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INTERNATIONAL ENERGY AGENCY (IEA) 
The IEA is at the heart of global dialogue on energy, providing authoritative analysis, data, 
policy recommendations, and real-world solutions to help countries provide secure and 
sustainable energy for all. Taking an all-fuels, all-technology approach, the IEA 
recommends policies that enhance the reliability, affordability and sustainability of energy. 
It examines the full spectrum issues including renewables, oil, gas and coal supply and 
demand, energy efficiency, clean energy technologies, electricity systems and markets, 
access to energy, demand-side management, and much more. Since 2015, the IEA has 
opened its doors to major emerging economies to expand its global impact and deepen co-
operation.  

CLIMATE HIGH-LEVEL CHAMPIONS  
The Climate High-Level Champions – mandated at COP 21 and appointed annually by 
COP Presidencies – drive ambitious climate action by connecting governments with 
voluntary solutions led by cities, regions, businesses, investors, Indigenous peoples and 
civil society. They oversee delivery of the Marrakech Partnership five-year plan, flagship 
campaigns such as Race to Zero and Race to Resilience, and now the Action Agenda - a 
unified roadmap aligning non-state actors around delivery of the Global Stocktake 
outcomes. Ms Nigar Arpadarai and Mr Dan Ioschpe serve as the current Climate High-
Level Champions for COP 29 and COP 30. 

DISCLAIMER 
The development of this report was led by the International Energy Agency in collaboration 
with the Climate High-Level Champions. The report does not necessarily reflect the views 
of the IEA Secretariat or Climate High-Level Champions. The IEA, the Climate High-Level 
Champions and their officials, agents, and data or other third-party content providers make 
no representation or warranty, express or implied, in respect to the report’s contents 
(including its completeness or accuracy) and shall not be responsible or liable for any 
consequence of use of, or reliance on, the report and its content.  

The designations employed and the presentation of material herein do not imply the 
expression of any opinion on the part of the IEA Secretariat or the Climate High-Level 
Champions concerning, and are without prejudice to, the legal status of any region, country, 
territory, city or area or of its authorities, or concerning the delimitation of frontiers or 
boundaries. 

The mention of specific companies or certain projects or products in the report does not 
imply that they are endorsed or recommended by the IEA or the Climate High-Level 
Champions in preference to others of a similar nature that are not mentioned. 

ABOUT THIS REPORT 
Since its launch at COP 26, the Breakthrough Agenda has become established as an 
annual collaborative process centred around the Conference of the Parties (COP) meetings 
of the United Nations Framework Convention on Climate Change (UNFCCC). It is currently 
supported by over 60 countries representing over 80% of global GDP, and by over 150 
initiatives working to enhance collaboration within major emitting sectors. Countries can 
endorse Breakthrough goals to make clean technologies and sustainable practices more 
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affordable, accessible and attractive than their alternatives by 2030 in the power, road 
transport, hydrogen, steel, cement and buildings sectors. 

The Breakthrough Agenda establishes an annual cycle to track developments towards 
these goals, identify where further co-ordinated international action is urgently needed to 
accelerate progress and then galvanise public and private international action behind these 
specific priorities in order to make these transitions quicker, cheaper, and easier for all.  

To initiate this cycle, world leaders tasked the IEA and the Climate High-Level Champions 
to develop an annual Breakthrough Agenda report to provide an independent evidence 
base and expert recommendations for where stronger international collaboration is needed. 
From 2022-2024, the reports contained a detailed assessment on the state of international 
collaboration across these sectors in areas such as definitions, standards and certification, 
demand creation and management, research and innovation, finance and investment, 
infrastructure, and trade conditions, among others. 

The Breakthrough Agenda Report 2025 – the fourth in the annual series – takes a different 
approach to previous reports, in that it does not contain the same detailed sector-by-sector 
assessment. Instead, this year’s report focuses on enhancing the methodology behind the 
detailed progress assessments, provides practical examples of collaboration through deep 
dives, and introduces a new focus chapter on fertilisers. 
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FOREWORD 
The global deployment of low-emissions energy technologies is progressing rapidly. Electricity 
generation from low-emissions sources surpassed 40% of the global total for the first time in 
2024. Capital flows to renewables, nuclear, grids, storage, low-emissions fuels, and 
electrification are setting new records and are expected to increase to around USD 2.2 trillion 
in 2025. The past year has shown that rapid scaling-up is possible when capital flows to low-
emissions energy technologies, enabled by a shared vision, policy support and a co-ordinated 
approach which will continue to dictate the speed of the transition. 

Responding to the Global Stocktake requires strong international collaboration across national 
governments, private sector, banks, international organisations and other non-state actors, as 
no country or actor can achieve it alone. Shared responsibility, co-developed frameworks, 
technology co-operation, aligned policies, mobilised finance, knowledge sharing and capacity 
building accelerate innovation and lower costs. Co-ordinated action also drives collective 
ambition, strengthens resilience, and creates an inclusive and equitable outcome for all. 

The 2025 Breakthrough Agenda Report – the fourth in this annual series – outlines how 
countries can continue to advance toward the Breakthrough Agenda goals: making clean 
technologies the most affordable, accessible, and attractive option by 2030 in six major emitting 
sectors – power, hydrogen, road transport, steel, cement and buildings. This report recognises 
progress in implementing the Priority International Actions for 2025 announced at COP 29 in 
Baku, providing evidence of successful co-ordination among governments and non-state 
actors. 

This report adds tangible, implementation-focused “success statements” defining what effective 
and practical collaboration looks like in each sector by 2030 along with indicators that combine 
quantitative metrics and qualitative examples to aid progress monitoring. It also introduces a 
new chapter focused on international collaboration to support the sustainable production and 
use of fertilisers. Lastly, the report provides practical examples of successful international 
collaboration through deep dives into supply chains, grids and regional interconnections, road 
freight corridors, and offtake agreements for near-zero emissions iron. 

The Breakthrough Agenda process provides a clear picture of the international collaboration 
that is taking place in scaling up low emission technologies, and where further efforts are most 
needed. These annual assessments have consistently found that the opportunities for practical 
collaboration are far from fully exploited. Leadership in convening countries to jointly address 
the most pressing challenges of finance, technology and trade will be essential for achieving 
the Paris Agreement goals.  

Progress is evident, but achieving climate ambitions is not guaranteed and it is important to 
continue leveraging international collaboration. Sustainability must be made profitable and 
participatory approaches should be prioritised. Investments must be made in adaptive and 
resilient infrastructure, and we need to mobilise resources to deliver. 

International partnerships that span all levels of government, businesses, investors, and civil 
society are essential to accelerate climate action and we will continue to work together in pursuit 
of the goals of the Breakthrough Agenda. 

Dr Timur Gül 
 

Ms Nigar Arpadarai Mr. Dan Ioschpe 

Chief Energy Technology  
Officer  
International Energy Agency 

COP29 Climate High-Level 
Champion 

COP30 Climate High-Level 
Champion  
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EXECUTIVE SUMMARY 

THE VALUE OF INTERNATIONAL COLLABORATION IN THE 
CURRENT CONTEXT 
Well-targeted international collaboration can amplify domestic efforts to reduce 
emissions and deploy low-emission technologies and solutions. Acting together, 
countries, companies and global initiatives are in the unique position to harmonise 
standards, aggregate demand, mobilise finance and move markets in ways that are nearly 
impossible to achieve in isolation. Geopolitical tensions and economic uncertainty are 
testing the resilience of international co-operation, but also underscore its importance to 
avoid fragmentation of global markets and delaying action on emissions reductions. This 
report therefore identifies many practical opportunities for countries to work together in 
ways that advance economic development objectives as well as transitions.  

The Breakthrough Agenda acts as a framework to identify where collaborative action 
is most needed. Launched in 2021, the Breakthrough Agenda is supported by 61 countries 
and over 150 initiatives across 7 major sectors of the economy: power, hydrogen, road 
transport, steel, cement and concrete, buildings and agriculture. Through a collaborative 
process, participants are working to make clean technologies and sustainable solutions the 
most affordable, accessible and attractive option in each sector by 2030. 

This year’s report takes a step back to define how success should be measured and 
shows what positive collaboration looks like in practice. A special focus on 
international collaboration in the fertiliser sector builds on previous efforts under the 
Agriculture Breakthrough, and is accompanied by chapters that dive deeper into areas 
where collaboration can be strengthened on iron and steel, trucks, electricity grids and 
supply chain diversification.  

MEASURING PROGRESS ON COLLABORATION AND THE NEED TO 
DEFINE SUCCESS 
The Breakthrough Agenda goals set an ambitious vision for each sector. Countries 
and non-state actors that participate in the Breakthrough Agenda agree to goals that 
represent tipping points at which the clean options in each sector become more affordable, 
accessible and attractive than the fossil fuel option by 2030.  

Annual recommendations offer direction to guide collaboration. Every year since their 
adoption, the Breakthrough Agenda reports have outlined the conditions necessary to 
achieve the 2030 goals, assessed the state of international collaboration in high GHG-
emitting sectors, and provided recommendations on actions to accelerate energy 
transitions. These annual recommendations help to outline collaborative efforts over the 
course of the year.  

https://breakthroughagenda.org/agriculture/
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Translating the Breakthrough Agenda goals into action requires a shared and 
measurable vision of success.  While annual recommendations identify the near-term 
actions needed to reach those goals, this year we are suggesting “success statements” for 
each sector that provide additional insight on what it means to achieve the ambitious 2030 
goals of the Breakthrough Agenda. Each statement is paired with quantitative indicators 
and qualitative examples, providing a clear picture of measuring progress. The success 
statements are intended to serve as complementary tools to the annual cycle of 
recommendations and assessments already embedded in the Breakthrough Agenda 
process. This two-track approach – recommendations and success statements – may 
serve to make monitoring more comprehensive and help drive progress across sectors. 

PRACTICAL EXAMPLES SHOW THE OPPORTUNITIES OF 
COLLECTIVE ACTION 
Regional experience shows the importance of strong cross-border collaboration to 
integrate grid infrastructure and build transportation corridors. Both regional grid 
interconnections and zero-emission freight corridors require deep cross-border 
collaboration to succeed, as they face similar challenges in aligning technical standards, 
cost-sharing, financing and governance. For grid infrastructure, international experience in 
Central America and Southeast Asia shows that durable institutional frameworks, political 
agreements and harmonised planning are essential to unlock investment and deliver 
reliable regional interconnections. Experience in Europe and East Africa shows that 
advancing zero-emission truck corridors depends on multi-country investment packages, 
co-ordinated grid expansion to support high-capacity charging and regulatory alignment on 
vehicle and charging standards. In both cases, collaboration provides certainty for 
investors, ensures clean infrastructure deployment and reduces costs – while also enabling 
seamless cross-border operations that accelerate the energy transition. 

International agreements could reduce risks for investment in near-zero emissions 
iron and steel production. Offtake agreements, in which a steel producer commits to buy 
a specified quantity of near-zero emissions iron, could increase the competitiveness of 
steelmakers in countries with high energy costs, and provide an opportunity for iron 
exporting countries with abundant low-cost renewable energy resources to move up the 
value chain. They could play a critical role in enabling investment in new near-zero 
emissions iron and steel production facilities, by focusing on regions where production can 
be most competitive. Emerging interest in this approach is visible in projects in Australia, 
Canada, Germany, Namibia and Sweden. Bilateral agreements on cost-sharing and 
standards between the governments of the countries concerned are likely to be important 
to give businesses the confidence to invest.  

Supply chain collaboration can deliver tangible progress on security, economic and 
climate goals, providing an opportunity for emerging markets. Access to clean energy 
technologies is important for achieving climate goals, but their importance now extends 
well beyond the realm of climate change — they have become important considerations for 
industrial and economic policy. The energy transition provides an opportunity for emerging 
markets and developing economies (EMDEs) to leverage competitive advantages, develop 
manufacturing capabilities and move up the value chain as global demand for energy 
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technologies and their components grows. While collaboration on clean energy technology 
supply chains is gaining momentum across several key areas, more efforts are needed on 
developing resilient and diversified supply chains, including mapping supply chain 
vulnerabilities, expanding skills transfer and R&D efforts, and developing common 
standards.  

A DEFINING MOMENT TO ADVANCE THE TRANSITION IN 
FERTILISERS, AT COP 30 AND BEYOND 
Energy and agriculture represent key focus areas at this year’s climate summit. 
Brazil has identified energy and agriculture as core thematic pillars of its Action Agenda, 
recognising their central role in development and efforts to reduce emissions. Fertilisers 
are an important input to world’s agricultural and food systems, making it possible to sustain 
high crop yields and feed a growing world population. At the same time, fertilisers also 
consume significant quantities of energy and contribute to around 2.4% of global GHG 
emissions. Efforts to reduce emissions therefore should not come at the expense of 
affordable food for the world’s poorest, and instead should ensure emissions reduction 
efforts support equitable and sustainable growth. 

Reducing emissions from fertilisers can be made faster and less difficult through 
international collaboration between producers, governments, farmers and the 
private sector. Building on the 2024 Breakthrough Agenda Report on Agriculture, this 
report identifies collaboration priorities in the areas of standards and certification, demand 
management and creation, international finance and investment, and research and 
innovation.  

Global standards and harmonised frameworks are foundational to progress. Agreed 
definitions for low- and near-zero emissions fertilisers, lifecycle emissions accounting and 
certification systems are essential to create a level playing field across markets. Co-
ordinated action on soil health indicators and monitoring frameworks can link production 
innovations to improvements in nutrient use efficiency, crop yields and ecosystem 
resilience.  

Creating demand for low-emissions fertilisers is more effective when major markets 
act in alignment. Co-ordinated international efforts – including public procurement, 
blended finance mechanisms and long-term offtake agreements – can send strong market 
signals that incentivise cleaner production. Joint initiatives between governments and the 
private sector are needed to ensure that demand-side measures align with climate goals 
while maintaining food affordability and farmer profitability. 

Production-side innovation requires targeted investment and policy support. Scaling 
up low-emissions ammonia and fertiliser production technologies depends on early-stage 
finance, technical assistance and cross-border policy alignment. Pilot and demonstration 
projects, particularly in EMDEs, are critical for testing new technologies and unlocking 
commercial deployment, while production-focused R&D on energy efficiency, alternative 
feedstocks and modular facilities can further reduce GHG intensity. 

https://cop30.br/en/action-agenda/what-is-the-action-agenda
https://agriculture-breakthrough2024.cgiar.org/
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Use-side strategies must complement production changes to maximise impact. 
Improving nutrient use efficiency, adopting biological and organic inputs, and implementing 
context-specific soil management practices are critical to reducing GHG emissions from 
fertiliser application. International collaboration on long-term soil monitoring, data-sharing, 
and farmer-centred interventions can enable evidence-based approaches that optimise 
nutrient efficiency, boost yields and restore degraded lands, while avoiding unintended 
environmental consequences. 
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CHAPTER 1. INTRODUCTION 

STATE OF THE TRANSITION  
Global investment in clean energy technologies – including those covered under the 
Breakthrough Agenda sectors – has increased by more than 30% since the first 
Breakthrough Agenda Report was launched in 2022, compared to an increase of 1% for 
investment in fossil fuels. Clean energy investment is on course to reach a record 
USD 2.2 trillion this year, attracting nearly twice as much capital as fossil fuels. This reflects 
efforts to reduce emissions, as well as the growing influence of energy security 
considerations and industrial competitiveness as the “Age of Electricity” draws closer. 

Ten years ago, global investments in fossil fuel supply were 30% higher than in electricity 
generation, grids and storage. This year, electricity investments are set to be around 50% 
higher than investments in coal, oil and natural gas combined, driven by the rapid rise in 
electricity demand for industry, cooling, electric mobility, data centres and artificial 
intelligence.  

Solar PV continues to be the single largest item in the global energy investment inventory 
(USD 450 billion) but spending on nuclear power (USD 70 billion) and battery storage 
(USD 65 billion) is also rising in 2025. Electric vehicle (EV) sales continue to increase 
despite uncertainties around policy evolution; EV sales globally are on track to exceed 
20 million in 2025 – reaching more than one-quarter of all cars sold worldwide. Global sales 
of heat pumps, which reached their highest levels so far in 2022, are showing signs of a 
rebound.  

Investment in grids – the backbone of the electricity system – meanwhile, is struggling to 
keep pace with rising power demand and renewables deployment. While this can be 
partially explained by lengthy permitting procedures, tight supply chains for transformers 
and cables, and economic pressures in emerging markets and developing economies 
(EMDEs) are also contributing factors. The latter two are key areas of focus for international 
collaboration, and the subject of two deep dives of this year’s Breakthrough Agenda Report. 
In addition, rapid deployment of energy storage – particularly battery storage – shows 
promise, as record capacity additions can help support grid functions. 

Progress is slower in those parts of the energy system where the clean technology options 
available are less mature or more expensive than fossil incumbents. In the hydrogen sector, 
for example, it remains much cheaper to produce hydrogen from fossil fuels, and this gap 
has widened recently due to lower prices for natural gas and higher prices for electrolysers. 
The use of low-emissions hydrogen and its derivatives can offer an emissions reduction 
pathway for several sectors, such as shipping and steel production, and is an important 
focus of the Hydrogen Breakthrough; so far, however, use of hydrogen remains 
concentrated in the refining and chemicals sector and dominated by hydrogen produced 
from unabated fossil fuels. 

Targeted innovation can help bring clean energy technologies to market, and recent years 
have seen a steady increase in innovation activity. Energy R&D spending has grown at an 
average annual rate of 6%. Sectors with urgent innovation needs, such as the steel and 
cement sectors, need co-ordinated action to ensure projects can successfully be 
commercialised across multiple regions and contexts. 

https://www.iea.org/reports/world-energy-investment-2025
https://www.iea.org/reports/world-energy-outlook-2024
https://www.iea.org/reports/global-ev-outlook-2025
https://www.iea.org/reports/global-ev-outlook-2025
https://www.iea.org/commentaries/is-a-turnaround-in-sight-for-heat-pump-markets
https://www.iea.org/commentaries/is-a-turnaround-in-sight-for-heat-pump-markets
https://www.iea.org/reports/batteries-and-secure-energy-transitions
https://www.iea.org/reports/global-hydrogen-review-2025
https://www.iea.org/reports/global-hydrogen-review-2025
https://www.iea.org/reports/the-state-of-energy-innovation
https://www.iea.org/reports/the-state-of-energy-innovation
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It will take time for the deeper impacts of investment and innovation in clean technologies 
on global emissions to be fully revealed. Last year, global energy demand increased 
strongly by 2.2%, pushing up CO2 emissions to around 37.8 billion tonnes. With 80% of the 
total, growth in energy demand was led by EMDEs, where per-capita energy demand is 
still low; the remainder was in advanced economies, which saw demand grow for the first 
time after several years of decline. Despite this surge in energy demand, and despite the 
global economy expanding by more than 3% last year, growth in global energy-related CO2 
emissions slowed to 0.8% in 2024, compared to 1.1% in 2023. Increased natural gas 
consumption in China, the United States, the Middle East and India was the largest 
contributor to global CO2 emissions growth in 2024.  

There continue to be large disparities in clean technology investment and deployment. 
Although clean energy investments have reached record levels, EMDEs (excluding China) 
have captured less than 10% of the growth over the past decade. A growing financing gap 
in developing economies points to a larger need for international collaboration. International 
public funding can be a catalyst for private finance and currently accounts for around 7% 
of clean energy investment in EMDEs (excluding China), or about USD 32 billion annually, 
but this is well below developing country needs and expectations. Reaching climate and 
sustainable development goals in EMDEs will require investments from multiple types of 
investors and support from multiple sources of finance. All types of funding will need to be 
scaled up: public and private funding, domestic and international, concessional and non-
concessional – but two elements stand out. Firstly, there is a need for greater involvement 
of the private sector, incentivised by public sector support to de-risk investments, and 
secondly, for well-co-ordinated, enhanced international financial and technical support. 
Concessional finance can be a key enabler of clean energy investments in EMDEs and its 
importance was highlighted for the power, hydrogen, road transport and buildings sectors 
in the Breakthrough Agenda Report 2024. 

 Global investment in clean energy and fossil fuels, 2022-2025e 

 
IEA. CC BY 4.0.  

Source: IEA (2025), World Energy Investment. 
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https://www.iea.org/reports/global-energy-review-2025
https://www.iea.org/reports/global-energy-review-2025
https://iea.blob.core.windows.net/assets/6ac243a9-247b-4b79-bc01-0e7730434118/RoadmaptoIncreaseInvestmentinCleanEnergyinDevelopingCountriesaninitiativebytheG20BrazilPresidency.pdf
https://iea.blob.core.windows.net/assets/6ac243a9-247b-4b79-bc01-0e7730434118/RoadmaptoIncreaseInvestmentinCleanEnergyinDevelopingCountriesaninitiativebytheG20BrazilPresidency.pdf
https://www.iea.org/commentaries/the-role-of-multilateral-climate-funds-in-the-energy-sector
https://www.iea.org/reports/world-energy-investment-2025
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INTERNATIONAL COLLABORATION AND THE BREAKTHROUGH 
AGENDA 
Accelerating progress in clean energy transitions will demand stronger and more targeted 
international collaboration. While individual country actions can support progress, co-
ordinated international action can amplify investment signals, share risk, and drive forward 
innovation, deployment and market creation across key sectors. 

Collaboration does not look the same for all sectors. Sectors where the transition is still 
nascent, such as energy-intensive industries, may require a focus on demonstrating new 
technologies and overcoming structural barriers to their early deployment. For sectors that 
are more advanced in the transition, collaboration may more usefully target infrastructure 
co-ordination and interoperability, or the removal of financial barriers that inhibit the wider 
deployment of the new technologies globally. Collaboration can also take place along value 
chains, where governments, industry and investors work together to enhance supply chain 
diversification.  

 How international collaboration can accelerate progress 

 
Source: Adapted from Victor, Geels & Sharpe (2019), Accelerating the Low Carbon Transition. 
 

This collaborative approach must be led by governments, but can benefit from more diverse 
participation. Partnerships with the private sector, financial institutions and subnational 
actors are vital to ensure that clean energy solutions become more accessible, affordable, 
and rapidly deployed across regions and major emitting sectors – the goal of the 
Breakthrough Agenda since its launch at COP 26. 

While this report focuses mainly on collaborative actions and initiatives at the governmental 
level, the private sector plays an important role in setting long-term strategies and delivering 
the scale of investment needed for energy transitions. To this end, over the past 2 years, 
the World Business Council for Sustainable Development has led an effort through the 

https://www.brookings.edu/wp-content/uploads/2019/12/Coordinatedactionreport.pdf
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Breakthrough Agenda to track the sentiment of leading global businesses on the pace of 
the transition, the actions being taken and the next steps needed to scale investments. The 
Breakthrough Business Barometer, the latest of which was published in June, surveys over 
300 businesses across more than 50 countries. Recent findings show that 85% of business 
leaders surveyed in 2025 think international co-ordination on finance, trade, standards and 
infrastructure is important, but only 28% reported meaningful progress over the past year. 
Businesses are calling for stronger international collaboration to reduce fragmentation and 
scale transition markets faster. 

The Breakthrough Agenda process is designed to understand and outline the collaborative 
efforts under way in each sector, and to identify where existing efforts should be 
strengthened or reprioritised – and where new action should be initiated. To help facilitate 
these efforts, organisations (or responsible persons) in each sector have been selected to 
facilitate co-ordination across initiatives, countries and non-state actors, mapping their 
activities across each section and area of collaboration through updated landscape maps. 

Breakthrough sector  Sector facilitator 

Power International Renewable Energy Agency 
Hydrogen International Partnership for Hydrogen and Fuel Cells in the Economy 
Road Transport International Council on Clean Transportation 
Steel United Nations Industrial Development Organization 
Cement and Concrete Global Cement and Concrete Association 
Buildings Global Alliance for Buildings and Construction 
Agriculture N/A 
 
Every year since the COP 26 launch, the Breakthrough Agenda Reports have made 
recommendations on how countries and the private sector can better target, co-ordinate 
and enhance collaboration across key emitting sectors: power, hydrogen, road transport, 
steel, cement, buildings and agriculture. From 2022-2024, our reports contained a detailed 
assessment on the state of international collaboration across these sectors in areas such 
as definitions, standards and certification, demand creation and management, research 
and innovation, finance and investment, infrastructure, and trade conditions, among others. 
Across these years, we have found that progress is not a straightforward process: gains in 
one year or one area of collaboration do not necessarily lead to progress in the next. 
However, one reoccurring finding throughout the past three Breakthrough Agenda Reports 
has been that support to EMDEs is a crucial element of international collaboration that 
urgently requires more focus. 

The Breakthrough Agenda Report 2025 takes a different approach to previous reports, in 
that it does not contain the same detailed sector-by-sector assessment. As such, the 
recommendations outlined in the Breakthrough Agenda Report 2024 will remain the same, 
with signatory countries having the opportunity at COP 30 in Brazil this year to refresh their 
Priority Actions set in 2024. The Breakthrough Agenda Report 2026 will return to a detailed 
assessment of each of the sectors covered by the Breakthrough Agenda over a longer time 
horizon, to allow sufficient time for recommendations to be implemented and progress to 
be demonstrated.  

 

https://www.wbcsd.org/actions/business-breakthrough-barometer/
https://breakthroughagenda.org/
https://www.iea.org/reports/breakthrough-agenda-report-2024
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Instead, this year’s report focuses on three core areas: 

 Establishment of success statements in each sector: Tangible, implementation-focused 
success criteria in each sector can support work to achieve the ambitious goals of the 
Breakthrough Agenda. This year’s report identifies 3-4 statements that define what successful 
and practical collaboration looks like in each sector by 2030. These statements are more 
detailed than the 2030 Breakthrough Agenda goals and take a longer view than the yearly 
progress assessments; they will complement future recommendations for further collaboration. 
To measure if the statement is on track to being met, the report proposes indicators that 
combine quantitative metrics and qualitative examples. 

 A focus on international collaboration on fertilisers: The 2024 Breakthrough Agenda 
Report on Agriculture narrowed its focus to two of the highest-emitting sub-sectors in 
agriculture: livestock and fertilisers. This year’s report dives deeper into the fertilisers sector, 
in terms of production and use, and offers insights into areas where collaboration can be 
strengthened. One such area is agreement on a common taxonomy for cleaner technology 
pathways relevant to fertilisers. The Hydrogen Breakthrough uses “low-carbon and renewable 
hydrogen”, which has a clear and direct connection to fertilisers. Others, like the Steel and 
Cement Breakthroughs use “near-zero emissions”, the Road Transport Breakthrough uses 
“zero emission” and the Buildings Breakthrough uses “near-zero emissions and resilient”. All 
of these taxonomies reflect the political consensus among countries under each Breakthrough 
and technical discussions. Whatever the sector, the taxonomy used should be based on 
analytically robust definitions – a key reason why collaboration on standards and definitions is 
so important across many sectors. In the absence of a common taxonomy for fertilisers, this 
chapter refers to the cleaner alternatives as low-emissions fertilisers. 

 Deep dives to highlight collaboration opportunities: Collaboration can take many forms 
across different sectors. To highlight how countries have successfully worked together, or how 
they could work together in the future, this report offers four deep dives on international 
collaboration: in clean energy supply chains, grids and regional interconnections, road freight 
corridors, and offtake agreements for near-zero emissions iron.

https://agriculture-breakthrough2024.cgiar.org/
https://agriculture-breakthrough2024.cgiar.org/
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CHAPTER 2. CRITERIA FOR SUCCESS AND FURTHER 
PROGRESS 

THE NEED TO DEFINE SUCCESS IN 2030 
The Breakthrough Agenda is designed to accelerate international collaboration on clean 
technologies and solutions, targeting key sectors across the global economy that are major 
GHG-emitters. It was established by the UK COP 26 Presidency. Countries and non-state 
actors that participate in the Breakthrough Agenda agree to goals that focus on tipping 
points at which the clean option becomes more affordable, accessible and attractive than 
the fossil fuel option in each sector. The agreed goals are as follows: 

Breakthrough sector  Breakthrough sector goal 
Power Clean power is the most affordable and reliable option for all countries 

to meet their power needs efficiently by 2030 
Hydrogen Affordable renewable and low-carbon hydrogen is globally available 

by 2030 
Road Transport Zero-emission vehicles are the new normal and are accessible, 

affordable and sustainable in all regions by 2030 
Steel Near-zero emissions steel is the preferred choice in global markets, 

with efficient use and production established and growing in every 
region by 2030 

Cement and 
Concrete 

Near-zero emissions cement is the preferred choice in global markets, 
with efficient use and near-zero emission cement production 
established and growing in every region of the world by 2030 

Buildings Near-zero emissions and resilient buildings are the new normal in all 
regions by 2030 

Agriculture Climate-resilient, sustainable agriculture is the most attractive and 
widely adopted option for farmers everywhere by 2030 

 
Every year since the 2030 goals were adopted, the Breakthrough Agenda reports have 
outlined the conditions necessary to achieve those goals, assessed the state of 
international collaboration in each of the Breakthrough sectors, and provided 
recommendations on priority actions that countries and other actors should take together 
to reduce the cost and difficulty of transitions over the course of this decade. These annual 
recommendations inform governments and other stakeholders involved in climate change 
diplomacy and practical collaboration, and help to orient efforts over the course of the year 
ahead.  

The 2030 goals are ambitious and broad in nature. To complement them, this year the 
report proposes 3 or 4 “success statements” for each sector. The aim is to make the 
ambitions of the 2030 Breakthrough Agenda Goals actionable by offering a concrete vision 
of success for each sector by 2030. These success statements are intended to add value 
by defining measurable achievements that can be tracked in future Breakthrough Agenda 
reports, alongside recommendations for collaboration. 
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Each success statement is supported by at least one quantitative indicator to measure 
progress over time and qualitative examples to show progress against the statement. The 
aim is not to measure every detail or to offer rigid benchmarks, but rather to guide collective 
efforts and focus international collaboration where it can have the greatest impact. 

While annual recommendations help guide near-term priorities and align international co-
operation, success statements add further clarity by providing a shared understanding of 
the outcomes these recommendations are ultimately meant to achieve. This two-track 
approach will allow for a more comprehensive monitoring and for driving progress across 
sectors. 

LOOKING BEYOND TO 2035 
The Breakthrough Agenda’s 2030 goals mark important objectives, but they are not an end 
point for international collaboration. As the energy and policy landscape continues to 
evolve, it is important that countries begin to look beyond 2030 and initiate discussions on 
what collective ambition should look like by 2035. This is not about shifting focus away from 
near-term progress; rather, it is about recognising that sustained momentum requires 
longer-term direction.  

Setting a vision for the mid-2030s can help ensure today’s efforts lay the groundwork for 
deeper transitions ahead and provide greater long-term certainty to support investment 
planning. The Business Breakthrough Barometer 2025 found that while more than 90% of 
global businesses have maintained or increased their net zero transition investments in the 
past year, half of them have less confidence in governments’ support for the net zero 
transition than they did last year. A clear long-term vision, supported by governments and 
other actors, can provide the confidence needed to sustain investment momentum. 

The world of today is already different to the world in which the 2030 goals were first 
conceived – technologies have matured, market dynamics have shifted, and geopolitical 
challenges have intensified. The 2030s will bring new opportunities, challenges and 
expectations that will require updated strategies and collaborative targets. By beginning 
the conversation now, countries and other actors can better anticipate future needs in a 
way that keeps pace with both climate goals and economic realities. 

Forward-planning also ensures that the actions taken towards 2030 goals are aligned with 
a longer-term trajectory. Early dialogue on post-2030 goals will give countries the chance 
to collectively shape the next phase of collaboration, ensuring the Breakthrough Agenda 
remains responsive, resilient and ambitious in a rapidly changing world 

 

.

https://www.wbcsd.org/resources/business-breakthrough-barometer-2025/


 

 

POWER 

STATE OF THE TRANSITION  
The power sector has seen significant year-on-year progress in renewables deployment, 
constraining increases in fossil-fired generation as growth in emissions shows signs of slowing 
down. Business leaders are optimistic about the pace of the transition, but more efforts will be 
needed to meet the COP 28 goal of tripling renewable energy capacity by 2030. 

 

Emissions  

 

 Global emissions from electricity generation rose 
by 1.2% in 2024 to around 13.9 Gt of CO2, 
following an increase of 1.6% in 2023. 

 The global emissions intensity of electricity 
generation is on a contracting trend, with a record 
3% reduction in 2024 compared to 1% in 2023. 
This improvement reflects the rapid growth in 
renewable energy and nuclear electricity 
production relative to rising demand. 

Cost1 

 

 On an levelised cost of electricity (LCOE) basis, 
renewables remained the most cost-competitive 
option for new electricity generation in 2024. 

 Onshore wind remained the most affordable 
source of new generation globally in 2024, with a 
weighted average LCOE of USD 0.034/kWh, 
followed by solar PV (USD 0.043/kWh) and 
hydropower (USD 0.057/kWh).  
 
 
 

Deployment 

 

 Rising generation from renewables and nuclear 
power made up over 80% of global growth in 
electricity generation in 2024 – a step up from 
2023, when they accounted for two-thirds of total 
growth.  

 Global renewable power capacity is expected to 
reach 2.6 times its 2022 level by 2030, falling short 
of the COP 28 pledge of tripling renewable energy 
capacity. 

 

 
1 Levelised cost of electricity (LCOE); source: IRENA Renewable Power Generation Costs in 2024. 
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https://www.wbcsd.org/resources/business-breakthrough-barometer-2025/
https://www.irena.org/Publications/2025/Jun/Renewable-Power-Generation-Costs-in-2024
https://www.irena.org/Publications/2025/Jun/Renewable-Power-Generation-Costs-in-2024
https://www.iea.org/reports/renewables-2025
https://www.irena.org/Publications/2025/Jun/Renewable-Power-Generation-Costs-in-2024
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SUCCESS STATEMENTS: POWER  

THE RAPID DEPLOYMENT OF CLEAN POWER GENERATION CONTINUES AND EXPANDS 
CONSIDERABLY IN ALL REGIONS OF THE WORLD. 
WHY IS IT IMPORTANT TO ACHIEVE THE SUCCESS STATEMENT TO REACH THE SECTORAL 
BREAKTHROUGH GOAL?  

 Electricity generation continues to have the highest emissions in the energy sector, with 
around 13.9 Gt CO2 emitted in 2024.  

 Renewables, nuclear and other low-emissions electricity technologies are readily available 
to cut emissions. Faster deployment globally hinges on progress in all regions of the world, 
not just where deployment is taking place today. 

 Recent progress and record growth years for renewables deployment, in particular, have 
been promising, but tapping into untouched potential in more regions and supporting the 
deployment of nuclear power can unlock greater emissions reductions. 

 
QUANTITATIVE INDICATOR FOR SUCCESS 

 Installed regional capacity and generation share of low-emissions power generation. 

QUALITATIVE EXAMPLES OF COLLABORATION 
 In 2025, the Energy Transition Council expanded its support to Latin America to help countries 

in the region deliver ambitious Nationally Determined Contributions (NDCs), in addition to 
continued support for the COP 28 Global Renewables and Energy Efficiency Pledge. 

 At the G20 Summit in Brazil in 2024, more than a dozen countries launched the Global Clean 
Power Alliance (GCPA) to speed up the deployment of low-emissions power generation. The 
GCPA Finance Mission was launched to close the financing gap in emerging markets and, in 
the lead-up to COP 30, the GCPA aims to define how high-quality investment planning can 
facilitate greater private sector investment. 

 At COP 28, 200 countries made a landmark pledge to triple renewable energy capacity globally 
by 2030, and over 20 countries pledged to triple nuclear energy capacity by 2050. 
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COUNTRIES SCALE UP INVESTMENT IN GRID INFRASTRUCTURE AND ENERGY STORAGE, 
WITH TARGETED SUPPORT FOR EMERGING MARKETS AND DEVELOPING ECONOMIES TO 
SUPPORT GROWING ELECTRIFICATION AND ENERGY SECURITY NEEDS. 
WHY IS IT IMPORTANT TO ACHIEVE THE SUCCESS STATEMENT TO REACH THE SECTORAL 
BREAKTHROUGH GOAL? 

 The timely expansion of grids is essential to supporting electrification, energy security and 
the decarbonisation of electricity supply.  

 As more parts of the economy electrify (such as through the adoption of heat pumps or 
electric vehicles) and demand greater amounts of electricity (such as for air conditioning), 
additional strain will be placed on the grid. Higher dependency on electricity means that 
access to a reliable, secure supply is even more important. 

 In particular, the acceleration of renewable energy deployment calls for a modernisation of 
distribution grids and establishment of new transmission corridors to connect renewable 
resources and build out grid-scale storage. 

 Emerging markets and developing economies (EMDEs) excluding China have seen grid 
investment decline by 7% per year on average in recent years, despite robust electricity 
demand growth, gaps in energy access and the need to continue improving reliability in 
many regions.  

 
QUANTITATIVE INDICATOR FOR SUCCESS 

 Global investment in grids and storage, with a focus on international public financing to 
EMDEs. 

QUALITATIVE EXAMPLES OF COLLABORATION 

 At COP 29, nearly 60 countries committed to the Global Energy Storage and Grids Pledge, 
which sets a goal of deploying 1 500 GW of energy storage, doubling global grid investments, 
and developing 25 million kilometres of grid infrastructure by 2030. The number of countries 
has now increased to 65, with over 100 non-state actors as signatories. 

 In August 2025, the Green Grids Initiative finalised the Climate Finance Principles to Unlock 
Grids Financing, a landmark framework designed to unlock investment in electricity 
transmission, distribution and storage infrastructure. The Climate Finance Principles provide 
a forward-looking, methodology-neutral framework to assess the climate eligibility of grid 
investments. 

COUNTRIES TAKE FORWARD EFFORTS TO ENHANCE CROSS-BORDER ELECTRICITY 
TRADING, SUPPORTED BY THE DEVELOPMENT OF REGIONAL POWER INTERCONNECTIONS. 
WHY IS IT IMPORTANT TO ACHIEVE THE SUCCESS STATEMENT TO REACH THE SECTORAL 
BREAKTHROUGH GOAL?  

 Interconnected grids can improve overall grid stability and flexibility, increase the diversity 
of resources for serving demand and provide a smoothing effect on variable renewables. 
Better interconnections allow countries and regions with excess clean energy to transfer it 
to areas with higher demand or less available capacity.  

https://greengridsinitiative.net/wp-content/uploads/2025/08/Climate-Finance-Principles-to-Unlock-Grids-Financing.pdf
https://greengridsinitiative.net/wp-content/uploads/2025/08/Climate-Finance-Principles-to-Unlock-Grids-Financing.pdf
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 Enabled by interconnections, cross-border electricity trade can lead to overall cost savings 
and revenue generation across the interconnected region, helping finance in-country 
deployments and reducing the cost of achieving energy and climate goals. 

 While agreements on principles and best practice guidelines are an important foundation, 
an increased focus on deal-making is needed to bring progress in this area in line with the 
Power Breakthrough goal.  

 Efforts need to go beyond resolving technical issues around interconnectors and move 
towards agreeing on plans for implementation and the harmonisation of regulatory and 
trading frameworks. 

 
QUANTITATIVE INDICATOR FOR SUCCESS 

 Volume of electricity generation traded across borders. 

QUALITATIVE EXAMPLES OF COLLABORATION 

 In August 2025, ministers of the Association of Southeast Asian Nations (ASEAN) countries 
welcomed a proposal by the World Bank and Asian Development Bank to develop the ASEAN 
Power Grid Financing Initiative, which will mobilise financing and provide technical support. 
The banks have so far pledged more than USD 12 billion to support this effort. 

 In the context of the Renewable Energy Transition Accelerator, three knowledge products have 
been published by IEA, the World Bank and the International Renewable Energy Agency 
(IRENA), covering different aspects of regional interconnections: Institutional architecture; 
transmission pricing; and harmonisation of grid codes. These aim to provide regulators with 
examples and tools to ensure interconnectors increase flexibility in grids and support higher 
uptake of renewables. 

JUST TRANSITION PLANS ARE INCORPORATED INTO FINANCIAL DEVELOPMENT 
ASSISTANCE TO ADDRESS THE SOCIO-ECONOMIC IMPACTS OF ENERGY TRANSITIONS, 
PARTICULARLY IN FOSSIL FUEL-DEPENDENT COUNTRIES AND REGIONS. 
WHY IS IT IMPORTANT TO ACHIEVE THE SUCCESS STATEMENT TO REACH THE SECTORAL 
BREAKTHROUGH GOAL? 

 To ensure a just transition in the power sector, it will be crucial to accelerate learning from 
successful projects and to use this knowledge to better target resources towards a greater 
number of fossil fuel-dependent regions. In particular, there is enormous potential to 
expand activity into coal-intensive regions. 

 Just transition plans designed to mitigate job losses and livelihood disruption in coal regions 
are essential to ensure that local communities both benefit from and support the transition. 
These strategies and financial plans should include training and reskilling programmes as 
well as protections, informed by dialogue and stakeholder participation. 

 Dedicated funding should be allocated to environmental restoration plans. All these aspects 
are essential for building legitimacy and social acceptance, while reducing the risks of 
opposition, conflicts and delays. 

 While there are a growing number of activities addressing the socio-economic impacts of 
the energy transition, these efforts are still in their early stages. 

https://asean.org/joint-media-statement-ministerial-interface-meeting-on-financial-mechanisms-for-the-asean-power-grid/
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QUANTITATIVE INDICATOR FOR SUCCESS 

 Percentage of coal workers covered by coal-specific just transition policies, announced and 
fully funded. 

QUALITATIVE EXAMPLES OF COLLABORATION 

 The IEA’s Global Commission on People-Centred Clean Energy Transitions, comprised of 
energy, climate and labour leaders from governments and organisations around the world, 
released the Blueprint for Action on Just and Inclusive Energy Transitions, a major new guide 
for governments worldwide on translating the G20 Principles for Just and Inclusive Energy 
Transitions into real-world policy and practice. 

 At COP 29, Uganda, and the bank Standard Chartered, joined the Powering Past Coal 
Alliance, a coalition working to advance the transition from unabated coal power generation to 
clean energy. While no coal-fired generation exists in Uganda, this signals that the country 
commits to not build any new coal in the future. 

https://www.iea.org/reports/blueprint-for-action-on-just-and-inclusive-energy-transitions


 

 

HYDROGEN 

STATE OF THE TRANSITION 
The deployment of renewable and low-carbon hydrogen1 and reduction in the production and 
use of hydrogen from unabated fossil fuels is significantly behind where it needs to be to get 
on track with the IEA Net Zero Emissions by 2050 Scenario (NZE Scenario), despite significant 
progress achieved in the last few years in this nascent sector. This outlook is reflected in the 
business community, where leaders report a deceleration in the pace of transition. 

Emissions2 

 

 Hydrogen production today is associated with 
emissions of almost 1 300 Mt CO2 equivalent 
(CO2-eq) and there has been no progress in 
reducing them – in contrast, emissions have 
edged up in recent years. 

 However, the increase in global production (which 
neared 100 Mt in 2024) has kept the global 
average emissions intensity of hydrogen 
production almost constant over the past 5 years. 

Costs3 

 

 Renewable and low-carbon hydrogen remains 
more expensive than hydrogen from unabated 
fossil fuels.  

 The cost gap has increased recently due to 
slower-than-expected deployment, inflation and 
the fall in fossil fuel prices. 

 Electrolyser capital cost is expected to decrease 
through scale-up, innovation and improved 
manufacturing, but cost declines will depend on 
the pace of deployment. 

Deployment 

 

 Renewable and low-carbon hydrogen reached 
0.8 Mt in 2024, making up less than 1% of global 
production. 

 Based on projects with a final investment decision 
(FID), renewable and low-carbon hydrogen 
production can reach over 4 Mt by 2030, but they 
represent only 9% of all announced projects (up 
from 6% last year). 

 
1 This report does not define a specific carbon intensity limit for renewable and low-carbon hydrogen. All the production routes 
covered by this term will need to achieve verifiable low-carbon intensities that trend towards near zero by 2030. This implies that 
fossil-based hydrogen production must operate with high carbon capture rates applied to all streams containing CO2, and that the 
captured carbon must be permanently stored underground to prevent its release into the atmosphere. Methane leakage must be 
reduced to near zero, if not completely avoided. Rigorous measurement, reporting and verification of emissions will be needed. 
2 Includes upstream emissions of fossil fuel supply. Error bars reflect the variability of emissions depending on the allocation 
method for the production of hydrogen as a by-product in the petrochemical industry. 
3 Electrolyser capital costs. The 2030 values refer to the projected cost with a deployment equivalent to the electrolysis capacity 
that has at least reached final investment decision and to all announced projects. 
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SUCCESS STATEMENTS: HYDROGEN  

GOVERNMENTS IMPLEMENT CLEAR RULES THAT SET THRESHOLDS FOR ACCEPTABLE 
LEVELS OF EMISSIONS FOR HYDROGEN PRODUCERS AND USERS TO BE ELIGIBLE FOR 
SUPPORT SCHEMES, BASED ON INTERNATIONAL ORGANIZATION FOR STANDARDIZATION 
(ISO) STANDARDS, OR AT LEAST CONSISTENT WITH ISO STANDARDS. 

WHY IS IT IMPORTANT TO ACHIEVE THE SUCCESS STATEMENT TO REACH THE SECTORAL 
BREAKTHROUGH GOAL?  

 Uncertainty around regulations relating to emission levels considered acceptable by 
countries when determining eligibility for support schemes has been delaying investment 
decisions on both supply and demand, as private sector investors may be at risk of non-
compliance. 

 Consistency with ISO standards can facilitate mutual recognition of certificates, which is 
critical to minimise market fragmentation and ensure that trade is not limited to bilateral 
agreements. 

 Referring to the emissions intensity of hydrogen in regulations can support a technology-
neutral approach. 

 
QUANTITATIVE INDICATORS FOR SUCCESS 
 Number of countries with rules on emissions thresholds for hydrogen production using 

methodologies consistent with ISO standards. 

 Share of global hydrogen production located in countries with rules on emissions thresholds 
for hydrogen production using methodologies consistent with ISO standards. 

QUALITATIVE EXAMPLES OF COLLABORATION 
 The IEA Hydrogen Technology Collaboration Programme (TCP) “Task” for the Certification of 

Hydrogen and Derivatives is developing a technical mutual recognition framework for 
certification schemes. 

 The International Partnership for Hydrogen and Fuel Cells in the Economy (IPHE) and the IEA 
Hydrogen TCP co-ordinated the development of a Hydrogen Certification 101 paper, which 
benefited from contributions of the International Renewable Energy Agency (IRENA), the 
Hydrogen Council and the International Power-to-X Hub. The paper aims to create a common 
language on certification, which could help to enable mutual recognition of certificates. 

 

 

 

 

 

https://www.iphe.net/hydrogen-certification-101-oct-24
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GOVERNMENTS IMPLEMENT POLICY MEASURES AND REGULATIONS FOR THE USE OF 
RENEWABLE AND LOW-CARBON HYDROGEN IN SECTORS WHERE HYDROGEN IS ALREADY 
USED AND IN HIGH-VALUE END USES. 

WHY IS IT IMPORTANT TO ACHIEVE THE SUCCESS STATEMENT TO REACH THE SECTORAL 
BREAKTHROUGH GOAL?  
 

 Policy support is fundamental to stimulate demand for renewable and low-carbon hydrogen, 
which could, in turn, unlock investment on the supply side and ultimately result in 
infrastructure development. 

 Stimulating demand can enable scale-up of renewable and low-carbon hydrogen 
production, which can lead to production cost reductions through economies of scale and 
learning-by-doing. 

 Demand-pull policies can stimulate technology innovation and advance demonstration 
projects, particularly in new high-value end-use applications such as steel, shipping and 
aviation. 

 
QUANTITATIVE INDICATORS FOR SUCCESS 

 Number of countries with implemented demand-pull policies (including carbon contracts for 
difference, fuel standards, grants for demand creation, loan and loan guarantees on the 
demand side, mandates and quotas, public procurement instruments and tax incentives for 
the demand side) in existing hydrogen applications (refining, ammonia production and 
methanol production). 

 Share of global hydrogen demand covered by the above-mentioned implemented policies for 
the adoption of renewable and low-carbon hydrogen. 

QUALITATIVE EXAMPLES OF COLLABORATION 

 The outcome of talks on the proposed International Maritime Organization (IMO)’s Net-Zero 
Framework, if approved by IMO member states in October 2026 following an adjournment of 
discussions in 2025, could provide maritime operators with greater future visibility on the need 
to adopt low-emissions fuels (including renewable and low-carbon hydrogen and derivatives). 
This can stimulate long-term offtake agreements for fuels that are normally purchased on the 
spot market. 

PRIVATE SECTOR COMMITMENTS FOR THE USE OF RENEWABLE AND LOW-CARBON 
HYDROGEN TRANSLATE INTO FIRM OFFTAKE AND PURCHASE AGREEMENTS. 

WHY IS IT IMPORTANT TO ACHIEVE THE SUCCESS STATEMENT TO REACH THE SECTORAL 
BREAKTHROUGH GOAL?  

 Project developers are struggling to secure creditworthy offtake agreements that can help 
to de-risk projects. 

 A significant number of offtake agreements have been announced in the past 5 years, but 
the majority remain preliminary, without any binding conditions for suppliers and offtakers, 
and without long-term commitment. 
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 Securing firm, long-term offtake agreements is the principal method of de-risking investment 
on the supply side. 

 
QUANTITATIVE INDICATORS FOR SUCCESS 

 Cumulative firm offtake agreements for renewable and low-carbon hydrogen. 

QUALITATIVE EXAMPLES OF COLLABORATION 
 Several buyers’ platforms for derivatives produced using hydrogen (including e-fuels) are 

helping to pool demand for renewable and low-carbon hydrogen and providing an opportunity 
to negotiate advanced offtake agreements. Examples include the Sustainable Aviation Buyers 
Alliance, the Zero Emissions Maritime Buyers Alliance and the Sustainable Steel Buyers 
Platform. 

GOVERNMENTS, MULTILATERAL DEVELOPMENT BANKS AND DEVELOPMENT FINANCE 
INSTITUTIONS SCALE UP CONCESSIONAL FINANCE TO EMERGING MARKETS AND 
DEVELOPING ECONOMIES TO HELP LARGE-SCALE PROJECTS FOR THE PRODUCTION OF 
RENEWABLE AND LOW-CARBON HYDROGEN TO REACH FINAL INVESTMENT DECISIONS. 

WHY IS IT IMPORTANT TO ACHIEVE THE SUCCESS STATEMENT TO REACH THE SECTORAL 
BREAKTHROUGH GOAL? 

 Progress on the production and use of renewable and low-carbon hydrogen in emerging 
markets and developing economies (EMDEs) has been limited, despite their strong potential 
for cost-competitive production, and opportunities to benefit from economic development 
and reduced dependency on imported fossil fuels. 

 Projects under development in EMDEs face significant financial barriers, particularly due to 
the comparatively high cost of capital, which is preventing investment decisions. 

 Scale-up of concessional finance must be accompanied by continued support for technical 
assistance to address other barriers, such as unclear or incomplete regulatory frameworks 
and lack of infrastructure readiness, and to address over-reliance on export markets rather 
than domestic opportunities to create in-country wealth. 

 
QUANTITATIVE INDICATOR FOR SUCCESS 

 Kilotonnes per year of renewable and low-carbon hydrogen production capacity facilitated by 
concessional finance reaching final investment decision (FID) in EMDEs. 

QUALITATIVE EXAMPLES OF COLLABORATION 

 At COP 29, development finance institutions pledged to support the World Bank’s 10 GW 
Lighthouse Initiative, with the objective of helping developing country projects of 100 MW – 1 
GW to reach FIDs by 2030. There are now 15 participating development finance institutions.  

 The United Nations Industrial Development Organization (UNIDO)’s Accelerate-to-
Demonstrate (A2D) Facility supported Namibia’s first project for fertiliser production using 
renewable hydrogen to begin construction. 

 The World Bank’s Climate Investment Fund and Green Climate Fund have provided 
concessional finance for projects in Brazil and Paraguay. 

 

https://flysaba.org/
https://flysaba.org/
https://www.shipzemba.org/
https://rmi.org/our-work/climate-aligned-industries/sustainable-steel-buyers-platform/
https://rmi.org/our-work/climate-aligned-industries/sustainable-steel-buyers-platform/


 

 

ROAD TRANSPORT 

STATE OF THE TRANSITION  
Across the global fleet, CO₂ emissions per km driven have slightly fallen since 2020, thanks to 
increasingly stringent fuel economy standards and record-breaking electric vehicle (EV) sales. 
Zero-emission vehicles (ZEVs) displaced about 1.3 million barrels of oil in 2024, nearly 
equivalent to the total road oil consumption of Brazil. Despite this, overall CO₂ emissions have 
stagnated as vehicle ownership has grown, and ZEV uptake remains highly uneven across 
regions. Business sentiment was mixed in 2024, reflecting these trends. Stronger international 
collaboration on technology deployment, policy alignment, and investment, particularly to 
support emerging economies, will be essential to accelerate cost reductions and ensure a 
globally co-ordinated transition. 

Emissions  

 

 Road sector emissions were just over 6 Gt CO₂ 
in 2024, 8% higher than in 2015. Growth 
averaged only 0.2% annually from 2019 to 
2024, down from 1.7% per year between 2015 
and 2019. 

 Over 60% of road emissions are from 
passenger cars or vans, followed by trucks 
(about one-third), and buses and 2/3 wheelers 
just 7%. 

 Since 2015, emissions in emerging economies 
(excluding China) have risen sharply, at over 
18%, compared to 2.5% in the rest of the world.  

Cost 

 

 Closing the purchase price gap between 
electric and conventional cars is essential for 
mass adoption. Declining battery costs and 
growing market competition are driving 
improvements in affordability. 

 Electric car affordability improved across all 
major markets between 2021 and 2024. In 
China, around two-thirds of electric cars were 
cheaper than their conventional counterparts in 
2024. 

Deployment 

 

 Electric car sales surpassed 17 million in 2024, 
growing nearly 30% year-on-year. They 
accounted for 22% of total car sales, meaning 
cars overtook 2/3-wheelers as the most 
electrified road transport segment. 
Electrification of 2/3-wheelers stagnated at 
about 15% in 2024. 

 The electric bus and truck market continued to 
expand, growing by 30% and 75%, 
respectively. Sales of electric vehicles are 
highest in China, where around 1 in 10 cars is 
now electric. 
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https://www.wbcsd.org/wp-content/uploads/2025/06/Sectors-Deep-dive-Road-Business-Breakthrough-Barometer_2025_WBCSD.pdf
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SUCCESS STATEMENTS: ROAD TRANSPORT 

ZERO-EMISSION LIGHT-DUTY VEHICLE PLEDGES ARE TRANSLATED INTO POLICIES, AND 
MORE KEY MARKETS JOIN HEAVY-DUTY VEHICLE PLEDGES. 
WHY IS IT IMPORTANT TO ACHIEVE THE SUCCESS STATEMENT TO REACH THE SECTORAL 
BREAKTHROUGH GOAL?  

 While significant recent growth in electric vehicle (EV) sales is encouraging, it remains 
uneven across geographies and segments. Governments play an important role in 
accelerating zero-emission vehicle (ZEV) adoption by setting high-level targets and 
adopting related regulations for fuel economy or CO2 standards. By working together, 
countries can amplify the signal for greater ZEV adoption. 

 More effort is needed in translating voluntary targets into deployment policies for the light-
duty vehicle (LDV) segment. Around 20% of the global LDV market is now covered by 
binding policies to achieve 100% ZEV sales on a timeline aligned with the 2015 Paris 
Agreement. A further 10% of the market has voluntary commitments in place.  

 Heavier segments are at an earlier stage of the transition, with a ZEV sales share of less 
than 2% for medium- and heavy-duty vehicles (MHDVs) compared to over 20% for the LDV 
segment. This highlights the need for stronger policy focus on heavier segments, and more 
collaboration between countries on relevant ZEV targets. Only 20% of the heavy-duty 
vehicle (HDV) market is covered by ZEV targets, and a far smaller share by policies to 
implement those targets. 

 
QUANTITATIVE INDICATOR FOR SUCCESS 

 Share of new LDV sales covered by ZEV enabling policies aligned with the 2015 Paris 
Agreement. 

 Share of global MHDV markets that have joined ZEV MHDV pledges. 

QUALITATIVE EXAMPLES OF COLLABORATION 

 Two new trucking sector members joined the First Movers Coalition, where truck owners and 
operators commit to making at least 30% of their purchases of new heavy-duty trucks zero-
emission by 2030, as well as 100% of new medium-duty truck purchases. 

 At COP 29, Costa Rica signed the ZEV Declaration, which targets 100% ZEV sales of new 
cars and vans by 2035. 

 In April 2025, a green corridor aimed at supporting zero-emissions MHDVs was announced 
as a part of the Global Green Road Corridor Initiative. In phase 1, the Mediterranean Corridor 
will run 1 000 km from Algeciras in Spain to Avignon in France. 

 In April 2025, Montenegro and Peru became signatories of the Global Memorandum of 
Understanding on zero-emission MHDVs, which now has 40 signatories, representing around 
21% of the global MHDV market. 

 

https://iea.blob.core.windows.net/assets/6633c3f9-2fdc-473b-a472-e2e91cba85ba/BreakthroughAgendaReport2024.pdf
https://www.iea.org/data-and-statistics/data-tools/global-ev-data-explorer
https://globaldrivetozero.org/2025/05/21/mediterranean-green-corridor-announced/
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INTERNATIONAL PUBLIC AND PRIVATE FINANCE IS SCALED UP IN EMERGING MARKETS 
AND DEVELOPING ECONOMIES TO SUPPORT ROAD TRANSPORT DECARBONISATION 
INITIATIVES. 
WHY IS IT IMPORTANT TO ACHIEVE THE SUCCESS STATEMENT TO REACH THE SECTORAL 
BREAKTHROUGH GOAL?  

 At 4%, the share of EVs in new car sales remains lower in emerging markets and developing 
economies (EMDEs) other than China compared to in advanced economies (13%). Imports 
of relatively affordable EVs from Chinese car makers are supporting an increase in the sales 
share in EMDEs, but decarbonisation of road transport remains capital intensive, especially 
as the cost of capital in EMDEs is higher than in advanced economies. 

 Public finance can also support international collaboration on the growing trade in used EVs, 
by funding systems to track imports and exports, enforcing standards for vehicle condition, 
and building local service networks (see next Success Statement). Such investments 
increase transparency and ensure that used EV flows strengthen, rather than undermine, 
road transport decarbonisation. 

 Alongside access to finance, EMDEs can benefit from other international support such as 
assistance to build capacity for policy design and implementation and de-risking facilities to 
leverage private sector investments. 

 
QUANTITATIVE INDICATORS FOR SUCCESS 

 International public financing for road transport electrification or charging infrastructure in 
EMDEs excluding China. 

QUALITATIVE EXAMPLES OF COLLABORATION 
 The Global Facility to Decarbonise Transport (GFDT) is a multi-donor trust fund established at 

COP 26 to provide financial and technical assistance to EMDEs for transport decarbonisation. 
In 2025, the GFDT selected over 20 projects to receive a total of nearly USD 4.4 million. 

 At COP 27, governments, corporates and financial institutions created the Collective for Clean 
Transport Finance (CCTF). In 2024, CCTF started designing a potential pilot project with Brazil 
on demand aggregation for electric buses, which could provide a framework to be replicated 
in other countries. In 2025, CCTF is working to secure funding to operationalise its flagship 
projects. 

 At COP 29, companies under the Zero Emission Vehicles Emerging Markets Initiative (ZEV-
EM-I) signalled demand for approximately 9 000 electric vehicles in Mexico by 2027; and more 
than 17 000 electric vehicles by 2030, including freight and passenger vehicles. 

 

 

 

 

 

 

 

 



The Breakthrough Agenda Report  Chapter 2. Criteria for success and further progress: Road transport 

PAGE | 31 

GLOBAL INTEROPERABILITY ENABLES ELECTRIC VEHICLES TO CHARGE SEAMLESSLY 
ANYWHERE IN THE WORLD 
WHY IS IT IMPORTANT TO ACHIEVE THE SUCCESS STATEMENT TO REACH THE SECTORAL 
BREAKTHROUGH GOAL?  

 At present, not all EVs can charge at all public or semi-public stations, due to incompatible 
connector types, which can vary regionally and by car model, as well as due to proprietary 
networks. These limitations reduce convenience, create uncertainty for drivers, and can 
slow adoption. 

 There are seven major connector types for electric cars; J1772 and IEC Type 2 are typically 
used for slow charging, while the other five are used for fast charging: NACS, CCS, CCS 
(2), CHAdeMO and GB/T. For charging above 350 kW, two connector types are common: 
Megawatt Charging System (MCS) and ChaoJi. With new models and charging 
technologies continuing to emerge, international co-operation is essential to harmonise 
charging standards in order to prevent waste and ensure usability of cars across different 
geographic regions. 

 In addition, transparent and simple payment systems are crucial for public charging. 
Ensuring drivers know the price in advance builds trust in the charging network and 
encourages wider use. 

 Data sharing and transparency are needed to make chargers easily findable in order to 
improve accessibility and driver confidence, whether through in-vehicle operating systems, 
mobile applications or roadside signage.  

 
QUANTITATIVE INDICATOR FOR SUCCESS 
 Number of connector types  

QUALITATIVE EXAMPLES OF COLLABORATION 
 The European Union and the United States issued a joint statement recognising the MCS as 

adopted by international standardisation bodies. 

BATTERY END-OF-LIFE MANAGEMENT DISCUSSIONS ARE TRANSLATED INTO NATIONAL 
POLICIES AND CAPACITY-BUILDING INITIATIVES, PARTICULARLY IN EMERGING MARKETS 
AND DEVELOPING ECONOMIES. 
WHY IS IT IMPORTANT TO ACHIEVE THE SUCCESS STATEMENT TO REACH THE SECTORAL 
BREAKTHROUGH GOAL?  

 Growing demand for EVs is increasing demand for the critical minerals used in batteries. 
Battery end-of-life management can provide a significant secondary source of supply of 
critical minerals that is more sustainable and less geographically concentrated than primary 
supply. These benefits are greatest when recycling facilities are located domestically. 

 This means that there is a need to develop battery end-of-life strategies, which could call 
for either new recycling capacity in EMDEs (where imports of used EVs are expected to rise 
in the coming decade); or plans to send end-of-life vehicles back to recycling centres, such 
as to the battery or vehicle manufacturer. 

https://ec.europa.eu/commission/presscorner/detail/en/statement_23_2992#:%7E:text=We%20recognize%20the%20Megawatt%20Charging%20System%20(MCS)%20adoption%20by%20IEC%2C%20SAE%20and%20ISO%20for%20the%20charging%20of%20electric%20heavy%2Dduty%20vehicles
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 Collaboration is needed between countries that export EVs and countries where EVs reach 
end-of-life, as is collaboration on regulatory frameworks and standards for managing the 
recycling and reuse of EV batteries. Exploratory workshops remain at an early stage (see 
below) and will need to scale up to translate into sizeable impact. 

 
QUANTITATIVE INDICATORS FOR SUCCESS 
 Global battery recycling capacity and share in EMDEs. 

 Share of battery demand covered by recycled material. 

QUALITATIVE EXAMPLES OF COLLABORATION 

 Progress is underway toward a second release of the Battery Passport indicator framework, 
data exchange and assurance rulebook, as well as supporting materials, to allow early 
adoption in support of regulatory requirements, and pave the way for large-scale uptake of 
Battery Passport certification. 

 According to the United Nations Environment Programme, more than 30 country projects have 
now included an end-of-life component in their national electric mobility programmes 

 

 

.

https://www.globalbattery.org/battery-passport/


 

 

STEEL 
STATE OF THE TRANSITION  
The steel sector is not on track to meet net zero by 2050. Despite the first near-zero emissions1 
plants being due to come online in 2026, progress has stalled, with projects struggling to reach 
final investment decisions and over 10 Mt of capacity being delayed this year. In the business 
community, fewer leaders are confident (7%) the sector will reach the 2030 Breakthrough 
Agenda goal than in 2024 (20%). Most projects are only near-zero emissions capable,2 and 
lack firm technology details and timelines. Greater collaboration is required to strengthen 
enabling conditions, policy support, and demand signals to overcome deployment barriers.  

Emissions  

 

 Total CO2 emissions remain largely unchanged from 
recent years, while direct CO2 emissions intensity has 
seen an uptick since 2021.   

 Both must fall in the coming years to get on track with 
the IEA’s Net Zero Emissions by 2050 Scenario (NZE 
Scenario).  

 
 

Cost3 

 

 Blast furnace-basic oxygen furnace (BF-BOF) routes 
make up about 70% of global steel production today.  

 Hydrogen direct reduced iron electric arc furnace (H2 DRI-
EAF) routes are emerging as a preferred low-emissions 
option in certain regions. Early commercial plants using 
100% hydrogen blends are estimated to cost 50-140% 
more than BF-BOF plants today, varying based on region, 
which is slowing deployment.  
 

Deployment4 

 

 Capacity for near-zero emissions iron by 2030 remains 
unchanged from 2024, at about 10 Mt. Near-zero 
emissions capable capacity is largely the same as in 
2024, at just over 80 Mt. Of this, 25 Mt has plans to 
operate as near-zero emissions by 2030 but comes 
from early-stage projects. The rest plan to operate 
using natural gas initially, with unclear timelines for 
transitioning to full near-zero emissions. 

 Getting on track with the NZE Scenario will require 
accelerating these near-zero emissions capable 
projects to run as fully near-zero emissions by 2030. 

 
1 “Near-zero emissions” refers to projects that will operate at an emissions intensity consistent with near-zero emissions from the start, as defined in the IEA 
report Achieving Net Zero Heavy Industry Sectors in G7 Members  
2 “Near-zero emissions capable” is capacity that operates with the same core process equipment as near-zero emissions capacity and will attain a substantial 
reduction in emissions intensity (compared to current conventional technologies) from the start, but initially falls short of the emissions intensity for near-zero 
emissions, with clear plans to reduce emissions further to a level consistent with near-zero emissions at a later date and with technical capabilities such that it 
can reach near-zero emissions without substantial additional capital investment in core process equipment. 
3 Levelised cost of production (LCOP). Estimated LCOPs are based on regional averages, accounting for variation in energy inputs and costs by region, and 
do not include explicit policy supports, e.g. carbon pricing or subsidies. Regional variation in capital and non-energy operating expenses is not considered. 
Energy prices, intensities, and fuel mixes from 2024 are used for calculation of LCOPs. The box shows the range of expected typical LCOPs; whiskers show 
the average LCOP in higher- and lower-cost regions. 
4 Near-zero emissions projects are those that have achieved a final investment decision (FID) or provided strong certainty that FID will be achieved, and meet 
the criteria in footnote 1. Near-zero emissions capable projects that have given clear indications they will operate as near-zero emissions by 2030 but are at an 
earlier stage are considered “planned to reach threshold by 2030”. Near-zero emissions capable projects that initially operate using gas and lack clear timelines 
for achieving near-zero emissions are considered “uncertain to reach threshold by 2030. 
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https://www.iea.org/reports/achieving-net-zero-heavy-industry-sectors-in-g7-members
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SUCCESS STATEMENTS: STEEL 

GLOBAL INTEROPERABILITY BETWEEN LEADING EXISTING DEFINITIONS AND STANDARDS 
FOR NEAR-ZERO AND LOW-EMISSIONS STEEL IS ESTABLISHED, AND EXISTING EMISSIONS 
MEASUREMENT METHODOLOGIES ARE MADE MORE TRANSPARENT, INTEROPERABLE AND 
NET ZERO COMPATIBLE, WITH COHERENT CHAIN OF CUSTODY RULES. 

WHY IS IT IMPORTANT TO ACHIEVE THE SUCCESS STATEMENT TO REACH THE SECTORAL 
BREAKTHROUGH GOAL?  
 

 Definitions and standards that establish emissions intensity thresholds for near-zero and 
low-emissions steel production can underpin enabling mechanisms and policies. These 
can feed into product-level thresholds, which can support further emissions reductions as 
well as material efficiency measures. 

 Interoperability and/or comparability of different definitions, standards and certifications for 
near-zero and low-emissions steel – either through a method for determining equivalency 
established for use by governments and buyers, or mutual recognition among standards 
owners – provides greater transparency and clarity to actors across international markets, 
which can unblock action.  

 Emissions measurement methodologies underpin definitions and standards, as well as 
other uses, by providing a framework for measuring and accounting emissions. 

 Interoperable and net zero compatible1 methodologies can improve comparability and 
reduce reporting burden. Existing schemes offer a robust basis, but some require revisions 
to make them fit for purpose, and a way to translate between methodologies is needed. 

 Chain of custody schemes help track materials and attributes through supply chains, and 
alternative schemes are emerging as mechanisms to provide flexibility and encourage 
action on decarbonisation. In all cases, robust reporting and verification are important to 
avoid double-counting emissions reductions and ensure additionality, as are rules for 
consistent emissions accounting and appropriate, transparent marketing of materials. 

 Greater clarity on the process and responsibilities for revising existing methodologies could 
accelerate and guide convergence towards greater alignment, especially in policy 
applications. 

 
QUANTITATIVE INDICATOR FOR SUCCESS 
 Number of leading definitions2 and standards that have established equivalency or mutual 

recognition. 

 Share of production potentially covered by voluntary labels for near-zero and low-emissions 
steel. 

 

 

 
1 Interoperability means that different methodologies are coherent and work alongside each other (e.g. it becomes possible 
to compare their results on an equivalent basis), enabling clear and consistent communication and interpretation, even though 
methodologies may not be exactly the same due to different purposes and/or scopes. Net zero compatibility means that 
measurement methodologies can be applied to the full range of technologies that are needed for the net zero transition, and 
are designed in a way that incentivises choices in favour of the net zero transition. 
2 i.e. those that are in use and/or under consideration by a substantive number of steel producers across multiple countries. 

https://isealalliance.org/get-involved/resources/chain-custody-models-and-definitions-v2-2025
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QUALITATIVE EXAMPLES OF COLLABORATION 

 The Steel Standards Principles (SSP) group is working towards interoperability of emissions 
measurement methodologies for steel, including building on the IEA’s Net Zero Measurement 
Principles. This is supported by input and guidance from its 60+ endorsing organisations, 
which include intergovernmental organisations that can ensure co-ordination with discussions 
among governments.  

 Multilateral fora (e.g. the IEA Working Party on Industrial Decarbonisation, Climate Club, 
OECD Inclusive Forum on Carbon Mitigation Approaches and Industrial Deep Decarbonisation 
Initiative [IDDI]) are facilitating co-operation between governments on definitions and 
measurement methodologies. The Climate Club Members Statement at COP 29 affirmed 
emerging common understandings on definitions and convergence among scientific, public 
and private initiatives on thresholds.  

 The International Organization for Standardization (ISO) and Greenhouse Gas (GHG) Protocol 
recently announced a partnership to harmonise their existing GHG standards and co-develop 
new standards for emissions measurement and reporting, serving as a potential positive step 
towards greater interoperability for emissions measurement that could be taken forward in the 
steel sector.  

NEAR-ZERO AND LOW-EMISSIONS STEEL DEMAND COMMITMENTS ARE CONSIDERABLY 
EXPANDED AND INCLUDE NEW MARKETS AND END-USE SECTORS, AND COMMITMENTS 
ARE CONVERTED TO FIRM OFFTAKE AND ADVANCE PURCHASE AGREEMENTS. 
WHY IS IT IMPORTANT TO ACHIEVE THE SUCCESS STATEMENT TO REACH THE SECTORAL 
BREAKTHROUGH GOAL?  
 

 Demand commitments for near-zero emissions steel are a major pull factor for the 
establishment of lead markets, helping to de-risk early deployments of emerging 
technologies and encourage scale-up. In parallel, demand for low-emissions steel can 
facilitate progress on decarbonisation and growth of markets for lower-emissions 
materials. 

 Despite efforts from first movers, demand for near-zero and low-emissions steel has not 
been sufficient to encourage production growth at the pace and scale needed for the 
industry transition, and regional and sectoral gaps remain.  

 Demand commitments, especially when aggregated, can amplify market signals and 
accelerate the process of securing offtakes. Public procurement commitments can be a 
key lever. Commitments across different regions and sectors build momentum for broad 
market scale-up. 

 Firm offtakes and advance purchase agreements provide certainty for suppliers, facilitating 
final investment decisions (FIDs) and supporting the establishment of supply chains. 

 
QUANTITATIVE INDICATORS FOR SUCCESS 
 Cumulative number of public and private offtakes or purchase agreements for near-zero 

emissions steel. 

 Number of countries in which public and/or private organisations have made demand 
commitments for near-zero emissions steel or in which government policies to incentivise 
private purchases have been implemented.  

https://www.iea.org/reports/emissions-measurement-and-data-collection-for-a-net-zero-steel-industry
https://www.iea.org/reports/emissions-measurement-and-data-collection-for-a-net-zero-steel-industry
https://climate-club.org/wp-content/uploads/2024/11/ClimateClub_memberstatement_COP29.pdf
https://www.iso.org/news/2025/09/iso-and-ghgp-partnership
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QUALITATIVE EXAMPLES OF COLLABORATION 
 Existing public and private sector initiatives (First Movers Coalition, SteelZero, IDDI) for near-

zero and low-emissions steel demand aggregation are enabling market formation through 
focused efforts to support their members in translating demand commitments into offtakes. 
Today, over 70 organisations have made commitments under these initiatives. Further 
momentum was built at COP 29 with a joint call to action for governments to take up the IDDI 
Green Public Procurement Pledge.  

 Buyer-supplier matching programmes are getting off the ground (Sustainable Steel Buyers 
Platform, First Suppliers Hub, Near-Zero Steel 2030 Challenge), signalling a total of 3.3 Mt of 
demand in 2024 to help facilitate new offtakes. 

SCALED-UP DELIVERY PROGRAMMES FOR INTERNATIONAL FINANCIAL AND TECHNICAL 
ASSISTANCE HAVE ENABLED LARGE-SCALE PROJECTS ACROSS ALL REGIONS, BUILDING 
ON PILOT ASSISTANCE PROGRAMMES AND DRAWING ON LEARNINGS FROM RD&D AND 
EARLY COMMERCIAL NEAR-ZERO EMISSIONS STEEL PROJECTS. 

WHY IS IT IMPORTANT TO ACHIEVE THE SUCCESS STATEMENT TO REACH THE SECTORAL 
BREAKTHROUGH GOAL? 
 

 Emerging markets and developing economies (EMDEs) are not well represented in the 
project pipeline for near-zero emissions steel, partly because conditions for first-of-a-kind 
investments are typically less favourable than in advanced economies. Financial and 
technical assistance could help enable deployment. 

 Many existing assistance programmes are still at an early stage and require successful 
piloting before being scaled up. Stronger and broader engagement in matchmaking 
platforms can improve the delivery of assistance to help fast-track large-scale projects in 
EMDEs. 

 Learnings from the first wave of large-scale near-zero emissions steel projects – mainly in 
advanced economies – could de-risk and facilitate subsequent deployments in EMDEs. 
Likewise, collaboration on RD&D, including with EMDEs, could support development of 
emerging solutions.  

 Deepened engagement in initiatives that aim to improve the quality and efficacy of 
knowledge exchange can enable faster innovation and drive down deployment costs. 

 Expansion of targeted assistance programmes and bilateral strategic partnerships can 
offer more tailored support and, in the case of the latter, can foster stronger relations and 
co-operation that can create reciprocal benefits. 

 
QUANTITATIVE INDICATOR FOR SUCCESS 

 Number of large-scale projects for near-zero emissions steel reaching FIDs in EMDEs that are 
engaged in assistance programmes and/or relevant bilateral partnerships. 

 Amount of venture capital funding invested in the steel sector globally and by region. 

QUALITATIVE EXAMPLES OF COLLABORATION 
 The COP 29 Global pledge for scaling international assistance for industry decarbonisation 

committed USD 1.3 billion in support from several governments and initiatives.  

 The Global Matchmaking Platform (GMP) was launched at COP 29 by the United Nations 
Industrial Development Organization (UNIDO) and the Climate Club, with the aim of making 

https://decarbonization.unido.org/news/first-movers-coalition-industrial-deep-decarbonization-initiative-net-zero-government-initiative-joint-call-to-action/
https://climate-club.org/wp-content/uploads/2024/11/COP29-Global-Pledge-Scaling-International-Assistance-for-Industry-Decarbonisation.pdf
https://www.unido.org/news/launch-global-matchmaking-platform
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support for industrial decarbonisation more accessible for EMDEs. To date, over 20 countries 
have been engaged through the GMP. 

 Climate Investment Funds selected 7 countries for support through their USD 1 billion Industry 
Decarbonization Investment Program, with an offer of technical assistance to another 19 
countries.  

 ITA announced new partnerships with Bahrain, Egypt, and the United Arab Emirates to 
advance industry decarbonisation and help fast-track projects to reach FID. 

 Bilateral partnerships have taken steps forward, such as Brazil-United Kingdom’s expanded 
partnership on industrial decarbonisation and India-Sweden’s recently announced funding for 
project development.  

BILATERAL, PLURILATERAL AND/OR MULTILATERAL TRADE PARTNERSHIPS FOR NEAR-
ZERO AND LOW-EMISSIONS IRON AND STEEL HAVE EMERGED IN GLOBAL MARKETS. 

WHY IS IT IMPORTANT TO ACHIEVE THE SUCCESS STATEMENT TO REACH THE SECTORAL 
BREAKTHROUGH GOAL?  
 

 Strategic trade partnerships for near-zero and low-emissions iron and steel can create 
economic opportunities, including opportunities for EMDEs to export higher-value materials 
in the supply chain, and for partner countries to source cost-efficient materials, boosting 
competitiveness. 

 Current global trade dynamics make it difficult for near-zero and low-emissions iron and 
steel to compete in global markets, and trade partnerships could therefore help unlock 
investment that may otherwise be held back. 

 Co-operation between smaller groups on trade partnerships could help establish supply 
chains for export of near-zero and low-emissions iron and steel, serving as seeds of 
progress. This could include co-ordination on a shared understanding of definitions – and 
the underlying emissions measurement methodologies – for near-zero and low-emissions 
steel (see success statement 1). 

 Lessons learned from early trade partnerships could inform discussions within international 
fora to better guide dialogue, assess benefits and impacts in existing supply chains, identify 
and address priority trade barriers, raise policy ambition, and foster further partnerships, to 
the benefit of the broadest possible number of governments.  

 Concrete actions and collective outcomes of this kind are a key step towards enabling 
competitive markets for near-zero and low-emissions steel and iron. 

 
QUANTITATIVE INDICATOR FOR SUCCESS 
 Number of countries in which public and/or private organisations are involved in trade 

partnerships for near-zero emissions iron or steel. 
QUALITATIVE EXAMPLES OF COLLABORATION 
 International trade partnerships are emerging for near-zero and low-emissions iron and steel 

(HyIron-Benteler near-zero emissions iron, Thyssenkrupp-Progressive Green Solutions near-
zero emissions iron, HBIS-Italy low-emissions steel). Other collaborations are developing 
supply chains for scaling-up trade partnerships in the future (Fortescue-Baowu Steel). 

 International fora continue to deepen dialogue around factors that could impact trade of near-
zero emissions iron and steel, such as on globally interoperable definitions and standards 
(Climate Club), carbon leakage and spillovers (Climate Club) and on emissions and trade 
(OECD Steel Committee Global Forum on Steel Excess Capacity, World Trade Organization).

https://www.cif.org/news/IndustryCountries
https://ita.missionpossiblepartnership.org/news/entry/egypt-joins-the-uae-and-bahrain-to-advance-clean-industrial-projects-in-the-mena-region/
https://decarbonization.unido.org/news/cop-29-uk-and-brazil-expand-industrial-decarbonisation-partnership/
https://decarbonization.unido.org/news/cop-29-uk-and-brazil-expand-industrial-decarbonisation-partnership/
https://www.industrytransition.org/insights/rs-9-crores-funding-available-for-indian-decarbonization-projects/
https://fuelcellsworks.com/2025/03/20/electrolyzer/milestone-hyiron-oshivela-produces-first-green-hydrogen-in-southern-africa-using-chinese-electrolysers
https://fuelcellsworks.com/2025/09/17/green-investment/thyssenkrupp-signs-mou-to-buy-all-green-iron-from-australia-s-1-4gw-hydrogen-project
https://fuelcellsworks.com/2025/07/25/hydrogen/china-s-hbis-to-export-10-000-tonnes-of-hydrogen-reduced-green-steel-to-italy
https://fuelcellsworks.com/2025/01/08/clean-technology/fortescue-partners-with-china-baowu-to-decarbonize-steel-industry-using-green-hydrogen-for-sponge-iron-production


 

 

CEMENT AND CONCRETE  

STATE OF THE TRANSITION  
The cement sector is not on track for net zero by 2050. A key milestone was achieved this year 
when the first commercial cement facility with carbon capture and storage (CCS) came online, 
thanks to collaborative efforts. Business leaders noted a slight increase in the pace of the 
transition, although confidence in the sector’s ability to meet the Breakthrough Agenda goal 
has declined. The project pipeline for near-zero emissions cement still falls short of the scale 
needed, with regional gaps. Greater collaboration can help strengthen enabling conditions, 
demand signals and finance, in order to bridge this deployment gap. 

Emissions  

 

 Total CO2 emissions are higher today than in 2015. 
Reductions in recent years have come from declines in 
global production, while direct CO2 emissions intensity 
remains unchanged. 

 Both need to fall in the coming years to get on track for 
net zero by 2050, with contributions from improved 
material efficiency, greater use of alternative fuels and 
supplementary cementitious materials (SCMs), and 
CCS. 

Cost1 

 

 Production costs for early commercial plants for near-
zero emissions cement using CCS are estimated to be 
75-150% higher than today’s conventional plants, 
varying by region. 

 This cost premium will need to be addressed to meet 
the pace of the IEA Net Zero Emissions by 2050 
Scenario (NZE Scenario). Complementary measures 
such as material efficiency and increased use of SCMs 
– when paired with CCS – could potentially lower the 
cost of the transition. 

Deployment2 

 

 Since last year, capacity for near-zero emissions3 
cement by 2030 has grown by 30% to about 35 Mt, 
driven by new projects and greater clarity on how 3 Mt 
of announced near-zero emissions capable4 capacity 
would operate, leading to its re-allocation.  

 Capacity for the remaining near-zero emissions 
capable projects remained unchanged at 7 Mt. 

 Despite this progress, the project pipeline falls short of 
the pace of the NZE Scenario by 2030. Closing the gap 
will require collaborative efforts. 

 
1 Levelised cost of production (LCOP). Estimated LCOPs are based on regional averages, accounting for variation in energy inputs and costs by 
region, and do not include explicit policy supports, e.g. carbon pricing or subsidies. Regional variation in capital and non-energy operating expenses 
is not considered. Energy prices, intensities, and fuel mixes from 2024 are used for calculation of LCOPs. The box shows the range of expected 
typical LCOP values; whiskers show the average LCOP in higher- and lower-cost regions. 
2 Near-zero emissions projects are those that have reached a sufficiently advanced development stage, and meet the criteria in footnote 3. Concept-
stage projects are considered only near-zero emissions capable due to greater uncertainty of its completion. 
3 “Near-zero emissions” refers to projects that will operate at an emissions intensity consistent with near-zero emissions from the start, as defined 
in the IEA report Achieving Net Zero Heavy Industry Sectors in G7 Members.  
4 “Near-zero emissions capable” is capacity that operates with the same core process equipment as near-zero emissions capacity and will attain a 
substantial reduction in emissions intensity (compared to current conventional technologies) from the start – but initially fall short of the emissions 
intensity for near-zero emissions – with clear plans to reduce emissions further to a level consistent with near-zero emissions at a later date and 
with technical capabilities such that it can reach near-zero emissions without substantial additional capital investment in core process equipment. 
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https://www.wbcsd.org/wp-content/uploads/2025/06/Sectors-Deep-dive-Cement-Business-Breakthrough-Barometer_2025_WBCSD.pdf
https://www.wbcsd.org/wp-content/uploads/2025/06/Sectors-Deep-dive-Cement-Business-Breakthrough-Barometer_2025_WBCSD.pdf
https://www.iea.org/reports/achieving-net-zero-heavy-industry-sectors-in-g7-members
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SUCCESS STATEMENTS: CEMENT AND CONCRETE 

EXISTING DEFINITIONS FOR NEAR-ZERO AND LOW-EMISSIONS CEMENT AND CONCRETE 
ARE ADOPTED ACROSS ALL REGIONS AND ANY ADAPTATIONS ARE GLOBALLY 
INTEROPERABLE, AND EXISTING EMISSIONS MEASUREMENT METHODOLOGIES ARE MADE 
MORE TRANSPARENT, INTEROPERABLE AND NET ZERO COMPATIBLE, WITH COHERENT 
CHAIN OF CUSTODY RULES. 

WHY IS IT IMPORTANT TO ACHIEVE THE SUCCESS STATEMENT TO REACH THE SECTORAL 
BREAKTHROUGH GOAL?  

 Definitions and standards that establish emissions intensity thresholds for near-zero and 
low-emissions cement and concrete production can underpin many enabling mechanisms. 
These can feed-in to product-level thresholds, which can support further emissions 
reductions as well as material efficiency measures. 

 Coalescence around existing definitions – and promotion of their use – could avoid the 
creation of more proposals and associated challenges to clarity.  

 Emissions measurement methodologies provide a framework for measuring and accounting 
emissions to support the development of definitions and standards, among other uses 

 Interoperable and net zero compatible1 methodologies can improve clarity and reduce 
reporting burden. Existing schemes offer a robust basis, but some require revisions to make 
them fit for purpose, and a method to translate among methodologies is needed. 

 Chain of custody schemes help track materials and attributes through supply chains, and 
alternative schemes are emerging as mechanisms to provide flexibility and encourage 
action on decarbonisation. In all cases, robust reporting and verification are important to 
avoid double-counting emissions reductions and ensure additionality, as are rules for 
consistent emissions accounting and appropriate, transparent marketing of materials. 

 Greater clarity on the process and responsibilities for revising existing methodologies can 
accelerate and guide convergence towards greater alignment, especially in policy 
applications. 

 
QUANTITATIVE INDICATOR FOR SUCCESS 

 Number of countries using interoperable definitions or standards for near-zero and low-
emissions cement or concrete in the development and implementation of policy measures. 

 Share of production potentially covered by voluntary labels for near-zero and low-emissions 
cement or concrete. 

QUALITATIVE EXAMPLES OF COLLABORATION 

 At COP 29, the Global Cement and Concrete Association (GCCA) launched their Global 
Ratings for Cement and Concrete, designed for interoperability with existing definitions like the 
Industrial Deep Decarbonisation Initiative (IDDI)’s definitions for near-zero and low-emissions 

 
1 Interoperability means that different methodologies are coherent and can work alongside one another (e.g. it becomes 
possible to compare the results of two methodologies on an equivalent basis), enabling clear and consistent communication 
and interpretation, even though methodologies may not be exactly the same due to different purposes and/or scopes. Net 
zero compatibility means that measurement methodologies can be applied to the full range of technologies that are needed 
for the net zero transition and are designed in a way that incentivises choices in favour of the net zero transition. 

https://isealalliance.org/get-involved/resources/chain-custody-models-and-definitions-v2-2025
https://gccassociation.org/news/cop29-international-definitions-for-low-carbon-cement-and-concrete-launched-to-fast-track-green-procurement-of-essential-building-materials/
https://gccassociation.org/news/cop29-international-definitions-for-low-carbon-cement-and-concrete-launched-to-fast-track-green-procurement-of-essential-building-materials/
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cement. In parallel, the German Cement Works Association (VDZ) developed the Cement 
Carbon Class in alignment with these definitions. In addition, Cement Concrete and 
Aggregates Australia are launching an adaptation of the definition in Australia. 

 ConcreteZero established the equivalency of its Low Embodied Carbon Concrete Threshold 
across multiple global rating systems, providing a template towards improved interoperability 
of definitions. 

 Efforts are underway to develop chain of custody guidelines and robust book-and-claim 
systems, including by the GCCA, and by RMI and the Center for Green Market Activation. In 
the case of the latter, a draft framework for a book-and-claim system was published in August 
2025. 

 Multilateral fora (e.g. the IEA Working Party on Industrial Decarbonisation, Climate Club, 
OECD Inclusive Forum on Carbon Mitigation Approaches, IDDI) are facilitating co-operation 
between governments on definitions and measurement methodologies. The Climate Club 
Members Statement at COP 29 affirmed the emerging common understandings on definitions 
and convergence among scientific, public and private initiatives on thresholds.  

 The International Organization for Standardization (ISO) and Greenhouse Gas (GHG) Protocol 
recently announced a partnership to harmonise their existing GHG standards and co-develop 
new standards for emissions measurement and reporting, serving as a potential positive step 
towards greater interoperability for emissions measurement that could be taken forward in the 
cement and concrete sectors. 

NEAR-ZERO AND LOW-EMISSIONS CEMENT AND CONCRETE DEMAND COMMITMENTS ARE 
CONSIDERABLY EXPANDED AND INCLUDE NEW MARKETS AND END-USE SECTORS, AND 
COMMITMENTS ARE CONVERTED TO FIRM OFFTAKE AND ADVANCE PURCHASE 
AGREEMENTS. 
WHY IS IT IMPORTANT TO ACHIEVE THE SUCCESS STATEMENT TO REACH THE SECTORAL 
BREAKTHROUGH GOAL?  

 Signalled demand for near-zero emissions cement and concrete is a major pull factor to 
establish lead markets, helping de-risk early deployments and encouraging scale-up. The 
impact could be even greater when complemented with parallel demand for low-emissions 
materials and material efficiency measures, which can encourage progress on near-term 
emissions reductions and growth of markets for lower-emissions materials.  

 Demand for near-zero and low-emissions cement and concrete is limited to small offtakes 
and falls short of the pace and scale needed for the industry transition.  

 Demand commitments, especially when aggregated, can amplify market signals and 
accelerate the process of securing offtakes. Public procurement commitments can be a key 
lever. 

 Broad coverage of commitments can build momentum for market scale-up across all 
contexts. Uptake could be accelerated by revision of construction and building codes to 
allow greater use of cements using alternative raw materials while meeting performance 
and safety requirements. 

 Firm offtakes and advance purchase agreements provide greater certainty for suppliers, 
facilitating final investment decisions (FIDs) and the establishment of supply chains. 

 

 

https://www.vdz-online.de/en/news-1/vdz-introduces-co2-label-for-cement
https://www.vdz-online.de/en/news-1/vdz-introduces-co2-label-for-cement
https://gmacenter.org/program/cement-concrete/
https://gmacenter.org/program/cement-concrete/
https://climate-club.org/wp-content/uploads/2024/11/ClimateClub_memberstatement_COP29.pdf
https://climate-club.org/wp-content/uploads/2024/11/ClimateClub_memberstatement_COP29.pdf
https://www.iso.org/news/2025/09/iso-and-ghgp-partnership
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QUANTITATIVE INDICATORS FOR SUCCESS 

 Cumulative number of public and private offtakes or purchase agreements for near-zero 
emissions cement and/or concrete. 

 Number of countries in which public and/or private organisations have made demand 
commitments for near-zero emissions cement and/or concrete, or in which government 
policies to incentivise private purchases have been implemented. 

QUALITATIVE EXAMPLES OF COLLABORATION 

 Existing public and private sector initiatives (First Movers Coalition, ConcreteZero, IDDI) for 
near-zero and low-emissions cement and concrete demand aggregation are enabling market 
formation through focused efforts to support their members in translating demand 
commitments into offtakes. Today, over 40 organisations have made commitments under 
these initiatives. Further momentum was built at COP 29 with a joint call to action for 
governments to take the IDDI Green Public Procurement Pledge. 

 FMC First Suppliers Hub is facilitating new offtakes through its buyer-supplier matching 
platform, which now has over 40 offerings for lower-emissions cement and concrete. More 
recently, RMI and the Center for Green Market Activation launched the Sustainable Concrete 
Buyers Alliance to aggregate demand. 

SCALED-UP DELIVERY PROGRAMMES FOR INTERNATIONAL FINANCIAL AND TECHNICAL 
ASSISTANCE HAVE ENABLED LARGE-SCALE PROJECTS ACROSS ALL REGIONS, BUILDING 
ON PILOT ASSISTANCE PROGRAMMES AND LEARNINGS FROM RD&D AND EARLY 
COMMERCIAL NEAR-ZERO EMISSIONS CEMENT PROJECTS. 

WHY IS IT IMPORTANT TO ACHIEVE THE SUCCESS STATEMENT TO REACH THE SECTORAL 
BREAKTHROUGH GOAL?  

 Emerging markets and developing economies (EMDEs) are not well represented in the 
project pipeline for near-zero emissions cement and concrete, due in part to conditions for 
first-of-a-kind investments that are typically less favourable than in advanced economies. 
Financial and technical assistance could help enable deployment.  

 Many existing assistance programmes are still at an early stage and require successful 
piloting before being scaled up. Stronger engagement in matchmaking platforms improves 
delivery of assistance to help fast-track large-scale projects in EMDEs. 

 Learnings from the first wave of large-scale near-zero emissions cement projects – mainly 
in advanced economies – could de-risk and facilitate subsequent deployments in EMDEs. 
Likewise, collaboration on RD&D, including with EMDEs, could support development of 
emerging solutions.  

 Deepened engagement in knowledge exchange initiatives with the aim to improve the 
quality and efficacy of information exchange can enable faster innovation and drive down 
deployment costs. 

 Expansion of targeted assistance programmes and bilateral strategic partnerships can offer 
more tailored support and, in the case of the latter, can foster stronger bilateral relations and 
co-operation that can create reciprocal benefits. 

 

 

https://decarbonization.unido.org/news/first-movers-coalition-industrial-deep-decarbonization-initiative-net-zero-government-initiative-joint-call-to-action/
https://rmi.org/press-release/sustainable-concrete-buyers-alliance-launches-to-accelerate-adoption-of-low-carbon-building-and-infrastructure-materials/
https://rmi.org/press-release/sustainable-concrete-buyers-alliance-launches-to-accelerate-adoption-of-low-carbon-building-and-infrastructure-materials/
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QUANTITATIVE INDICATOR FOR SUCCESS 

 Number of large-scale projects for near-zero emission cement reaching FIDs in EMDEs that 
are engaged in assistance programmes and/or relevant bilateral partnerships. 

 Amount of venture capital funding invested in the cement and concrete sector globally and by 
region. 

QUALITATIVE EXAMPLES OF COLLABORATION 

 The COP 29 Global pledge for scaling international assistance for industry decarbonisation 
committed USD 1.3 billion in support from several governments and initiatives.  

 The Global Matchmaking Platform (GMP) was launched at COP 29, to make support for 
industrial decarbonisation more accessible for EMDEs. To date, over 20 countries have been 
engaged through the GMP. 

 Through a partnership between ITA and Brazil, three cement decarbonisation projects were 
selected for support in Brazil, with the goal to advance them to reach FID.  

 Thanks to GCCA’s 2050 Net Zero Roadmap Accelerator Program, nearly 50% of production 
outside of China is now covered by decarbonisation roadmaps, with current efforts focused on 
EMDEs.

https://climate-club.org/wp-content/uploads/2024/11/COP29-Global-Pledge-Scaling-International-Assistance-for-Industry-Decarbonisation.pdf
https://www.unido.org/news/launch-global-matchmaking-platform
https://ita.missionpossiblepartnership.org/news/entry/industrial-transition-accelerator-ita-selects-seven-new-decarbonisation-projects-to-support-in-brazil/


 

 

BUILDINGS 

STATE OF THE TRANSITION  
Buildings generate more than one-third of global energy use and emissions, making them central 
to net zero and resilience objectives. Yet the sector is lagging behind: floor space is growing 
faster than efficiency, cooling demand is rising in hot regions, and most buildings in areas with 
cold climates – many heated by fossil fuels today – will still be standing in 2050. Encouragingly, 
business leaders report seeing a small increase in the pace of transition. 

Emissions1  

 

 Sectorial CO2 emissions trends have been fairly 
stable since 2018.  

 Efficiency gains in buildings are improving energy 
use, but rising ownership of appliances and 
extreme weather increasingly offset these 
benefits.  

 Emissions intensity of steel and cement is largely 
the same as 2020, while global construction 
activity has slowed in recent years.  

Cost2 

 

 Investment in building energy efficiency has risen 
over the past decade, but growth is now stalling, 
while spending on electrification grows steadily. 

 High-efficiency building envelopes often entail 
higher upfront costs, constraining uptake in 
markets without dedicated financial support 
mechanisms. 

 Strengthening the business case requires better 
recognition of high efficiency buildings’ broader 
societal value, including enhanced resilience, 
health benefits, and long-term affordability. 

Deployment3 

 

 Energy intensity has decreased about 8% since 
2015, driven by policy development globally.  

 However, total floor area is set to continue 
increasing, especially in developing economies, 
where 80% of growth to 2050 is expected. Many 
of these economies lack robust building and 
energy codes.  

 
 

 
1 Global energy combustion and process emissions from the buildings sector in the IEA Net Zero Emissions by 2050 Scenario, 
2010-2030. Embodied emissions refer to emissions in cement, steel and aluminium. In this scenario, all material-using sectors 
are competing for near-zero emission materials. Bricks and glass would represent a further 3% of global emissions.   
2 Cost of energy efficiency (incremental spending to acquire equipment that consumes less energy than would otherwise have 
been used to provide the service), renewables and electrification (of non-full electric end-uses). 2025e = estimated values. Source: 
Adapted from IEA (2025), World Energy Investment 2025. The electrification share excludes renewables.  
3 Built floor area at the global scale and average buildings final energy consumption intensity.  
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https://www.wbcsd.org/wp-content/uploads/2025/06/Sectors-Deep-dive-Buildings-Business-Breakthrough-Barometer_2025_WBCSD.pdf


The Breakthrough Agenda Report Chapter 2: Criteria for success and further progress 
 

PAGE | 44 

SUCCESS STATEMENTS: BUILDINGS 

COUNTRIES HAVE ADOPTED AND IMPLEMENTED BUILDING CODES, STANDARDS AND 
OTHER POLICIES THAT ARE ALIGNED WITH INTERNATIONALLY ENDORSED DEFINITIONS 
AND PRINCIPLES OF NEAR-ZERO EMISSIONS AND RESILIENT BUILDINGS. 
WHY IS IT IMPORTANT TO ACHIEVE THE SUCCESS STATEMENT TO REACH THE SECTORAL 
BREAKTHROUGH GOAL?  

 Building codes, standards and certifications shape how buildings are designed, constructed, 
operated and renovated, providing an opportunity to embed energy and material efficiency, 
circularity, low-emissions and climate resilience practices across the building life cycle for 
decades. They can serve to improve design, construction and management quality across 
the sector, if they are supported by compliance and enforcement mechanisms. 

 As such, codes, standards and other types of regulations support the deployment of 
compliant equipment and materials at scale. 

 Building codes aligned with the definitions and principles for near-zero emissions and 
resilient buildings (NZERBs) improve international comparability, helping guide investment, 
drive demand and facilitate global knowledge-sharing. 

 As global built floor area is expected to grow by about 45% by 2050 – particularly in 
emerging markets and developing economies (EMDEs) with increasing demand for cooling 
– codes, standards and certifications for NZERBs will be increasingly important for ensuring 
efficient and resilient constructions and technologies. 

 
QUANTITATIVE INDICATORS FOR SUCCESS 

 Number of countries supporting internationally endorsed definitions and principles of NZERBs. 

 Number of countries with building codes and other policies aligned with the definition and 
principles of NZERBs. 

 Percentage share of projected new floor space to 2050 covered by building codes and 
standards aligned with the definition and principles of NZERBs. 

QUALITATIVE EXAMPLES OF COLLABORATION 

 The Intergovernmental Council for Buildings and Climate, with over 60 member and observer 
countries as of July 2025, offers a high-level platform to guide global action in the sector. 

 Common definitions and principles are emerging. Led by the World Green Building Council 
(WorldGBC), together with multiple other organisations, a public consultation on draft 
definitions and principles of NZERBs closed in June 2025 and the outcome is due for 
publication at COP 30. 

 The World Bank and Global Facility for Disaster Reduction and Recovery jointly launched a 
Global Assessment of Building Codes to track development. The Global Indicators Group 
developed a global dataset on building code effectiveness and compliance.  

 The International Code Council (ICC) runs the Building Capacity for Sustainable and Resilient 
Buildings campaign to support development of a robust building regulatory ecosystem, with a 
focus on the establishment and compliance of building codes.  

https://globalabc.org/intergovernmental-council-buildings-and-climate-icbc
https://globalabc.org/news/buildings-breakthrough-consultation-near-zero-emission-and-resilient-buildings-nzerbs
https://globalabc.org/news/buildings-breakthrough-publishes-interim-report-definitions-and-principles-near-zero-emission
https://www.gfdrr.org/en/publication/global-assessment-building-codes
https://www.worldbank.org/en/building-green
https://www.iccsafe.org/products-and-services/building-capacity-for-sustainable-and-resilient-buildings/#:%7E:text=The%20Building%20Capacity%20for%20Sustainable%20and%20Resilient%20Buildings%20campaign%20is,sustainable%20and%20resilient%20development%20and
https://www.iccsafe.org/products-and-services/building-capacity-for-sustainable-and-resilient-buildings/#:%7E:text=The%20Building%20Capacity%20for%20Sustainable%20and%20Resilient%20Buildings%20campaign%20is,sustainable%20and%20resilient%20development%20and
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 The OECD Decarbonising Buildings in Cities and Regions programme supports governments 
at all levels to accelerate decarbonisation and resilient measures in the building sector, across 
themes including efficiency, whole-life-carbon emissions, digitalisation and finance. 

 The WorldGBC developed a Nationally Determined Contributions (NDCs) Scorecard for 
Sustainable Buildings, a digital tool co-created with national Green Building Councils (GBCs), 
governments, and more than 800 stakeholders to help policy makers assess and strengthen 
national policies and codes in support of NDCs. 

 IEA Technology Collaboration Programmes (TCPs) are deepening work on research priorities 
for building design and technologies. In particular, the IEA Energy in Buildings and 
Communities (EBC) TCP’s Working Group on Building Energy Codes brings together 12 
countries as well as The American Society of Heating, Refrigerating and Air-Conditioning 
Engineers (ASHRAE) and the ICC to foster stronger collaboration in addressing critical issues 
in the development and application of Codes. 

 The Living Art of Building initiative is collaborating with the United Nations University Institute 
for Integrated Management of Material Fluxes and of Resources to expand R&D on building 
materials. R&D can inform updates to building codes by providing scientific evidence and 
technical standards, including data on the performance, safety and application of new 
construction materials, techniques and enabling technologies. 

GOVERNMENTS AT ALL LEVELS, ACTING BOTH AS INVESTORS AND OCCUPANTS, ARE 
PROCURING AND OPERATING PUBLICLY OWNED BUILDINGS, INCLUDING MATERIALS AND 
TECHNOLOGIES, IN ALIGNMENT WITH THE DEFINITION AND PRINCIPLES OF NEAR-ZERO 
EMISSIONS AND RESILIENT BUILDINGS, AND ARE ACTIVELY SHARING THEIR EXPERIENCES 
AND LEARNINGS WITH OTHER GOVERNMENTS. 
WHY IS IT IMPORTANT TO ACHIEVE THE SUCCESS STATEMENT TO REACH THE SECTORAL 
BREAKTHROUGH GOAL?  

 Public procurement represents a significant share of the construction market; this buying 
power can be directed to support the deployment of new technologies and practices, 
reducing risks, and building capacity in the industry for the wider market. It can also provide 
a long-term signal to private investors by creating a testbed for near-zero and low-emissions 
products. 

 Aggregated demand can create economies of scale that drive down upfront cost premiums 
for NZERBs (both new-builds and retrofits) and the construction practices, materials, 
appliances and equipment they require.  

 Growth in demand can support wider public acceptance and the normalisation of higher 
standards across the value chain. More broadly, public spending can support local 
employment and reskilling and upskilling, and create incentives for local manufacturing and 
construction companies. 

 
QUANTITATIVE INDICATOR FOR SUCCESS 

 Number of countries implementing performance-based public procurement for buildings 
aligned with the definition and principles of NZERBs. 

 

 

QUALITATIVE EXAMPLES OF COLLABORATION 

https://www.oecd.org/en/about/programmes/decarbonising-buildings-in-cities-and-regions.html
https://worldgbc.org/ndc-scorecard-for-sustainable-buildings/
https://worldgbc.org/ndc-scorecard-for-sustainable-buildings/
https://www.iea.org/about/technology-collaboration
https://www.iea-ebc.org/working-group/building-energy-codes
https://living-art-of-building.org/en/
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 The One Planet Network launched its Global Framework for Action on Sustainable and 
Circular Public Procurement at COP 29, to drive demand for “Near-Zero and Resilient 
Buildings”. 

 The over 140 signatories of the WorldGBC’s Net Zero Carbon Buildings Commitment are 
supporting procurement-based supply chain levers. C40 leads the commitment at the 
subnational level, with Net Zero Carbon Building and Clean Construction Accelerators. 

 The Solar Impulse Foundation has developed a Catalogue of Solutions for deployment to be 
published at COP 30, which can serve as a reference for public procurement. This was 
developed through a multi-stakeholder process, following a blueprint launched at COP 29. 

 The Market Transformation Action Agenda, led by the World Business Council for Sustainable 
Development identifies collective actions on decarbonisation along the built environment value 
chain, building on GlobalABC's Market Transformation Levers. 

 The Industrial Deep Decarbonisation Initiative developed Green Public Procurement 
guidelines, which cover key implementation steps, with a focus on steel and cement.  

 Built by Nature supports cross-border collaboration on timber and market transformation via 
demand-side coalitions. It launched the Principles for Responsible Timber Construction, in 
partnership with Bauhaus Earth, and the Climate Advisers with the Forests and Climate 
Leaders Partnership Greening Construction with Sustainable Wood Initiative.  

 SteelZero and ConcreteZero are international collaborative initiatives that leverage 
procurement commitments from major buyers to drive demand for low-emissions steel and 
cement. 

GLOBAL ANNUAL INVESTMENT IN NEAR-ZERO EMISSION AND RESILIENT BUILDINGS 
GROWS SIGNIFICANTLY, RELATIVE TO TODAY. 
WHY IS IT IMPORTANT TO ACHIEVE THE SUCCESS STATEMENT TO REACH THE SECTORAL 
BREAKTHROUGH GOAL?  

 Upgrading buildings to be NZERBs will require significant investments globally, including for 
the renovation of existing buildings. Governments alone cannot fund the shift; an increase 
in private capital is also needed.  

 As the need for housing increases globally, public funding or regulation to direct private 
investment is important to ensure that affordable housing meets NZERBs principles, 
especially for the most vulnerable populations.  

 Public funding and blended finance can help de-risk and crowd in private capital, and make 
the cost of risk mitigation more transparent. 

 Improved access to a diversified pool of private capital instruments (private equity, venture 
capital, green debt) could further support companies working on developing NZERBs. For 
investors, this could present a balanced risk-return profile and the potential for long-term 
economic value in emerging markets and technologies. 

 As investments in NZERBs rise, cost premiums associated with specific characteristics of 
NZERBs can also be brought down through economies of scale and learning-by-doing.  

 

 

 

 

https://www.oneplanetnetwork.org/news-and-events/news/sustainable-public-procurement-construction-launch-global-framework-action
https://www.oneplanetnetwork.org/news-and-events/news/sustainable-public-procurement-construction-launch-global-framework-action
https://worldgbc.org/thecommitment/
https://www.c40.org/accelerators/net-zero-carbon-buildings/
https://www.c40.org/accelerators/clean-construction/
https://solarimpulse.com/solutions-explorer
https://www.wbcsd.org/built-environment-market-transformation-action-agenda/
https://globalabc.org/resources/publications/market-transformation-levers-net-zero-built-environment
https://decarbonization.unido.org/policies/green-public-procurement/
https://decarbonization.unido.org/policies/green-public-procurement/
https://builtbn.org/about/
https://builtbn.org/principles-for-responsible-timber-construction/
https://www.bauhauserde.org/
https://www.climateadvisers.org/
https://forestclimateleaders.org/
https://forestclimateleaders.org/
https://www.theclimategroup.org/about-steelzero-
https://www.theclimategroup.org/concretezero
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QUANTITATIVE INDICATOR FOR SUCCESS 

 Annual investment in energy efficiency, electrification and renewables in the buildings sector 
(USD 380 billion in 2024). 

QUALITATIVE EXAMPLES OF COLLABORATION 

 The Partnership for Energy Efficiency in Buildings launched support for carbon-market projects 
in in the buildings sector under Article 6 of the Paris Agreement. It is providing countries with 
training and support to develop proposals, starting with Morocco. 

 The Market Accelerator for Green Construction, an assistance programme, was launched by 
the United Kingdom in partnership with the International Finance Corporation. 

 The Green Climate Fund (GCF) provides financing to developing countries for adaptation and 
resilience, including resilient building design and retrofits. 

 The Cities Climate Finance Leadership Alliance launched the Net Zero Carbon Buildings 
Instrument Database, which includes financial tools.  

 The Climate Bonds Initiative (CBI) taxonomy was developed through multi-stakeholder 
engagement that supports comparability in the sustainable finance market. This is a global 
guidebook specifying what qualifies as a green investment, including in buildings. A Buildings 
Criteria 2.1 was released to expand the framework to include both new and existing buildings 
and incorporate whole-life carbon metrics. 

 The Green Home Finance Principles were published by the Green Finance Institute, focusing 
on green mortgages and retrofit funding. 

 The Finance Hub of the GlobalABC provides a discussion platform and presents solutions for 
mitigation and climate adaptation for the sector, as well as mapping existing efforts. 

 In 2025, GREEN – a network of institutional investors in real estate – partnered with Leaders 
of the Urban Future to launch works to streamline environmental, social and governance data 
practices, improve access to reliable energy and carbon performance metrics, and address 
systemic barriers preventing the real estate sector from accurately pricing climate risk and 
accelerating decarbonisation. 

COUNTRIES TAKE FORWARD EFFORTS TO INCREASE ANNUAL RETROFIT RATES, 
ESPECIALLY IN ADVANCED ECONOMIES. 
WHY IS IT IMPORTANT TO ACHIEVE THE SUCCESS STATEMENT TO REACH THE SECTORAL 
BREAKTHROUGH GOAL?  

 It is estimated that in advanced economies, 80% of the 2050 building stock has already 
been built. This creates a big opportunity for retrofitting rather than building new floor area.  

 Retrofitting can also improve comfort, health and living conditions, beyond expanding 
potential to integrate adaptation and resilience into the existing stock.  

 Retrofitting can support the local economy by driving demand for skilled labour across 
construction, engineering and design sectors. 

 The oldest building stock is mostly located in cold climates that require space heating. This 
currently represents half of building energy use, two-thirds of which is currently supplied by 
fossil fuels. Retrofits are critical to support clean heating.  

 
 

https://peeb.build/news/unlocking-climate-finance-for-buildings-with-article-6/
https://www.ifc.org/en/what-we-do/sector-expertise/blended-finance/climate/market-accelerator-for-green-construction-program
https://www.greenclimate.fund/
https://ccfla-netzerobuildings.org/
https://ccfla-netzerobuildings.org/database?instrumentType=financial&page=2
https://ccfla-netzerobuildings.org/database?instrumentType=financial&page=2
https://www.climatebonds.net/our-expertise/climate-bonds-standard-and-certification-scheme/sector-criteria/buildings
https://www.climatebonds.net/our-expertise/climate-bonds-standard-and-certification-scheme/sector-criteria/buildings
https://www.greenfinanceinstitute.com/wp-content/uploads/2025/02/Green-Home-Finance-Principles.pdf
https://globalabc.org/finance-hub
https://green-engagement.org/


The Breakthrough Agenda Report Chapter 2: Criteria for success and further progress 
 

PAGE | 48 

QUANTITATIVE INDICATOR FOR SUCCESS 

 Annual retrofit rates in advanced economies and share of deep retrofits. 

QUALITATIVE EXAMPLES OF COLLABORATION 

 Within the Energy Efficiency Hub activities, the Energy Efficiency in Buildings task force 
published an article on Energy Efficiency Financing for Buildings, informed by several 
workshops organised over 2024, with a focus on financing instruments for retrofits.  

 The UN Development Programme, with GCF support, is running a “De-risking and Scaling-up 
Investment in Energy Efficient Building Retrofits” project in Armenia, combining international 
donor financing with national implementation (2017–2026). 

 GBCs in the European Union have supported member states to develop stakeholder-led Long 
Term National Renovation Strategies. Under the revised Energy Performance of Buildings 
Directive, these strategies will now need to be updated into National Building Renovation Plans 
that have a clear pathway to achieve a fully decarbonised building stock by 2050. 

 

https://energyefficiencyhub.org/resources/energy-efficiency-financing-for-buildings/
https://worldgbc.org/article/worlds-largest-collaborative-retrofit-project-launches-to-cut-emissions-from-buildings/
https://energy.ec.europa.eu/topics/energy-efficiency/energy-performance-buildings/national-building-renovation-plans_en
https://energy.ec.europa.eu/topics/energy-efficiency/energy-performance-buildings/national-building-renovation-plans_en
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FERTILISERS 

STATE OF THE TRANSITION  
The fertiliser sector’s global emissions have held steady over the past decade. With demand 
set to increase, a significant shift in fertiliser production, composition and use will be needed 
to align with net zero emissions by 2050. In 2024, low-emissions ammonia (ammonia being 
the form of nitrogen used in synthetic fertilisers) represented less than 2% of global production.  

Emissions1 

 

 Around 60-70% of fertiliser-related GHG emissions 
occur during fertiliser use; the rest occur during 
production. In total, fertilisers emit around 
1.23 Gt CO2 equivalent per year globally. 

 The emissions intensity of ammonia has fallen by 
1.1% annually over the last 10 years, driven 
primarily by improvements in energy efficiency.    
 
 

Cost2 

 

 Excluding policies such as CO2 pricing, ammonia 
production today is estimated to cost on average 
30% more using carbon capture and storage (CCS) 
and three times more using electrolysis when 
compared to conventional routes. Scale and 
narrowing price differentials with fossil fuels can 
help to reduce this gap. 

 Globally, low-emissions ammonia production projects 
for fertilisers account for 19 Mt (less than 10% of total 
production), including operational projects and those 
that have reached final investment decision (FID) or 
completed feasibility studies. 

Use3 

 

 Emissions from fertiliser use need to be cut by 
around 70% to reach net zero by 2050 according to 
the International Fertilizer Association, through 
improved nitrogen use efficiency (NUE), use of 
inhibitors to reduce losses, crop rotation and land 
sparing, with residual emissions sequestered in the 
soil.  

 NUE varies across regions, but the global average 
needs to increase from 55% to 70% by 2050 in the 
above scenario, more than doubling the recent 
annual growth rate. 

 
1 Based on data from the United Nations Food and Agriculture Organization, including GHG emissions of synthetic fertiliser 
manufacturing and use, and manure applied to cropland. 
2 Levelised cost of production (LCOP). Estimated LCOPs are based on regional averages, accounting for variation in energy 
inputs and costs by region, and do not include explicit policy supports, e.g. carbon pricing. Regional variation in capital and non-
energy operating expenses is not considered. Energy prices, intensities, and fuel mixes from 2024 are used for calculation of 
LCOPs. The box shows the range of expected typical LCOPs; whiskers show the average LCOP in higher- and lower-cost regions. 
Production costs observed in some projects can be outside the range presented, which relates to a global average: in the green 
ammonia auction under the Solar Energy Corporation of India, a historic low price of USD 641/t was achieved. 
3 Source: Based on data from International Fertilizer Association (2022), Reducing Emissions from Fertilizer Use. 
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CHAPTER 3. FERTILISERS 

SIGNIFICANCE OF THE SECTOR 
Fertilisers are a source of nutrients used by plants to grow, constituting a key input to the 
world’s agricultural and food systems. While plants obtain carbon, hydrogen and oxygen 
directly from water and the atmosphere, they also require essential nutrients such as 
nitrogen, phosphorus and potassium, which are often limited in natural soils. Fertilisers 
supplement these nutrients, making it possible to sustain high crop yields and feed a 
growing world population.  

Fertilisers are, however, an important source of GHG emissions. They are estimated to 
have contributed to around 1.231 Gt of CO₂-equivalent (CO2-eq) in 2022, or 2.4%2 of global 
GHG emissions. Beyond emissions, the improper and excessive use of fertilisers can lead 
to substantial environmental impacts, including water pollution from nutrient run-off, air 
pollution from ammonia volatilisation, and soil degradation. 

Production of fertilisers, which can be categorised into mineral and organic types, accounts 
for around 30-40% of the total GHG emissions from the fertiliser value chain. Supporting 
the achievement of global climate goals will require a significant shift in technology and 
investment in the industry, particularly given the long operational lifetimes of fertiliser 
production facilities, which often exceed 30 years.  

Nitrogen-based fertilisers constitute the majority of mineral fertilisers on the market today, 
and are the main focus of this chapter. Their production begins with the synthesis of 
ammonia, which is an energy-intensive process that generates between 1.6-3.2 tonnes 
of CO₂ per tonne of ammonia,3 and accounts for 1.1% of global energy-related4 CO₂ 
emissions. A significant portion of these emissions results not only from the energy input 
required but also from inherent chemical reactions, including the need to separate CO₂ 
from the syngas during production. Further processing steps also contribute emissions, 
both in the form of additional CO₂ from energy use and other GHGs such as nitrous oxide 
(N₂O) released during nitric acid production used for ammonium nitrate. 

Although smaller in market share and less energy-intensive, phosphorus fertilisers face 
their own decarbonisation challenges, as their production also generates substantial 
emissions from chemical reactions. Organic fertilisers are derived from natural sources 
such as animal manure and compost and often release nutrients slowly as they 
decompose. Some also contain living micro-organisms that enhance nutrient availability. 

 
1 Data from United Nations Food and Agriculture Organization (FAO); items included: fertiliser manufacturing, (use of) 
synthetic fertilisers, (use of) manure applied to soils. Manure left on pasture and manure management are not included. 
2 Global GHG emissions estimated at 52.0 Gt of CO₂-eq in 2022, from EDGAR. 
3 Emissions intensities refer to levels corresponding to Best Available Technologies. 
4 This includes CO2 emissions from fuel combustion and industrial processes. 

https://www.fao.org/faostat/en/#data/GT
https://edgar.jrc.ec.europa.eu/report_2024
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 Global demand for mineral fertilisers by nutrient, 1965-2022 

 
IEA. CC BY 4.0.  

Source: International Fertilizer Association Consumption Database. 
 

Emissions from fertilisers extend well beyond the factory gate. Around 60-70% of total GHG 
emissions in the fertiliser value chain result from use, as application generates N2O 
emissions through soil processes. Depending on the application and the type of fertiliser, 
the efficiency of fertiliser use can vary significantly – about half of nitrogen-based fertilisers 
today are used by crops, with fruits and vegetables having the lowest nitrogen use 
efficiency (NUE), at 14%, compared to soybeans, at 80%. NUE is defined by the 
International Fertilizer Association (IFA) as “the proportion of nutrients applied from all 
sources that are taken up by the crop” and is often used to determine the efficiency of 
fertiliser management, while minimising environmental losses.  

There are several opportunities to reduce emissions on the use side, such as by investing 
in soil health, including increasing the organic matter content, enhancing biological activity, 
and increasing accessibility of nutrients. Steps to achieve the latter include increasing the 
nutrient use efficiency, using the appropriate application type (foliar, liquid, solid) and timing 
depending on conditions, and increasing the use of alternatives including biologicals, soil 
enhancers and organic fertilisers. There are existing principles guiding appropriate use of 
fertilisers, such as the “4R” Nutrient Stewardship approach: applying the right source of 
nutrients, at the right rate, at the right time, and in the right place, which offers a strategic 
opportunity to enhance NUE. By promoting the use of customised fertilisers, this approach 
helps optimise nutrient application, reduce environmental and climate impacts, and deliver 
balanced crop nutrition. It also contributes to reducing the need for land use expansion, 
while improving soil health, boosting yields, and enhancing farmer livelihoods. There are a 
number of examples of how investments in soil health, including the efficient use of 
fertilisers and cover cropping, have helped to restore degraded lands and improve food 
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https://www.ifastat.org/databases/plant-nutrition
https://www.nature.com/articles/s43016-021-00318-5
https://www.fertilizer.org/wp-content/uploads/2023/01/2020_IFA_NUE_Backgrounder_Final.pdf
https://www.fertilizer.org/wp-content/uploads/2023/01/2020_IFA_NUE_Backgrounder_Final.pdf
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security, while sequestering carbon in the soil, such as the ALM Green Carbon of Araguaia 
project in Brazil. Over the past half century there have been substantial shifts in NUE, and 
while the increased provision of nitrogen inputs to crop production has led to improved crop 
productivity, it has also contributed to a lower global NUE. Improved nutrient management 
and healthy soils can help ensure that NUE is optimised in tandem with increasing crop 
yields. 

Targeted international collaboration between countries and the private sector on reducing 
GHG emissions from the production and use of fertilisers could contribute to bringing down 
emissions in the agriculture and chemicals sectors. However, emissions-reduction efforts 
must be carried out in a way that ensures that food production does not shift to practices 
that could cause more harm, such as clearing new land for food production through 
deforestation. Similarly, care must be taken when considering actions which increase the 
costs of crops, which has an impact on food availability and affordability, and is particularly 
important for emerging markets and developing economies (EMDEs).  

THE CASE FOR INTERNATIONAL COLLABORATION 
Agriculture overall is responsible for approximately one-third of global GHG emissions. 
Given the significance of the sector, the Agriculture Breakthrough was launched at COP 26 
with the aim of catalysing international collaboration so that “climate-resilient, sustainable 
agriculture is the most attractive and widely adopted option for farmers everywhere by 
2030”. However, the vast scope of the sector made it difficult to focus collective efforts 
across the hundreds of global and regional initiatives working in different areas. The 2024 
Breakthrough Agenda Report on Agriculture therefore focused on two of the highest-
emitting sub-sectors: livestock and fertilisers, in order to support development of a more 
detailed assessment and specific recommendations to accelerate progress. This year’s 
report builds on those efforts with a specific focus on enhancing international collaboration 
on fertilisers.  

On the supply side, the key feedstock for nitrogen-based fertilisers and the most emission-
intensive step of the production process is the production of ammonia, which currently 
relies on the use of fossil fuels. Approximately 70% of global ammonia production relies on 
natural gas, while 25% is coal-based, particularly in Asia. Although there are no 
international agreements on taxonomy yet, there are clean technology options for fertiliser 
production that could deliver incremental reductions or deeper emissions cuts.  

The fertiliser industry has made some progress in reducing emissions intensity over the 
past few decades through the adoption of energy efficiency improvements, better heat 
integration and process optimisation. However, these incremental improvements are 
insufficient to place the sector on a pathway commensurate with reaching net zero 
emissions by mid-century. Getting on track would require a fundamental transformation of 
production technologies.  

The most promising technology alternatives for deeper emissions cuts are the use of 
electrolytic hydrogen produced using clean electricity or carbon capture and storage (CCS),  
 
 

https://www.ocpgroup.ma/press-release-article/ocp-ambipar-liga-do-araguaia-and-iava-restore-100000-hectares-degraded
https://www.ocpgroup.ma/press-release-article/ocp-ambipar-liga-do-araguaia-and-iava-restore-100000-hectares-degraded
https://agriculture-breakthrough2024.cgiar.org/
https://agriculture-breakthrough2024.cgiar.org/
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or a switch from natural gas to biomethane reforming. However, these technologies 
currently face cost and infrastructure barriers and are not yet commercially competitive with 
incumbent processes. 

 Global low-emissions ammonia production projects and demand to 2030 

IEA. CC BY 4.0.  

Notes: CCUS = Carbon capture, utilisation and storage; FID = final investment decision. Ammonia for fuel applications 
excluded from both projects and offtake agreements.  
Source: IEA (2025), Hydrogen Production and Infrastructure Projects Database. 
 

Despite these challenges, several companies have begun to invest in low-emissions 
production technologies. Globally, low-emissions ammonia production projects that are 
either operational, under construction, or have reached final investment decision (FID) total 
6 Mt, with an additional 13 Mt at the feasibility stage. These efforts are encouraging, but 
demand signals for low-emissions fertilisers remain weak. Firm offtake agreements for low-
emissions ammonia currently cover 3 Mt, with around 4 Mt more under preliminary 
agreements. International collaboration can play a key role in helping to create and 
increase demand, which is essential for unlocking investment and accelerating market 
development. 

International collaboration on low-emissions hydrogen and ammonia production is already 
underway in several areas under the Hydrogen Breakthrough, including the development 
of standards, demand creation mechanisms and joint research initiatives. However, these 
efforts often stop at the ammonia production stage and do not extend to the full fertiliser 
value chain, i.e. to downstream production and use. This leaves a critical gap for the main 
nitrogen-based fertilisers such as urea and ammonium nitrate, and even more so for non- 
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nitrogen fertilisers like phosphates and potash. There is also an urgent need for innovation 
to increase the efficiency of fertiliser use and to incorporate biological and organic inputs 
to supplement mineral fertilisers.  

Central to reducing GHG emissions associated with fertiliser use and increasing nutrient 
use efficiency is healthy soil, which is key for food and nutrient security, climate change 
adaptation and mitigation, biodiversity and ecosystem restoration. Despite its importance, 
it is estimated that over 40% of the Earth’s land is degraded, calling for urgent action to 
invest in soil restoration to reverse current degradation trends. Degraded soil, for example, 
does not respond well to mineral fertilisers, further compounding productivity challenges. 
In addition, it is estimated that 18% of terrestrial land is limited by nitrogen, 43% limited by 
phosphorus, and the remaining 39% of land could be co-limited by nitrogen and 
phosphorus. Therefore, understanding biophysical constraints to productivity and other key 
ecosystem services is critical. There are a number of site- and context-specific approaches 
and best management practices that can be implemented (including soil cover, crop 
rotation, no till, integrated soil fertility management, crop diversity, agroforestry, application 
of compost and farmyard manure, and soil water conservation techniques, among others).  

There are also advances to be made – and opportunities for public policies to contribute – 
from promoting soil health through encouraging a systems approach to agriculture, 
including exploring opportunities to repurpose some food and agricultural policies to deliver 
positive environmental and social outcomes, including contributing to climate change 
mitigation and adaptation. There are currently pilot programmes in East and southern 
Africa, for example in Malawi, where subsidies have been repurposed to support improving 
soil health. The World Bank is providing support to countries to promote sustainable 
agricultural practices that improve soil and land health. While these examples are still in 
the pilot phase, initial results indicate a positive opportunity to implement and scale 
sustainable solutions through public incentive programmes, helping farmers overcome 
challenges to adoption. 

As soil health continues to gain momentum on the international agenda, there may be an 
opportunity to develop overarching global guidance to support countries as they develop 
national soil health policies and strategies.  

As countries and farmers prioritise interventions, more evidence will be needed on what 
works where, for whom and at what cost. For example, it is estimated that Scope 3 
emissions associated with the application of fertilisers on global cropland could be cut by 
up to 70% in a high potential case and 17% in a low potential case by improving NUE, use 
of inhibitors, crop rotation, and land sparing, with a further reduction of almost 30% from 
enhanced soil carbon sequestration measures applied to degraded cropland and grazing 
lands. However, many of these solutions are not scaling at the pace needed due to 
economic, policy or knowledge constraints, and greater uptake might require financial 
incentives for farmers. Reducing emissions from fertiliser use will therefore require global 
collaboration between governments, researchers, non-governmental organisations, 
farmers, the fertiliser industry, as well as the food industry and retailers to implement 
farmer-centred, evidence-based interventions on farm.  

 

https://www.nature.com/articles/s41561-019-0530-4
https://clim-eat.org/wp-content/uploads/2023/08/Clim-Eat-Discussion-Starter-Soils-Final.pdf
https://blogs.worldbank.org/en/agfood/healthier-land-and-soils-for-a-better-food-future
https://www.fertilizer.org/resource/reducing-emissions-from-fertilizer-use-report/
https://www.fertilizer.org/resource/reducing-emissions-from-fertilizer-use-report/
https://files.sciencebasedtargets.org/production/files/Chemicals-Criteria-Supplemental-Data-Memorandum-2nd-Consultation-Draft.pdf
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PRIORITY AREAS FOR COLLABORATION 
Four key areas stand out as immediate priorities for strengthening international 
collaboration: standards, definitions and certification; demand creation and management; 
international finance and investment; and research and innovation. Together, action across 
these areas can unlock faster progress later in this decade. 

STANDARDS, DEFINITIONS AND CERTIFICATION 

OVERVIEW 
Working towards robust, transparent, and ambitious international standards, 
definitions and certification frameworks for the production of low-emissions 
fertilisers can support investment decisions. Terms such as “green,” “low-carbon,” or 
“sustainable” fertilisers are currently being used in an inconsistent manner, with no agreed 
emissions thresholds or lifecycle boundaries. This lack of clarity makes it difficult for 
governments to support first-of-a-kind or early deployment projects for low-emissions 
technologies, as well as for farmers and retailers to distinguish between products, and 
consequently for cleaner production methods to gain a foothold in the market. It can also 
undermine the credibility of environmental claims. As a result, producers of low-emissions 
fertilisers cannot recover the incremental costs of their products, and may struggle to 
comply with policy instruments such as carbon border adjustment mechanisms (CBAMs), 
green procurement policies, or voluntary carbon markets across different jurisdictions with 
differing requirements. Policy measures, such as subsidies, may also be inconsistently 
aligned with national or international emissions reduction targets. Developing 
internationally consistent standards and certification schemes, underpinned by 
transparent, interoperable and net zero-compatible emission measurement methodologies, 
is therefore crucial to enable market creation, mobilise investment, and support the large-
scale deployment of low-emissions fertiliser technologies. 

Establishing standards on soil health and soil protection can help increase 
agricultural productivity and fertiliser efficiency worldwide. Healthy soil is defined by 
the Intergovernmental Technical Panel on Soils as the “ability of the soil to sustain the 
productivity, diversity, and environmental services of terrestrial ecosystems”. Soil 
properties (chemical, physical and biological) vary as a result of several factors, including 
land management. This variability results in a variation in yield gaps. However, due to 
inconsistency in national soil monitoring frameworks, including the lack of consistent 
indicators, there are gaps in knowledge on the state of soil and land health globally. Poor 
access to reliable soil data, wide-scale soil testing, and sharing of georeferenced soil data 
makes it difficult to design appropriate interventions that enhance soil health productivity. 
Furthermore, the absence of agreed soil health indicators and a systematic monitoring 
framework hampers assessment and comparison across regions, limiting the ability to 
address soil health issues. Without these comprehensive and co-designed datasets, 
regional thresholds and targeting cannot be implemented. Therefore, it is critically 
important to reach agreement on soil health indicators as part of a consistent and 
systematic soil health monitoring framework that increases access and use of data to 
prioritise interventions that reduce GHG emissions. A common indicator framework for 
measuring and tracking soil health over time would enable countries to identify soil health 
problems, which can help in designing specific interventions. These also pertain to the 

https://openknowledge.fao.org/handle/20.500.14283/cb1110en
https://openknowledge.fao.org/handle/20.500.14283/cb1110en
https://www.yieldgap.org/
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development of suitable Monitoring, Reporting and Verification systems that enable the 
tracking of, for example, soil organic carbon over time, and enable methodologies to 
quantify and verify GHG reductions from changes in fertiliser use. Global guidance could 
also address fertiliser subsidies and farming processes that are harmful to soil health and 
include an accountability framework. International agreement on common soil health 
indicators and a shared monitoring framework could help identify and bridge knowledge 
gaps on the state of the world’s soil. As a result, findings from unique contexts could be 
translated into evidence that is comparable across continents, which could eventually 
contribute to globally acceptable standards and guidelines.  

WHAT PROGRESS HAS BEEN MADE 
There is currently no definition or certification scheme for fertilisers produced 
through low-emissions pathways, but progress on hydrogen and ammonia can be a 
useful starting point. A number of voluntary ammonia certification initiatives exist or are 
under development - such as those from Bureau Veritas, the Climate Bonds Initiative and 
the Fertilizer Institute, which relies on ISO 14067. However, their voluntary nature limits 
their prominence, and they are best seen as complementary to future regulatory 
frameworks. On the regulatory side, Canada has developed guidelines for its Investment 
Tax Credit that include ammonia, while the EU Renewable Energy Directive (RED) 
provides a methodology that could, in principle, be applied to ammonia used as feedstock. 
At the international level, the International Partnership for Hydrogen and Fuel Cells in the 
Economy (IPHE), in collaboration with the International Organization for Standardization 
(ISO), has led efforts to define a common methodology for calculating the carbon footprint 
of hydrogen production. ISO 19870-3, currently under development, will provide a technical 
specification for assessing the GHG emissions associated with ammonia production. 
However, this standard is not expected to be finalised until 2026 or 2027 and does not 
cover the conversion of ammonia into nitrogen fertilisers. A complementary standard that 
encompasses the full fertiliser value chain is needed, ensuring consistency and 
interoperability with existing low-emissions hydrogen and ammonia standards. This should 
also be applicable to non-nitrogen fertilisers. 

Valuable lessons can also be drawn from the steel and cement sectors. Stakeholders 
have been working since at least 2019 to define what constitutes low- and near-zero 
emissions production based on lifecycle emissions accounting and principles that are 
compatible with net zero emissions (see Success Statements: Steel and Success 
Statements: Cement and concrete). These efforts aim to create the necessary basis for 
public procurement, investment decisions and trade policies. One key lesson is that this 
process takes time, involving many different stakeholders and interests, making it essential 
to start early. Another is the need for broader international alignment on definitions and 
thresholds, as well as on the development of certification infrastructure that is both credible 
and interoperable. In many cases, certification systems remain fragmented or limited in 
scope, and the integration of standards into trade frameworks and investment criteria is still 
evolving. The process of making near-zero emissions cement and concrete definitions 
compatible – since they are products in the same value chain – can also be an example 
for hydrogen, ammonia and fertilisers. These lessons underscore the importance of 
designing fertiliser standards with global applicability, transparency and mutual recognition 
in mind from the outset. Particular attention is also needed to address methane leakage 
from natural gas supply in CCS-based technologies, for which better data availability is 
critical for credible standards. 

https://proba.earth/methodologies
https://group.bureauveritas.com/newsroom/bureau-veritas-launches-renewable-ammonia-certification-scheme
https://www.climatebonds.net/files/documents/Climate-Bonds_Sector-Criteria-Basic-Chemicals_Criteria-document_April-2023.pdf
https://www.tfi.org/media-center/2024/12/19/the-fertilizer-institute-announces-first-of-its-kind-third-party-ammonia-production-carbon-intensity-verification-program/
https://natural-resources.canada.ca/taxes/income-tax/corporations/federal-tax-credits/clean-economy-itc/clean-hydrogen-itc/clean-hydrogen-investment-tax-credit-technical-equipment-guidance-document
https://energy.ec.europa.eu/topics/renewable-energy/renewable-energy-directive-targets-and-rules/renewable-energy-directive_en
https://www.iso.org/standard/88688.html
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On the demand-side, there is momentum around the inclusion of soil health 
indicators through soil information systems to inform regional strategies. Recent 
initiatives, such as the recommended suite of indicators for North America developed by 
the Soil Health Institute, the Coalition of Action 4 Soil Health Monitoring Brief, and the 2025 
African Union Development Agency-New Partnership for Africa’s Development Guidance 
Note for Advancing Africa's Soil Health Monitoring to Support the Nairobi Declaration and 
CAADP Kampala Agenda, can be leveraged to develop an international framework for soil 
health monitoring. To assess and track soil health, land degradation and vegetation 
diversity, the Land Degradation Surveillance Framework (LDSF) has been implemented in 
over 45 countries across the tropics. This includes implementation of the first-ever 
systematic survey of sub-Saharan Africa, funded by the Gates Foundation.  

To better understand soil health and tailor fertiliser use to the specific context, a 
robust evidence base is essential. Due to the variability across farms and landscapes, 
fertiliser and soil health approaches must be tailored and targeted to minimise trade-offs 
and maximise synergies across productivity, profitability, environmental and social/human 
indicators, necessitating a strong evidence base. Without such an approach, increases in 
productivity alone may not be profitable and may have trade-offs for the environment, 
especially around fertiliser run-off from overapplication. There are examples at the national 
level, such as Fertilizer Canada’s guidance on the 4R Practices, which recognises the need 
for context-specific recommendations. These types of tables, data, and site-specific 
guidance need to be expanded globally.  

 

Brazil’s action on organics and biologicals shows example of how countries 
can cut imports and reduce emissions 

Brazil is the world’s fourth-largest nitrogen fertiliser user, accounting for around 5% 
of global demand. The vast majority of the country’s fertiliser demand is currently 
met through imports, meaning that the price increases seen in the past few years 
have had a strong economic impact.  

In response, the Brazilian government launched the National Plan for Fertilizers 
(PNF) in 2022, aiming to reduce imports from 85% to 45% by 2050. Earlier, in 2011, 
Brazil’s Low-Carbon Agriculture (ABC) Plan set ambitious targets including the 
restoration of degraded land and the application of biological inputs on 13 million 
hectares. The bio-input industry is growing four times faster in Brazil than the global 
average, highlighting an opportunity for investment and development of locally 
produced biofertilisers that can significantly reduce emissions. The Brazilian market 
for speciality fertilisers saw revenues increase 19% year-on-year in 2024, 
demonstrating interest from the agricultural sector in alternative technologies. For 
example, a recent initiative from Yara drew on multi-stakeholder collaboration to 
reduce the carbon footprint of coffee production in Cooxupé by 40%, working with 
20 000 coffee-farming families. The initiative resulted in a fertiliser with 90% lower 
emissions, produced using renewable resources. 

https://soilhealthinstitute.org/our-work/initiatives/measurements/#resources
https://www.coalitionforsoilhealth.org/resource-library/general-recommendations-for-soil-health-monitoring?rq=monitoring
https://www.nepad.org/publication/guidance-note-advancing-africas-soil-health-monitoring-support-nairobi
https://www.nepad.org/publication/guidance-note-advancing-africas-soil-health-monitoring-support-nairobi
https://www.nepad.org/publication/guidance-note-advancing-africas-soil-health-monitoring-support-nairobi
https://ldsf.thegrit.earth/
https://fertilizercanada.ca/wp-content/uploads/2019/06/4R-Guidance-Tables.pdf
https://www.gov.br/en/government-of-brazil/latest-news/2022/brazilian-government-launches-national-fertilizer-plan
https://www.gov.br/agricultura/pt-br/assuntos/sustentabilidade/planoabc-abcmais/publicacoes/abc-english.pdf/view
https://www.reuters.com/markets/commodities/brazils-bioinputs-market-boasts-four-times-global-average-growth-research-shows-2024-06-25/#:%7E:text=SAO%20PAULO%2C%20June%2025%20(Reuters,domestic%20market%2C%20Croplife%20data%20showed.
https://www.reuters.com/markets/commodities/brazils-bioinputs-market-boasts-four-times-global-average-growth-research-shows-2024-06-25/#:%7E:text=SAO%20PAULO%2C%20June%2025%20(Reuters,domestic%20market%2C%20Croplife%20data%20showed.
https://valorinternational.globo.com/agribusiness/news/2025/05/06/revenue-from-brazils-specialty-fertilizers-market-rises-19percent.ghtml
https://www.yara.com/news-and-media/news/archive/2024/yara-supplies-cooxupe-with-brazils-first-batch-of-lower-carbon-fertilizer/
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WHAT MORE NEEDS TO BE DONE 
The fertiliser sector can build on experiences in other sectors and move quickly to 
establish its own standards, definitions and certification frameworks for fertiliser 
production. This includes developing harmonised lifecycle emissions accounting 
methodologies that cover the full production chain, from hydrogen and ammonia synthesis 
to final product formulation. These methodologies should be closely co-ordinated with the 
Hydrogen Breakthrough and other relevant initiatives to maintain consistency across 
interconnected value chains and comparability across different production technologies 
and feedstocks. An internationally recognised certification and labelling system is also 
needed to verify compliance with emissions thresholds and enable consistent product 
differentiation. Such a system should incorporate chain-of-custody (CoC) tracking and be 
designed for interoperability across jurisdictions. While traditional physical traceability is 
clearest, alternative CoC models – such as mass balance or book-and-claim – can offer 
market flexibility during the early stages of technology scale-up. However, these models 
must be used judiciously and governed by strong oversight, including robust third-party 
verification and clear, transparent communication. Without such safeguards, there is a risk 
of double counting, loss of credibility, and investment being misdirected away from truly 
transformational technologies. Guardrails will be needed to ensure that these approaches 
support, rather than undermine, the broader goal of scaling low-emissions fertiliser 
production. 

Establishing global guidance on soil health can help ensure sustainable soil 
management. Several regional and national initiatives are working to bring soil health into 
national-level policies, but there is interest and a need to share experiences to develop 
global standards and certification schemes for soil health. While there are an increasing 
number of national soil health policies (such in Australia, Kenya, the United Kingdom and 
Canada), regional efforts (such the Nairobi Declaration), and several sub-national 
strategies (such as those across Brazil for promoting soil conservation), there is no 
overarching global framework. A global set of guidelines to promote soil health could 
support implementation of soil health strategies and initiatives. This would also enable the 
implementation of a common indicator framework for measuring and assessing soil health 
to prioritise interventions. The Coalition of Action 4 Soil Health is currently taking stock of 
multi-stakeholder feedback into such a process to align international, national and sub-
national policies on soil health. Such an overarching framework could provide guidance, 
for example on integrating soil health into national climate policies. This could be aligned 
with the development of performance validation protocols that incentivise appropriate 
fertiliser management practices and associated positive outcomes.  

Global alignment and guidance could benefit alternative agricultural inputs besides 
nitrogen. This is especially true for biologicals, including organic fertilisers, biopesticides, 
and soil health enhancers, which offer alternatives to conventional agricultural inputs. In 
addition, new kinds of fertilisers would require internationally agreed safety standards to 
allow for wider trade and use. For example, biologicals have the potential to increase soil 
health and resilience, decrease the need for nitrogen inputs, and sequester carbon in the 
soil. Despite these benefits, the scaling and use of biologicals is currently hindered by the 
lack of globally recognised standards and certification. 

https://www.agriculture.gov.au/agriculture-land/farm-food-drought/natural-resources/soils
https://kilimo.go.ke/wp-content/uploads/2024/10/Agricultural-Soil-Management-Policy-2023.pdf
https://committees.parliament.uk/work/2642/soil-health-inquiry/
https://www.parl.ca/documentviewer/en/45-1/bill/S-230/first-reading
https://au.int/en/documents/20240509/nairobi-declaration-2024-africa-fertilizer-and-soil-health-summit
https://www.mdpi.com/2571-8789/8/2/45
https://www.coalitionforsoilhealth.org/
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2019.00008/full
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2019.00008/full
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RECOMMENDATION 

Governments should convene a multi-stakeholder process to move towards common 
understandings of definitions for low- and near-zero emissions fertilisers that 
encompass the full fertiliser production chain from hydrogen and ammonia synthesis to 
final product formulation. This should look to develop harmonised lifecycle emissions 
accounting methodologies, establish an internationally recognised certification and 
labelling system, and make use of these methodologies and systems within relevant 
policies. The process should be closely co-ordinated with relevant work from initiatives 
in the hydrogen sector to ensure compatibility across value chains. 
 
Governments and initiatives should agree to establish a global set of guidelines that 
define metrics and thresholds to promote and track soil health. This should include 
efforts to systematically report and monitor indicators of soil health, crop productivity, 
and fertiliser use, as well as an agreement to share information. 
 
Separately, governments, research organisations and companies should agree to 
establish global standards for biologicals, including performance validation protocols to 
foster trust, enable cross-border trade and accelerate uptake. 

DEMAND CREATION AND MANAGEMENT 

OVERVIEW 
Creating demand for low-emissions fertilisers is critical to accelerate the 
decarbonisation of global agriculture and the chemical industry. Establishing early 
long-term demand for fertilisers produced using low-emissions processes would reduce 
market risk for first movers, support early commercial projects, and unlock cost reductions 
through scale and learning. In the absence of targeted demand signals, low-emissions 
fertiliser producers face uncertainty about offtake and pricing, which – if “supply-side” 
policies are insufficient – can delay or deter investment in cleaner production technologies. 
As highlighted by the World Business Council for Sustainable Development, given the price 
premium currently associated with lower-emissions products, cross value-chain co-
ordination mechanisms are needed to pull through demand from food companies and end-
users. 

Governments and companies can help address this gap by creating incentives for 
low-emissions fertiliser uptake across agricultural value chains. Public procurement 
is one of the most direct tools available. Governments – particularly those that subsidise or 
purchase fertilisers for public distribution or agricultural extension activities – can use their 
buying power to prioritise low-emissions products. Similarly, quotas or mandates could 
require large-scale fertiliser-consuming businesses to source a minimum share of low-
emissions fertilisers; this approach is more difficult to apply to individual farmers, who are 
typically too dispersed and numerous for fertiliser use to be directly regulated. In parallel, 
enabling multi-year offtake agreements is important, since firm demand signals help 
production facilities to reach FIDs. Aggregating demand can provide the scale and certainty 
needed to unlock investment in new production capacity. 

https://www.wbcsd.org/wp-content/uploads/2025/06/Sectors-Deep-dive-Fertilizer-Business-Breakthrough-Barometer_2025_WBCSD.pdf
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Another potential option open to policy makers is to mandate blending of low-
emissions ammonia for nitrogen fertilisers production. Given that such mandates can 
raise production costs in a trade-exposed and internationally competitive sector, a co-
ordinated approach across countries would likely be necessary to avoid undermining 
competitiveness. Such measures would offer a clear signal to producers and investors that 
a market will exist, creating confidence to move forward with low-emissions production 
facilities. End-use subsidies can also play a role, particularly in cost-sensitive regions. By 
offering financial benefits to farmers or distributors that use low-emissions fertilisers in 
effective and efficient ways, governments can directly increase uptake and drive market 
penetration during the early deployment phase. In addition to mandatory policies, voluntary 
tools like labels and third-party certifications can further support market development by 
enabling buyers to identify and choose low-emissions fertilisers. 

Some supply-side policies, while not targeted at demand creation, also influence 
market dynamics. Carbon pricing, carbon contracts for difference and production 
subsidies can reduce the cost gap between conventional and low-emissions fertilisers, 
thereby improving their competitiveness. However, while these measures can support 
supply, they do not guarantee demand unless they completely eliminate any cost gap. 
Policies that specifically require or incentivise use of low-emissions fertilisers can therefore 
complement supply-side policies as part of a holistic policy package that includes coherent 
demand and supply measures. Policies that set embodied carbon limits, such as carbon-
based product requirements, also help by restricting products with high emissions and 
driving demand for lower-emissions alternatives. Importantly, all such measures should be 
designed and implemented in a manner consistent with international trade obligations.  

Managing demand for fertilisers is just as important as creating demand for low-
emissions options, and a key part of this effort is in increasing nutrient use 
efficiency. Nutrient use efficiency is a useful indicator to determine the efficiency of 
fertiliser management. Following a considerable decline in global nutrient use efficiency in 
the 1960s and 1970s, nutrient management has been gaining traction and there has been 
an upward trend in efficiency in recent decades. While there may be regional agreement 
on strategies to improve nutrient use efficiency (i.e. in the European Union), there is often 
a lack of consistency in how it is measured and of agreement on the optimum levels, which 
can limit the implementation and scaling of good land management practices.  

WHAT PROGRESS HAS BEEN MADE 
Currently, international co-operation on demand creation for low-emissions 
fertilisers is limited. The Hydrogen Council’s Low-Emission Ammonia Fertilizer Lead 
Market Initiative is a first-of-its-kind, sector-wide effort aligning leading food, agriculture, 
fertiliser, sustainable fuel and manufacturing companies to unlock scalable production of 
low-emissions ammonia-based fertilisers and strengthen supply chain resilience. 
Synergies with other international efforts, especially those related to hydrogen, including 
the Hydrogen Breakthrough, can also offer a foundation to build on, given that ammonia is 
the primary use case for low-emissions hydrogen today. The H2Global mechanism – built 
around a two-way competitive auction – awarded its first long-term offtake agreement for 
renewable ammonia through the 2024 pilot procurement auction, helping address the 
supply-side investment barrier and providing early price signals; a corresponding 
competitive sales auction, expected in 2026, will enable demand-side price discovery, with 
any gap between purchase and sales prices covered by public funding. However, such 

https://www.eunep.com/
https://hintco.eu/how-it-works/
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schemes are not currently designed to ensure that the resulting ammonia is channelled 
into fertiliser production. With growing competition for ammonia from shipping, power and 
industrial applications, it is possible that low-emissions ammonia supply could be diverted 
away from fertiliser use unless dedicated demand-side strategies are developed. More 
recently, the International Hydrogen Trade Forum (IHTF) under the Clean Energy 
Ministerial Hydrogen Initiative has identified lead market creation for sustainable products 
– including fertilisers – as one of the three priority areas ahead of COP 30. This is an 
encouraging development, signalling growing international recognition of the sector’s 
relevance. Nevertheless, action remains at an early stage, and specific mechanisms for 
fertiliser demand are yet to be implemented. 

There are multiple ways to measure nutrient use efficiency, and the choice of metric 
should be tailored to its intended purpose. Fertiliser efficiency is often assessed using 
recovery efficiency – the amount of increase in nutrients taken up by crops relative to the 
amount applied. Monitoring nutrient use efficiency at different scales and over time is 
important. The FAO, in collaboration with the IFA, tracks cropland nutrient balance statistics 
to assess the impact of fertilisers use in relation to crop production needs, providing 
information on individual input and output components of the nutrient balance and use 
efficiency. Although total nitrogen input on cropland has increased nearly fivefold since 
1961, rising crop yields and better practices have resulted in an increase of nutrient use 
efficiency to about 55% at present from a low of about 40% in 1980. However, there is 
room for further improvement, as there is still a large annual cropland nitrogen surplus of 
80 Mt, and data gaps still need to be addressed to build a complete picture on cropland 
nutrient balance. Given the variability in metrics and limited data, governments – working 
with technical institutions – should further align on international guidance for measuring 
nutrient use efficiency and a globally accepted range. This could provide a basis for 
countries to pledge commitments toward achieving it within a specified timeline. 

 Nitrogen input, output and efficiency of global cropland, 1961-2022 

 
IEA. CC BY 4.0.  

Notes: N = Nitrogen; NUE = nitrogen use efficiency.  
Source: UN FAO Cropland Nutrient Balance Database. 
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https://hydrogencouncil.com/en/global-governments-and-industry-leaders-reaffirm-commitment-to-developing-international-hydrogen-and-derivatives-supply-chains/
https://sprpn.org/issue-brief/novel-fertilizer-technologies-and-their-modes-of-action/
https://www.fao.org/faostat/en/#data/ESB
https://www.fao.org/faostat/en/#data/ESB
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WHAT MORE NEEDS TO BE DONE 
Joint public procurement commitments or demand aggregation platforms supported 
by groups of countries could create demand for low-emission fertilisers on a scale 
sufficient to mobilise investment and accelerate cost reduction. International 
regulatory co-operation or alignment could be essential given the trade-exposed nature of 
both fertiliser production and its downstream use in globally competitive agri-food supply 
chains. Without co-ordination across major markets, national-level measures – such as 
blending mandates or consumption quotas – risk raising costs for producers or food 
companies in one jurisdiction while leaving international competitors unaffected, 
undermining both competitiveness and the broader effectiveness of such policies. The 
private sector also has a key role to play in driving demand; in particular, the food industry 
can help stimulate demand by prioritising low-emissions fertilisers in its sourcing strategies. 
The current lack of intergovernmental initiatives in the fertiliser space may be due to the 
unique characteristics of the sector: fertiliser end-users are predominantly smallholder 
farmers, making large-scale co-ordinated purchasing more difficult and limiting the 
applicability of conventional first-mover approaches. Initiatives that bring together both 
public and private actors, including agricultural retailers, food processors and major brands, 
could help overcome market fragmentation and broaden demand creation efforts across 
the fertiliser value chain. 

There is an opportunity to build on the momentum of ongoing transitions to low-
emissions hydrogen and ammonia and extend it across the fertiliser value chain, 
from production to end use. A targeted international effort to create demand for low-
emissions fertilisers would not only support emission reductions in a major industrial sector 
but also contribute to sustainable food systems and global development goals. Stronger 
co-operation among governments, businesses and different stakeholders in the value chain 
– including farmers - is needed to realise this potential and ensure that low-emissions 
fertilisers become the default choice in all markets. 

Importantly, demand creation for low-emissions fertilisers should complement 
ongoing efforts to improve the efficiency of fertiliser use. Fertiliser overuse is already 
a significant concern in some regions. The primary goal must be to displace high-emission 
products, not necessarily to expand fertiliser consumption overall. Demand creation 
strategies should therefore be embedded in broader sustainability frameworks that promote 
efficient nutrient use and minimise environmental impacts. Organic fertiliser use can 
contribute to this broader aim, but global data on availability and scalability remain limited, 
and organic sources are unlikely to offset a substantial share of global nutrient demand. 
Furthermore, organic nutrient suppliers are often local businesses, as transportation over 
long distances is uncompetitive due to their high weight per nutrient ratio. At present, no 
international initiatives focus on expanding organic fertiliser demand at scale. 

Greater collaboration is needed to align on a NUE level that balances soil health with 
crop productivity. Optimal NUE will vary between farms, depending on a range of factors 
unique to the crop and local environment, but a balanced approach is needed to ensure 
efficient crop production. Very high NUE (over about 90%) may actually be harmful, 
signalling depletion of soil nutrients or “soil mining”. On the other hand, a very low NUE is 
not only harmful to the environment – through nutrient run-off or emissions – but can also 
reduce farm profitability. 

https://www.researchgate.net/publication/312554339_Nitrogen_Use_Efficiency_NUE_-_an_indicator_for_the_utilization_of_nitrogen_in_agriculture_and_food_systems_Prepared_by_the_EU_Nitrogen_Expert_Panel
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RECOMMENDATION 

Governments should co-ordinate joint public procurement, demand aggregation or 
regulatory measures to create demand for near-zero emissions fertilisers at a scale 
sufficient to drive investment, innovation and cost reduction.  
 

The private sector should complement these efforts and establish commitments for their 
use, including through collaborative procurement and joint purchasing agreements. 
Where appropriate, these efforts should be linked to broader hydrogen and ammonia 
lead market initiatives to ensure fertiliser applications are included in supply allocation. 
 

Governments, in collaboration with technical institutions, should agree to align on 
international guidance for measuring nitrogen use efficiency (NUE), with a view to 
establishing a globally accepted NUE range, and should encourage countries to sign a 
pledge to reach that level within a specified timeline.  

INTERNATIONAL FINANCE AND INVESTMENT 

OVERVIEW 
Low-emissions fertiliser production is likely to remain significantly more expensive 
than conventional methods in the near- to medium-term. Average production costs 
may range from 30% higher to more than triple those of unabated alternatives. While this 
could raise farmers’ fertiliser costs significantly and increase crop prices, the impact could 
end up being less than 1% on the cost of some consumer food products. There is currently 
limited willingness to pay a premium for low-emissions fertilisers, and few policies exist at 
the scale and level needed to incentivise their uptake. Domestic policy plays an important 
role here in levelling the playing field between low-emissions and conventional fertiliser 
production, but countries should work together to align policies to mitigate the risks facing 
first-mover countries and companies, such as industries relocating or trade flows being 
diverted to lower-cost, higher-emitting competitors. The risks also extend to farmers, who 
may face higher input costs while competing with lower-cost imports produced under lower 
environmental standards. However, one consideration relevant to implementation of 
revenue certainty mechanisms is that fertiliser produced using dedicated renewables may 
be less exposed to price volatility than traditional production or imports.  

EMDEs face another set of considerations, such as the high cost of capital, 
additional risk, and vulnerability to higher food prices. In EMDEs, where rising demand 
gives opportunities to scale up low-emissions fertiliser production, targeted international 
financial assistance will be crucial to de-risk low-emissions projects in different regional 
contexts, mobilise capital at scale, and ensure that development of low-emissions fertiliser 
production supports equitable and sustainable growth. However, the transition also carries 
the risk that higher production costs could translate into increased fertiliser prices, which 
would have a disproportionate effect on smallholder farmers and food affordability in low-
income contexts. While global analyses suggest limited average impacts on final consumer 
prices, these averages may underestimate the impact in specific cases. Countries should  
 
 

https://www.iea.org/reports/global-hydrogen-review-2024
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be willing to work together to manage potential price increases so that any related food 
security risks in EMDEs are addressed, and the cost of food for society’s poorest does not 
rise. 

There are systemic barriers to investment as fertiliser technologies are often not 
included in sustainable finance frameworks or green taxonomies. Low-emissions 
ammonia and related products are sometimes absent from funding criteria, limiting their 
eligibility for climate-aligned capital. Their inclusion could help unlock private investment, 
particularly in advanced economies, by establishing clear benchmarks and sending strong 
market signals. The industry’s engagement with efforts such as the Science Based Targets 
initiative (SBTi) is encouraging, although current frameworks focus narrowly on ammonia 
rather than the full fertiliser value chain. This misalignment may hinder integration into 
emissions-reduction strategies increasingly used by investors to guide funding decisions. 

Financial incentives also need to be carefully crafted to avoid overapplication of 
fertilisers. Agricultural subsidies aimed at increasing farmers’ access to fertiliser, seeds 
and other inputs need to be designed carefully to avoid adverse consequences from 
overapplication. For example, a recent study by the World Bank found that up to 17% of 
nitrogen pollution in waterways (such as hypo-toxicity and algal blooms) has been linked 
to inefficient fertiliser subsidies. Overapplication of subsidised fertilisers has also been 
linked with increased emissions, contamination of drinking water, air pollution and soil 
degradation, calling for the revision of agricultural support to mitigate such effects. 

Policies should incentivise a systems approach to agriculture. Research shows that 
transitioning to regenerative agricultural practices, including improving soil health, can take 
between 3 and 7 years, meaning that smallholder farmers, especially the rural poor, require 
targeted financial and technical support to help bridge the gap. Understanding the 
constraints facing farmers globally, as well as the perceived risks, is critical to provide the 
tailored support needed. In 2024, the World Bank produced a toolkit to provide guidance 
on repurposing agricultural support policies for a sustainable food system, aiming to 
promote efficiency, resilience and environmental impact for sustainable agrifood systems.  

WHAT PROGRESS HAS BEEN MADE 
Financing has begun flowing to low-emissions fertiliser production projects, but 
remains limited and fragmented. Some relevant initiatives are already underway, largely 
through hydrogen-focused programmes. The World Bank’s 10 GW Lighthouse Initiative, 
launched under the Hydrogen Breakthrough, is designed to accelerate low-emissions 
hydrogen deployment in EMDEs by supporting mid- to large-scale projects through 
concessional finance and capacity-building. Although the initiative does not currently 
prioritise fertilisers, its tools and financing structures could be adapted to support low-
emissions ammonia production. Similarly, H2Global offers a potential model for de-risking 
early low-emissions ammonia production through price support mechanisms (see above). 
The Climate Investment Funds (CIF) Industry Decarbonization Program channels 
concessional funding to developing countries to break down investment barriers, spur 
innovation and prove new technologies. The Accelerate to Demonstrate (A2D) Facility, 
implemented by the United Nations Industrial Development Organization and funded by 
the UK Government, supports early-stage industrial decarbonisation efforts. A pilot project 
in Namibia demonstrates how renewable hydrogen can be integrated with ammonia 

https://documents1.worldbank.org/curated/en/099352301282518639/pdf/IDU1eebde531173f1142f71938914892337a1012.pdf
https://openknowledge.worldbank.org/server/api/core/bitstreams/510ff34f-c717-569a-8bb8-e939c927a174/content
https://openknowledge.worldbank.org/server/api/core/bitstreams/510ff34f-c717-569a-8bb8-e939c927a174/content
https://www.wbcsd.org/resources/cultivating-farmer-prosperity/
https://openknowledge.worldbank.org/entities/publication/ff426289-0d6d-4e20-8b38-bdccd03c16d8
https://www.cif.org/industry-decarbonization
https://a2dfacility.unido.org/web/
https://daures.green/namibias-first-green-hydrogen-village-will-supply-region-with-zero-carbon-fertiliser/
https://daures.green/namibias-first-green-hydrogen-village-will-supply-region-with-zero-carbon-fertiliser/
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production and fertiliser manufacturing, specifically ammonium sulphate, showing a full 
value chain approach in an African context. Such demonstration projects are valuable, but 
they also illustrate the need to transition from pilots to commercial-scale projects. Although 
not an international initiative, it is worth highlighting the first auction conducted by the Solar 
Energy Corporation of India (SECI) for the procurement of renewable ammonia.  

Co-operation to date has generally occurred within broader frameworks for 
industrial decarbonisation or hydrogen development and has not yet extended to a 
comprehensive, fertiliser-specific strategy. Partnerships tend to be bilateral or regional 
in scope, rather than global. Initiatives like the United Kingdom-Brazil Industrial 
Decarbonisation Hub may offer models for collaboration, but are limited in number and 
scale. Multinational knowledge-sharing and co-ordination across jurisdictions, which could 
help align financial and technical resources, is still nascent. 

Financing programmes at multilateral development banks offer support for 
countries to improve soil health. The African Development Bank’s Africa Fertilizer 
Financing Mechanism provides innovative financing solutions required to improve 
production, procurement and distribution of organic and inorganic fertilisers, and soil health 
interventions. In 2025, it was reported that the Mechanism had supported hundreds of 
thousands of smallholder farmers in 2024 though USD 10 million in credit guarantees 
across Kenya, Uganda, Mozambique and Zimbabwe. It is now considering the launch of a 
USD 500 million facility that will deploy multiple financial instruments to smallholder 
farmers, including trade credit guarantees, first-loss coverage, blended finance 
mechanisms, and origination incentives to reduce the high transaction costs of serving 
enterprises, complemented by technical assistance. 

Existing global dialogues facilitate exchanges on funding mechanisms relevant to 
soil health. For example, the global Policy Dialogue for Sustainable Agriculture, an 
initiative launched by the government of the United Kingdom and the World Bank in 2021, 
provides a forum to share experiences and learning, facilitate partnerships and build global 
ambition on reforms. The initiative published a report in 2023 that aimed to facilitate 
exchanges between countries engaged in the Agriculture Policy Dialogue and with other 
global initiatives on how funding mechanisms – specifically payments for ecosystems 
services made to landholders – could improve soil health. The FAO’s Global Soil 
Partnership was established in 2012 to enhance collaboration between land users and 
policy makers. 

WHAT MORE NEEDS TO BE DONE 
To reduce risk and attract capital for low-emissions fertiliser production projects in 
EMDEs, international co-operation on finance must increase and become more 
targeted. Building on existing hydrogen finance mechanisms, future efforts should 
explicitly include low-emissions fertiliser production within their scope, particularly in 
EMDEs where concessional finance and de-risking tools are most needed. Investment 
frameworks should support not just technology development but also the broader 
infrastructure and market systems necessary to scale low-emissions fertiliser value chains. 

At the same time, efforts are needed to align financial standards and eligibility 
across jurisdictions. Recognising low-emissions ammonia and fertilisers in the Climate 

https://ammoniaenergy.org/articles/seci-completes-renewable-ammonia-auction-round/
https://ammoniaenergy.org/articles/seci-completes-renewable-ammonia-auction-round/
https://www.afdb.org/en/affm
https://www.afdb.org/en/affm
https://www.afdb.org/en/news-and-events/africa-fertilizer-financing-mechanism-lauded-projects-worth-103-million-kenya-uganda-mozambique-and-zimbabwe-82550
https://www.afdb.org/en/news-and-events/press-releases/african-development-bank-mulls-500-million-facility-mobilize-financing-smallholder-farmers-81927
https://justruraltransition.org/wp-content/uploads/sites/12/2023/12/JRT_Policy_Pathway_PES.pdf
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Bonds Initiative Agriculture Criteria and national or regional taxonomies, such as the EU 
taxonomy, would help ensure these technologies are considered to be aligned with climate 
goals and bankable (where necessary policies are in place). Clarifying eligibility for green 
finance can stimulate demand and innovation by improving access to both public and 
private capital. 

Financial incentives can support soil health outcomes by mobilising and aligning 
public and private funds. Multilateral development banks (MDBs), climate finance 
institutions, and donor countries need to scale up funding for soil restoration, de-risk 
investments, and promote results-based financing. Blended financing options that combine 
government incentives with loans and support from MDBs could also allow smallholder 
farmers to adopt sustainable agricultural practices to improve soil heath. Other incentives 
can include capacity-building support, and targeted solutions may include continuous cover 
cropping, reduced tillage and livestock integration. Global partnerships for pooling financial 
resources and targeted mechanisms to reward farmers for restoring and maintaining 
healthy soils can accelerate positive environmental outcomes. 

Sharing best practices on financing mechanisms can enable effective 
implementation of policies. While several organisations have made the case for 
repurposing public support to agriculture, highlighting the global momentum behind 
incentivising food system transformation, gaps in implementation still remain. Collaboration 
can help in sharing best practices in policy implementation across countries, developing 
financial mechanisms and strengthening monitoring and reporting systems to build trust 
among stakeholders. Such co-ordinated action could stimulate and encourage widespread 
implementation of policies incentivising promotion of soil health and food system 
transformation. This includes opportunities for integrating soil health across climate, 
biodiversity and environmental policies to create an enabling environment for cross-
sectoral investment in soil health. 

RECOMMENDATION 

Governments, multilateral development banks and development finance institutions 
should scale up dedicated financing for low- and near-zero emissions fertiliser 
production and expand investment in innovative financing mechanisms that help 
smallholder and commercial farmers adopt practices that improve soil health. Financing 
should be paired with technical assistance, advisory services and monitoring tools. 
These programmes should build on existing funding mechanisms for low-emissions 
hydrogen and be expanded to explicitly support fertiliser-related projects. 
 
Financial incentives, such as agricultural subsidies for fertilisers, need to be tailored to 
encourage optimal fertiliser use, including increased use of biologicals, and promoting 
soil health. Cross-border collaboration needs to be enhanced for pooling financial 
resources, mobilising international climate finance and sharing best practices for 
implementing effective policies for incentivising soil health, and equitable access to 
financial resources. 

 

https://justruraltransition.org/wp-content/uploads/sites/12/2021/05/JRT-Repurposing_Policy_Brief.pdf
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RESEARCH AND INNOVATION 

OVERVIEW 
International knowledge exchange and capacity-building can advance research and 
innovation. A range of international initiatives have been established to advance research 
on sustainable and innovative fertiliser production, in areas such as low-emissions 
hydrogen production, non-Haber-Bosch ammonia manufacturing, improving non-nitrogen-
based fertiliser manufacturing, novel fertiliser formulations, sustainable feedstocks 
(including recycled and bio-based inputs/sourcing in raw materials) and exploring 
alternative sources of plant nutrition. 

There is a need to better understand the nexus between climate change, soil 
degradation and crop productivity, centred around fertiliser and nutrient use 
efficiency. Despite more than a century of agronomic studies and trials, there are still gaps 
in knowledge on the impact of land/farm management on crop productivity under a 
changing climate. For example, neither crop nor climate models incorporate land/soil 
degradation status, despite their close interconnections. There is also an opportunity to 
improve crop and climate models by including soil degradation indicators, such as on soil 
erosion, to improve the accuracy of yields and to develop effective strategies for resilient 
agriculture. 

WHAT PROGRESS HAS BEEN MADE 
While not specific to fertilisers, innovations related to low-emissions hydrogen can 
have a large impact on reducing the carbon footprint of fertilisers. A large number of 
international initiatives are working on low-emissions hydrogen, such as Mission 
Innovation’s Clean Hydrogen and Net-Zero Industries missions, the Clean Ammonia 
Alliance by the Hydrogen Council and IPHE, CIF Industry Decarbonization Program, and 
Clean Hydrogen Partnership Europe, all working on technology development, pilot plants 
and scaling up innovations. The Hydrogen Breakthrough is further expanding on these 
initiatives, and ensuring strong international co-ordination between all stakeholders and 
actors. While the fertiliser sector needs to engage in these initiatives to ensure 
representation, there is little need for new international R&D platforms focused on 
fertilisers. Stronger engagement can also help to ensure that innovations from outside of 
the sector feed in and are spread rapidly; however, this is likely to happen naturally as 
technology developers and industrial producers seek a competitive edge. The IFA Cultivate 
Challenge is the one active initiative specific to fertilisers; one of the challenge’s three 
themes is how to halve energy intensity of nitrogen fertiliser production. 

Some ongoing research and innovation aims to optimise low-emissions ammonia 
production via the Haber-Bosch process. Several low-emissions ammonia production 
facilities are being planned or under construction worldwide, but efforts are still needed to 
scale up facilities, integrate intermittent renewable energy sources and reduce costs. For 
example, the Policy Dialogue on Transition to Sustainable Agriculture includes as a key 
topic the promotion of greener production of fertilisers, particularly through supporting 
energy efficiency and technological innovation in industrial production. Innovation 
programmes could also explore the value of smaller-scale and modular low-emissions 

https://breakthroughagenda.org/hydrogen/
https://justruraltransition.org/case-study/global-policy-dialogue-for-sustainable-agriculture/
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ammonia production facilities, especially where there are difficulties with accessing 
traditional mineral fertiliser supply chains, though economies of scale can be important.  

International collaboration on research on alternatives to the traditional Haber-
Bosch process is already taking place. Examples include research between researchers 
in Australia and the United States on plasma-catalysis, between China and Canada on 
photochemical ammonia synthesis, and between Australia and Korea on electrochemical 
synthesis. While traditional research networks already offer opportunities for international 
research collaborations, these can disappear when the technologies scale towards pilot 
and demonstration stages. At this stage, easy access to active international collaboration, 
potentially through innovation programmes jointly funded by multiple governments, can 
help to ensure that projects can continue and learning is shared. 

Some joint efforts are looking at improving non-nitrogen-based fertilisers (primarily 
phosphate [P) and potassium [K) based). Joint ventures in Morocco, which has around 
70% of the world's reserves of phosphate rock, and Algeria, are primarily investigating 
mining-to-phosphate fertiliser integration, whereas initiatives such as the European 
Sustainable Phosphorus Platform are focusing on phosphorus efficiency and nutrient 
recycling technologies. International collaboration – through joint research programmes, 
pooled funding mechanisms, and mutual sharing of insights from national R&D efforts – 
has a role to play to aid R&D on eliminating hard-to-abate emissions like the process 
emissions from phosphate fertiliser production. 

Other initiatives are concentrating on the production of more effective fertilisers. 
Enhanced efficiency fertilisers (EEFs) are one example of these, and are currently 
supported by initiatives under the Efficient Fertiliser Consortium and IFA’s Innovation Hub, 
which includes corporates, start-ups and other partners. EEFs have added compounds that 
enable controlled nutrient release, lowering nitrogen losses and N2O emissions, and 
improving nutrient uptake by plants, thereby reducing the need for excessive fertiliser 
application. However, the use of some EEFs, particularly polymer-coated urea, raise 
environmental concerns related to potential plastic pollution that may impact soil health, 
which must also be considered. There is a need for independent evaluation of such 
technologies, using standardised protocols for yield and environmental performance across 
diverse conditions to guide product improvement, identify where such technologies will 
have the highest potential for success, and understand potential trade-offs, including 
ensuring reduced emissions during microbial processes. There are efforts underway to 
improve the accuracies of the inventories that can be built on and scaled. While 
international collaboration could help in this area, particularly through jointly funded 
international basic research programmes, production of these fertiliser formulations is likely 
to be commercially important for the entities developing them, and so collaboration could 
be limited by sensitivity and competition requirements. 

Some initiatives are working on producing fertilisers from alternative raw materials, 
and others focus on improving the supply of organic fertilisers. The IFA’s Innovation 
Hub also includes organic fertilisers initiatives. Circular approaches, such as nutrient 
recovery, increased use of by-products of fertiliser production and recycling through 
processed organic and organo-mineral fertiliser are also encouraged by numerous 
initiatives such as the Policy Dialogue on Transition to Sustainable Agriculture, IFAD and 
others. Through programmes like Horizon Europe, the European Union has also funded 

https://www.pppl.gov/news/2024/producing-%E2%80%98green-ammonia%E2%80%99-using-plasma-will-be-focus-new-princeton-pppl-project
https://www.osti.gov/biblio/1851181
https://www.researchgate.net/publication/371348099_Photochemical_Acceleration_of_Ammonia_Production_by_Pt1-Ptn-TiN_Reduction_and_N2_Activation
https://research.csiro.au/hyresearch/electrochemical-synthesis-of-green-ammonia-from-water-and-air/
https://research.csiro.au/hyresearch/electrochemical-synthesis-of-green-ammonia-from-water-and-air/
https://www.ocpgroup.ma/press-release-article/ocp-sa-and-hubei-forbon-technology-coltd-announce-signing-agreement
https://acfc-dz.com/EN/
https://www.phosphorusplatform.eu/
https://www.phosphorusplatform.eu/
https://foundationfar.org/consortia/efficient-fertilizer-consortium/
https://www.fertilizer.org/initiatives/ifa-innovation-hub/
https://www.nature.com/articles/s44264-025-00066-0
https://www.nature.com/articles/s44264-025-00066-0
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/4_Volume4/V4_11_Ch11_N2O%26CO2.pdf
https://globalresearchalliance.org/flagship-projects/n-fertilisers/
https://justruraltransition.org/case-study/global-policy-dialogue-for-sustainable-agriculture/
https://www.ifad.org/en/
https://cordis.europa.eu/article/id/443142-innovative-research-for-sustainable-fertiliser-production-and-nutrient-management
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numerous projects aiming at producing fertilisers from alternative materials. For both 
recycled and organic approaches, the local context is particularly important, meaning that 
learning from international research programmes needs to be translated into local realities. 

Over the past three decades, there have been multiple large-scale initiatives focused 
on soil health and landscape restoration. The results of these need to make more of an 
impact through cross-learning and scaling. Examples include: 

• N2Africa, a large-scale science-based “research-in-development” project focused on putting 
nitrogen fixation to work for smallholder farmers growing legume crops in Africa.  

• EU Soil Mission: A Soil Deal for Europe, with a goal to establish 100 living labs and lighthouses 
to lead the transition toward healthy soils by 2030, and an associated Soil Manifesto.  

• International Fertilizer Development Center is leading a consortium of partners to implement 
Soil Values, a 10-year programme (2024-2034) financed by the Netherlands Directorate-
General for International Cooperation (DGIS), which aims to improve the soil fertility and 
productive capacity of 2 million hectares of farmland in the Sahel, fostering resilience and well-
being among 1.5 million farmers, with an emphasis on women. 

• Regreening Africa, a research-in-development project to restore 1 million hectares of land 
across eight countries in sub-Saharan Africa, where more than 60% of agricultural land is 
degraded. 

• The Living Soils Initiative of the Americas was launched by the Inter-American Institute for 
Cooperation on Agriculture in December 2024, with the aim to translate science into action to 
protect and rehabilitate soil. 

• The Efficient Fertilizer Consortium is a recently founded public-private partnership that funds 
research to advance enhanced efficiency and novel fertiliser products that improve crop 
production and reduce nutrient losses. 

WHAT MORE NEEDS TO BE DONE 
Knowledge-sharing and transparency can broaden the impact of innovation. Several 
companies are now taking important steps by investing in cleaner technologies and low-
emission production methods. To scale up their impact, openly sharing successful 
strategies (where possible and of limited commercial sensitivity) can help to accelerate 
progress, reduce costs, and improve long-term prospects for the sector as a whole.  

International collaboration will continue to be a vital enabler, not only in early-stage 
R&D but increasingly in pilot and demonstration projects, where funding gaps and 
risks are often greatest. Jointly funded international innovation programmes – particularly 
those that can bridge the transition from lab-scale breakthroughs to industrial deployment 
– are essential to accelerate progress. Sharing infrastructure and knowledge across 
borders can significantly de-risk investments by reducing duplication and enabling cost-
effective scaling. Strategic prioritisation is also needed to focus efforts on areas with the 
highest emissions reduction potential and where international knowledge-sharing can offer 
the most value. 

For fertiliser use, there is a need to establish an international network of long-term 
monitoring sites across diverse agroecosystems to fill critical knowledge gaps, such 
as on the impact of land management on soil health and productivity. This includes 
generating the evidence on the effectiveness of fertiliser management, identification of 

https://www.wur.nl/en/project/n2africa-putting-nitrogen-fixation-to-work-for-smallholder-farmers-in-africa-1.htm
https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe/eu-missions-horizon-europe/soil-deal-europe_en
https://ifdc.org/projects/soil-values/
https://regreeningafrica.org/
https://iica.int/en/events/suelos-vivos-de-las-americas-2/
https://foundationfar.org/consortia/efficient-fertilizer-consortium/
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beneficial application techniques and long-term strategies to improve soil health. In 
particular, there is a significant opportunity to fill knowledge gaps in soil and land health 
data to drive strategic implementation and scale up initiatives to improve soil health. 
Collaboration towards this aim could build on existing networks such as the Long-Term 
Ecological Research Network, which has 27 sites globally, as well as the long-term trials 
hosted by the CGIAR, the Rodale Institute Farming Systems Trial and the long-term 
experiments at Rothamsted, and fill key gaps around different agroecologies. 

While significant progress has been made in the development of microbial 
formulations and digital agronomic tools, critical knowledge gaps remain. Key 
research priorities include the long-term validation of biologicals across diverse 
agroecologies, the development of climate-resilient microbial strains tailored to specific soil 
and crop contexts, and robust metrics to quantify their contributions to nitrogen substitution, 
carbon sequestration, and ecosystem resilience. International collaboration is essential to 
address these gaps through joint research platforms, shared microbial libraries, and co-
ordinated field trials. It is also needed to define science-based regulatory pathways, 
harmonised data protocols, and monitoring frameworks for assessing biological 
performance. Brazil’s leadership in this field (see box above) demonstrates how frontier 
science can translate into measurable impact, but realising the full potential of biologicals 
will require co-ordinated global efforts across public, private and academic stakeholders. 

There is a need for the development of innovations that support circular bio-
economies for nutrient management, especially those that limit trade-offs across 
lifecycle analyses. R&D should focus on creating organo-mineral fertilisers that are rich 
in nutrients. More broadly, there is an opportunity to expand research on novel fertilisers 
by applying systematic monitoring protocols to identify priority areas for investment. Novel 
microbials and EEFs, for example, will likely have an important role in sustainable 
agriculture, but many current products are not delivering the expected results. 

RECOMMENDATION 

Leveraging existing platforms for innovation collaboration, governments should work 
together to support the scale-up of promising low- and near-zero emissions fertiliser 
technologies, prioritising pilot and demonstration projects in EMDEs. 
 
Governments, in collaboration with the private sector, should agree to establish a 
network of long-term monitoring sites across diverse agroecosystems, with data-
sharing arrangements, to address persistent knowledge gaps on the links between 
fertiliser use, soil health and climate resilience, and promote innovative programmes to 
support circular bio-economies for nutrient management. 

https://lternet.edu/site/
https://lternet.edu/site/
https://cgspace.cgiar.org/items/d038ce72-caee-4e73-b510-3bef4db11f78#:%7E:text=Inference%20has%20been%20drawn%20from,combined%20inorganic%20and%20organic%20inputs.
https://rodaleinstitute.org/science/farming-systems-trial/
https://www.rothamsted.ac.uk/national-capability/the-long-term-experiments
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CHAPTER 4. DEEP DIVES 
This chapter presents four focused deep dives into sectors where co-ordinated action can 
unlock faster progress. The deep dives provide practical insights into what effective 
collaboration looks like on the ground. Drawing on case studies from diverse geographies 
and stakeholders, they highlight mechanisms that have helped overcome systemic barriers 
and build momentum in critical areas.  

Whether improving grid integration across borders, scaling up road corridors for zero-
emission vehicles, exploring international offtake agreements for near-zero emissions iron, 
or building resilient, decarbonised supply chains that could enable economic opportunities 
for emerging economies, the examples shared offer lessons for replicability and scale. 

By identifying successful models and emerging opportunities, the chapter supports the 
Breakthrough Agenda’s goal of making clean technologies the most affordable, accessible 
and attractive option in each emitting sector by 2030 – everywhere in the world. 
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HEAVY-DUTY ROAD TRANSPORT 
The transition to zero-emission vehicles in the heavy-duty road transport sector is still at 
an early stage, especially when compared to passenger cars; more than 20% of new car 
sales were zero-emission in 2024. In contrast, buses reached around 5% of new sales, and 
trucks1 just below 2%. However, while global averages remain low, several regional 
markets are seeing fast uptake of zero-emission buses and early momentum on truck 
deployment. Zero-emission trucks include both electric vehicles (battery electric vehicles 
[BEVs] and plug-in hybrid vehicles [PHEVs]) and fuel cell electric vehicles (FCEVs). As in 
other segments, BEVs currently dominate the market for zero-emission trucks, due to their 
lower costs and higher model availability.  

This deep dive presents two examples of how collaboration across international road freight 
corridors can accelerate the transition. While these opportunities apply to both BEVs and 
FCEVs, the case studies draw primarily on experiences with BEVs, for which data and 
implementation examples are more readily available. 

WHY IS THIS IMPORTANT?  
Trucks and buses emit more than one-third of road transport CO2 emissions, despite 
representing less than one-tenth of the global vehicle fleet (excluding 2-3 wheelers), due 
to their heavier payloads and longer travel distances. The transition in heavy road transport 
faces technical challenges: large batteries reduce truck payload capacity when compared 
to conventional trucks. Longer charging times affect logistics and delivery schedules. 
However, the technology is rapidly improving: in 2024 there were nearly 800 electric heavy-
duty models available; ranges are increasing and the first megawatt-scale chargers are 
being deployed, enabling faster charging. Operations are predominantly commercial, 
meaning that truck operators are highly sensitive to the economics of the transition. 

In 2023, only around 1% of trucks sold worldwide were zero-emission vehicles. In 2024, 
this share doubled as global sales of electric trucks grew by almost 80% to reach nearly 
100 000. Growth is fastest in China, where electric trucks represented 4.5% of all truck 
sales in 2024. In the first half of 2025, the Chinese market for heavy-duty and tractor-trailers 
grew again, by 180% year-over-year. 

There are also signs of change in other regions; over the same period, sales of zero-
emission trucks in Europe increased by nearly 50%, despite a 15% contraction in the truck 
market overall. The medium-duty truck segment stood out in particular, with 15% of sales 
being electric – more than double the share over the same period in 2024. This rapid growth 
highlights that electrification can accelerate quickly in specific use cases.  

Nevertheless, the transition faces two critical hurdles: the upfront cost of zero-emission 
trucks, and the availability and cost of refuelling/charging infrastructure. These two 
challenges are linked; in the case of battery electric trucks, for example, charging costs can 
account for 15-40% of the total cost of ownership (TCO), reflecting the wide variability of 
use cases. The price of electricity is a particularly powerful determinant, with the price 

 
1 This deep dive focuses on trucks, specifically medium- and heavy-duty (MHDV) vehicles with a gross vehicle weight (GVW) 
of over 3.5 tonnes. 

https://www.iea.org/data-and-statistics/data-tools/global-ev-data-explorer
https://www.iea.org/energy-system/transport/trucks-and-buses#tracking
https://www.iea.org/reports/global-ev-outlook-2025
https://www.iea.org/reports/global-ev-outlook-2025
https://www.iea.org/reports/global-ev-outlook-2025
https://theicct.org/wp-content/uploads/2025/09/ID-463-%E2%80%93-China-ZE-MHDVs-H1-2025_market-spotlight_final-1.pdf
https://www.acea.auto/files/Press_release_commercial_vehicle_registrations_Q1-Q2_2025.pdf
https://www.acea.auto/files/Press_release_commercial_vehicle_registrations_Q1-Q2_2025.pdf
https://www.iea.org/reports/global-ev-outlook-2025/trends-in-heavy-duty-electric-vehicles
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charged at high-power, public charging stations often far higher than typical industrial rates. 
Hydrogen refuelling infrastructure for fuel cell trucks faces a similar, albeit distinct, 
infrastructure challenge, with the price of low-emissions hydrogen being a strong 
determinant of overall costs. Hydrogen is also expected to have significantly higher 
distribution and refuelling costs than electricity. 

OPPORTUNITIES FOR AND EXAMPLES OF INTERNATIONAL COLLABORATION 
This deep dive provides two examples of how international collaboration can address these 
two barriers to deployment. Firstly, it considers how regulatory alignment in major markets 
could accelerate the reduction in TCO of zero-emission trucks. Secondly, given that many 
road freight corridors cross national borders, it looks at how co-ordination between 
countries on investments in charging infrastructure deployment and related policies can 
help to ensure that affordable infrastructure is available. 

ALIGNING REGULATIONS TO ACCELERATE COST REDUCTION  
While in one leading market – China – the TCO of battery electric trucks is already lower 
than that of diesel trucks, this is not yet the case in other markets. Typically, the purchase 
costs of battery electric trucks are around 2 to 2.5 times those of diesel trucks, while higher 
financing costs and potential lower resale values can also play a significant role. 
Nevertheless, the lower operating costs of electric trucks help reduce their overall lifetime 
costs. 

This difference in purchase cost is shrinking as technology improves, battery prices decline, 
economies of scale grow, and supportive policies are implemented. In leading markets 
other than China, heavy-duty electric trucks could approach parity with diesel trucks in TCO 
around 2030. Hydrogen fuel cell trucks, however, continue to have a higher TCO than 
battery electric trucks. To reach parity with battery electric trucks by 2030, hydrogen fuel 
cell and tank costs would need to fall by approximately 60% from 2024 levels. 

Regulatory policies can incentivise manufacturers to produce electric vehicles in greater 
volumes, driving innovation and economies of scale that bring down costs. Simulation 
modelling suggests that strong zero-emission vehicle mandates are more effective for 
accelerating cost reductions for electric trucks than other policies. These effects are 
amplified if the policies are implemented across a larger share of the global market. 

Through the Global Memorandum of Understanding on Zero-Emission Medium- and 
Heavy-Duty Vehicles (Global MoU), 40 countries have committed to work together to 
enable all new truck and bus sales to be zero-emission vehicles by 2040, with an interim 
goal of reaching a 30% share of sales by 2030. This commitment has also been endorsed 
by a range of subnational governments and businesses. Countries that are signatories of 
the Global MoU or that have made similar commitments accounted for around one-fifth of 
global HDV sales in 2023. 

If some of the countries and jurisdictions with the largest markets were to align their 
regulatory policies with the goal of the Global MoU, the decline in electric truck costs could 
accelerate significantly, as higher production volumes would drive economies of scale and 
innovation would further push prices down. It has been estimated that if China, Europe, 
India, Canada, California and other selected US states implemented regulatory policies 

https://about.bnef.com/insights/clean-transport/where-are-we-on-the-road-to-cleaner-trucking/
https://iea.blob.core.windows.net/assets/12d92ecc-e960-40f3-aff5-b2de6690ab6b/GlobalHydrogenReview2025.pdf
https://doi.org/10.1016/j.joule.2024.09.003
https://doi.org/10.1016/j.joule.2024.09.003
https://iea.blob.core.windows.net/assets/7ea38b60-3033-42a6-9589-71134f4229f4/GlobalEVOutlook2025.pdf
https://www.itf-oecd.org/sites/default/files/docs/financing-electrification-heavy-duty-vehicles.pdf
https://www.itf-oecd.org/sites/default/files/docs/financing-electrification-heavy-duty-vehicles.pdf
https://iea.blob.core.windows.net/assets/7ea38b60-3033-42a6-9589-71134f4229f4/GlobalEVOutlook2025.pdf
https://iea.blob.core.windows.net/assets/7ea38b60-3033-42a6-9589-71134f4229f4/GlobalEVOutlook2025.pdf
https://iea.blob.core.windows.net/assets/12d92ecc-e960-40f3-aff5-b2de6690ab6b/GlobalHydrogenReview2025.pdf
https://iea.blob.core.windows.net/assets/12d92ecc-e960-40f3-aff5-b2de6690ab6b/GlobalHydrogenReview2025.pdf
https://eeist.co.uk/eeist-reports/
https://eeist.co.uk/eeist-reports/
https://globaldrivetozero.org/mou-nations/
https://www.iea.org/reports/breakthrough-agenda-report-2024
https://www.iea.org/reports/breakthrough-agenda-report-2024
https://eeist.co.uk/eeist-reports/driving-the-transition-to-zero-emission-trucks/
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aligned with the Global MoU, TCO parity between electric and diesel light and heavy-duty 
trucks in major markets could be brought forward by several years, and the difference in 
purchase price could be substantially reduced.  

The accelerated cost reduction that could arise from aligned action among the major 
markets would be to the benefit of all countries. By reducing the barriers to adoption of 
electric trucks, it would also reduce emissions and air pollution, and – as the costs of zero-
emission vehicles fall below those of diesel vehicles – improve economic productivity. 

GAINS FROM CO-ORDINATED ACTION ON CHARGING INFRASTRUCTURE ON 
INTERNATIONAL ROAD FREIGHT CORRIDORS 
Cross-border freight corridors that are heavily used by trucks are where co-ordinated 
international action on electric truck charging infrastructure is most necessary – and most 
likely to make an impact. Concentrating investment in power infrastructure and charging 
stations along major trade arteries that connect ports, industrial hubs and cities in different 
countries can create a base from which to expand long-haul electric trucking more widely. 
The business case for charging infrastructure investment depends heavily on utilisation 
rates. For example, high utilisation of electric or hydrogen refuelling stations could bring 
down the refuelling costs significantly, nearly 50% and 30%, respectively. The potential for 
high utilisation rates could be reached more quickly if countries along the route also use 
fiscal or regulatory policies to simultaneously increase demand for electric trucks, as 
outlined in the previous section.  

Co-ordination in the timing of public investments or policies to incentivise private 
investment in charging infrastructure can help to ensure that charging facilities are available 
in different countries along the same route. This will be important in giving truck operators 
the confidence to switch from diesel to zero-emission trucks. Creating pooled, multi-country 
investment packages can enable larger and more diversified deals, allowing institutional 
investors and multilateral development banks to enter with lower perceived risk and longer-
term debt, thereby reducing the cost of capital. 

The high capacity (megawatt-scale) charging infrastructure needed for electric trucks on 
high-usage routes often requires investment for additional grid infrastructure for local 
distribution networks, substations, transformers, feeder lines and advanced control 
systems for load balancing and demand response. Collaborative, cross-border planning 
involving utilities can facilitate development and reduce costs, and is especially necessary 
in cases where fast charging creates a need for network upgrades in different segments of 
the grid. 

Grid upgrades and expansion can have long lead times, and international co-ordination 
can support anticipatory planning. By using detailed scenarios that integrate both transport 
and power system modelling, the risk of power grids becoming a bottleneck for truck 
charging can be reduced. This will also continue to be relevant into the future, in order to 
prepare for the impacts of electric trucks on the local grid; when fleets reach very high stock 
shares (over 50%), they can increase average line utilisation by up to 5%. 

Greater grid interconnectivity and joint planning to increase grid flexibility can enable 
countries to share infrastructure costs and to maximise mutual benefits. In addition, 
installing battery energy storage systems at charging stations can further increase 

https://www.iea.org/reports/global-ev-outlook-2025/trends-in-heavy-duty-electric-vehicles
https://www.wbcsd.org/resources/financing-charging-infrastructure/
https://www.iea.org/reports/global-ev-outlook-2024
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flexibility. Co-ordination on smart charging can reduce peak electricity demand by 6-9%, 
and avoid up to 25% of network reinforcement costs. 

Harmonised technical standards and operational protocols are important to make charging 
technology interoperable across borders, facilitating international zero-emission road 
freight. Harmonisation also brings cost savings: when countries agree on common charging 
connectors, power levels and communication standards, manufacturers can build one 
version of a truck or charger for all markets, thus reaching greater volumes and lower unit 
costs.  

For battery electric trucks, two different charging systems are emerging, one led by the 
European Union and the United States, and the other by China and Japan. In 2023, the 
European Union and the United States issued a joint statement recognising the Megawatt 
Charging System as adopted by international standardisation bodies, including the 
International Electrotechnical Commission (IEC), SAE International and International 
Organization for Standardization (ISO). Elsewhere, China has adopted the ChaoJi-1 end 
of 2023 and is further developing ChaoJi-2.  

China has also begun deploying battery-swapping stations with a standard that provides a 
common “physical and digital socket” for batteries in heavy trucks. There could be 
advantages to agreeing an international standard for battery-swapping before approaches 
diverge. Similar standardisation challenges exist for hydrogen refuelling standards and 
connectors. 

For charging point users, interoperable payment systems can allow a truck to travel across 
countries using a single billing account, with data-sharing enabling authentication, billing, 
and live information on charging station availability across operators and borders, reducing 
complexity for truck operators. This can also support higher charger utilisation rates. Cross-
border market design (such as time-varying tariffs) could help signal when and where to 
charge to minimise effects on the grid. 

Centralised data-sharing frameworks can also allow charge-point operators to align 
infrastructure development with actual demand patterns, ensuring investments are made 
where they are most needed, and avoiding under-utilised chargers or capacity shortages. 
For example, the Poland-Germany Zero Emission Freight Corridor benefited from a high-
level Electrification Plan based on trucking data received from participating shippers and 
carriers over 250 million kilometres travelled in the course of a year, collected by the Smart 
Freight Centre and PragmaCharge. 

CASE STUDIES OF INTERNATIONAL ROAD FREIGHT CORRIDORS 
The Global Green Road Corridors Initiative is a multistakeholder initiative to support the 
establishment of a set of zero-emission road freight corridors for medium- and heavy-duty 
vehicles. The initiative is currently focused on twelve corridors; the first eight are shown in 
Figure 4.1. The corridors include both national and international routes, and are being 
developed by diverse coalitions, including private-led consortia and government 
partnerships. The stakeholders involved have identified conditions necessary for the 
corridors’ success, which include sufficient freight volumes; policies supportive to the 
deployment of zero-emission vehicles; strong demand signals via government purchase 
incentives or private sector demand aggregation initiatives (which may be complemented 

https://www.raponline.org/knowledge-center/how-to-unlock-benefits-from-smart-ev-charging/
https://ec.europa.eu/commission/presscorner/detail/en/statement_23_2992
https://www.chademo.com/chaoji-gbt-standards-released
https://www.iea.org/reports/global-ev-outlook-2024
https://www.iea.org/reports/global-ev-outlook-2024
https://www.wbcsd.org/news/digital-collaboration-for-ev-charging-infrastructure-substantially-reduces-costs-and-improves-operations/
https://www.pragmacharge.com/post/smart-freight-centre-and-pragmacharge-launch-electrification-program-for-europe-s-busiest-road-freig
https://www.globalgreenroadcorridors.org/pages/theinitiative
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by supply-side regulations); and effective co-ordination and governance among 
stakeholders to build the required infrastructure. Other enabling factors include public 
investment in infrastructure, targeted roadmaps for route development, engaged 
stakeholders, zero-emission vehicle availability at competitive prices, and strategic 
development of the route, starting from freight hubs. 

 First eight zero-emission road freight corridors envisaged by the Global 
Green Road Corridors Initiative  

 
Notes: 1. FIFA 2026 Corridor (Canada–United States–Mexico). 2. United States–Mexico border corridors (California – Baja 
California, Texas – Nuevo Leon, Arizona – Sonora). 3. Southern Africa Container Corridor (Port of Durban, including South 
Africa, Lesotho, Eswatini, Zimbabwe, Botswana and Zambia). 4. India Corridor I (Mumbai–Delhi and Delhi–Jaipur). 5. India 
Corridor II (NH48: Delhi – Mumbai – Chennai). 6. European Corridor to Zero (the Netherlands, Germany, Poland and 
Ukraine). 7. Trans-Caspian International Transport Route (TITR) Corridor (China, through Kazakhstan, Azerbaijan, Georgia 
and Türkiye to Europe). 8. United States I–95 Corridor (Georgia – New Jersey).  
Source: Global Green Corridors Initiative. 
 

The corridors that are the focus of this initiative are at different levels of maturity, from 
concept and planning to implementation and operation. Two examples are described 
below.  

https://globaldrivetozero.org/publication/ggrc-enabling-factors/
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CASE STUDY 2: EUROPE: THE CLEAN TRANSPORT CORRIDOR INITIATIVE  

The European Union has created a Clean Transport Corridor Initiative as part of its 
Industrial Automotive Action plan. This initiative aims to identify infrastructure and 
investment needs for key Trans-European Transport Network (TEN-T) corridors, which 
together carry around 80% of the European Union’s road freight. Two major routes have 
been selected as initial priorities: the Scandinavian–Mediterranean Corridor, and the North 
Sea–Baltic Corridor.  

The EU Alternative Fuels Infrastructure Regulation mandates a unified approach to 
infrastructure along these routes. By 2030, all EU member states are required to install 
truck chargers with a capacity of at least 350 kW every 60 km along the TEN-T corridors, 
with standardised connectors and payment access. This is backed by dedicated funding to 
support infrastructure investment.  

For each corridor, different private initiatives are now co-ordinating roll-out. For example, 
Milence, a joint venture between three large truck manufacturers that are pooling resources 
to invest in truck charging infrastructure across the continent, has received over 
EUR 100 million in EU funding in support of a project to invest in 70 charging hubs across 
10 European countries. Three of these hubs are located along the 700 km Barcelona–Lyon 
stretch of the Scandinavian–Mediterranean Corridor, connecting one of Europe’s largest 
ports with France’s second–largest logistics centre. Other business consortia include the 
Iberdrola, Disfrimur, Primafrío and BP-Pulse coalition working on corporate demand 
aggregation and charging infrastructure investment between France and Spain, and the 
BP-Pulse Germany and Ekoenergetyka partnership expanding into Eastern Europe.  

These initiatives are reinforced by strong regulatory policy driving the transition. The 
European Union has stringent requirements for the reduction of vehicles’ CO₂ intensity, 
with financial penalties for non–compliance. The penalties start from 2025 onwards at EUR 
4 250 per g CO2/tkm. These measures help to ensure the supply of electric trucks, 
contribute to demand for charging infrastructure, and create confidence for infrastructure 
investors. 

CASE STUDY 2: EAST AFRICA: THE NORTHERN CORRIDOR TRADE ROUTE  

The Northern Corridor is a multimodal trade route which includes nearly 13 000 km of road 
networks across Burundi, the Democratic Republic of the Congo, Kenya, Rwanda, South 
Sudan and Uganda. The corridor is governed through a supranational governance 
framework dating back to 1985, which has enabled harmonisation of policies and 
procedures, infrastructure management, and standardised services across different 
member states, providing a strong foundation for the development of international zero-
emission freight corridors.  

In 2024, the Northern Corridor Transit and Transport Coordination Authority adopted a 
Green Freight Strategy 2030, which aims to transform the trade route into a climate–
resilient corridor. As part of this initiative, a Green Freight Transport Network was 
developed to bring together regional representatives from transport ministries, logistics 
divisions, freight associations, and civil society organisations to co-ordinate efforts in 
support of electrified road transport across the participating countries.  

https://data.consilium.europa.eu/doc/document/ST-9487-2025-INIT/en/pdf#:%7E:text=The%20Clean%20Transport%20Corridor%20Initiative,to%20ensure%20fast%20tracking%20of
https://ec.europa.eu/commission/presscorner/detail/en/speech_25_692
https://transport.ec.europa.eu/transport-themes/infrastructure-and-investment/trans-european-transport-network-ten-t_en
https://www.transportenvironment.org/uploads/files/202102_pathways_report_final.pdf
https://milence.com/press-release/milence-was-selected-for-over-e111-million-in-eu-funding-to-accelerate-the-development-of-charging-infrastructure-and-create-europes-electric-corridors/
https://www.busworldeurope.org/news/ekoenergetyka-and-bp-pulse-join-forces-charging-infrastructure
https://climate.ec.europa.eu/eu-action/transport-decarbonisation/road-transport/heavy-duty-vehicles_en#governance
https://www.ttcanc.org/road-network
https://www.ttcanc.org/road-network
https://sustmob.org/PCFV/pdf/Northern-Corridor-Green-Freight-Strategy2030-EN.pdf


The Breakthrough Agenda Report Chapter 4. Deep dives: Heavy-duty road transport 
 

PAGE | 78 

An “electrification readiness study”, to be undertaken in the six countries along the corridor, 
was launched in July 2025. This will involve consultation with stakeholders – including 
relevant government ministries, freight businesses and truck manufacturers – on topics 
including the co-ordination of standards, deployment of charging infrastructure, availability 
of clean power, and vehicle regulation or diesel truck phase-out plans. The study is 
intended to provide a roadmap for the implementation of the green freight strategy by 
member countries, including policies for the deployment of zero-emissions medium- and 
heavy-duty vehicles.  

Stakeholders in the Green Freight Transport Network are also supporting business-led 
battery electric truck and fuel cell truck demonstration projects and a pre-feasibility study 
to identify potential charging stations and mechanisms. The Smart Freight Centre is 
developing guidance for truck operators and fleet owners on transitioning to electric 
vehicles and investing in charging solutions.  

Nevertheless, the East African market for zero-emission trucks is still nascent, with only a 
few dozen units having been sold across the region. For example, in Rwanda, OX Delivers 
is operating 29 zero-emission light-duty electric trucks and four logistics hubs. Regional 
initiatives on truck electrification are also now emerging, such as the Green Freight Support 
Program in Eastern Africa, initiated by the Kühne Climate Center and Smart Freight Centre. 
This programme brings together shippers, carriers and other freight stakeholders to 
collaborate on introducing electric trucks on the Northern Corridor. 

The multinational governance of the Northern Corridor creates a strong foundation for 
information exchange and co-operation among stakeholders for road freight electrification. 
This has been internationally recognised, and efforts are underway to replicate its 
governance structures in other corridors. 

NEXT STEPS 
International co-ordination on zero-emission road freight corridors could reduce 
infrastructure costs and accelerate the deployment of charging networks for zero-emission 
trucks. This is likely to require multi-country investment packages and co-ordinated grid 
planning in order to achieve the utilisation rates necessary for commercially viable charging 
infrastructure. Intergovernmental agreements on technical standards and corridor 
governance, such as those highlighted by the Global Green Road Corridors Initiative, could 
also give infrastructure investors additional confidence to deploy capital. Policies such as 
zero-emission vehicle mandates, harmonised charging standards, and public infrastructure 
investments will be important to ensuring seamless cross-border operations and 
accelerating the transition from diesel trucks to zero-emission vehicles. 

https://sustmob.org/PCFV/pdf/Northern-Corridor-Green-Freight-Strategy2030-EN.pdf
https://www.oxdelivers.com/
https://globaldrivetozero.org/site/wp-content/uploads/2024/11/GGRC_White-Paper_Final_112024_1104AM.pdf
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REGIONAL INTERCONNECTION PROJECTS 
Grids are the backbone of today’s electricity systems, delivering power to households, 
businesses and industry. Over time, countries have been collaborating on cross-border 
projects to connect their power systems, allowing access to more resources to balance 
supply and demand and increase system efficiencies. Regional interconnection projects 
can take years, however, highlighting the need for strong regional planning and 
agreements between a diverse set of stakeholders that can ultimately attract the 
investment needed for deployment.  

WHY IS THIS IMPORTANT? 
Expanding and modernising grids is essential for a secure, affordable, resilient and 
sustainable energy system. Regional integration of power systems is a key element of this, 
and one that requires stronger international collaboration to enhance and build out regional 
interconnections.  

A 2023 IEA analysis found that the world must add or replace 80 million kilometres of grids 
by 2040 – equal to all grids globally today – to meet national climate targets and support 
energy security. This would require annual average investment in grids to nearly double by 
the end of the decade, reversing years of stagnation at the global level. The investment 
needs for grid infrastructure are particularly acute in emerging markets and developing 
economies (EMDEs) other than China, which account for only 20% of global investment in 
transmission. 

When designed well, interconnected grids can improve grid stability, increase energy 
security and enhance flexibility in managing power supply and demand fluctuations. When 
paired with integrated power markets, interconnected grids can lower total operating costs. 
For example, in Europe, cross-border trade of electricity is estimated to have delivered 
welfare benefits worth EUR 34 billion in 2021, compared to a situation with isolated 
national markets. to export it to areas with higher demand.  

Yet regional interconnection projects continue to face financial, technical and political 
challenges. Differences in power market structure 

Interconnected grids can also enable the integration of variable renewable energy sources, 
such as wind and solar, allowing regions with excess clean energy s, policy objectives, 
technical specifications, institutional structures and grid capabilities can further complicate 
the ability of countries to work together on these capital-intensive projects. 

Regional interconnections, and the regional markets that support cross-border trading of 
electricity, are complex projects that require agreements between governments, 
transmission system operators, market regulators, electricity producers and others. 
Achieving the benefits of regional integration requires not only financing and building the 
necessary physical infrastructure to connect power systems, but also co-operation across 
borders to establish agreements between jurisdictions and co-ordinate the stakeholders 
that will operate the interconnected system.  

https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
https://www.iea.org/reports/building-the-future-transmission-grid
https://www.iea.org/reports/building-the-future-transmission-grid
https://www.acer.europa.eu/Publications/Final_Assessment_EU_Wholesale_Electricity_Market_Design.pdf
https://www.iea.org/reports/integrating-power-systems-across-borders
https://www.iea.org/reports/integrating-power-systems-across-borders
https://www.iea.org/commentaries/co-operation-across-borders-is-key-to-building-interconnected-power-systems-of-the-future
https://www.iea.org/commentaries/co-operation-across-borders-is-key-to-building-interconnected-power-systems-of-the-future


The Breakthrough Agenda Report Chapter 4. Deep dives: Regional interconnection projects 
 

PAGE | 80 

For regional interconnections to operate successfully, projects must meet institutional, 
political and technical requirements. There are several examples of collaboration within the 
European Union on cross-border projects that successfully address requirements across 
all of these three pillars, and with the establishment of a dedicated regional fund, the 
Connecting Europe Facility, more funding is available to finance cross-border projects of 
common interest to EU member states. While some lessons can be shared from these 
experiences, collaboration between countries outside of the European Union can look very 
different. This deep dive provides two case studies on how countries have successfully 
worked together in Central America and Southeast Asia to develop the necessary 
institutional and political frameworks to realise regional interconnection projects. 

OPPORTUNITIES FOR AND EXAMPLES OF INTERNATIONAL COLLABORATION  

CASE STUDY 1: CENTRAL AMERICAN ELECTRICAL INTERCONNECTION SYSTEM 
(SIEPAC) 
The SIEPAC is an interconnection project that links the power grids of six Central American 
countries: Panama, Costa Rica, Honduras, Nicaragua, El Salvador and Guatemala. The 
project, which connects around 50 million consumers, was initiated in 1987 and became 
operational in 2013. 

SIEPAC was initially created to stimulate the development of a regional electricity market 
that would facilitate private sector participation in the build-out of electricity generation 
capacity in the region. The backbone of the project is a 1 790 km 230 kV transmission line 
from Guatemala to Panama, with connections to substations and the national power grids 
of the six participating countries. 

Following a series of concept studies funded by the Inter-American Development Bank 
(IADB), SIEPAC was formalised in an intergovernmental agreement (the “Marco Treaty”) 
that provided the legal foundation for the establishment of a regional market and the 
supporting institutional and physical infrastructure. Under the Marco Treaty, the project 
successfully put in place subsequent agreements and frameworks to build the necessary 
cross-border transmission infrastructure to allow energy trading across the region. 

Two key elements made this success possible: the development of an institutional 
framework and the availability of finance from inception to deployment. 

Institutional framework 

The creation of an institutional framework for the SIEPAC project (the “Framework Treaty”) 
established regional institutions responsible for developing the physical, regulatory and 
market infrastructure. Under the Framework Treaty, regional entities were created to 
develop the necessary transmission infrastructure and market operation functions (regional 
operating entity, or EOR), establish an independent regulatory agency (Regional 
Commission for Electrical Interconnections [CRIE]), and co-ordinate regional energy policy 
(Council of Ministers of Energy). 

The international transmission line company (EPR) formed under the framework was 
mandated by participating governments to design, finance, construct and maintain the 
physical transmission infrastructure for the interconnection of the electricity systems in the 

https://www.iea.org/commentaries/co-operation-across-borders-is-key-to-building-interconnected-power-systems-of-the-future
https://www.iea.org/commentaries/co-operation-across-borders-is-key-to-building-interconnected-power-systems-of-the-future
https://energy.ec.europa.eu/topics/infrastructure/projects-common-interest-and-projects-mutual-interest/funding-pcis-and-pmis_en
https://energy.ec.europa.eu/topics/infrastructure/projects-common-interest-and-projects-mutual-interest/funding-pcis-and-pmis_en
https://www.esmap.org/sites/esmap.org/files/BN004-10_REISP-CD_Central%20American%20Electric%20Interconnection%20System-Transmisison%20&%20Trading.pdf
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region. The company was structured so as to spread the development risk of the 
transmission line across the countries in the region. Organised under a public-private 
partnership model, EPR is made of six regional state-owned utilities and three extra-
regional shareholders, each with an 11.1% holding in the parent company.  

Finance from inception to deployment 

The total cost of the 230 kV transmission line amounted to around USD 505 million, the 
financing of which was made possible through a mix of development finance institutions 
and private banks that were involved from inception to deployment.  

The first interconnection feasibility study was conducted by Spanish utility Endesa in 1987 
to evaluate the economic benefits of interconnection. This found that physical 
interconnection alone would not be economically practical unless a level of regional 
electricity trade was introduced to reap the full benefits of the interconnected system. This 
sparked a series of technical studies funded by the United Nations Economic Commission 
for Latin America and the Caribbean, the IADB and the Spanish government to prove the 
feasibility and potential benefits of the SIEPAC project, in turn allowing other sources of 
finance to be used for construction and development. 

The IADB was the main source of financing for the construction of the 230 kV transmission 
line, providing over USD 250 million in loans to electricity companies and technical 
assistance resources to support the establishment of a regional market. Additional debt 
financing was secured with the Central American Bank for Economic Integration, Banco de 
Desarrollo de América Latina (formerly Corporación Andina de Foment), Bancomext and 
Banco Davivienda. 

CASE STUDY 2: ASEAN POWER GRID 
Southeast Asia is one of the fastest-growing regions in the world in terms of electricity 
demand. The Association of Southeast Asian Nations (ASEAN) countries have put forward 
an ambitious project for regional development to support economic growth and the 
integration of higher shares of renewable energy. Central to this effort is the integration of 
the region’s power systems and the establishment of cross-border electricity trading. The 
ASEAN Power Grid (APG) is an initiative to connect the region, initially on cross-border 
bilateral terms, then gradually expanding to the sub-regional level and finally to a totally 
integrated Southeast Asia power grid system. While relatively few interconnections exist 
today in the region, the APG initiative shows how the political will and leadership of 
governments can set the stage for, and build on, bilateral co-operation to pilot and test what 
broader regional integration would look like. 

https://energyforgrowth.org/article/central-america-as-a-blueprint-for-regional-power-integration/
https://www.iadb.org/en/news/idb-approves-240-million-financing-plan-central-american-electric-interconnection-system
https://www.iea.org/reports/electricity-market-report-december-2020/2020-regional-focus-southeast-asia
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Association of Southeast Asian Nations Power Grid Map 

 

Source: IEA (2024) Southeast Asia Energy Outlook. 

A 2019 IEA analysis found that optimising cross-border flows through multilateral trade 
based on the existing cross-border infrastructure in the region could reduce the annual
operating costs of the ASEAN power sector by USD 1 billion. Expanding the region’s 
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interconnection infrastructure could enhance the economic benefits and 
accommodate higher shares of variable renewable energy, resulting in operational 
cost savings of USD 4-5 billion per year. 

The prospects for an integrated ASEAN power sector remain promising, but achieving the 
full potential of a regional power grid will require significant investments and well-co-
ordinated governance. Key to enabling further development is political will and leadership 
among ASEAN member states, which have already supported development of 
the institutional and technical pillars of the regional initiative. 

Political support 

In 1997, ASEAN heads of state called for the establishment of an APG through 
an interconnection arrangement between the region’s utilities. A decade later, in 2007, 
ASEAN ministers signed a Memorandum of Understanding (MoU) that outlined a broad 
framework through which countries would collaborate to develop the APG. Central to the 
MoU was a common understanding of the objective of enhancing energy security and 
sustainability in Southeast Asia. 

This MoU, which entered into force in 2009 and is set to be renewed and enhanced at 
the end of 2025, has set the stage for regional co-operation and enabled additional 
agreements at the sub-regional and project level that detail the steps towards 
implementation. Subsequent agreements focused on specific sub-regional 
interconnection projects. For example: 

 An intergovernmental agreement, followed by two MoUs for power trade among the six Greater
Mekong Subregion countries, was signed in 2004 to continue development towards the 
envisioned multilateral power trade initiative. This involves Cambodia, China, Lao People’s 
Democratic Republic (Lao PDR), Myanmar, Thailand and Viet Nam, and aims to establish a 
regional power market, creating regulatory and technical standards for cross-border electricity 
trading. 

 Another intergovernmental agreement, the Lao PDR-Thailand-Malaysia-Singapore Power
Integration Project’s (LTMS-PIP) Joint Statement, was signed in 2014. The statement 
established a working group to study the technical viability, policy, legal, regulatory and 
commercial aspects of cross-border power trade from Lao PDR to Singapore. Designed to 
operate as a pilot, the LTMS-PIP is now the most advanced multilateral power trading 
arrangement of the region. In 2022, it began trading 100 MW of hydropower from Lao PDR to 
Singapore via Thailand and Malaysia using existing transmission infrastructure. This electricity 
import made up about 1.5% of Singapore’s peak electricity demand and proved the technical 
and economic feasibility of multilateral electricity trade in the region. In 2024, the agreement 
was expanded to double the trade capacity to 200 MW and extended through 2026. 

In addition to specific project-level agreements, partnerships with multilateral institutions 
are working to leverage implementation and financial support.  

 In August 2025, ASEAN ministers welcomed a proposal by the World Bank and Asian
Development Bank to develop the ASEAN Power Grid Financing Initiative, an initiative to 
mobilise financing and provide technical support to the APG. The banks have so far pledged 
more than USD 12 billion to support the effort. 

https://agreement.asean.org/media/download/20140119102307.pdf
https://www.adb.org/sites/default/files/publication/846471/power-trade-greater-mekong-subregion.pdf
https://www.adb.org/sites/default/files/publication/846471/power-trade-greater-mekong-subregion.pdf
https://policy.asiapacificenergy.org/node/2574
https://www.iea.org/reports/southeast-asia-energy-outlook-2024
https://aseanenergy.org/post/growing-momentum-of-ltms-pip-and-its-impact-on-regional-integration/
https://www.ema.gov.sg/news-events/news/media-releases/2024/singapore-doubles-power-import-capacity-under-ltms-pip-phase-2
https://www.ema.gov.sg/news-events/news/media-releases/2024/singapore-doubles-power-import-capacity-under-ltms-pip-phase-2
https://asean.org/joint-media-statement-ministerial-interface-meeting-on-financial-mechanisms-for-the-asean-power-grid/
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 In September 2025, the ASEAN Centre for Energy and the United Nations Economic and 
Social Commission for Asia and the Pacific signed an MoU to support the implementation of 
the region’s energy planning, including energy connectivity through the APG. 

NEXT STEPS 
Improving and expanding grid infrastructure in countries worldwide will require stronger 
international collaboration. Intergovernmental agreements can act as a first and crucial step 
towards regional interconnection and market integration, and establish a foundation for 
further collaboration down the road. However, political agreements alone do not lead to the 
development of regional interconnection projects, and their successful implementation 
depends on several factors that require collaboration. 

 Improved co-ordination: Successfully interconnecting regions requires a broad range of 
stakeholders to be engaged, from relevant government and regulatory bodies to grid utilities, 
as well as affected local and regional governments, merchant investors, renewable energy 
developers and civil society. Planning interconnections together with expansion of renewable 
and other clean electricity generation is also emerging as a key priority for international 
collaboration. Well-interconnected countries will also need to ensure co-ordinated planning 
and operations with neighbours for transition plans that increase the reliance on trade for 
renewables integration and generation adequacy. 

 Institutional frameworks: International experience shows that multilateral trading and 
regional integration more broadly are best supported by regional institutions and their 
frameworks. When it comes to regional interconnection, it is important to clearly define the 
roles and responsibilities linked to cross-border assets. Regional organisations tasked with 
planning and overseeing implementation must be formalised, given proper authority and 
adequately resourced.  

 Technical and cost harmonisation: Alignment of technical requirements covers a broad 
range of topics essential to ensuring electricity can flow seamlessly and safely across borders. 
For example, harmonised grid codes help to ensure that power system operations across 
interconnected systems are not in conflict with one another. Similarly, the need for standards 
to ensure interoperability between grid components from different manufacturers, particularly 
for DC technology, is becoming more relevant during energy transitions, especially with the 
increased development of meshed offshore grids. Harmonised methodologies for charges 
across the system (such as wheeling charges) are also necessary to adequately compensate 
those jurisdictions that are affected by new interconnections and to quantify the benefits. 
Explicitly valuing domestic spot prices (even as a shadow price without an actual market) can 
quantify interconnector benefits, allowing usage fee recovery in relation to them. 

 Accessible financing options: While several advanced economies have established 
mechanisms to finance interconnection projects, EMDEs often face a much higher cost of 
capital and can struggle to attract necessary investment. In regions that rely on state-owned 
utilities to own and/or operate transmission infrastructure, collaboration with development 
finance institutions is a crucial element of the financial sustainability of a project, from the 
project’s inception through to construction. In regions where portions of the grid are tendered 
to private entities, a strong regional regulatory framework is needed to attract private sector 
participation. In addition, new and creative financing approaches are essential to address the 
unique cross-border nature of interconnectors, which often includes shared infrastructure like 
subsea cables. Blended finance is one approach that could be used to de-risk commercial 
investment in grid infrastructure, combining concessional funds from donors with commercial 
funds from private investors and development finance institutions. Various blended financing 
instruments, such as concessional equity or loans, can address common constraints and 
increase the flow of private capital to EMDEs by rebalancing the risk return profile of 
investments.

https://www.unescap.org/news/asean-centre-energy-and-united-nations-escap-sign-mou-advance-asean-energy-cooperation
https://www.iea.org/reports/breakthrough-agenda-report-2024
https://www.iea.org/reports/breakthrough-agenda-report-2024
https://www.iea.org/reports/establishing-multilateral-power-trade-in-asean
https://www.iea.org/reports/establishing-multilateral-power-trade-in-asean
https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
https://www.iea.org/reports/scaling-up-private-finance-for-clean-energy-in-emerging-and-developing-economies
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INTERNATIONAL OFFTAKE AGREEMENTS FOR NEAR-ZERO 
EMISSIONS IRON  

WHY IS THIS IMPORTANT? 

THE STEEL TRANSITION REMAINS AT AN EARLY STAGE  
Steel production today contributes approximately 7-8% of CO2 emissions from the global 
energy system every year, making the steel sector an important priority for the industry 
transition. Today, around 70% of global steel production is through the emissions-intensive 
blast furnace-basic oxygen furnace (BF-BOF) route, of which 15-25% is from recycled 
scrap steel and the remainder from iron inputs. The remaining 30% of steel production 
comes from electric arc furnace (EAF) routes, either charged solely with recycled scrap 
steel directly to an EAF, or produced using a mix of scrap and iron produced through the 
gas- or coal-based direct reduced iron-electric arc furnace (DRI-EAF) routes. Across these 
different steel production routes, 68% of total metallic inputs come from iron and the 
remaining 32% from recycled scrap. Overall, only about 0.1% of global steel production is 
from near-zero emissions technologies, highlighting the early stage of steel 
decarbonisation.  

The most technologically advanced options for near-zero emissions iron-based steel 
production are hydrogen direct reduced iron followed by an electric arc furnace (H2-DRI-
EAF), and BF-BOF or DRI-EAF with carbon capture and storage (technology readiness 
level 5-8). Projects in the pipeline for near-zero emissions iron production by 2030 have 
capacity for about 10 Mt, and the first commercial-scale plant is due to begin operation in 
2026. An additional 80 Mt of announced capacity is near-zero emissions capable1 but 
currently lacks clear timelines or details regarding full near-zero emissions operation. 

One of the largest barriers to further deployment of near-zero emissions iron-based steel 
production today is its cost premium when compared to conventional steel production, 
which is among the key contributions to relatively low demand to date. Compounded by 
current limitations on access to low-emissions hydrogen and low-emissions electricity, this 
represents a significant barrier in a highly competitive international marketplace. In the 
absence of policy support, the IEA estimates the cost of production for early commercial 
plants using H2-DRI-EAF with low-emissions hydrogen to be around 50-140% higher than 
the cost of production through the BF-BOF route, depending on location, cost and 
availability of renewable energy, and other factors.  

HOW NEAR-ZERO EMISSIONS IRON TRADE COULD ACCELERATE THE TRANSITION TO 
NEAR-ZERO EMISSIONS STEEL  
Rather than producing steel in integrated iron and steel plants, DRI-EAF and Direct 
Reduced Iron-Smelting-Basic Oxygen Furnace (DRI-SMELT-BOF) production routes allow 
for the decoupling of iron and steel production, opening the opportunity for trade of near-
zero emissions iron. The cost of producing near-zero emissions steel through the above 

 
1 See definition of “near-zero emissions capable” provided in the Steel dashboard. 

https://www.iea.org/data-and-statistics/data-tools/etp-clean-energy-technology-guide?layout=list&selectedTechID=all
https://www.iea.org/data-and-statistics/data-tools/etp-clean-energy-technology-guide?layout=list&selectedTechID=all
https://www.iea.org/reports/demand-and-supply-measures-for-the-steel-and-cement-transition
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processes is likely to be significantly lower if the first stage of production – ironmaking with 
DRI – takes place in regions with cheap and abundant low-emissions energy resources or 
access to cheap CO2 storage. The cost of low-emissions hydrogen production is an 
important determinant of the overall cost for the hydrogen-based route. The opportunity for 
lower-cost near-zero emissions or “green” iron production is greatest in locations that have 
both high-grade iron ore and/or low levelised cost of energy.  

Forthcoming IEA analysis shows that in countries with less favourable renewable 
resources, the cost of steel production with H2-DRI-EAF could be reduced significantly if 
the near-zero emissions iron is imported from regions where it can be produced most 
cheaply, instead of being produced domestically within an integrated iron and steelmaking 
plant. This saving arises mainly from the difference in production cost of H2-DRI. Importing 
low-emissions hydrogen rather than near-zero emissions iron is also a possible strategy 
for countries. However, shipping near-zero emissions hot briquetted iron (HBI) is 
technically simpler and economically cheaper than importing low-emissions hydrogen as 
ammonia and then converting it back to hydrogen at the destination port and injecting it in 
the pipeline for transportation to the steel plant, resulting in potentially considerable savings 
in transportation costs. Per tonne of crude steel, the cost of transporting near-zero 
emissions iron is likely to be several times lower than that of transporting iron ore and 
hydrogen separately.  

Today, the key challenge is to deploy the first wave of near-zero emissions iron-based steel 
production facilities. Strategic partnerships that decouple iron and steel production, with 
near-zero emissions iron produced in the most cost-competitive locations, could facilitate 
this in two ways. Firstly, they could reduce the magnitude of policy support required, 
whether in the form of subsidies or carbon prices, for near-zero emissions iron-based steel 
to be commercially viable. Secondly – and perhaps more importantly – they could give 
industry more confidence about the long-term competitiveness of new facilities, increasing 
willingness to invest. Such partnerships could provide new opportunities for both exporting 
and importing countries, building momentum and lowering the overall cost for the steel 
sector transition. 

ADVANTAGES FOR NEAR-ZERO EMISSIONS IRON EXPORTER COUNTRIES  
For countries with iron ore reserves and favourable renewable energy resources, there is 
an opportunity to move up the value chain to produce and export near-zero emission iron, 
a higher value-added product than iron ore. This could attract investment, generate jobs 
and economic growth, and increase export revenues. For example, at prices equivalent to 
the estimated costs of producing near-zero emission iron in Europe in 2050, Africa could 
export almost 15 Mt of iron worth around USD 6 billion per year – more than four times the 
value of the same tonnage of iron ore exports at today’s prices.  

The opportunity may be largest for the current top four iron ore exporters – Australia, Brazil, 
Canada and South Africa. However, others could also become exporters of near-zero 
emissions iron, particularly countries with strong potential for low-cost renewable energy. 
Key enabling factors include a well-established iron and steel sector, access to iron ore 
deposits, existing domestic demand, proximity to large markets that may be interested to 
purchase near-zero emissions iron (e.g. Europe), a trained workforce, robust transport 
infrastructure and a favourable business environment. Countries that may be well placed 

https://www.iea.org/reports/energy-technology-perspectives-2024
https://www.iea.org/reports/energy-technology-perspectives-2024
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for producing and exporting near-zero emissions iron include parts of Southeast Asia such 
as Viet Nam, Malaysia and Indonesia; Egypt and Morocco in Africa; and Chile and Mexico 
in Latin America. 

The scale of the future market opportunity for near-zero emissions iron exports depends 
on various uncertain factors, including the pace of the transition to near-zero emissions 
steel and the potential to restructure global supply chains. The higher end of the opportunity 
can be illustrated by the IEA Net Zero Emissions by 2050 Scenario (NZE Scenario); 
analysis from Energy Technology Perspectives 2024 shows that the total global market for 
near-zero emissions iron-based steel reaches more than USD 800 billion in 2050. While 
much of the iron inputs may be used for domestic steel production, such a growing market 
also represents a potential for export opportunities. This is especially true for regions like 
Africa, where, for example, iron production in the IEA’s High Potential Case grows to 55 Mt 
in 2050, mainly using near-zero emissions technologies such as H2-DRI. In this scenario, 
over one-quarter of Africa’s production is exported in 2050, destined primarily for Europe 
(around 60%) and Japan (around 35%). 

ADVANTAGES FOR NEAR-ZERO EMISSIONS IRON IMPORTER COUNTRIES  
The considerations facing potential near-zero emissions iron importer countries are more 
complex. Importing near-zero emissions iron rather than producing it domestically could 
lead to job losses associated with the first stage in an integrated iron and steel plant in the 
near term.2 However, this would come against a backdrop in which traditional steel-
producing countries are facing growing pressures such as high energy prices, and would 
need to be balanced against the possibility that global value chains could shift in the context 
of a global technology transition in the sector. In this context, there is no certainty that 
domestic steel production as a whole in these regions will be competitive in future global 
markets for near-zero emissions materials, and the economic risks may be lower if strategic 
trade partnerships are pursued. Ironmaking accounts for only small share of the steel 
sector’s employment: 80-90% of jobs in the steel sector are concentrated in the 
steelmaking stage and downstream industries. 

Countries with high energy costs could increase the competitiveness of their steel 
industries by importing DRI from regions where it can be produced at lower cost, instead 
of producing iron domestically. Forthcoming IEA analysis estimates that significant cost 
savings in steel production could be achieved in this way, in regions such as Europe and 
Japan. Several other studies have estimated cost savings, considering examples including 
the potential for Germany to import near-zero emissions iron from Brazil, and Japan to 
import iron from Australia or Canada. These cost savings would complement the existing 
industrial strengths and comparative advantages of established steelmaking countries, 
which include advanced technology capabilities, specialised workforces, strong logistics 
and transport systems, and proximity to demand.  

An additional benefit from importing DRI could be the reduced need for new infrastructure 
construction. Avoiding the need to build greenfield domestic low-emissions hydrogen and 
iron production facilities would free up capital and workforce capacity for other development 

 
2 Jobs associated with primary iron production are generally falling in all countries due to labour productivity improvements 
and automation. 

https://www.iea.org/reports/energy-technology-perspectives-2024
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projects. It would also reduce the necessary expansion of electricity generation capacity, 
which may be particularly valuable in countries facing grid constraints. 

Finally, importing iron could strengthen energy and resource security by building more 
diverse and resilient supply chains (compared to maintaining all domestic iron production 
but relying on a concentrated source of energy inputs), while retaining domestic 
steelmaking capacity that is closely tied to national supply chains for sectors such as 
defence and transportation. 

POLICIES THAT COULD ENABLE NEAR-ZERO EMISSIONS IRON PRODUCTION AND TRADE  
While importing HBI from favourable locations could reduce the cost of producing near-
zero emissions iron-based steel through the DRI-EAF route, it is unlikely to fully eliminate 
the additional cost compared to producing high-emissions steel through the conventional 
BF-BOF route, at least in the near term. To invest in new DRI-EAF production facilities, 
industry is likely to need confidence that its output will be commercially viable as soon as 
it is ready to be sold – which would require either an existing robust market for near-zero 
emissions iron and steel, or confirmed demand for the output of the plant. Some private 
sector buyers may be willing to enter into long-term offtake agreements that cover the cost 
premium, and mechanisms may develop in the medium to long term to pass the premium 
along the value chain, where the cost uplift for end-use products would be relatively 
minimal. However, demand of this kind may be insufficient to balance the risks of investing 
in a new facility. Particularly in the near term, government policy is likely to be needed to 
accelerate widespread market formation. 

Policy measures that could close the remaining cost gap include carbon pricing in the 
destination market (which may, in turn, require additional measures to preserve 
competitiveness if similar levels of carbon pricing are not present in other countries), or 
subsidies for near-zero emissions iron or steel. At current price levels, carbon pricing is 
unable to provide the support needed to build a robust business case. Therefore, subsidies 
for both capital and operating costs are emerging as an alternative and more targeted 
option in the near term, including mechanisms such as carbon contracts for difference, tax 
credits, grants and direct subsidies. These can be complemented by targeted public 
procurement, which creates demand for near-zero emission steel despite its higher costs.  

Other policies that may help enable investment include regulatory mandates and national 
or international concessional financing to reduce the cost of capital for new plants. 
Investment in the infrastructure to ensure a reliable, low-cost supply of low-emissions 
electricity or hydrogen, or CCS-related infrastructure, can ensure enabling infrastructure is 
available. The development of land transport and port infrastructure may also be necessary 
to enable opening-up of new trade routes. 

While policy support is not yet well developed, projects are struggling to reach final 
investment decisions (FIDs). In Europe, plans for over 10 Mt of capacity for hydrogen-
based steel have been delayed or put on hold indefinitely, citing a lack of economic viability 
for investments, higher-than-expected costs, and inadequate policy support. Notable 
examples include Thyssenkrupp putting on hold the hydrogen tender for its low-emissions 
steel plant in Duisburg, Germany; ArcelorMittal suspending its plans to construct DRI-EAF 
assets at Bremen and Eisenhüttenstadt in Germany; and Salzgitter AG postponing the 

https://www.hydrogeninsight.com/industrial/exclusive-thyssenkrupp-has-put-hydrogen-tender-for-3bn-green-steel-plant-on-hold-due-to-significantly-higher-prices-than-expected/2-1-1795894
https://corporate.arcelormittal.com/media/news-articles/arcelormittal-europe-urges-faster-implementation-of-steel-and-metals-action-plan
https://corporate.arcelormittal.com/media/news-articles/arcelormittal-europe-urges-faster-implementation-of-steel-and-metals-action-plan
https://gmk.center/en/news/salzgitter-postpones-expansion-of-green-steel-production-project-for-three-years/
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investment decision on phase 2 of its Salcos project until 2029. While they have not been 
cancelled, policy certainty and improved market conditions are likely to be needed to move 
these projects to FID. 

Robust and comprehensive enabling policy frameworks that can get projects to FID and 
eventually operation are likely to include many of the support elements mentioned above, 
as no single policy can address all barriers. These measures could create a stronger 
enabling environment for international near-zero emission iron offtake agreements, as well 
as for domestic steel industry decarbonisation. More illustrative examples and detailed 
considerations for policy options can be found in Demand and Supply Measures for the 
Steel and Cement Transition: the case for international co-operation and Policy Toolbox for 
Industrial Decarbonisation. 

OPPORTUNITIES FOR AND EXAMPLES OF INTERNATIONAL COLLABORATION 

POTENTIAL ROLE OF INTERNATIONAL OFFTAKE AGREEMENTS  
International offtake or advanced purchase agreements, in which a steel producer commits 
to buy a specified quantity of near-zero emissions iron over a specified period of time, could 
play a critical role in reducing the risks associated with investment in near-zero emissions 
iron production to a level that makes such an investment financially attractive. Since the 
commercial viability of such an arrangement will depend strongly on policy conditions, 
particularly in the importing country, bilateral agreements and strategic partnerships 
between the governments of the countries concerned may be important to give businesses 
the confidence to invest.  

The most important element of an intergovernmental agreement would concern the 
arrangements for eliminating the cost gap to conventional steel production. This could 
include an agreement on how to share the costs of subsidising near-zero emissions iron or 
near-zero emission steel production, or a commitment on the part of the importing country 
to maintain a certain level of carbon pricing, or a combination of both approaches.  

Another element that may be necessary to agree are the definitions of “near-zero emissions 
iron” and/or “near-zero emissions steel”, and associated certification standards and 
processes. This could provide the businesses involved in bilateral offtake agreements with 
greater certainty that their products would meet the standards required by the relevant 
policies in both the exporter and importer countries.  

Several definitions of near-zero and low-emissions steel have been proposed, and these 
are converging on similar emissions intensity thresholds for steel compatible with the net 
zero endpoint. However, there remain differences in the precise threshold values, as well 
as underlying emissions measurement methodologies, which can complicate direct 
comparability. As a consequence, working towards interoperability between these different 
schemes would help enable uptake of near-zero emissions steel, considering the various 
actors involved and especially for cross-border transactions. Additionally, there is lack of 
clarity on the definition of near-zero or low-emissions iron. In support of the use of common 
terminology, the South African G20 Presidency is aiming to deliver an agreement on 
common principles that would enable standard terms to be used in offtake agreements for 
low-emissions hydrogen for use in energy-intensive industries such as steel. Common 

https://gmk.center/en/news/salzgitter-postpones-expansion-of-green-steel-production-project-for-three-years/
https://www.iea.org/reports/demand-and-supply-measures-for-the-steel-and-cement-transition
https://www.iea.org/reports/demand-and-supply-measures-for-the-steel-and-cement-transition
https://www.iea.org/reports/policy-toolbox-for-industrial-decarbonisation
https://www.iea.org/reports/policy-toolbox-for-industrial-decarbonisation
https://www.iea.org/reports/definitions-for-near-zero-and-low-emissions-steel-and-cement-and-underlying-emissions-measurement-methodologies
https://www.iea.org/reports/definitions-for-near-zero-and-low-emissions-steel-and-cement-and-underlying-emissions-measurement-methodologies
https://g20.org/wp-content/uploads/2024/09/Annexure-C-Concept-Note-2025-South-African-ETWG_Final-Version-04.pdf
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principles could also be developed for offtake agreements for near-zero emissions iron. 
Enabling interoperability between definitions, standards and certification schemes, along 
with other actions, will be important for the successful implementation of several policies.  

As a third potential component, international co-operation on technology development and 
licensing could also ensure that companies in near-zero and low-emissions iron export 
markets gain access to relevant technologies, while technology providers benefit from 
global deployment, scale-up and licensing revenues. In some cases, this may take place 
within multinational companies. Comprehensive agreements which address demand and 
supply across supply chains, between the countries and key industry players in each chain, 
could make these agreements more robust. 

Nevertheless, there are multiple challenges to be overcome, including policy and regulatory 
risks, extended supply chains that may be affected by trade measures, and geopolitical 
risks. In this context, international near-zero emissions iron offtake agreements could be 
seen as not just individual transactions, but as strategic levers to accelerate steel 
decarbonisation and economic growth. They would directly address the barrier of uncertain 
demand, thereby unlocking investment in new near-zero emissions iron production 
facilities. By guaranteeing a market for near-zero emissions products, these agreements 
could stimulate innovation and accelerate the scale-up of H2-DRI technologies.  

PIONEER EXAMPLES OF INTERNATIONAL NEAR-ZERO EMISSIONS IRON OFFTAKE 
AGREEMENTS  
Examples of international near-zero emissions iron offtake agreements are already 
beginning to emerge. Although the full details are, in most cases, not publicly available, the 
agreements give some indications about the viability of the approach.  

In Namibia, the HyIron Oshivela project has signed an offtake agreement with German 
metals processing firm Benteler to supply 200 000 tonnes per year (tpa) of near-zero 
emissions iron produced with H2-DRI. The construction of the plant began in April 2024 and 
the first phase was inaugurated in April 2025. It will produce 15 000 tpa of near-zero 
emissions iron in 2025, expanding to 200 000 tpa in 2026, and aims to produce 2 Mtpa in 
2030. The project has been funded by the German government with a grant of around 
EUR 13 million, and funding for its second phase is committed from the Netherlands and 
the European Union. 

Australia’s Fortescue metals group and China’s Baowu Steel group signed a Memorandum 
of Understanding (MoU) to develop a “green” iron supply chain in January 2025. A pilot 
plant in Western Australia will produce 1 500 tpa of H2-DRI iron, and is intended to 
commence production in 2025. Details of the offtake agreement are not public. However, 
the project is likely to benefit from Australia’s hydrogen production tax incentive, which 
provides support worth AUD 2 per kg (Australian dollars) of hydrogen for up to 10 years, 
starting from 1 July 2027. In March 2025, the Australian government announced an 
AUD 1 billion green iron investment fund, offering support for capital investment in new 
projects.  

In September, 2025, Thyssenkrupp Materials Trading (Germany) signed an MoU to offtake 
hydrogen-derived iron from Progressive Green Solutions Mid-West Green Iron project in 
Western Australia. The planned offtake would cover 100% of the site’s output — including 

https://hyiron.com/oshivela/
https://isa-ghic.org/africas-first-green-hydrogen-based-ironworks-signs-offtake-deal-as-it-receives-electrolysers
https://isa-ghic.org/africas-first-green-hydrogen-based-ironworks-signs-offtake-deal-as-it-receives-electrolysers
https://www.bundeswirtschaftsministerium.de/Redaktion/EN/Pressemitteilungen/2023/11/20231106-commencement-of-construction-of-the-first-green-iron-plant-in-africa.html
https://www.bundeswirtschaftsministerium.de/Redaktion/EN/Pressemitteilungen/2023/11/20231106-commencement-of-construction-of-the-first-green-iron-plant-in-africa.html
https://www.australianresourcesandinvestment.com.au/2025/01/10/fortescue-inks-green-iron-partnership-with-china-baowu/
https://metals.fortescue.com/en/our-projects/green-metal-project
https://fuelcellsworks.com/2025/09/17/green-investment/thyssenkrupp-signs-mou-to-buy-all-green-iron-from-australia-s-1-4gw-hydrogen-project
https://fuelcellsworks.com/2025/09/17/green-investment/thyssenkrupp-signs-mou-to-buy-all-green-iron-from-australia-s-1-4gw-hydrogen-project
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both iron pellets and HBI — produced using on-site hydrogen from a 1.4GW electrolyser 
installation. Phase 1 of the project has a target to export 2.5 Mtpa of near-zero emissions 
HBI and 3.5 Mtpa “green” iron pellets by Q1, 2030. The project is supported by technology 
providers SMS group, Midrex, Thyssenkrupp Nucera, which is the electrolyser supplier 
(50.2% owned by Thyssenkrupp), and financial partner KFW IPEX bank. 

In Sweden, Stegra (formerly H2 Green Steel) signed an agreement in 2023 for a multi-year 
supply of iron ore pellets from Rio Tinto's Iron Ore Company of Canada, for use in its H2-
DRI-EAF plant. As part of the same agreement, Rio Tinto committed to buy a portion of the 
near-zero emissions iron produced in the plant (with the aim of reselling this, presumably 
to other steel producers). Production of near-zero emission steel at Stegra’s plant (currently 
under construction in Boden, Sweden) is scheduled to start in 2026, and to rise to 5 Mt per 
year by 2030. The project has benefited from USD 400 million in subsidies from the 
Swedish government and EU Innovation Fund, as well as reduced costs of capital due to 
state-backed loan and import credit guarantees. Carbon pricing under the EU Emissions 
Trading System has also supported the business case for the near-zero steel offtake 
agreements signed by the project’s owners with various private companies. 

NEXT STEPS 

International trade in near-zero emissions iron could reduce the costs of near-zero 
emissions iron-based steel production, creating opportunities for exporters and importers. 
Offtake agreements that guarantee demand in sufficient quantities can be key to enabling 
investment in new near-zero emissions iron production facilities. Strategic bilateral or 
multilateral partnerships (in the form of aggregated demand from public or private buyer 
coalitions) between potential importers and exporters can enable trade of near-zero 
emissions iron. Financial derisking tools to lower risks would strengthen industry 
confidence to invest, while supportive policies such as carbon pricing, subsidies or public 
procurement will be crucial to ensure the commercial competitiveness of near-zero 
emissions steel projects.

https://pgsjv.com.au/
https://pgsjv.com.au/
https://www.steelradar.com/en/haber/thyssenkrupp-materials-trading-signed-a-purchase-agreement-for-the-green-steel-project/
https://stegra.com/news-and-stories/h2-green-steel-signs-agreements-with-rio-tinto-for-direct-reduction-iron-ore-pellets-and-hot-briquetted-iron
https://stegra.com/news-and-stories/h2-green-steel-signs-agreements-with-rio-tinto-for-direct-reduction-iron-ore-pellets-and-hot-briquetted-iron
https://rooseveltinstitute.org/wp-content/uploads/2024/02/4013_RI_IndustrialPolicyReport_2025.pdf
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GLOBAL SUPPLY CHAINS AND OPPORTUNITIES FOR EMERGING 
MARKETS 

WHY IS THIS IMPORTANT? 
Access to clean energy technologies is important for achieving climate goals, but their 
strategic importance now extends well beyond the realm of climate change – they have 
become central considerations for industrial and economic policy. At the same time, 
increasing reliance on clean energy technologies presents new challenges related to the 
complex and interdependent global supply chains that underpin these technologies.  

In 2024, the IEA’s Energy Technology Perspectives report traced the supply chains and 
trade patterns for six key clean energy technologies – solar PV, wind turbines, 
electrolysers, heat pumps, batteries and electric vehicles (EVs). This analysis made clear 
the significant levels of concentration of clean energy technology supply chains: Today, 
China, the United States and the European Union dominate manufacturing capacity for 
these six technologies. Strong reliance on a limited number of suppliers creates 
vulnerabilities, heightening the risk of disruption and price fluctuations stemming from 
market imbalances, shocks and market manipulation. In this context, supply chain 
diversification is essential to ensuring that technology roll-out can continue unhindered, and 
supporting a well-functioning market that encourages flexibility, transparent pricing and 
healthy competition. 

While supply chains for clean energy technologies are highly concentrated, emerging 
markets and developing economies (EMDEs) other than China have only a peripheral role 
today, essentially limited to the supply of critical minerals from some countries. These 
economies account for less than 5% of the output value from all clean energy technology 
manufacturing globally. Expanding production in EMDEs can help deliver diversification at 
competitive costs, while at the same time allowing emerging economies to step up the 
value chain. With domestic demand for clean energy technologies expected to surge in 
many EMDEs, moving up the supply chain in clean technology manufacturing represents 
an important opportunity to drive job creation and catalyse further economic and social 
development.  

To achieve meaningful diversification of clean energy supply chains, strong collaboration 
across countries and sectors is needed. With successful implementation, such efforts can 
deliver tangible progress towards security, economic and climate goals, both for countries 
seeking to expand their market presence and for those relying on dependable access to 
clean technologies.   

https://www.iea.org/reports/energy-technology-perspectives-2024
https://www.iea.org/reports/energy-technology-perspectives-2024
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OPPORTUNITIES FOR AND EXAMPLES OF INTERNATIONAL COLLABORATION  

IMPROVING SUPPLY CHAIN DATA  
International collaboration can enable – and greatly amplify – efforts to improve supply 
chain data, which could lead to better-informed decision-making. The ability of 
governments to conduct risk assessments on clean energy technology supply chains is 
currently hindered by a paucity of data. Processes for collecting accurate, timely and 
granular data are limited, and in many cases involve a proprietary data source, or stitching 
together multiple data sources maintained at differing intervals or in different formats.  

There are initiatives underway to improve the quality and quantity of data on clean 
technology supply chains, and to overcome barriers to data-sharing, but there is room for 
further progress. In 2022, the European Commission presented SCAN (Supply Chain Alert 
Notification), a monitoring system that combines different data streams to identify and 
share notifications about disruptions and anomalies in trade flows. Three supply chain-
specific initiatives were launched in 2024. The International Chamber of Commerce Digital 
Standards Initiative launched its complete digitalisation framework, Key Trade Documents 
and Data Elements, which allows for the digitalisation and harmonisation of trade and 
supply chain data. A group of international organisations and development banks led by 
the Bank for International Settlements launched Project Insight to explore how big data 
analysis can help monitor developments in global value chains, with the aim of helping 
policy makers to better track key trends. The United Nations Economic Commission for 
Europe (UNECE) published the Supply Chain Reference Data Model, a business standard 
developed to facilitate supply chain data exchanges across governments, banks and other 
key actors. Beside these dedicated initiatives, other broader frameworks for international 
co-operation have components relating to supply chain data. For example, the Indo-Pacific 
Economic Framework, launched in 2022 by the United States and 14 Indo-Pacific partner 
countries, addresses the need for timely information-sharing between governments and 
private firms under its supply chain pillar. Initiatives and standards like the Partnership for 
Carbon Transparency (PACT) facilitate the sharing of supply chain data on emissions, but 
rarely contain information on stocks and flows of equipment and materials.  

While these initiatives are an encouraging sign of recognition of the need for collaboration 
on supply chain data, there are limitations to the scope (geographical and technology) and 
extent of the efforts. One recently launched initiative that seeks to improve the data 
landscape in this area through international collaboration is related to the Supply Chains 
Mission of the Global Clean Power Alliance (GCPA).  

In 2024, the UK-led Global Clean Power Alliance (GCPA) was launched at the G20 Summit 
in Brazil by more than a dozen countries to strengthen international co-operation and 
knowledge-sharing in support of renewable energy deployment and energy efficiency 
goals, organised under a series of “missions”. As part of this, the Supply Chains Mission 
was announced in April 2025. This seeks to address critical supply chain bottlenecks and 
support more resilient and sustainable clean energy supply chains through enhanced data 
transparency and international co-ordination. In April 2025, the IEA and the UK 
Government co-hosted a technical workshop, with participants addressing key issues to 
improve data availability and co-ordination. The IEA, in on-going collaboration with the 

https://op.europa.eu/en/publication-detail/-/publication/2d1917be-3aee-11ed-9c68-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/2d1917be-3aee-11ed-9c68-01aa75ed71a1/language-en
https://iccwbo.org/news-publications/news/icc-digital-standards-initiative-launches-complete-framework-for-supply-chain-digitalisation/
https://iccwbo.org/news-publications/news/icc-digital-standards-initiative-launches-complete-framework-for-supply-chain-digitalisation/
https://www.bis.org/about/bisih/topics/suptech_regtech/insight.htm
https://unece.org/trade/documents/2024/08/standards/supply-chain-reference-data-model-d22a
https://ustr.gov/trade-agreements/agreements-under-negotiation/indo-pacific-economic-framework-prosperity-ipef
https://ustr.gov/trade-agreements/agreements-under-negotiation/indo-pacific-economic-framework-prosperity-ipef
https://www.wbcsd.org/actions/partnership-for-carbon-transparency-pact/
https://www.wbcsd.org/actions/partnership-for-carbon-transparency-pact/
https://www.gov.uk/government/news/prime-minister-launches-clean-power-alliance-as-uk-leads-the-global-energy-transition
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United Kingdom, is exploring ways to strengthen supply chain data, thereby shaping the 
next phase of implementation of the GCPA Supply Chains Mission. 

TECHNOLOGY & SKILLS TRANSFER  
In countries that have an existing industrial base, skills transfer can help workers to acquire 
necessary competences to expand into clean technology manufacturing. A range of 
bilateral and multilateral initiatives are now making strides towards this aim. For example, 
the 2023 Memorandum of Understanding (MoU) on the EV ecosystem between Indonesia 
and Korea focuses on providing exchange opportunities and training workers in EV 
manufacturing and research. The enhanced Australia-India partnership on clean tech 
manufacturing established in November 2024 aims to deliver workforce training to facilitate 
large-scale PV ventures. The UN Global Cleantech Innovation Programme, which involves 
more than 15 countries, aims to help clean technology start-ups bridge the challenging 
scale-up phase by offering direct support, as well as bolstering clean technology networks. 

These initiatives demonstrate some progress on skills transfer, but their depth and 
geographic coverage remains limited. Analysis of enabling conditions for clean technology 
manufacturing in EMDEs, focusing on key dimensions such as business climate, industrial 
capabilities and market potential, can help to identify suitable partners for targeted and 
effective skills transfer programmes. Finally, clearly specifying key deliverables of 
technology and skills transfer programmes can help to ensure that efforts yield robust 
outcomes.  

COLLABORATION ON INNOVATION  
For clean energy technologies still at early stages of development, innovation is critical to 
facilitate commercialisation and cost-reduction. In more mature supply chains, like those 
for solar PV, batteries and wind power, new materials and processes can reduce 
dependency on materials with vulnerable supply chains. As such, innovation also has a 
crucial role to play in diversification efforts. International collaboration can help bridge the 
substantial capital investment and extended development timelines associated with 
innovation. 

Several well-established platforms enable collaboration on innovation. The IEA Technology 
Collaboration Programmes (TCPs) on solar PV, wind energy systems, hydrogen and heat 
pumping technologies provide a well-established platform for collaboration, facilitating 
knowledge exchange and innovation collaboration. The CETPartnership brings together 
public and private sector representatives from the European Union and beyond with the 
aim of building strong innovation ecosystems and reducing fragmentation. Divided into 
seven main fields, its second transition initiative focuses on improving zero-emissions 
technologies. The Clean Hydrogen Mission, part of Mission Innovation, works to promote 
hydrogen technology and disseminate information on the latest technological advances. In 
2024, the IEA Energy Ministerial brought together more than 250 entrepreneurs, business 
leaders, investors and policy makers from 45 countries for the first edition of the Energy 
Innovation Forum, which discussed how to accelerate clean energy technology innovation 
efforts. A second Energy Innovation Forum will be co-hosted by the IEA and the 
Government of Canada on 29 October 2025. 

https://en.antaranews.com/news/298359/indonesia-south-korea-joint-work-for-ev-ecosystem-development
https://www.dcceew.gov.au/about/news/new-india-australia-renewable-energy-partnership-launched
https://www.unido.org/GCIP
https://www.iea.org/programmes/technology-collaboration-programme
https://www.iea.org/programmes/technology-collaboration-programme
https://cetpartnership.eu/
https://mission-innovation.net/missions/hydrogen/
https://www.iea.org/commentaries/innovation-in-all-its-forms-in-spotlight-at-first-energy-innovation-forum-at-iea-ministerial
https://www.iea.org/commentaries/innovation-in-all-its-forms-in-spotlight-at-first-energy-innovation-forum-at-iea-ministerial
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Bilateral initiatives for technology-specific R&D collaborations also exist, with a notable 
push on batteries in the last few years. In 2023, the United States and Korea launched the 
Next Generation Critical and Emerging Technologies Dialogue, which works to strengthen 
R&D collaboration on semiconductors and batteries. Japan and Canada signed a co-
operation agreement on battery supply chains, which promotes collaboration on R&D. In 
Southeast Asia, the government-backed Thailand Energy Storage Technology Association 
signed an MoU with five partner organisations in Singapore, Malaysia, the Philippines and 
Indonesia to develop a platform for collaboration and innovation on battery development.  

Another notable trend is efforts to connect companies and institutions through 
matchmaking. The Indo-German Platform for Partnership in Solar PV is connecting 
research institutions and companies to advance innovation on cell technologies and PV 
manufacturing. The United Nations Economic Commission for Latin America and the 
Caribbean has organised matchmaking to foster commercial and technical partnerships in 
green technologies by connecting science and technology institutions from Europe and 
Latin America. The United Kingdom-Korea Clean Energy Partnership also emphasises 
connecting businesses in the two countries to stimulate exchange. Across all such 
activities, it is critical that new links made through matchmaking are followed up and 
supported to ensure that matches develop into lasting and mutually beneficial relationships. 

It typically takes many years for new advanced materials to reach deployment. There are 
several collaborative initiatives to accelerate their development and integration into energy 
systems. The International Iberian Nanotechnology Lab, founded by the governments of 
Spain and Portugal is an example of such collaboration – one current area of research is 
the development of efficient ultrathin solar cells. Led by Canada, the European Commission 
and Germany, The Materials for Energy (M4E) Innovation Community brings together six 
countries to develop and accelerate adoption of advanced materials.  

While collaborative research on battery technologies, and to a lesser extent solar PV, 
continues to gain momentum, other critical clean energy technologies receive 
comparatively less attention. For instance, innovation in electrolyser technologies holds 
significant promise for enhancing technical performance and reducing costs, as well as 
reducing reliance on materials with vulnerable supply chains.  

STANDARDS  
Variations in technology products that are driven by divergent regulatory standards across 
markets can create barriers to trade and hinder the realisation of economies of scale. In 
contrast, harmonisation of product standards can facilitate trade, thereby enhancing 
competitiveness and enabling manufacturing scale-up, which can drive down costs. 
Standardisation is particularly important for pre-commercial technologies, where clear 
benchmarks can support investment and adoption.  

International Electrotechnical Commission (IEC) and International Organization for 
Standardization (ISO) standards provide a technical foundation for safety, performance and 
quality across clean energy technology products and systems. The two organisations have 
well-established standards for solar PV, wind, heat pumps and batteries. With rapid 
technological advancement, standards must continuously balance the need to integrate  
 

https://kr.usembassy.gov/120923-joint-fact-sheet-launching-the-u-s-rok-next-generation-critical-and-emerging-technologies-dialogue/
https://www.international.gc.ca/trade-commerce/trade-agreements-accords-commerciaux/agr-acc/japan-japon/moc-pdc/batteries.aspx?lang=eng
https://www.international.gc.ca/trade-commerce/trade-agreements-accords-commerciaux/agr-acc/japan-japon/moc-pdc/batteries.aspx?lang=eng
https://www.batteryconsortium.sg/news/1st-ASEAN-Battery-and-Electric-Vehicle-Technology-Conference
https://www.solarwirtschaft.de/en/international-activities/indo-german-platform-for-partnership-in-solar-pv/
https://www.cepal.org/en/notes/project-implemented-eclac-and-partners-promotes-match-between-providers-and-seekers-green
https://www.gov.uk/government/publications/cooperation-on-energy-security-and-the-clean-energy-transition-uk-republic-of-korea-partnership/clean-energy-partnership-between-the-united-kingdom-and-the-republic-of-korea
https://inl.int/about/international-status-and-history/
https://mission-innovation.net/platform/materials-for-energy-m4e/
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new innovations, while remaining stable enough to encourage wide adoption. Finding this 
balance requires strong pre-normative research, but this is often a costly and resource-
intensive endeavour, which makes it a priority area for collaboration. The IEA TCPs support 
such research by providing platforms for collaborative research and the development of 
reference cases and recommended practices. Strengthening ties between the TCPs and 
standardisation bodies could further improve the alignment between innovation and 
regulation.  

Beyond performance and safety standards, standardisation on size and capacity can help 
promote efficiency in clean technology manufacturing. For example, the IEA TCP on Heat 
Pumping Technologies is advancing a common heat pump design concept, while the North 
Seas Wind Standard has raised the issue of inefficiencies resulting from the uncoordinated 
increase in the size of wind turbines. By favouring standardisation over incremental 
improvements, greater economies of scale and market certainty can achieve cost 
reductions. There have also been collaborative efforts to develop concepts and standards 
for enhanced product circularity. The IEA Photovoltaic Power Systems Programme TCP 
has developed design guidelines to promote recyclability of PV modules. For EVs and 
batteries, the ZEvRA project brings together research institutes and companies from the 
European Union, Norway, Türkiye and United Kingdom to address the fragmentation of the 
EV value chain and incorporate circular design approaches, as well as establish a common 
way to measure circularity. Further discussion of collaboration on recycling can be found 
below. 

The opacity of global clean energy technology supply chains has also driven a need for 
standards that take into account environmental, social and governance (ESG) concerns. 
For example, in solar PV, the Solar Stewardship Initiative’s ESG Standard has developed 
assessment protocols to verify ethical and sustainability criteria for the industry. Such 
standards complement technical norms by introducing transparency on labour practices, 
sourcing and lifecycle impacts. 

Well-calibrated standards, backed by conformity assessments, can be a driver of clean 
technology development where they succeed in balancing the need to provide stability for 
investors and project developers with the need to incorporate technology improvements. 
In addition, bridging technical, recycling and ESG standards through enhanced 
collaboration would help to build trust and reduce fragmentation. Greater co-ordination 
between technical standard-setting bodies and ESG initiatives could help integrate these 
dimensions, supporting more sustainable and competitive clean tech manufacturing.  

World Standards Cooperation, which is a high-level collaboration between the IEC, ISO 
and the International Telecommunication Union, provides a good example of progressing 
voluntary consensus-based standards which are globally acceptable. 

END OF LIFE COLLABORATION 
As clean energy deployment accelerates, so too does the urgency to manage technologies 
at their end of life (EoL). Recycling can create valuable secondary material supply sources 
and provide management strategies for mounting clean energy technology waste,  
 
 

https://www.iea.org/programmes/technology-collaboration-programme
https://heatpumpingtechnologies.org/ongoing-annexes/
https://heatpumpingtechnologies.org/ongoing-annexes/
https://www.nedzero.nl/en/news/the-north-seas-standard-enable-growth-with-wind-turbine-standardization
https://www.nedzero.nl/en/news/the-north-seas-standard-enable-growth-with-wind-turbine-standardization
https://iea-pvps.org/key-topics/pv-module-design-for-recycling-guidelines/
https://zevraproject.eu/
https://www.solarstewardshipinitiative.org/ssi-standards/esg-standard/
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mitigating environmental impacts from new mining as well as from disposal of EoL 
technologies into landfill. Broad international collaboration on standards and harmonised 
rules for EoL technology can create the certainty needed to boost the economic viability of 
recycling.  

Policy frameworks must be carefully designed to enable safe and efficient transboundary 
movement of e-waste. At COP 15, the Basel Convention expanded its scope on e-waste 
to include not only waste that is directly hazardous but also non-functional electronics, 
tightening regulations on transboundary e-waste movement. This represented a critical 
step toward closing loopholes that have allowed the dumping of irreparable equipment in 
developing countries that lack safe recycling streams. The UN-led Global Alliance on 
Circular Economy and Resource Efficiency (GACERE) advances circular economy policies 
and practices across borders and serves as a key platform for fostering collaboration 
between governments in both emerging and advanced economies.  

There are multiple projects strengthening recycling technology innovation and early-stage 
deployment. In 2022, the US National Renewable Energy Laboratory and the Faraday 
Institution in the United Kingdom signed an MoU to deepen battery research collaboration 
on cathode materials and recycling routes for lithium-ion batteries. The India-
European Union Trade and Technology Council arranged matchmaking opportunities in 
2024 for Indian and European start-ups specialising in EV battery recycling technologies. 
In the same year, the United States-led Mineral Security Partnership invested in three 
projects related to recovery and recycling of critical minerals.  

The development of product traceability solutions is also progressing, facilitating 
coherence, comparability, and the implementation of standards. Progress has been made 
on Digital Product Passports (DPPs), which include information about materials and ESG 
compliance. At the start of this decade, the European Union announced its plans for DPPs 
for batteries to become mandatory in 2027, and the Global Battery Alliance concluded its 
second pilot of its battery passport in 2024. Together with members and stakeholders, the 
Alliance has defined a framework to benchmark batteries against sustainability 
performance expectations anchored in international regulations and voluntary standards, 
covering 18 ESG issues impacting battery value chain resilience and sustainability. A 
prototype DPP for solar PV is also under development within the EU-funded RETRIEVE 
project. Similarly, DecomBlades, a public-private initiative involving several large wind 
power manufacturers, has launched blade material passports to facilitate recycling. For 
heat pumps, the IEA TCP on Heat Pumps works on design and dismantling processes and 
guidelines to facilitate circularity. Going forward, ensuring coherence among emerging 
frameworks and tools will be critical. To this end, ISO and UNECE have announced a joint 
initiative on DPPs, providing direction and policy advice to foster alignment and 
harmonisation among emerging passport schemes. 

Addressing loopholes in waste trade and enforcing minimum recycling standards is the first 
step to promoting circularity and limiting social and environmental risks. Moreover, R&D 
that holds promise for recycling technology must be accompanied by widely agreed-upon 
standards that simplify dismantling and recycling, to allow recycling at scale. More 
ambitious projects to develop standards across markets could allow recycled materials to 
become a cost-competitive with primary materials. 

https://www.basel.int/Implementation/Ewaste/EwasteAmendments/Overview/tabid/9266/Default.aspx
https://www.unep.org/gacere
https://www.faraday.ac.uk/us-uk-battery-workshop/
https://research-and-innovation.ec.europa.eu/news/all-research-and-innovation-news/eu-india-join-forces-promote-start-collaboration-e-vehicles-batteries-under-trade-and-technology-2024-04-09_en
https://research-and-innovation.ec.europa.eu/news/all-research-and-innovation-news/eu-india-join-forces-promote-start-collaboration-e-vehicles-batteries-under-trade-and-technology-2024-04-09_en
https://2021-2025.state.gov/joint-statement-of-the-minerals-security-partnership-principals-meeting-2024/
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/14382-Digital-product-passport-rules-for-service-providers_en
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/14382-Digital-product-passport-rules-for-service-providers_en
https://www.globalbattery.org/battery-passport/
https://www.retrieveproject.eu/
https://www.retrieveproject.eu/
https://decomblades.dk/index.php/2023/04/25/638/
https://heatpumpingtechnologies.org/about/
https://unece.org/digitalization/news/unece-and-iso-launch-joint-initiative-digital-product-passport-advance
https://unece.org/digitalization/news/unece-and-iso-launch-joint-initiative-digital-product-passport-advance
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DRIVING INCLUSIVE SUPPLY CHAIN PARTNERSHIPS  
Partnerships between EMDEs and advanced economies can help EMDEs expand their 
clean technology manufacturing faster, by benefiting from previous learning experiences. 
For advanced economies, such partnerships can help realise diversification goals. An 
example of this is the 2023 Indonesia-Singapore MoU on Renewable Energy Cooperation, 
which promotes investment in clean energy technology manufacturing in Indonesia, 
targeting win-win outcomes. Another such partnership is the 2022 MoU between Zambia, 
the Democratic Republic of the Congo and the United States, with plans to develop a 
complete cross-border EV battery value chain, from minerals extraction to assembly and 
recycling. Specifying key deliverables on standards, or on skills and technology transfer, 
can ensure that strategic collaboration agreements yield tangible outcomes. 

Stronger co-operation between EMDEs can also help align industrial strategies and provide 
opportunities for learning and policy support. A recent example is the joint statement 
between Türkiye and Indonesia, which promotes deepened collaboration on clean energy 
technology innovation. As part of the Clean Energy Ministerial, the India-led initiative on 
Transforming Solar Supply Chains promotes global linkages to strengthen the whole PV 
supply chain. Partnerships which involve wider geographic areas can facilitate learning and 
create clusters of shared interest, enhancing the development of complete supply chains 
across regions.  

Supporting critical minerals resilience strategies  

Building a strong clean technology manufacturing base depends on a resilient and 
diversified supply of critical minerals. However, the complexity and lack of 
transparency in critical minerals supply chains often hinder the development of 
effective policy responses. To address this challenge, several emerging initiatives 
seek to help governments gain clearer insights and make informed decisions to 
strengthen their critical mineral supply chain strategies. 

Collaborative programmes and initiatives boost government preparedness and 
responsiveness to critical mineral supply chain disruptions. In 2024, the IEA 
Voluntary Critical Minerals Security Programme led an exercise for governments to 
help build emergency preparedness and promote supply chain resilience. Also 
launched in 2024, the Association of Southeast Asian Nations (ASEAN) – Korea 
Collaborative Initiative on Critical Minerals Management and Strategy for 
Sustainable Environment in ASEAN offers capacity-building and training for ASEAN 
member governments.  

Other projects focus on providing better data and insights to policy makers. The 
IEA’s 2025 Critical Minerals Outlook has expanded to feature a wider range of 
strategic minerals. The Trade in Critical Minerals database by the Asian 
Development Bank and World Trade Organization allows users to explore trade and 
tariff data, and the IEA Critical Minerals Data Explorer complements this with 
demand projections across multiple scenarios and technologies. Finally, the 
Material Insights Platform provides detailed profiles of raw materials including 
associated ESG and security of supply issues. 

https://2021-2025.state.gov/the-united-states-releases-signed-memorandum-of-understanding-with-the-democratic-republic-of-congo-and-zambia-to-strengthen-electric-vehicle-battery-value-chain/
https://www.iletisim.gov.tr/english/haberler/detay/joint-statement-from-the-leaders-of-the-republic-of-turkiye-and-the-republic-of-indonesia
https://www.cleanenergyministerial.org/initiatives-campaigns/transforming-solar-supply-chains/
https://www.iea.org/news/iea-ministerial-with-the-right-packages-of-policies-clean-energy-transformations-will-boost-energy-security-and-affordability
https://www.iea.org/news/iea-ministerial-with-the-right-packages-of-policies-clean-energy-transformations-will-boost-energy-security-and-affordability
https://www.aseanrokfund.com/our-works/asean-korea-collaborative-initiative-critical-minerals-management-and-strategy-for-sustainable-environment-in-asean
https://www.aseanrokfund.com/our-works/asean-korea-collaborative-initiative-critical-minerals-management-and-strategy-for-sustainable-environment-in-asean
https://www.iea.org/reports/global-critical-minerals-outlook-2025
https://www.wto.org/english/news_e/news24_e/envir_18dec24_e.htm
https://www.iea.org/data-and-statistics/data-tools/critical-minerals-data-explorer
https://www.material-insights.org/material/
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TRADE AGREEMENTS  
Recent trade agreements increasingly reflect a focus on supply chain resilience and often 
directly reference clean energy technology, highlighting the growing strategic importance 
of this issue. The recent Chile-European Union interim trade agreement aims to encourage 
investment in Chilean wind power and lithium supply chains. When ratified, the revised 
version of the Mexico-European Union free trade agreement will make strides towards 
standards harmonisation and incorporating ESG considerations. Also pending ratification, 
the long-awaited European Union-Mercosur trade agreement contains key provisions to 
guarantee critical mineral supply to the European Union and promote energy-intensive 
manufacturing in Latin America. In January 2025, the Office of the US Trade 
Representative detailed new approaches to trade policy, notably including a sectoral trade 
policy approach aiming to secure supply chain resilience through targeted agreements with 
trade partners. Meanwhile, the free trade agreement between Korea and the Philippines 
will see tariffs for EVs and hybrid cars decrease to zero over 5 years. These examples 
demonstrate an enhanced focus on supply chains in trade policy, and the ambition to 
achieve mutually beneficial outcomes that strengthen clean energy technology supply 
chains.  

NEXT STEPS 
Collaboration on clean energy technology supply chains is gaining momentum across 
several key areas, including data-sharing, skills transfer and the development of common 
standards. However, to fully realise diversification goals, more co-ordinated and far-
reaching action will be essential. 

A key priority is accelerating work to establish reliable, comprehensive data in order to map 
supply chain vulnerabilities. Several promising collaborative initiatives are already 
underway to support policy makers in this area. Yet to sustain and scale up these efforts, 
broader and more visible engagement from key stakeholders is needed. Without this, 
progress risks stalling.  

Transferring clean energy technology manufacturing skills to countries with existing 
industrial bases is a powerful strategy for delivering on diversification goals, but current 
initiatives remain geographically limited. Expanding training and capacity-building efforts to 
a wider range of regions would help close this gap and support more inclusive growth. 
Future agreements should be more inclusive, outcome-oriented, and designed with 
concrete, measurable objectives. Integrating such objectives into wider strategic 
collaboration and trade agreements can help build trust and momentum for deepened 
collaboration among new partners. 

Collaborative R&D efforts are currently concentrated on a limited set of high-profile 
technologies. Broadening the scope to include emerging and less mature technologies 
could unlock new breakthroughs and drive cost-competitiveness. Here, well-established 
programmes such as the IEA TCPs and Mission Innovation can drive targeted action 
across a broader range of stakeholders.  

The development of comprehensive and widely accepted ESG standards, standardised 
product designs, and fine-tuned quality standards can support broader resilient supply  
 

https://ec.europa.eu/commission/presscorner/detail/en/ip_25_374
https://ec.europa.eu/commission/presscorner/detail/en/ip_25_248
https://policy.trade.ec.europa.eu/eu-trade-relationships-country-and-region/countries-and-regions/mercosur/eu-mercosur-agreement/factsheets-and-guides_en
https://ustr.gov/about/policy-offices/press-office/ustr-archives/2007-2024-press-releases/ustr-publishes-policy-paper-series-supply-chain-resilience
https://www.aseanbriefing.com/news/philippines-korea-free-trade-agreement-opportunities-and-insights-for-foreign-investors/
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chain goals. Developing standards is resource-intensive and can require sustained 
investment in research. The IEA TCPs are engaging relevant stakeholders in pre-normative 
research.  

To turn EoL clean technologies into a viable material supply stream, innovation in 
technology and product traceability must be co-ordinated and disseminated on a wider 
scale. Here, the UN-led GACERE will be key to promote global co-operation. Similarly, 
UNECE and ISO’s joint initiative to harmonise and provide traceability systems is a key 
platform for harmonising DPP systems. Further initiatives where countries work together to 
drive modularity, and simplified designs to optimise recycling, could further speed up the 
emergence of economically viable recycling of EoL clean energy technology.
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