports on electricity infrastructure and supply security from the Agency for the Cooperation of Energy Regulators (ACER) highlight the risks in the EU's clean energy transition, underscoring the importance of speeding up grid development and increasing the capacity of existing grids. ACER forecasts a 20-40% increase in network costs by 2030 and up to 100% by 2050. While integrated infrastructure planning has made progress, further urgent action is needed to ensure effective implementation.

ACER: Europe may miss its 2030 renewable hydrogen target

In its first hydrogen monitoring report, ACER warns that the EU is likely to miss its strategic goal of 20 Mt renewable hydrogen consumption by 2030. Despite ambitious EU strategies, hydrogen projects face risks from uncertainties surrounding future hydrogen demand and high costs. 

EU: Solar market growth slows in 2024 with lower investments

SolarPower Europe's preliminary estimates show that annual investments in solar installations in the EU fell by 13% to EUR 55 billion in 2024, mainly due to lower component prices. The EU added 65.5 GW of new solar capacity in 2024, 4% above 2023 installations. However, the growth slowed due to a stagnating electrification rate and the need for more storage and flexibility. Solar installations declined in five of the EU’s largest solar markets, while rooftop solar installations dropped from 13 GW in 2023 to 5 GW in 2024.

EU: Prices soar as Ukraine ends Russian gas transit

Shipments of Russian gas to Europe via Ukraine ended with the expiry of a five-year transit deal on New Year’s Day. In response, the Dutch TTF natural gas futures price climbed more than 4% to EUR 51/MWh, the highest level since October 2023, before easing a little. Although there is no reported risk of an immediate energy crisis or impact on consumer prices, Europe appears to be more vulnerable to market volatility, and prices could rise further if the bloc increases its LNG imports. Europe used to import 65 bcm/yr of Russian gas via Ukraine, though 2024 imports along the route were less than 14 bcm.​[7]

Denmark: Offshore wind tender fails with zero bids

The Danish Energy Agency announced that no bids were received for three offshore wind farms in the North Sea, part of Denmark's 6 GW offshore wind tendering procedure. The deadline for the first 3 GW expired on 5 December. The lack of interest is attributed to Denmark's auction system design, which provides little revenue stability or state support. The tender, launched in April 2024, allows for overplanting up to 10 GW, with projects requiring an annual concession payment and 20% state co-ownership.

France: Net power exports reach 22-year high in 2024

France’s net power exports reached 89 TWh in 2024, the highest in 22 years, thanks to the buoyant supply of nuclear and hydropower coupled with sluggish demand, according to TSO RTE.

# Technology & Innovation 

Austria: Innovative hydrogen energy solution for seasonal energy storage

Austria's RAG site in Gampern has become Europe's first industrial plant to use a hydrogen-powered Jenbacher CHP unit from INNIO Group for electricity and heat. This innovative project stores excess summer energy from about 1 000 PV systems and converts it back into electricity during the winter, showcasing the potential role for hydrogen in sustainable energy storage and supply.

Finland: Novel sand-based thermal battery system under construction

Finnish startup Polar Night Energy is building an industrial-scale thermal energy storage system in southern Finland. The 100-hour, sand-based storage system will use crushed soapstone, a by-product from a fireplace manufacturer, as its storage medium. It functions as a high-power, high-capacity reservoir, designed to store excess wind and solar energy in the form of heat and supply thermal energy to the local district heating network.

Sweden: Tidal energy kite connects to power grid

Swedish company Minesto has successfully connected its innovative Dragon 12 tidal energy kite to the local power grid in Denmark’s Faroe Islands. Its 28-ton, 1.2 MW Dragon device is anchored to the seabed, and flies through the water like a kite, treating the currents like wind. It uses lift generated by tidal flows to fly figure of eight patterns faster than the currents, harvesting renewable energy.

UK: Spiralis Energy unveils ‘shell-like’ tidal system

A UK marine energy company has developed a novel ‘shell-like’ tidal system, called Axial Skelter, which is scalable and features a smooth design with no sharp edges or fast-moving parts, thus minimising disturbance to the seabed. Spiralis Energy claims the system can operate in any flowing water of sufficient depth. The prototype, tested in May 2024, consists of turbines made from recycled plastic, designed to last up to 25 years in the ocean.

# Projects & Investments 

EU: Commission earmarks EUR 4.6 billion for innovative clean tech

The European Commission has announced plans to invest EUR 4.6 billion in decarbonisation technology and clean hydrogen projects, using funds raised through its EU Emissions Trading System (EU ETS). The new investment commitments include two new calls for proposals totalling EUR 3.2 billion for net zero technologies, including EUR 1 billion targeted specifically to electric vehicle battery cell manufacturing, and a further allocation of EUR 1.2 billion to accelerate the production of renewable hydrogen through the European Hydrogen Bank.

EU: Boost for battery value chain with new funding partnership

The European Commission and the EIB have announced a partnership that will boost investments into the EU's battery manufacturing sector with an EUR 200 million loan guarantee from the EU Innovation Fund to the InvestEU programme. It will support a wide range of battery technologies, such as advanced materials, manufacturing, and innovative recycling. The EIB also plans to invest EUR 1.8 billion in the broader battery value chain to improve the competitiveness of the industry.

EU and EIB: ETS revenues to support clean transition

Revenues from the EU ETS have been allocated to support 39 clean energy investment projects in eight beneficiary Member States. The EUR 2.9 billion investment will help lower-income EU countries to strengthen their clean industrial sector and meet their 2030 climate and energy targets by reducing emissions and improving energy efficiency. 

Spain, Lithuania and Austria commit national funds to renewable hydrogen

In addition to EUR 1.2 billion from the EU’s Innovation fund, the three EU Member States will deploy over EUR 700 million in national funds to support renewable hydrogen production projects within their borders through the ‘Auctions-as-a-Service’ scheme. The scheme forms part of the second European Hydrogen Bank auction. ‘Auctions-as-a-Service’ enables Member States to contribute their own financial resources to additional projects located on their territory while relying on an EU-wide auction mechanism to identify the most competitive projects. Contributions are voluntary.​[8]

UK: National Grid to invest GBP 35 billion (EUR 42.2 billion) in UK’s power grid in 2026-31

Under the National Grid’s RIIO-T3 plan, EUR 13.3 billion will be allocated for network reinforcement and expansion projects, including the upgrade of 3 500 km of existing overhead lines. Additionally, EUR 28.9 billion will be used for pipeline investments, with around EUR 18.1 billion aimed at increasing network capacity to accommodate the connection of 35 GW of new power generation and storage.

Germany: Record number of bids received for onshore wind tender

Germany’s latest tender for onshore wind was oversubscribed, according to the Federal Network Agency (BNetzA). A total of 528 bids with a combined capacity of over 6 GW were submitted, exceeding the original tendered quantity of 4 094 MW. Ultimately, Germany selected 348 bids with a total capacity of 4 098 MW. The average price of the successful bids was EUR 7.15c/kWh, compared to EUR 7.33c/kWh in the previous round. In 2024, Germany awarded a total of 10 996 MW of onshore wind capacity in four tender rounds, with the first and second rounds undersubscribed.

China News

# Policy Initiatives

Energy Law comes into force

China’s first energy law came into force on 1 January 2025. The law regulates the key and common legal relationships across all segments of the energy sector, including upstream, midstream, and downstream activities, as well as production, supply, storage, and sales. This marks a significant milestone in the construction of China's energy legal system.

China adopts revised standards for PV manufacturing industry

China’s updated standards aim to encourage PV companies to focus on technological innovation, improve product quality, and reduce production costs, rather than merely expanding capacity. The move represents a bid to curb oversupply. The new rules further tighten the investment requirements for new and expanded solar PV manufacturing projects, requiring a minimum capital ratio of 30%, up from 20%. It also raises photoelectric conversion efficiency standards for PV products and requires better energy efficiency for the manufacturing process. Additional requirements are also introduced for carbon footprint accounting and ESG disclosure for PV products.

New guidelines for low-carbon hydrogen use in industrial sectors

The plan, jointly issued by MIIT, NDRC and NEA, focuses on expanding the application of clean and low-carbon hydrogen in key industrial sectors by strengthening the coordination of hydrogen supply and use, accelerating technology and equipment upgrades, and promoting the integrated development of the industrial chain. Under this plan, the steel, ammonia synthesis, methanol synthesis and refining sectors should achieve large-scale deployment of low-carbon hydrogen by 2027. The plan also advocates more demonstration projects in the transportation and power sectors, aiming to create a series of innovative low-carbon hydrogen use cases in shipping, aviation, rail transit, power generation and energy storage.

China aims to standardise carbon footprint accounting for key products

New guidelines, drafted by Ministry of Ecology and Environment and jointly released with other relevant government departments, outlines the goals and implementation path with 20 key tasks to standardise product carbon footprint accounting. The document promotes the development of domestic carbon footprint accounting standards for key products, enhancing their alignment with international standards to boost mutual recognition. The initiative is intended to speed up the establishment of a unified standardisation system to support the green transition across supply and industrial chains.

China plans to enhance power system flexibility

China’s NDRC and NEA have jointly issued an action plan to improve power system flexibility, which outlines key elements involved in creating a strategy for power flexibility build up, improving the dispatch and management of flexibility resources, and enhancing their participation in the power market. By constructing more system flexibility resources and optimising their use, the plan is designed to support an annual consumption of over 200 GW of new energy during 2025-27, and to achieve a minimum 90% national renewable energy utilisation rate.

NEA issues guidelines for the development of new business entities in the power sector

New business entities such as distributed power producers, virtual power plants and aggregators are increasingly playing a role in China’s new power system. These newly proposed guidelines are intended to maximise their role in enhancing power system flexibility, integrating renewable energy, and ensuring a stable electricity supply, encouraging the development of new business models and technologies. The guidelines establish clear criteria for these entities and set market entry conditions. They also detail measures to improve market mechanisms and operational efficiency, ensuring equal participation in the power market.

China to tighten sea use for offshore wind pojects

China’s Ministry of Natural Resources has issued a notice that tightens regulations governing the location of offshore wind projects. It maps out 12 policy measures that aim to improve the efficiency of sea resource utilisation while strengthening marine environmental protection, thus safeguarding the sustainable and healthy development of the offshore wind industry. The move is a response to concerns over the volume of natural resource developments in nearshore waters and mounting conflict among competing offshore sectors.

China to curb battery technology exports

The Ministry of Commerce (MOFCOM) has issued a notice soliciting public opinion on adjusting the catalogue of technologies that are subject to export bans or restrictions. Lithium battery cathode material preparation and lithium extraction are included in the list of technologies. The proposed restrictions focus on next-generation advanced lithium iron phosphate (LFP) and lithium manganese iron phosphate preparation technologies. However, no restrictions are placed on the technologies used in currently mass-produced lithium iron phosphate products. 

# Market & Business

China’s new solar power capacity exceeds 200 GW in 2024

According to NEA’s latest statistics, China installed 206.3 GW solar power capacity in the first 11 months of 2024, of which 25 GW was installed in November alone. This brings China’s accumulated solar power capacity to nearly 820 GW, a 46.7% increase from the previous year. Solar power now accounts for one quarter of China’s overall power capacity mix, making it the second largest power source.

China boosts energy self-sufficiency by 5% in the past decade

China's energy self-sufficiency rate has risen to 85% (5 billion metric tons of standard coal equivalent) in 2024, up 5% from a decade ago, according to a report from the China National Petroleum Corp Economics and Technology Research Institute. Despite advances in renewable energy, oil and natural gas remain crucial for balancing energy security and China's transition to carbon neutrality. The country is also tapping into unconventional resources such as shale gas and coal-bed methane, which have the potential to reshape its energy supply landscape.

China's lithium reserves surge with major new reserve discovery

The Ministry of Natural Resources has announced that China’s domestic lithium reserves have increased significantly so that the country now ranks 2nd in the world, with its share of global reserves up from 6% to 16.5%. This leap stems from significant discoveries along a 2 800-kilometer West Kunlun-Songpan-Ganzi lithium belt in the west of the country. The belt is reported to have a proven reserves of more than 6.5 million tons, with resource potential exceeding 30 million tons.

China NEV market sees double digit growth in 2024

Sales of passenger cars in China's new energy vehicle (NEV) market saw robust growth in 2024, with output, retail sales and exports increasing by 36.4%, 40.7% and 24.3% respectively, according to the China Passenger Car Association. This trend is expected to continue in 2025, supported by an ongoing trade-in program which aims to stimulate domestic demand. Consumers who trade in their old cars for NEVs are eligible for a subsidy of CNY 20 000 each. The association anticipates that in 2025, retail sales of NEVs will grow by 20% to 13.3 million units, with a domestic penetration rate reaching 57%.

Gaps remain en route to carbon neutrality targets

China submitted its first biennial transparency report on climate change and its fourth biennial update report to the secretariat of the United Nations Framework Convention on Climate Change as scheduled at the end of 2024, detailing its climate actions and progress. According to the reports, China has met its nationally determined contribution (NDC) target for renewable power installation and forest stock ahead of schedule. However, compared to 2005, China’s CO2 emissions per unit of GDP had fallen by just over 50% (short of its target of 65%), while the share of non-fossil fuels in total energy consumption stood at 17.9% (against a target of 25%).. To achieve carbon neutrality, China will need to invest at least CNY 268 trillion.

Volkswagen and XPENG to build super-fast charging networks in China

Volkswagen and XPENG have signed a memorandum of understanding to build super-fast charging networks in China. The two companies plan to deploy over 20 000 self-operated charging piles, covering 420 cities and regions across the country. Under this initiative, the number of charging stations will rise, and the charging network will be integrated with major carmakers via mobile apps.

# Technology & Innovation

Wave-resistant floating PV platform launches offshore research program

An hexagonal floating platform, Yellow Sea No 1, has begun a one-year test phase at a Huaneng Group wind farm in the southern Shandong Peninsula, marking the start of China's offshore solar research program. The 1 624 m2 test rig hosts 434 PV panels to test three different technologies and four different capacities to determine the most robust setup. Standing nine meters tall, the platform is supported by 64 buoys mounted around the lower structure, and is anchored with seabed cables. It is designed to withstand 10-metre waves. 

New hybrid heat pump design provides ultra-high temperature heating

Researchers at the Shanghai Jiao Tong University in China have designed an industrial high-temperature heat pump that uses waste heat by thermally coupling a water lithium bromide (H2O/LiBr) absorption heat transformer with a water vapour compression heat pump. It reportedly achieved a temperature elevation of up to 110C and ultra-high temperature heating of up to 180C. This hybrid system maintains high energy efficiency and low irreversible losses, contributing to the development of ultra-high temperature heat pumps in industrial applications.

China's largest integrated solar-hydrogen project goes live

The 400 MW integrated PV-hydrogen-storage project, operated by CHN Energy’s Guohua Energy Investment Co. Ltd, is located on the coastal tidal flats in Rudong County, Jiangsu Province. The project marks China's first integrated offshore facility combining PV power generation, hydrogen production, and energy storage, within a framework of comprehensive energy utilisation and coastal ecological restoration. Designed to enhance regional energy infrastructure by improving grid stability and peak-shaving capabilities, the project is expected to generate 468 million kWh a year, reducing CO2 emissions by approximately 309 400 tons per year.

China builds seawater hydrogen production project

China has completed its first factory-scale research project for hydrogen production from seawater in Qingdao, Shandong Province. Using green electricity from Sinopec Qingdao Refining & Chemical Co. Ltd's offshore PV power station, the project combines direct seawater electrolysis with green electricity-based hydrogen production, yielding 20 cubic meters of green hydrogen per hour. The hydrogen is integrated into the company's pipeline network for use in refining operations and fueling hydrogen-powered vehicles.

# Projects & Investments

New compressed air energy storage plant sets world record

The Nengchu-1 compressed air energy storage (CAES) project, developed by China Energy Engineering Corporation (CEEC), has reached full capacity operation in Yingcheng, Hubei Province. The project sets a world record for CAES single-unit power at 300 MW, with a storage capacity of 1 500 MWh and an underground gas volume of 700 000 m³. The facility provides eight hours of storage and five hours of release daily, with a lifespan of over 30 years, marking a significant milestone in China's long-duration energy storage technology.

Russia-China Power of Siberia pipeline reaches full capacity

PipeChina reports that a major Russia-China gas pipeline is now operating at full capacity with an annual transmission volume of 38 billion cubic meters, making it the largest single-line gas transmission pipeline in China. This landmark project spans 3 000 km in Russia and 5 111 km in China, transporting natural gas from Siberia to Shanghai. It also marks the completion of the country's eastern energy strategic corridor. About 450 million people across nine provinces will benefit from gas supplies along the new route.

China's deepest geothermal well ready for utilisation

The Fushen Re 1 well, part of the national key research and development plan project, has set a new record for China's deepest geothermal scientific exploration well at 5 200 meters. Researchers have discovered geothermal resources in deep 250-million year old granite, with temperatures exceeding 188°C. Apart from multiple independent innovations, this project has also seen development of a technical route suitable for high-temperature geothermal power generation, cooling, and comprehensive utilisation in China’s southern regions.

World's largest pumped storage hydropower plant becomes fully operational

The Fengning pumped storage hydropower plant, the largest of its kind globally, has entered full operation in Chengde, Hebei Province of eastern China. Operated by the State Grid Corporation of China, the facility boasts a total installed capacity of 3.6 GW and is designed to generate 6.612 TWh of electricity annually while consuming 8.716 TWh of power in pumping mode. This plant serves as a crucial balancing resource for the country’s key power load center in the Beijing-Tianjin-Hebei region. 

	[image: image]
	 	[image: image]


[image: image]

8.  Featured publication
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A Balanced Path to a Net Zero Future: Expansion, Flexibility, Integration and Innovation

[image: Path-to-Net-Zero-Report-Front-Cover-1]

This report from the Centre on Regulation in Europe (CERRE) explores the growing risk of imbalance as the EU pursues its net zero target. Enhanced by case studies of six European countries, each addressing a specific issue in the transition, the report offers a comprehensive overview of the different energy systems in Europe, demonstrating the discrepancies that are leading to transition imbalances. It outlines strategies for the EU to secure a balanced path to net zero, emphasising the need for investment in flexible demand-supply solutions, accelerated infrastructure projects, and streamlined permitting processes. It also calls for a coordinated approach, and a stable, yet adaptable, regulatory framework that supports market-driven energy transitions, maintains technology neutrality, and encourages innovation and resilience.

+ More

Between climate action and competitiveness: towards a coherent industrial policy in the EU

[image: 1735717449712]

This German policy paper, jointly developed by the Ecologic Institute, the Potsdam Institute for Climate Impact Research (PIK), and the Institute of Economics and Rational Energy Use (IER), focuses on the re-emergence of industrial policy in the EU in response to recent global challenges including the Covid-19 pandemic, supply chain disruptions, and geopolitical tensions. It highlights the need for improved coordination, clarity, ambition, and resource allocation within the EU's climate-related industrial policy to address market failures and bolster the growth of clean technologies. The document outlines six guiding principles for shaping an EU industrial policy geared towards climate action and grapples with the 'industrial policy trilemma’, which challenges policy makers to balance climate action, competitiveness and security. The paper aims to set out a coherent framework for EU industrial policy that complements and aligns with the EU's existing climate and energy policies.

+ More

A Critical Raw Material Supply-Side Innovation Roadmap for the EU Energy Transition
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Critical raw material (CRMs), vital for clean energy technologies, are vulnerable to supply disruptions: Europe's share of global mineral production has shrunk from 25% to under 7% over the past 40 years. The EU's Critical Raw Materials Act (CRMA) sets ambitious targets for domestic mining and recycling by 2030, yet many projects face delays due to local opposition and permitting issues. This report from UK-based system change company Systemiq, with support from Breakthrough Energy and the Energy Transitions Commission, underscores the importance of innovation in accelerating primary production of CRMs to align with climate objectives and bolster Europe's strategic independence. With input from industry leaders and experts, the authors outline key technologies and policy recommendations to boost CRM supplies. Focusing on six critical raw materials — copper, nickel, cobalt, lithium, graphite, and rare earth elements — that are under significant global supply-demand stress, the report picks out seven key technologies from a list of contenders that have the potential to deliver a sustainable boost to CRM supplies in the EU and strategic partner countries over the next decade.

+ More

––––––––
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Green hydrogen auctions: A guide to design
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The role of green hydrogen is set to increase as industries decarbonise and the world shifts towards a sustainable economy. Many governments are embracing the ‘Competitive Auction’ as an instrument that offers long-term revenue certainty, enables budgetary planning and facilitates the uptake of new technologies. This comprehensive guide, developed by IRENA, discusses the role of competitive auctions in promoting the development and deployment of green hydrogen. It focuses on supply-side auctions and details the design elements that need to be considered, including types of auctions, demand and supply, qualification requirements, locational and technological specifications, winner selection, as well as risk allocation and remuneration structures. It also debates the challenges and barriers to green hydrogen uptake and how auctions can be structured to achieve broader policy objectives.

+ More

An Introduction to Energy Economics and Policy
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This open access textbook from Cambridge University Press provides a comprehensive economic framework to make sense of the major energy and climate challenges facing the transition to sustainable energy systems, examining the different policy approaches that could offer solutions. By integrating insights drawn from behavioural economics, the book discusses not only the role of traditional market-based instruments (such as taxes, subsidies, and permit trading systems) and non-market-based instruments (such as standards and direct control measures), but also relatively new policy instruments such as ‘nudges’ and energy labelling. It offers a fresh perspective on traditional economic issues by highlighting the impact of behavioural anomalies on energy and climate policies, offering readers insights so they can navigate real-world issues. 

+ More
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Key actions for policy makers
“This report distils a set of key actions for policy makers to scale up criical minerals recycling.

1. Develop detailed long-term policy roadmaps: set clear targets and intermediate milestones
to provide clarity on policy directions and greater certainty for investors.

2. Harmonise waste management and recycling policies to develop efficient secondary
markets: facilitate international co-operation to reduce trade barriers and minimise
unmanaged leakages.

3. Strengthen domestic infrastructure with incentives and mandates: encourage investment in
recycling capacity at national and regional levels with economic incentives.

4. Encourage traceabilty, standards and certfications to boost the consumption of recycled

materials: the uptake of recycling industries is enabled by transparency and international

best practices.

Provide targeted financial support for technology innovation, R&D and workforce training:

ensure continued support for more efficient processes, scaling proven technologies and

training a workforce ready for the new energy economy.

6. Strengthen recycling systems in emerging and developing economies: introduce new
technical and financial instruments to support investment in regions mostvulnerable to the
effects of improper waste management.

7. Tackle data and information gaps: access to reliable and granular data is pivotal for efficient
policy and investment choices

8. Embrace a holistic approach beyond recycling: product design, reuse, repair and
refurbishment can play a major role in ensuring sustainable mineral value chains

9. Tackle environmental, social and governance (ESG) issues for recyclers: ESG impacts
must be identified, minimised and mitigated to contribute to sustainable and responsible
supply chains.
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Case studies

Real-life stories show how professionals have successfully transitioned into the green energy sector
by applying their existing skills in innovative ways

Case 1: One sales professional successfully transitioned into the wind OEM business by
leveraging his backgroundin strategic partnerships. Through his ability to identify key
stakeholders and craft tailored solutions, he played a pivotal role in expanding his company’s
market share in this fast-evolving sector.

Case 2: A communications director with decades of experience crafting corporate narratives
moved overto arenewable energy investment platform, where he took on the challenge of
shaping external communications to strengthenthe platform’s market position. By utilising his
expertise in strategic messaging, he collaborated across regional teams to develop narratives
that bridged technical details with stakeholder priorities. From drafting speeches for industry
events to preparing materials that clarified complex sustainability goals, his previous work in
corporate storytelling gave him the tools to effectively communicate the platform's value. He
also applied his skills in internal alignment, coordinating global teams to streamiine messaging
on project milestones. This foundation in strategic communication enabled him to strengthen
stakeholder relationships and enhance the platform's credibility, positioning it for long-term
growth in the renewable energy sector.

Case 3: Transitioningfrom government environmental regulation, a mid-career policy advisor
broughther skills to a policy advocacy role at a renewable energy think tank. Drawing upon her
expertise in drafting environmental impact assessments, she helped to shape regional energy
transition roadmaps in Southeast Asia. Her role involved liaising with governments and
international organizations to promote renewable energy adoption while ensuring policies
addresseduith local socio-economic priorities. By combining her public sector experience with
new knowledge of renewable energy frameworks, she successfuly bridged policy gaps to
accelerate green energy intiatives

Case 4: A supply chain expert had spentyears optimising logistics in the automotive industry.
He moved into a sustainability consuling role at a renewable energy firm, focusing on green
procurementand supply chain transparency. Reflecting on his journey, he shared, My
backgroundin streamlining processes and managing supplier relationships gave me the
confidence to address the unique challenges of renewable energy logistics. | realised how
essential a sustainable supply chainis to achieve broader green goals ”

Case 5: A finance professional successfully moved from traditional banking, where she focused
onrisk assessment and loan approvals, into the field of greeninvestment. Initally, renewable
energy projects seemed lie unchartedterritory. However, she recognisedthat her expertise in
evaluating credit risk and financial feasibilty provided a strongfoundation for analysing solar
andwind projects. She began by mastering key concepts such as power purchasing
agreements and energy generation forecasts, understandingthat none of this would be effective
withoutt a solid grasp of accounting principles. Tt wasn't just about crunching numbers.” she
reflected. It was about ensuring every decision associated with long-term sustainability goals
while maintaining financial integrity " Her ability to balance these priorities allowed her to secure
funding for projects that delivered both measurable environmental benefits and economic
viabillty.

These examples, drawn from real career transitions, highlight how professionals from diverse fields
can reframe their expertise within a sustainability context. By recognising how their existing skills are
compatible with the priorities of the green energy sector, they successfully positioned themselves for
impactful and rewarding careers
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