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policies that enhance the reliability, affordability and sustainability of energy. It examines the
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European Union) and 16 additional countries in the accession process and actively engaged,
IRENA promotes the widespread adoption and sustainable use of all forms of renewables in
pursuit of sustainable development, energy access, energy security and low-carbon economic
growth and prosperity.

UN CLIMATE CHANGE HIGH-LEVEL CHAMPIONS

The UN Climate Change High-Level Champions mobilise non-state actors for stronger and
more ambitious climate action. Mandated by Parties of the Paris Agreement, and working with
the Marrakech Partnership, the two serving HLCs Dr. Mahmoud Mohieldin and Ms. Razan Al
Mubarak build on the legacy of their predecessors to engage with non-state actors and
activate the ‘ambition loop’ with national governments, connecting policy with the many
voluntary and collaborative actions taken by cities, regions, businesses and investors, and
nations. Their work is fundamentally designed to encourage a collaborative shift across all of
society towards a decarbonised economy so that we can all thrive in a healthy, resilient and
zero carbon world. The Climate Champions Team (CCT) is the delivery arm of the UN Climate
Change High-Level Champions.

DISCLAIMER

The development of this report was led by the International Energy Agency (IEA) in
collaboration with the International Renewable Energy Agency (IRENA) and the UN Climate
Change High-Level Champions. The report does not necessarily reflect the views of the IEA
Secretariat, IRENA or individual members of these organisations. The IEA, IRENA, UN
Climate Change 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.
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The designations employed and the presentation of material herein do not imply the
expression of any opinion on the part of the IEA Secretariat, IRENA or the UN Climate Change
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, IRENA or the UN Climate Change High-
Level Champions in preference to others of a similar nature that are not mentioned.

ABOUT THIS REPORT

The Breakthrough Agenda was launched by 45 world leaders at COP 26 and is a commitment
to work together this decade to accelerate innovation and deployment of clean technologies,
making them accessible and affordable for all this decade. To kick-start this Agenda, countries
endorsed Breakthrough goals to make clean technologies and sustainable practices more
affordable, accessible and attractive than their alternatives by 2030 in the power, road
transport, steel, hydrogen and agriculture sectors. This report also covers the buildings and
cement sectors, where new breakthroughs are being considered.

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.
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To initiate this cycle, world leaders tasked the IEA, IRENA and the UN Climate Change 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.

This document, the 2023 Breakthrough Agenda Report, is the second of these annual reports.
For sectors addressed in 2022, it provides an assessment of progress against the
recommendations made last year, updating recommendations for what more needs to be
done. For sectors added in 2023, namely buildings and cement, it provides an assessment of
each Breakthrough goal, a pathway of co-ordinated international actions through to 2030, and
a set of specific recommendations on the most urgent and high-impact opportunities to
strengthen international collaboration.

Breakthrough Agenda Signatories:

As of August 2023 the Breakthrough Agenda signatories are: Australia, Austria, Azerbaijan,
Belgium, Cabo Verde, Cambodia, Canada, Chile, China, Denmark, Egypt, European Union,
Finland, France, Germany, Guinea-Bissau, the Holy See, India, Ireland, Israel, Italy, Japan,
Kenya, Latvia, Lithuania, Luxembourg, Malta, Mauritania, Morocco, Namibia, Netherlands,
New Zealand, Nigeria, North Macedonia, Norway, Panama, Portugal, Republic of Korea,
Senegal, Serbia, Slovakia, Slovenia, Spain, Sweden, Turkiye, United Arab Emirates, United
Kingdom, United States.
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FOREWORD

Over the past year, we have seen an acceleration in the global low-carbon transition, with progress
often happening faster than most realise. This includes record deployment of solar PV, electric cars
and heat pumps, which are all important solutions as countries transition to net zero emissions.

However, it is also clear that the transition is still not going fast enough — and is occurring at very
different speeds across regions and sectors. For example, the record deployment of renewables and
the incredibly rapid growth in sales of electric vehicles that took place in 2022 were both heavily
concentrated in China, Europe and the United States. Stronger international collaboration is urgently
needed to accelerate the pace of a just transition, ensuring that clean technologies and sustainable
solutions are accessible to all.

This Breakthrough Agenda Report 2023, the second in an annual series, assesses progress on
international collaboration in seven major emitting sectors. This includes the five sectors covered in
last year’s report — power, hydrogen, road transport, steel and agriculture — as well as buildings and
cement. Should countries agree to work together towards breakthrough goals in these new sectors,
as is now being considered, the Breakthrough Agenda will cover 60% of global greenhouse gas
emissions.

This report is a joint product of the International Energy Agency (IEA), the International Renewable
Energy Agency (IRENA) and the UN Climate Change High-Level Champions. Each organisation has
brought its own expertise to assess progress in international collaboration, and to deliver clear
recommendations for the actions that governments and non-state actors need to take together. It
also draws on global expertise generously shared by governments, businesses and civil society
organisations active in each of the sectors covered.

Overall, the report finds only modest progress in strengthening international collaboration in these
sectors. There have been some examples of good progress, which can provide a blueprint for other
sectors and initiatives. These include collaboration on standards and definitions for near-zero
emission green steel and low-carbon hydrogen, the trade of used internal combustion engine
vehicles, and rising commitments to invest in research and development in several sectors.

There remains significant scope for stronger international collaboration in all sectors. This requires
greater commitment and participation from all involved. The priorities include governments and
businesses sending stronger, collective demand signals for sustainable products (such as low-
carbon hydrogen, steel and cement); a continued improvement in the coordination, scale, and
effectiveness of financial and technical assistance provided to developing countries; stronger, more
sustained public-private collaboration on research and innovation across several sectors; and
targeted collaboration on trade.

We hope that the recommendations in this report provide a practical, detailed roadmap for stronger
international collaboration. We look forward to continuing to support governments, businesses and
civil society organisations in their efforts to implement the recommendations of this report, as we
work together to make the transition to clean technologies and sustainable solutions faster, easier
and more affordable for all. We need to incorporate the full range of environmental, social,
economic and governance dimensions and to address transitional challenges, especially in
developing countries. The acceleration in the global low-carbon transition must be connected with
inclusive development pathways through ensuring linkages with and contribution to the 2030
Agenda for Sustainable Development.

Dr Fatih Birol Mr Francesco La Camera Dr Mahmoud Mohieldin Ms Razan Al Mubarak

Executive Director Director-General UN Climate Change High- UN Climate Change High-

International Energy  International Renewable Level Champion for COP27 Level Champion for COP28

Agency Energy Agency
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EXECUTIVE SUMMARY

STRENGTHENING INTERNATIONAL COLLABORATION TO
ACCELERATE TRANSITIONS

The transition to clean energy and sustainable solutions is accelerating across many
sectors, with unprecedented expansion in clean technologies such as solar PV and electric
cars. Renewable electricity is now more affordable than fossil fuel-based electricity in a
growing number of countries and contributes to more than 50% of electricity generation in
around 30% of countries. Sales of electric passenger cars are growing exponentially and —
if this rate continues — could by 2030 be comfortably in line with what is required under a
scenario compatible with reaching net zero CO, emissions by 2050.

Yet, global emissions are still increasing, and the Nationally Determined Contributions
that countries have put forward in UN climate change negotiations are not consistent with
curbing temperature rise in line with international climate goals. The past year has also
been notable for record temperatures, and extreme weather events are continuing to
increase in frequency and intensity in many parts of the world.

Action this decade will be crucial to head off the worst effects of climate change.
Some of the solutions required to decarbonise certain sectors are not yet deployed at scale,
and can take several years to develop, meaning first steps towards deployment are needed
now. What's more, investment in clean energy technologies and low-emission products
and materials tends to be concentrated in advanced economies, and not in the countries
undergoing the most rapid development and economic growth.

Progress on the deployment of low carbon solutions

Indicator 2022 2030
Power Renewables capacity 3.8TW 11 TW
Hydrogen Low carbon and renewable hydrogen production 0.7 Mtlyr 70 — 125 Mt/yr
Road transport EV sales share of passenger cars 14% At least 65%
Steel Near zero emission steel project announcements (in 13 Mt At least 100 Mt

2022) vs. completed projects (in 2030)

Buildings Share of new buildings that are net zero 5% 100%

Cement Near zero emission cement project announcements (in 22 Mt At least 350 Mt
2022) vs. completed projects (in 2030)

Sources: IRENA (2023), World Energy Transitions Outlook 2023 (WETO); IEA (2021), Net Zero Emissions by 2050
Scenario; IEA (2023), Tracking Clean Energy Progress.
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Well-targeted international collaboration is a critical enabler at each stage of the
transition. Even in the current context of geopolitical and geoeconomic complexities, well-
targeted collaboration can deliver important benefits. It can decrease the difficulty and
amplify the effect of actions being taken individually by countries and businesses, helping
to ensure a faster transition and making clean technologies and sustainable solutions more
accessible and affordable to all. Its forms can include: collaborating on the development
and testing of new technologies and solutions, resulting in faster innovation; coordinating
deployment, delivering larger economies of scale; sending joint demand signals to create
new markets, providing stronger incentives for investment; collectively improving the offer
of technical and financial assistance, to enable a wider deployment of solutions; and
coordinating on standards, to help create level playing fields where needed.

Figure1 How international collaboration can accelerate progress at each stage of
the transition

Emergence Diffusion Reconfiguration

International assistance and finance —»
Wider development and deployment of solutions

Coordinated infrastructure deployment —»

$ Coordinated deployment—p // Connections and interoperability

Larger economies of scale

Coordinated market creation—» || o
Stronger incentives for investment Y

Coordinated development R /

and testing —p
Faster innovation

P

Clean technology market share

Coordinated standards —»
Level playing fields where needed

Time

Source: Adapted from Victor, Geels & Sharpe (2019), Accelerating the Low Carbon Transition: The Case for Stronger,
(Accessed 8 September 2023).

International collaboration can accelerate progress at each stage of the transition

The Breakthrough Agenda is designed to strengthen international collaboration
across the major greenhouse gas emitting sectors of the global economy. The five
sectors for which Breakthrough Agenda goals have already been agreed — power,
hydrogen, road transport, steel and agriculture — is this year set to expand to cover the
buildings and cement sectors. As a result, the Agenda will cover more than 60% of current
global GHG emissions.
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Figure 2 Greenhouse gas emissions by sector, 2019

Other energy
Forest and Power
other land use
10%
5%
Other 16%
industry 59 GtCO,e
Road transport
Other transport

Steel

Cement

Buildings Agriculture and
related land use

Notes: Emissions are broken down by direct emissions in each sector. Only energy-related emissions from cement are
included. Emissions from hydrogen production cut across several sectors. GHGs = CO,, CH., F-gases, HFCs, PFCs, SFg
and NFs.

Source: IPCC (2022), Climate Change 2022: Mitigation of Climate Change.

The Breakthrough Agenda now covers a significant portion of global emissions.

ONLY MODEST PROGRESS HAS BEEN MADE IN STRENGTHENING
INTERNATIONAL COLLABORATION ON LOW-CARBON TRANSITIONS
IN THE PAST YEAR

In the past year, there has been only modest progress in strengthening international
collaboration in the sectors covered in this report. Progress has been made in
expanding financial and technical assistance to developing countries in some sectors
(including power, road transport, hydrogen and steel) and in converging on standards for
measuring emissions and defining low-carbon products (in steel, cement, and hydrogen).
There has also been progress in collaborative research and development initiatives across
most sectors, although there remains a need to share learning more deeply with a wider
set of countries.
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Much more progress is needed in aligning policies to create demand for clean
technologies. In road transport, steel, cement, hydrogen, and electricity-consuming
appliances, opportunities to create stronger demand signals for industry investment, and
to accelerate cost reduction through economies of scale, are still being missed. Sending
strong demand signals should be a high priority for international collaboration this year.
There is also a need for more determined efforts to initiate dialogues on trade in sectors
where this is likely to be critical to the transition, notably steel and agriculture.

Overall, current efforts remain far from exploiting the full potential of international
collaboration to accelerate transitions. While participation in many initiatives has
increased, in most sectors the leading international initiatives still fall short of membership
that covers a maijority of the global market. Greater political commitment is needed to
progress from softer forms of collaboration, such as sharing best practice, to harder forms
such as alignment of standards and policies, which are more difficult but can yield greater
gains in mobilising investment and accelerating deployment.

Progress summary

Standards Demand Finance Research Trade Other

and creation and and and conditions

certification management investment  innovation
Power Infrastructure
Hydrogen
Road Infrastructure
transport
Steel
Agriculture Knowledge

and skills

Buildings
Cement
Cross Coordination
cutting in each sector

Note: red = minimal progress; orange = modest progress; yellow = good progress; green = strong progress; blue = new
recommendation; grey = no recommendation in this area for this sector.

PAGE | 14



The power sector accounts for
around 13 GtCOz2, or 23% of
total emissions. This has risen
by around 10% since 2010.
These need to fall by over 50%
by 2030.

The average levelised cost of
electricity has fallen by 86% for
solar PV and 60% for wind
since 2010.

By 2030, 11 TW of renewable
generating capacity is required,
up from less than 4 TW today.

Emissions intensity of hydrogen
production needs to fall by
nearly 50% by 2030, resulting in
a 10% reduction in total
emissions from hydrogen
production (due to the large
increase in total production).

Low-carbon and renewable
hydrogen production reached
0.7 Mt in 2022, compared with
70-125 Mt/yr required by 2030.

Emissions from road transport
need to fall by nearly one-third
by 2030 to get on track for net
zero.

The total cost of ownership of
electric buses and trucks is
likely to be lower than diesel
counterparts across nearly all
medium- and heavy-duty
segments by 2030 in Europe,
the United States and China.

Total CO2 emissions from the
steel sector have risen since

2015, before stabilising since
2019.

PRIORITIES FOR STRENGTHENED INTERNATIONAL
COLLABORATION

The deployment of renewables in the power sector has increased to 83%
of new electricity generating capacity — although the rate of annual
deployment still needs to treble by 2030. There have been high profile
announcements of technical and financial assistance for developing
countries, but there remains a need for this to be expanded, particularly
to reduce the cost of capital in developing countries, and to support the
transition in the most coal-dependent regions. Collaboration on research
and innovation projects should be strengthened by sharing learning with
a wider set of countries. An important opportunity that remains
unexploited is for countries to agree higher minimum energy performance
standards for electrical appliances, to shift global markets towards more
efficient products that reduce costs and cut emissions.

Renewable and low-carbon hydrogen production remained below 1
Mt/yr in 2022, compared with the 70-125 Mt/yr that is needed by 2030.
There has been some progress towards convergence on standards and
certification for emissions and safety, and in increasing financial and
technical assistance for developing countries. A pressing need is to
strengthen the collective demand signal for renewable and low carbon
hydrogen, from both public and private buyers, moving from
commitments and pledges to contracts and policies. The opportunity to
create large-scale demand quickly is greatest in sectors where hydrogen
is already used, such as fertilisers and refining. In joint research and
innovation activities there is a need for greater prioritisation of those
sectors where hydrogen can provide the most value, such as industry and
shipping, as well as for wider geographical distribution of projects and
improving knowledge-sharing.

Progress in the road transport sector is accelerating, with electric
passenger cars now totalling 14% of total car sales, a rate that is doubling
every 1.2 years. There has been progress towards taking the most
polluting used vehicles out of international trade, with agreements by
groups of African countries on minimum standards for imported vehicles.
There has also been an expansion of technical assistance programmes
in the sector. There remains a need for countries with the largest markets
to agree on the pace of the transition towards all new vehicles being zero
emission, and to implement this through effective policies in all vehicle
segments. More progress is also needed to agree international standards
for battery sustainability.

In the steel sector, nearly 90 Mt of new high-emission blast furnaces are
anticipated before 2025. Announcements for new near-zero emission
steel plants have increased to 13 Mt, more than doubling versus last year,
but still far short of the more than 100 Mt needed by 2030. There has
been good progress in aligning emissions accounting methodologies and
definitions for near-zero emission steel, and modest progress in the
delivery of financial and technical assistance for developing countries,
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The project pipeline for primary
near-zero emission plants has
increased to 13 Mt, from 5 Mt
last year. Over 100 Mt is
required by 2030 to get on track
for net zero.

Agriculture emissions continue
to increase to 7.3 GtCOz2 in
2022. They need to fall to 5.7
GtCO:z to get on track for net
zero.

Gains and losses in global
cropland are roughly equal,
although agricultural expansion
continues to drive deforestation.
Expansion will have to stop
completely if 2030 targets are to
be met.

Buildings sector emissions
represent around a third of total
energy system emissions.
Operational emissions need to
fall by about 50% from their
2022 level by 2030, to get on
track with net zero.

80% of the growth in buildings
floor area through 2030 is set to
take place in emerging and
developing economies.

Emissions intensity of cement
production has risen by nearly
10% since 2015, largely due to
an increase in the clinker-to-
cement ratio in China.

By 2030, around 10% of global
cement production capacity
needs to be consistent with
near-zero emissions.

with the launch of new funds. There is an urgent need for stronger
collective efforts to create demand for near-zero emission steel: while
participation in public sector initiatives for this purpose has risen (from
9% to 20% of the global market), purchase commitments of the kind that
could mobilise industry investment at scale have not yet been made.
Other priorities are to increase the sharing of learning from early
demonstration projects with developing countries, and to expand initial
discussions on trade and the steel transition to include the largest steel
producers in emerging economies.

In agriculture, emissions remain on a long-term upward trend, crop
yields are not improving at the rate needed, and agricultural expansion
continues to drive deforestation. While there have been some new
international commitments to investment in research and development,
there remains a need for increased development assistance, sustained
and substantial policy exchanges, and cooperation on standards and
trade. This need is most pressing in relation to sustainable agriculture
solutions with proven effectiveness, which could be more rapidly
deployed, including agroecology and other sustainable approaches, low
emission fertilisers, alternative proteins, crop and livestock breeding,
measures to reduce livestock methane emissions, reductions in food loss
and waste, and digital agriculture and climate services for farmers.

Emissions in the buildings sector have grown at an average of 1% per
year since 2015, with the global growth in floor area more than offsetting
the increased efficiency and decarbonisation efforts. Mandatory building
energy efficiency codes are a key national policy, requiring a scale-up in
technical assistance to ensure all countries have them in place.
International agreements on definitions and standards that support the
comparability and interoperability of these codes can help facilitate
private investment. Aligned public procurement commitments for zero
emission buildings can help grow markets for new construction methods,
materials and building appliances, even though some of the coordination
gains may be limited by the highly localised nature of the sector. More
accessible technical assistance for developing countries is needed to
support policy design and implementation, and to facilitate investment.

Total emissions in the cement sector have been rising since 2015,
although there has been a wave of recent announcements of large
projects for near-zero emission cement production. Most of the key
technologies required have not yet been deployed commercially at scale.
Private sector collaboration on research, development and
demonstration has been notably substantial. As in the steel sector, the
urgent need is to complement this with strong collective action to create
demand for the near-zero emission product, and while countries and
companies have recently joined initiatives with this intent, they have yet
to convert the intention into effective action. It will also be important to
ensure that knowledge from early demonstration and commercial-scale
projects is shared quickly with a wide range of countries, to accelerate
wider build-out.
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In terms of cross cutting collaboration that will have an impact in several sectors, progress
has been most notable in research and innovation, where countries have committed
USD 94 billion to clean energy demonstration projects by 2026. On finance, the Bridgetown
Initiative has prompted discussions at heads of government level on proposals to reduce
the cost of capital for developing countries’ investments in clean technologies, and there
has been some progress in the development of platforms to match developing countries’
needs with international investment and technical assistance. On trade, the Climate Club
has taken initial steps towards coordinated international action on industrial
decarbonisation but has so far only involved two of the ten largest emerging economies;
expanding participation will be important to the effectiveness of these efforts. There has
been some progress in clarifying the structure for international collaboration within each
sector, with the Breakthrough Agenda process contributing to the coordination of activities
and providing clearer direction where participation or resources need to be increased.

Other sectors: opportunities to improve international collaboration and make low-carbon
transitions less difficult are likely to exist in sectors not yet covered by the Breakthrough
Agenda. These include shipping, aviation, and industrial sectors other than steel and
cement (such as chemicals and plastics).

In many sectors there will be synergies between actions to reduce emissions and actions
to build resilience. The agreement at COP 27 of the Sharm EI Sheikh Adaptation Agenda,
to be advanced in parallel with the Breakthrough Agenda, creates an opportunity for these
synergies to be enlarged and accessed more widely through well targeted international
collaboration. In January 2023, the COP 28 Presidency announced a partnership with the
Breakthrough Agenda, which has the potential to strengthen international cooperation by
providing greater continuity of efforts between COPs, especially if emulated by future COP
Presidencies.

The summaries of progress in each sector outlined below demonstrate the contribution that
international collaboration is already making to accelerate the transition. Often, action in
one sector contributes to progress in another, such as by speeding up the deployment of
key technologies. The priorities for action and recommendations in each sector provide a
clear pathway to continue accelerating the transition.
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Power progress summary

What progress has been made? | What more needs to be done? 2023

P2. Finance < A wave of new public and « Continue to increase the scale of public
and private commitments, including and private investments.
investment JETPs. « Increase public commitments, channelled

e The development of innovative through direct investments, blended
financial instruments improving finance, and other instruments such as
access to finance. grants and subsidies to help reduce the

« Further growth in matchmaking ~ cost of capital in developing countries.
platforms to improve access to « Improve collaboration around successful
assistance. de-risking mechanisms, particularly among

MDBs and other lenders.

Modest

P3. Social e Several support programmes < Align development funding with targeted
engagement announced focused on the support for economic diversification in
social aspects of the transition. fossil fuel dependent regions.
« Improvements in capacity * Develop strategies to strengthen local
building for government supply chains, using local expertise and
officials and local industries. international best practice.

« Share learning among countries and
support the creation of dedicated national
social task forces.

P4. < Increase in the participation in < Better co-ordinate efforts to research,
Research key public and private sector develop and demonstrate technologies,
and initiatives. particularly across emerging markets.
innovation « Countries have set out joint  Prioritise R&D investments in key enabling
innovation priorities and plan technologies, such as storage, distributed
for demonstration projects in energy resources and system operation. Modest
all regions. = Assess prospects for the refurbishment
» Strengthened collaboration and repurposing of existing assets such as
and knowledge exchange hydropower units and thermal power
among the initiatives working plants.
in this area.
P5. * Countries have set clear e Collectively identify mechanisms to
Infrastructure priorities and roadmaps for mitigate security of supply risks for cross-
regional grid initiatives. border infrastructure.
* Advanced bilateral and e Explore means of reducing transaction
regional initiatives to costs and fast-tracking permitting.
implement or improve cross- < Scale up manufacturing capacity to reduce iRl
border power exchange. current market lead time and avoid
* Improved knowledge shortfalls of key materials.

exchange between regulators
and other relevant actors.

P6. Demand e Increased membership of » Countries to collectively agree to higher
management efficiency and energy minimum energy performance standards
standards initiatives. for high energy-consuming appliances.
A modest increase in in- « Improved technical and financial
country assistance and assistance to facilitate the application of
technical capacity building. measures.
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Power recommendations

1

Governments, working with key institutions, and funds, should ensure that international support is
available at better terms, including grants at early investment stages. That includes creating de-risking
mechanisms, tailored to the country’s respective contexts, helping to mobilise private sector
investments. Overall provision of resources should be increased, particularly towards technologies
that have not achieved commercial maturity.

Governments and MDBs should work together to more strongly align development funding with
targeted support for local jobs, skills and investment, for the repurposing of fossil fuel assets,
economic diversification, and for environmental restoration, in fossil fuel dependent regions and
communities. Civil society, governments and industry should contribute to creating international
centres of expertise on the just transition, within existing institutions.

Governments should work through relevant initiatives to accelerate the identification of suitable
demonstration projects, resource them appropriately, and ensure high-quality knowledge-sharing
structures are put in place. To facilitate knowledge sharing among a wider set of countries and
stakeholders, close collaboration with regional research and innovation networks will be required.

Governments should work together to reassess the opportunities for cross-border and regional power
interconnection and smart grids to support the transition to clean power systems, including
opportunities that have been previously considered but not taken forward, given the improving
technology, falling costs, and increasing need for system flexibility. Countries and investors should
support international efforts to identify top regional priorities for interconnection, and to replicate
successful approaches to technical agreements.

Countries, in consultation with industry, should collectively agree to higher minimum energy
performance standards for high energy-consuming appliances, supported by awareness campaigns
and incentives, such as energy efficiency retrofit programmes. Improved technical assistance should
facilitate the implementation of effective standards in developing countries.

PAGE | 19



Hydrogen progress summary

H1.
Standards
and
certification

H2.
Demand
creation

H3.
Research
and
innovation

H4.
Finance
and
investment

What progress has been made?

* IPHE leading major efforts on
methodologies, in partnership with
ISO, and increasingly co-ordinating
the wider landscape.

* |EA Hydrogen TCP has set a task on
certification harmonisation.

e Other assessments or relevant work
from IRENA and RMI, the European
Clean Hydrogen Alliance and the
Hydrogen Council.

* Notable individual efforts from
countries, albeit lacking international
coordination on near-term
commitments and policies.

* The IRENA Collaborative Framework
on green hydrogen has established a
workstream on understanding how to
co-ordinate demand and supply
globally.

« Commitment to establish a
conceptual framework to exchange best
practices by COP 28.

* The Hydrogen Valley Platform had
identified 83 projects from 33 countries
by July 2023.

e UNIDO, World Bank and IRENA
mapping currently available assistance
and financing best practice, to support
an improved offer.

e The Hydrogen for Development
Partnership was launched by the World
Bank, to help catalyse funding for
projects in developing countries through
providing improved in-country support.

* Prepare a well-articulated plan that
defines resource needs for the
development of a comprehensive
portfolio of standards.

* Provide appropriate resources to
undertake the relevant work on
standards development.

« Governments to work through existing
forums to ensure methodologies used
to define regulatory frameworks are
interoperable.

< Increase the strength of the demand
signal by moving from commitments
and pledges to contracts and policies.

< Improve co-ordination of efforts by
more countries and companies
working through joint initiatives.

* Ensure new projects are focused
in priority sectors and increase
geographical diversity of demonstration
projects.

» Increase efforts to establish
proactive knowledge-sharing platforms
and processes between lead projects.

e Governments to work with IFls to
identify projects that are being delayed
by high costs of capital and other
obstacles to investment, then identify
best practices to support targeted and
tailored technical assistance for policy
design.
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What more needs to be done? 2023

Modest

Modest



Hydrogen recommendations

1

Governments and businesses should provide financial and human resources for the development and
implementation of a comprehensive portfolio of national and international standards, based on a well-
articulated plan that defines resource needs. Governments should also work towards the adoption of a
common methodology to calculate the carbon footprint of the hydrogen value chain to facilitate mutual
recognition and interoperability of certification systems. Governments, especially those of developing
countries, should anticipate building technical capacity of their national systems to verify compliance
with international hydrogen standards.

Governments and companies should co-ordinate internationally to increase commitments for the use
of low-carbon and renewable hydrogen in sectors where hydrogen is already used, supported by
specific policies and purchase agreements, to collectively send a strong demand signal and mobilise
investment in production. In new priority application sectors, countries should share learning to
accelerate early deployment. This should be done in a manner that ensures a level playing field in
international trade.

Governments and companies should work together to dramatically increase the number and
geographical distribution of hydrogen demonstration projects and to ensure that these appropriately
cover each of hydrogen’s high-value end-use sectors, including maritime shipping, heavy industry and
long-duration energy storage. Governments and the private sector should agree on minimum
reporting principles to guide a deeper and more rapid sharing of knowledge among these
demonstration projects and with the broader stakeholder community, including a commitment to share
the lessons learned from all publicly funded demonstration projects.

Governments, MDBs and relevant technical partners should work to identify viable projects that are
being delayed by high costs of capital and other obstacles to investment, then identify best practices
to help unlock their progress. This should be supported by appropriate technical assistance
programmes to assist governments with policy design for the further scale-up of projects.
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Road Transport progress summary

Progress highlights

What more needs to be done 2023

Long-term
vision

Finance and
investment

Supply
chains

Infrastructure

Trade
conditions

Increased membership of multiple .
initiatives setting voluntary
commitments for zero emission

vehicle (ZEV) adoption.

Notable expansion of commitments
beyond electric cars, including 5 .
corporate members of EV100+ and

14 corporate members of FMC
Trucking.

ZEV-Transition Council (ZEVTC) .
International Assistance Taskforce
(IAT) and the Collective for Clean
Transport Finance providing

mapping and technical assistance, o
with a particular focus in Sub-

Saharan Africa and India.

Expansion of technical and financial
assistance, notably via the GEF-7 .
Global Electric Mobility Programme
and the World Bank’s Global Facility

to Decarbonise Transport.

Co-ordination on EV battery supply =
chain sustainability by the Global
Battery Alliance (GBA)

UNECE developing methodology for
measuring GHG emissions,
covering the entire automotive life
cycle.

Establishment of ZEVTC taskforce .
to facilitate collaboration on
charging infrastructure deployment.

ZEVWISE Coalition sharing

knowledge and expertise in the
medium- and heavy-duty segments,
including infrastructure deployment
and financing.

UNEP given a formal charter by the
UN Environment Assembly to

pursue policy-oriented data

collection and research on used
vehicle quality standards.
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Translate voluntary commitments
into binding policies for all major
markets and secure broader support
from original equipment
manufacturers (OEMs).

Modest
Expand commitments into new

vehicle segments, including 2- and
3-wheelers.

Scale up support globally, including
in product supply, policy

and standards, through stronger co-
ordinated working.

Further co-ordinate to scale,
accelerate and de-risk investment,
reduce cost of capital, and mobilise
companies.

Modest

Countries should better track
project-level key performance
indicators to guide future policies
and assistance efforts.

Greater global harmonisation of
sustainability standards (i.e. battery
carbon footprint, responsible
sourcing) and common,
interoperable standards for digital
product passports (i.e. data
governance).

Modest

Support data & research on key
obstacles and policies for enhancing
circularity in battery value chains.

Agree on a set of priority areas for
scaling up technical and financial
assistance and

design an implementation plan for

delivery. Modest

Design regional roadmaps that lay
out the needs for infrastructure
deployment for trucks and buses.

Exporting and importing countries
should convene to agree on an
international harmonised framework
on minimum standards on used
vehicles, and establish a publicly
accessible database for tracking.

Good



Road transport

1

Governments should agree on a timeline by which all new road vehicle sales should be zero emission,
with interim targets for countries taking into account their level of economic development and ability to
scale up infrastructure. Governments should put effective policies in place to implement these
commitments. Targets should be Paris-aligned and should include all vehicle types.

Governments and international organisations should increase low-cost financing and dedicated
funding to projects to accelerate ZEV adoption in EMDEs, focusing on ensuring that EMDE countries
are aware of and have ready access to technical assistance and financing offers, and ensuring the
effectiveness of project delivery and policy development support.

Governments should work together to agree on harmonised sustainability standards and metrics,
including battery carbon footprint, responsible sourcing and broader environmental, social and
governance risks and impacts wherever possible. In the context of digital product passports, they
should work towards enabling global interoperability, including harmonised data governance (i.e. data
collection, management, assurance and verification standards). Further, governments should jointly
address priority areas for sustainable value chains including transport, trade and recycling bottlenecks
for battery materials at the end of life, circularity-based product design and processing, and technical
assistance for developing markets and emerging economies on EV battery end-of-life management.

Governments should agree to further increase technical and financial assistance to support charging
infrastructure. Governments and companies should support and leverage the mechanisms
established for sharing best practices, knowledge, and relevant technology, and for supporting
implementation by countries and Non-State Actors at national and regional levels.

Exporting and importing countries should agree on minimum standards for cross-border trade of used
vehicles. Countries should establish a publicly accessible database for tracking cross-border used
vehicle trade. Governments and companies should develop strategies to define and legislate quality
standards, enforced at ports of export and defined based on standards established by importing
countries, for used Internal Combustion Engine (ICE) vehicles, as well as commitments to support the
international trade of second-hand ZEVs, and publish plans by COP 28.
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Steel progress summary

What progress has been made? What more needs to be done? 2023

S1.
Standards
and
definitions

S2.
Demand
creation

S3.
Research
and
innovation

S4. Trade
conditions

S5.
Finance
and
investment

Increase in membership of and co- .
ordination between key public and
private sector initiatives. .

Emerging consensus on emissions
accounting methodologies. .

Growing convergence on definitions
for ‘near-zero emission steel’.

Increase in membership of key public =
and private sector initiatives, with

CEM IDDI growing from countries .
representing 9% to 20% of global steel
production.

Increased efforts to engage regions
outside Europe and North America.

Growing number of successful private
sector collaboration models for steel.

Initial bilateral country partnerships
being established under Mission .
Innovation NZIM.

Some initial progress within new and .
existing forums and agreements, such

as the WTO, OECD, Climate Club and
GASSA.

Launch of new funds, such as CIF .
Industry (USD 80 million out of
USD 500 million capitalised).

Initial interest to improve the
effectiveness of delivery, including .
from LeadIT and the Climate Club.
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Achieve broad consensus on
methodologies by end 2024.

Agree process for verifying ‘near-zero

emission’ claims.

Accelerate adoption of standards in Good

national policy through collaboration
between countries.

Move from commitments and pledges
to contracts and policies.

Agree to share procurement data to

strengthen demand signal.
Modest

Scale up country-level collaboration,
making best use of private sector
models where possible.

Work closely with climate finance
funds to build engagement with
developing countries.

Modest

Establish a dialogue on steel
decarbonisation policies and trade,
involving all major steel producing and

- . M
consuming countries. odest

Establish a matchmaking platform to
link supply and demand for assistance
and build sectoral expertise among
major IFls.

Donor countries to further increase

commitments for industry
decarbonisation funds.

Modest



Steel recommendations

1

Governments and companies should work through existing collaborative forums to align emissions
accounting methodologies for steel by the end of 2024. Countries representing the majority of global
steel production should commit to adopting net zero compatible mandatory standards from the mid-
2020s. Appropriate steps should be taken to clarify the compatibility of emerging definitions with net
zero.

Governments and companies should increase the scale of near-zero emission steel procurement
commitments to cover a significant share of their future steel demand, joining relevant public and
private sector initiatives where these commitments are aggregated. These commitments should be
high quality and should be supported by appropriate legal and implementation frameworks, such as
advance purchase commitments.

Governments and companies should collaborate via existing initiatives to fast-track sharing of
technology learning, business case development and policy support to accelerate the development of
pilot projects. Emerging markets and developing countries’ participation in key RD&D initiatives should
be increased in support of this aim.

Governments should urgently launch a strategic dialogue on trade and the steel sector’s transition,
including the leading producer and consumer countries, with the purpose of agreeing ways to ensure
near-zero emission steel can compete in international markets. This is needed to ensure that trade
helps to accelerate the transition and does not hold it back.

Countries should establish an improved matchmaking function focused on industry decarbonisation
and including steel that can better respond to developing country requests for financial and technical
assistance. This should include donor countries, recipient countries, IFls, national development banks,
philanthropic organisations, private financial institutions and companies, with regular meeting of
ministers.
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Buildings progress summary

B1.
Standards
and
certification

B2.
Demand
creation

B3.
Finance
and
investment

B4.
Research
and
deployment

B5.
Capability
and skills

Progress highlights What more needs to be done 2023

 Whole-life carbon assessments exist
in many countries, mostly voluntary.
There is a limited availability of
resilience assessments frameworks.

Some limited collaboration among
developed countries and some
private sector organisations to
advance compliance with standards
and associated certification.

Strong aggregated procurement
campaigns and policy commitments
focused on building appliances and
materials, albeit not for heating and
cooling and whole building or-
project-level.

A broad representation of
international private sector initiatives,
with public sector collaboration at an
earlier stage.

Investment in energy efficiency and
electrification for buildings at an all-
time high, but not yet on track for net
zero emissions by mid-century, and
already showing early signs of
slowdown.

Some engagement of IFls and
business in unlocking private sector
investment through several forums,
although it is still challenging to
match requests for support with the
right funding and technical partners.

Several well-established
collaborative R&D forums already
exist — with success in major
technologies, such as heat pumping
technologies, superinsulation and
ventilative cooling. Current forums
can be strengthened and expanded
to increase and accelerate the
impact of research and innovation.

Several collaborative forums deliver
successful training programmes for
construction and engineering roles
that will be vital for the buildings
sector and can be strengthened to
build capacity and skills to deliver net
zero and resilient buildings.
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 Governments to harmonise and

upgrade definitions of near-zero and
resilient buildings, defining and using
a common set of concepts and
nomenclature.

Governments to align frameworks for
whole-life carbon assessments and
data collection and define resilience
assessments.

Governments to work in partnership
with existing forums to aggregate
and amplify the demand signal for
net zero and resilient buildings,
expanding public sector participation
and commitment.

A greater focus on whole building
procurement commitments, covering
materials, appliances and
construction.

Governments should increase the
scale of financial and technical
assistance made available for
developing countries.

Improved co-ordination of IFls and
private sector investments to target
flagship projects which can then
unlock major pipelines of projects in
emerging and developing economies
in particular.

Governments to co-ordinate on
research, development and
demonstration priorities to
understand knowledge gaps, which
can be overcome via joint working.

Accelerate the creation of joint
programmes to test and demonstrate
new technologies, supporting
developing country involvement.

Countries and companies should
jointly define training and capacity-
building priorities, strengthening the
role of existing networks to provide
guidance, tools and resources for
curriculum design, as well as
international accreditation for
education and training.

Countries should focus on delivering
technical capacity for the
implementation and upgrade of
building energy codes in countries
where most growth in floor area is
forecast.



Buildings recommendations

1

Governments should work together to harmonise and upgrade the definitions and nomenclature for
net zero and resilient buildings and their performance. Countries should work towards harmonising
whole-life carbon assessments, developing resilience assessments, and aligning certification scheme
with net zero and resilient requirements. Harmonisation should permit the flexibility to accommodate
different regional contexts and should be supported by establishing shared international mechanisms,
platforms and formats for data sharing of best-in-class net zero and resilient projects.

Governments should jointly create and strengthen procurement commitments for net zero and resilient
buildings, as well as joining existing low-carbon material procurement alliances. Countries should
work to establish new joint commitments on deploying clean and efficient heating and cooling
technologies.

Countries should increase the scale of funding available for net zero and resilient building projects as
well as improving the co-ordination of assistance going forward through the establishment of a
establish a matchmaking platform dedicated to the delivery of net zero and resilient building projects.
This platform would act as a single point of contact for emerging and developing countries, with
support from donor countries, MDBs, NDBs, private financial institutions and investors, philanthropic
organisations, buildings and real estate companies and technical assistance partners.

Countries and companies should work together to identify knowledge gaps that can be overcome via
joint working, and align RD&D priorities to shared policy goals. Countries should also facilitate the
expansion of existing networks to bring in new expertise and country members, and work through
those networks to improve communication of high-quality research and best practice, deliver training
to deploy innovative technologies, construction practices, tools and business models at scale, using
government projects to lead the way.

Countries and companies should jointly identify knowledge gaps and define training and capacity-
building priorities, strengthening the role of existing networks to share knowledge and provide
guidance, tools, and resources to build capacity across all regions. This includes a focus on
supporting developing countries with implementing and increasing the stringency of building energy
codes. Countries should also work together to assist in curriculum design, implementation of training
programmes and accreditation frameworks to enhance the transferability of skills and qualifications,
and ultimately promote net zero and resilient building practices.
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Cement progress summary

C1.
Standards
and
certification

C2.
Demand
creation

Cs3.
Research
and
innovation

C4.
Finance
and
investment

Progress highlights What more needs to be done 2023

» Strong alignment between
international organisations on
production level emissions
accounting.

Countries and companies
increasingly looking to define low
and near-zero emission cement and
concrete.

Several, relatively new public and
private sector forums for aggregating
demand-side commitments.

Successful private sector
collaborations are well-established,
focused on both pre-competitive and
applied innovation.

Recent launch of Ml NZIM to support
country-level collaboration.

Several IFls have programmes in
place which can support cement
decarbonisation projects.

A growing focus from countries to
improve the financial and technical
assistance offer for developing
countries, including under the
Climate Club and LeadIT.

e Countries should agree a timeline for

developing and adopting 1.5 C
aligned low and near-zero emission
definitions, as well as guidelines for
efficient use and reuse of building
material.

Further scale-up of high-quality
commitments, which should be multi-
year and backed by offtake
agreements and or policy support.

Accelerate the pace of learning
among a wider set of countries,
linking efforts to available financial
and technical assistance.

Support the delivery of pilot and
demonstration scale projects for
deep decarbonisation technologies.

Develop an improved matchmaking
function focused on industry
decarbonisation to better respond to
developing country requests and
mobilise private sector investment.
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Cement recommendations

1

Countries and companies should work through existing collaborative forums to agree definitions for
low and near-zero emission cement and concrete by the mid-2020s, as well as guidelines for the
efficient use and reuse of building material.

Countries and companies should work through existing collaborative forums to co-ordinate and
scale up early efforts to create a market for near-zero emission cement, including via high-quality,
multi-year purchase commitments and/or policy support.

Countries should work together with effective private sector collaborative forums to accelerate the
pace of learning between a wider set of countries, with a particular focus on developing countries.
These partnerships should support the delivery of pilot and demonstration scale projects in all major
emerging and developing countries well in advance of 2030.

Countries should establish a matchmaking function focused on industry decarbonisation and cement
that can better respond to developing country requests for financial and technical assistance. In
addition to participating countries, this should include IFls, national development banks,
philanthropic organisations, private financial institutions, industry coalitions and companies, with
regular meeting of ministers.
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Agriculture progress summary

Progress highlights What more needs to be done 2023

Al * New analysis and roadmaps for e Overall levels of finance for agrifood

Finance climate finance expected at COP 28. systems need to substantially

and increase, after falling over 2021.

investment » Additional finance should focus on
priority areas, such as agroecology,
reduction of food loss and waste,
reducing methane emissions and
crop and livestock breeding.

A2. « The Policy Dialogue on Transition to * Accelerated sharing of best practice
Knowledge Sustainable Agriculture continued to policies among countries who make
and skills convene governments to share best up the majority of agrifood markets.
practice on policy reform. « Provision of high-quality evidence
* The Africa Agriculture Policy and analysis to better inform Modest
Leadership Dialogue brought discussions among countries.

together key stakeholders in 2023.

A3. * Regional agreements across some * Development of internationally
Standards agrifood metrics exist (e.g. in the agreed standards for monitoring and
and European Union) but there is no reporting on the state of natural
certification consensus globally. resources.

A4. * An increase in funding commitments « Working with key development
Research for R&D delivered through the partners, increase the level of R&D
and Agriculture Innovation Mission for funding supporting projects in
innovation Climate (AIM4C). developing countries.

Modest

A5.Trade e The World Trade Organization = International agreements on

conditions (WTO) participated in the Agricultural standards and trade to provide
Ministers’ Conference at the 15" investor and business confidence.
Global Forum for Food and = Improved information for consumers
Agriculture. on traded products’ sustainability.
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Agriculture recommendations

1 Increased climate finance should be directed to supporting the deployment of agricultural
technologies and approaches for which science has generated evidence on effectiveness, including
agroecology, reducing food loss and wate, reducing livestock methane emissions, reducing
emissions from fertilisers, and crop and livestock breeding.

2 Governments, research institutions, international organisations and the private sector should commit
to a long-term process to test, develop evidence and share learning on policy and implementation.
This should prioritise the redirecting of subsidies to support agriculture to move towards
sustainability and climate resilience, and the facilitation of faster uptake of proven technologies in
the sector.

3 Governments, international organisations and research institutes should develop common metrics
and indicators to track the adoption of key sustainable agriculture solutions and to monitor the state
of natural resources on which agriculture depends.

4 Governments, research organisations and companies should work together to deliver higher levels
of investment in agricultural research, development and demonstration, to be maintained over the
course of this decade. Priority should be given to innovations that can reduce methane emissions
from livestock, make alternative proteins a reliable and affordable option, increase the resilience of
crops, and advance uptake of digital services by farmers.

5 Governments should begin strategic dialogues on how to ensure international trade facilitates, and
does not obstruct, the transition to sustainable agriculture. In addition to addressing the agricultural
commodities that contribute disproportionately to deforestation, early priority should be given to
agreeing standards, labels and regulations for alternative proteins, low-emission fertilisers, and
products of agroecological and other sustainable approaches, and to developing intellectual
property frameworks that promote access to resilient and low-emission crop and livestock varieties.
This should be complemented with international sharing of best practice on mobilising private
investment and engaging consumers.
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Cross cutting progress summary

Co-ordination
in each
sector

Finance and
investment

Trade
conditions

Research
and
innovation

Standards
and
definitions

Progress highlights

The Breakthrough Agenda has
started to facilitate improved
collaboration between countries,
companies and civil societies in
several sectors.

Landscape maps have become a
vital tool to communicate the range
of activity in each sector.

Establishment and further
development of sectoral
matchmaking platforms.

Coordinated calls to improve the
global financial architecture.

Early progress to build open and
inclusive forums for strategic
dialogues on trade-intensive
products.

Growing interest from the WTO and
members to engage in trade and
sustainability discussions.

Commitment of USD 94 billion for
clean energy projects and 221
demonstration projects committed
to under Mission Innovation.

ISO Net Zero Guidelines and UN
High Level Expert Group provide
useful guidance on compatibility
with net zero.
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What more needs to be done 2023

Secure greater participation, both
in terms of the membership and
engagement.

A more consistent provision of
resources to fund necessary
collaborative work, support
engagement of vital stakeholders.

Good

A focus also on inter-sectoral
coordination.

Greater country engagement
required to accelerate the process
of MDB reform in line with calls from
developing countries.

Modest

Countries need to accelerate their
commitment to establishing high-
level dialogues on major issues,
such as carbon leakage and other
risks for mitigation efforts, ensuring
representatives from all major
markets.

Greater focus on developing
country projects, making best use of
private sector models, in close

collaboration with IFIs. Modest

Establishment of an international
function to better verify claims,
making use of detailed sectoral
expertise.




Cross cutting recommendations

1

Countries should further strengthen forums and institutions that support international co-operation in
each sector, with increased political and financial support, sufficient participation, and deeper analysis
and communication of the potential gains from co-ordinated international action.

Governments, financial institutions, philanthropic organisations and delivery partners should continue to
improve the co-ordination of technical and financial assistance in each sector, learning from existing
successful models. Further efforts are required to improve the conditions and delivery of financial
assistance, in line with developing country requests.

Governments, companies and relevant international organisations should establish high-level, strategic
dialogues in each sector that is highly exposed internationally and where uneven competition risks
being a barrier to the transition, to develop a common approach to reaching a level playing field. This
should include, where relevant, actions on data, standards, procurement, technology collaboration and
technical and financial assistance, as well as trade.

Governments and companies should greatly increase spending on clean technology demonstration
projects, working together to bring new technologies to commercial-scale deployment as soon as
possible. Early deployment projects should be supported by matchmaking forums and ensuing
commitments and processes in all regions.

Wherever not already agreed, governments in each region of the world should agree to the top priority
common infrastructure projects that can support near-term growth in the deployment of clean solutions,
such as interconnectors and hydrogen pipelines. In each of the land, sea and air transport sectors,
countries and companies should identify specific international routes to be prioritised for the co-
ordinated first deployment of zero-emission charging or refuelling infrastructure.

Building on existing international efforts, governments should consider the establishment of an
international function to improve the collective verification of claims of different standards and their
compatibility with international climate goals, across multiple sectors.
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CHAPTER 1. INTRODUCTION

THE STATE OF THE TRANSITION

The past year has seen an acceleration of the global energy transition in many sectors,
spurred by the global energy crisis and ongoing recovery from the Covid-19 pandemic.
Total investment in energy transition technologies reached a record high of USD 1.3 trillion
in 2022, increasing 19% since 2021. Renewable electricity capacity additions are expected
to increase to more than 440 GW over 2023, with solar PV accounting for two-thirds of this
growth. Looking forward, if all announced projects are realised, solar PV_manufacturing
capacity will comfortably exceed the deployment needs of the IEA’s Net Zero Emissions by
2050 Scenario (NZE Scenario) in 2030. Similar success can be observed in the deployment
of electric cars, which have been doubling every 1.2 years and currently stand at 14% of
total car sales. At this rate, the deployment of electric cars is aligned with what is required
under a net zero scenario.

Much of this activity has been turbocharged by major new policies from governments —
partly in response to the global energy crisis — and this is set to continue. This includes the
US Inflation Reduction Act, the EU’'s REPowerEU and Fit-for-55, Japan’s Policy for the
Realization of Green Transformation, India’s Production Linked Incentive (PLI) scheme and
People’s Republic of China’s (hereafter, “China”) Latest Five-Year-Plan (2021-2025).
Whilst these are likely to result in a further acceleration of the global energy transition,
significant challenges remain.

Global energy-related CO2 emissions still grew by 1% in 2022, at a time when they need
to fall on average by around 6% each year. Progress in emerging markets and developing
countries is lagging further behind, with additional headwinds from the changing
geopolitical context. Moreover, even among advanced economies, faster progress is still
needed. By 2030, the rate of deployment in renewables needs to treble_according to the
IEA and IRENA, annual heat pump sales need to increase fivefold and the deployment of
near-zero emission industrial facilities — which has barely started today — needs to
accelerate significantly.

In terms of investment, more than 90% of the increase in clean energy’ that took place
over 2022 occurred in advanced economies and China. IRENA’s Global Landscape of
Renewable Energy Finance shows that more than 50% of the world’s population, mostly
residing in developing and emerging countries, received only 15% of global investments in
renewables in 2022. The share of renewable energy investments going to these countries
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has been progressively declining year on year. Whilst investment in solar is set to overtake
oil for the first time in 2023, total fossil fuel investment still stands at over USD 1 trillion,
rising from a low in 2020.

THE ROLE OF INTERNATIONAL COLLABORATION

In the Breakthrough Agenda Report 2022, we set out how international collaboration would
be essential to achieving faster innovation, larger economies of scale, stronger incentives
for investment and — where needed — level playing fields. In this year’s report, we dive
deeper into many of these areas, considering progress in the past 12 months and using
this assessment to inform our advice for governments, business and civil society.

This includes the role of co-ordinated low-emission and near-zero emission standards
across hydrogen, steel and cement; the opportunity for aggregated and aligned demand
signals in those same sectors and also for sustainable building materials and end-use
appliances; the need for co-operation on trade for used vehicles, steel, and agricultural
commodities; and the role of deeper sharing of learning from research and development in
key technologies to support the transition in all sectors.

We've observed progress in the level of ambition, participation and resources committed
to collaborative efforts in some of these areas over the past year, but in others there has
been little visible change. A more determined international effort in each sector is clearly
needed to increase the pace of the global transition.

THE BREAKTHROUGH AGENDA

Since last year, countries supporting the Breakthrough Agenda have begun to embed its
role as an important co-ordinating process helping to strengthen international collaboration
within major emitting sectors. In each of the sectors covered by the Agenda, groups of
countries and sector-specific initiatives have met regularly over the past year to advance
their shared understanding of the collaborative efforts that are already in progress, and of
the steps that need to be taken next.

Membership of the Breakthrough Agenda has increased to 47 countries, now totalling over
80% of global GDP. Beyond this, membership of the sectoral Breakthroughs has increased,
with both new countries and additional collaborative forums and initiatives supporting the
efforts under various action areas. As members of the sectoral Breakthroughs, countries
are committed to work together towards achieving the collective Breakthrough goal in that
sector, and to participate in at least one relevant practical collaboration initiative. Countries
within these groups also discuss and agree priority actions that they will jointly take, such
as those announced at COP 27.

This report provides an update on the five sectors that were covered last year — power,
hydrogen, road transport, steel and agriculture — in which sectoral Breakthroughs currently
exist. It also adds two new sectors, cement and buildings, where countries have expressed
a desire to commit to new Breakthroughs, although these are yet to be formally agreed.
With these new sectors added, the Breakthrough Agenda would cover more than 60% of
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global emissions. Under the IEA’s NZE Scenario, these same sectors would need to deliver
around 9 Gt CO; of annual emissions savings by 2030 versus 2022 (excluding agriculture).
International collaboration will be vital in helping achieve these emission reductions,
alongside strong national actions.

Figure 1.1 Greenhouse gas emissions by sector, 2019

Other energy

Forest and

Power
other land use

10%

5%

Other 16%
industry 59 GtCO.,e

Road transport

Other transport
Steel

Cement

Buildings Agriculture and
related land use

Notes: Emissions are broken down by direct emissions in each sector. Only energy-related emissions from cement are
included. Emissions from hydrogen cut across several sectors.

Source: IPCC (2022), Climate Change 2022: Mitigation of Climate Change.

The Breakthrough Agenda now covers a significant portion of the global economy.

APPROACH TO THIS REPORT

As the second annual Breakthrough Agenda Report, this is the first time we can track
progress against the recommendations for international collaboration that we made the
previous year. At COP 27, countries under the Breakthrough Agenda committed to joint
actions in that were made in last year’s report. These were put forward in the form of brief
‘action plans’, often with a specific timeframe and one or more nominated initiatives to co-
ordinate the work within that area.
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In this year’s report, we assess the progress that has been made against last year’s
recommendations. In this we consider any progress made through collaborative
international efforts involving countries, companies and civil society stakeholders, whether
via the nominated initiatives or otherwise. We aim to highlight examples of good
collaboration that can be strengthened through greater participation or stronger
commitments, and to point out areas where the need for collective international effort is not
yet being met. Factors being considered in this assessment include the change in
membership of key collaborations and how representative this is of major markets and
geographies; the degree of active participation in these collaborations; whether or not these
collaborations are adequately resourced; if the stated ambition of these forums and
initiatives is aligned with 1.5 °C trajectory; the degree of progress made against both the
aims of the collaboration, as well as the recommendation made in the previous
Breakthrough Agenda Report; and the extent to which roles are clearly defined within the
landscape, helping avoid duplication and plug gaps. We conducted interviews with a wide
range of stakeholders to inform this assessment, including government officials, industry
representatives, initiative secretariats, academic experts and civil society organisations.

Taken as a whole, this allows us to provide a holistic assessment of the progress being
made against our recommendations from last year’s report. This assessment colours have
been assigned to describe progress made towards each recommendation.

Assessment Description

Little to no progress has been made against the recommendation that was
made last year, requiring urgent action from governments to increase their
activity.

Modest progress Limited progress has been made against the recommendation made last year,
potentially including a limited set of governments or stakeholders, requiring
greater focus in the coming years.

Good progress Solid progress against the recommendation made last year, with broad inclusion
of key countries delivering on action at a high level of ambition. Further efforts
needed to get the sector on track globally.

The sector is now on track to deliver against this recommendation, with global
action on track to meet the breakthrough statement.

The chapters on the new sectors — cement and buildings — follow a similar structure to last
year’s report. This includes a brief overview of progress against key outcome indicators, a
summary of key actions for “how do we get there?” and an overview of the current status
of international collaboration, before moving into the priorities for international collaboration
and subsequent recommendations. The chapter on cross-cutting opportunities also
provides an assessment of progress against the recommendations made in these areas
last year, including co-ordination within each sector, financial and technical assistance,
trade, research and development, and infrastructure.
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POWER

The power sector is not yet on track for net zero by mid-century, although the deployment and
manufacture of key technologies have accelerated considerably in recent years. If current rates
of growth in wind and solar generation continue, they are set to achieve more than half of what
is required by 2030 to get on track for a net zero scenario.

Emissions?
15 + Total power sector emissions have increased from
8 13.4 Gt CO, in 2015 to 14.8 Gt CO, in 2022.
0 Emissions need to more than halve by 2030, to be
10 in line with net zero scenarios.
» The carbon intensity of electricity is currently at
around 458 g CO/kWh, and should achieve
° 99 g CO/kWh to align with international climate
goals.
o- -1 — —————
2015 2020 2025 2030

Total emissions (historic) = Total emissions (2030 target)

Average emission intensity

Costs?
05 * Renewable energy is less costly than fossil
g fuel-based electricity in a growing number of
E 04 countries and makes up more than 50% of
|i| production in around 30% of countries. The
!F o average levelised cost of electricity for new
’ projects has fallen by 89% for solar PV and 69%
: for onshore wind since 2010.
0.2 « The costs of storage have fallen by nearly 80%
since 2015, although there are significant
0.1 diferences between regions.
* Recent supply chain disruptions have temporarily
e === impacted cost reductions, and further reductions
2010 2022 will probably be more modest in the coming year.
Solar PV = Ofshore wind Onshore wind

Deployment?

12 » Renewable share of new capacity additions has
|§ increased from 37% in 2010 to 83% in 2022.

10 + If solar and wind continue to expand at their
current rate - doubling every 3.5 years - they will
reach around 8 TW annual installed capacity by
6 2030. Net zero scenarios estimate that a total 11

TW renewable energy capacity is needed by 2030.
* Battery storage also needs to scale up to about
360 GW by 2030, from 25 GW in 2022.

8

2020 2025 2030
Wind = Solar Other

" Sources: IRENA (2023) World Energy Transitions Outlook 2023 (WETO); and IEA (2021), Net Zero Emissions by 2050 Scenario.
2 Source: IRENA (2023) Renewable Power Generation Costs in 2022.
3 Source: IRENA (2023) World Energy Transitions Outlook 2023 (WETO).

PAGE | 38



STATE OF INTERNATIONAL COLLABORATION

In last year's report, we identified international collaboration in the areas of finance, social
engagement, research and innovation, infrastructure and demand management as being
important to the transition in the power sector, and made recommendations on the most
urgent and high-impact opportunities in need of international collaboration. In this report
we assess progress against those recommendations. Our assessment is summarised in

the table below, and the following sections address each area of international

collaboration in turn.

Area What progress has been made?
P2. Finance < A wave of new public and

and private commitments, including
investment JETPs.

* The development of innovative
financial instruments improving
access to finance.

« Further growth in matchmaking
platforms to improve access to

assistance.

P3. Social * Several support programmes

engagement announced, focused on the
social aspects of the transition.

* Improvements in capacity

building for government officials
and local industries.

P4. * Increase in participation in key

Research public and private sector

and initiatives.

innovation » Countries set out priorities and
plan for key demonstrations in
all regions.

» Strengthened collaboration and
knowledge exchange among
initiatives.

What more needs to be done? 2023

» Continue to increase the scale of public

and private resources.

Work with MDBs to lower the cost of
capital in developing countries by
promoting green bonds and facilitating
the use of local currencies and other
mechanisms.

Modest

Improve collaboration and knowledge-
sharing around successful de-risking
mechanisms, including MDBs and other
lenders.

Align development funding with targeted
support for economic diversification in
fossil fuel dependent regions.

Develop strategies to strengthen local
supply chains, using local expertise and
international best practice.

Share learning among countries and

support the creation of dedicated national
social task forces.

Better co-ordinate efforts to research,
develop and demonstrate technologies,
particularly across emerging markets.

Prioritise R&D investments in key
enabling technologies, such as storage,
distributed energy resources and system

operation. Modest
Assess prospects for the refurbishment
and repurposing of existing assets such
as hydropower units and thermal power

plants.
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Area What progress has been made?
P5. * Countries have set clear
Infrastructure priorities and roadmaps for

regional grid initiatives.

* Advanced bilateral and regional
initiatives to implement or
improve cross-border power
exchange.

* Improved knowledge exchange
between regulators and other
relevant actors.

* Increased membership of
efficiency and energy standards
initiatives.

* A modest increase in in-country
assistance and technical
capacity building.

What more needs to be done?

e Collectively identify mechanisms to

mitigate security of supply risks for cross-
border infrastructure.

e Explore means of reducing transaction

costs and fast-tracking permitting.

e Scale up manufacturing capacity to

reduce current market lead time and
avoid shortfalls of key materials.

» Countries to collectively agree to higher

minimum energy performance standards
for high energy-consuming appliances.

» Improved technical and financial

assistance to facilitate the application of
measures.

2023

Modest

Figure 2.1 Critical path to 2030 for the power sector

Market share

Agree priority RD&D
projects for power system

Step change in deployment

of renewables

Align international
development funding with

just transition options

Reassess opportunities for
cross-border / regional
interconnection

Implement plans for
managing transition from
high carbon power systems

flexibility

Collectively agree higher

Scale up mid- and
long-term energy storage

Policies and approaches to
enable effective sector
coupling

Ramp-up deployment of
smart, efficient end-use

fl_ncrea's:e int;e:na:lio'nalI minimum energy appliances
o cd performance standards
assistance
Early 2020s Mid 2020s 2030
Priority collaboration Other actions for Other actions with greater

(recommendations)

collaboration national relevance
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CONTINUE IMPROVEMENTS IN THE EFFECTIVENESS OF THE
DELIVERY OF TECHNICAL AND FINANCIAL ASSISTANCE FOR THE
POWER SECTOR TRANSITION

OVERVIEW

Last year, we recommended that governments, working with key institutions, initiatives,
and funds, should increase the scale, co-ordination, transparency and accessibility of
international support in the power sector. At COP 27, countries under the Power
Breakthrough agreed to support a step change in the provision of international financial
and technical assistance, reinforcing the existing landscape and helping to mobilise private
sector investment. The Energy Transition Council (ETC) and the Global Energy Alliance
for People and Planet (GEAPP) were nominated by countries to co-ordinate support for
these activities. Other active institutions include the Climate Investment Fund (CIF) and
IRENA.

WHAT PROGRESS HAS BEEN MADE?

We assess that there has been modest progress made against our recommendation of last
year, including via the expansion of the Just Energy Transition Partnerships (JETPs) and
ongoing partnerships under the ETC.

Financial resources have been allocated to investments in renewables and the phasing out
of coal plants, as well as to the enhancement of grids, distributed energy resources and
energy efficiency. Collaboration has also focused on integrated energy planning, including
socially just energy transitions. The CIF’'s Renewable Energy Integration (REI) programme
has announced support to low- and middle-income countries to develop more flexible and
resilient energy systems, including national grids and system operation. Investment plans
for Brazil (USD 70 million, which has the potential to mobilise an additional USD 9 billion
from partners), and Colombia, were approved in 2022 under the programme; plans for ten
additional countries are under development.

Managed by the African Development Bank, the Sustainable Energy Fund for Africa
provides catalytic finance to unlock private sector resources and has achieved over
USD 500 million in donor contributions.

IRENA’s Energy Transition Accelerator Financing (ETAF) Platform has received pledges
from four development financial institutions, one insurance provider and one equity partner
amounting to USD 1.25 billion, to scale up at least 1.5 GW of renewable energy projects
by 2030. ETAF’s financial resources and technical support combine with the Climate
Investment Platform (CIP). Launched in 2019 as a partnership between IRENA, United
Nations Development Programme (UNDP), and SE4ALL, in co-operation with the Green
Climate Fund (GCF), CIP currently counts 397 registered partners, under which 70 projects
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have received technical support for matchmaking between projects and financial
institutions. Over 40 projects were matched, with 4 reaching financial close to date.

The ETC has facilitated access to international resources to accelerate the clean energy
transition in the power sector by engaging institutions and philanthropies, and around ten
donor countries have made resources available through this platform since its inception in
2021. Through its Rapid Response Facility (RRF), the ETC helped to deploy fast-acting
technical assistance to 11 partner countries, based on priorities resulting from national
dialogues in 2022, and there are 31 open requests across all 11 ETC partner countries.

Financial programmes have also seen increasing momentum through JETPs, with
additional partnerships agreed or under discussion. JETPs are typically 3 to 5-year
programmes, and the scheme was initiated with the JETP South Africa, announced in 2021.
The JETP Indonesia was agreed in November 2022: it will mobilise USD 20 billion in a mix
of investments and loans from private and public entities. The JETP with Viet Nam was
formalised in December 2022 and will mobilise at least USD 15.5 billion, with half of this
amount financed by the country members of the International Partners Group (IPG)' and
the remainder by the Glasgow Financial Alliance for Net Zero Working Group members.
Formalised in June 2023, the JETP Senegal will mobilise USD 2.7 billion through
international partners and multilateral development banks (MDBs). These commitments
represent a substantial increase in the funds available for countries to accelerate the
energy transition, with a considerable portion of funds likely to focus on the power sector
and phasing out coal.

In terms of better directing private finance, a new methodology for the use of carbon finance
to create incentives for a just transition away from coal-fired thermal generation is expected
to be presented at COP 28. The Coal to Clean Credit Initiative (CCCI), a partnership
between the GEAPP and the Rockefeller Foundation, intends to capture revenues from
selling “coal-to-clean” credits. This can then encourage the closure of coal plants and bring
investments in new renewable energy projects, while supporting the transition of workers
and communities.

Similarly, the African Carbon Markets Initiative aims to unlock voluntary carbon markets for
financing Africa’s transition, mobilising credits valued at USD 6 billion annually, under
which more than USD 1 billion would be destined to phase out coal and diesel generators
in the power sector. The initiative was launched at COP 27, and was followed by publication
of a 13-point action roadmap through which African nations, major credit buyers and
financial institutions announced their commitments and plans to further scale up the
initiative. Other innovative instruments include green bonds, which have been instrumental
in raising finance in countries such as Colombia, Egypt, India and Indonesia.
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WHAT MORE NEEDS TO BE DONE?

In 2022, global investments in energy transition technologies — renewable energy, energy
efficiency, electrified transport and heat, energy storage, hydrogen, and carbon capture
and storage (CCS) — reached USD 1.3 trillion, an increase of 19% from the previous year.
However, annual investments must triple until 2030 to meet the Paris Agreement goals.

International assistance can play a role in this by supporting the design and implementation
of policies that mobilise and reallocate private investment, and by providing concessional
finance. So far, demand for funding programmes has been considerably higher than
available resources?. An additional limitation of current international financial assistance is
that it has typically concentrated on less risky investments such as renewables and energy
efficiency. A clearer focus on other higher-risk but systemically important technologies
including energy storage (both short and long-term duration), distributed energy resources
and sector coupling is needed, along with new business models.

Countries should work together, particularly through MDBs, to mobilise additional
resources for the power sector transition. In particular, this includes collectively identifying
funds that can enlarge their liquidity facilities and increase credit availability, leveraging
MDBSs’ track records in managing risks. Furthermore, grants to support early-stage studies
can better identify opportunities, increase transparency of the potential outcomes, and
upskill project partners, reducing risk from the start.

Governments and development finance institutions can play a significant role in de-risking
private projects and thus leveraging private finance. That includes securing revenues and
hedging against key uncertainties such as currency and infrastructure risks (e.g. lack of
transmission lines).® As a result, reducing risks can create a more positive environment for
investment, helping to lower costs of capital. Countries can also facilitate blended finance
strategies. Exchange of knowledge and experiences is essential. For instance, the World
Bank’s sustainable renewables risk mitigation initiative has gathered knowledge on
enhancing private sector investments through de-risking and could support other actors.

In addition, public resources and policies should both reform and tailor the means of lending
to different contexts and needs, including increasing willingness to riskier environments. As
argued by proponents of the Bridgetown Initiative, it is critical that financial aid does not
create an additional burden for countries. More attention should be paid to policies that give
governments more flexibility (fiscal space) in their spending choices, including the use of
local currency in settling debt.

In summary, demand for funding programmes has been considerably higher than available
resources*. Therefore, an increase in public funding needs to be delivered, building on
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existing programmes to strengthen the collective impact at the speed and scale required.
This could be enabled through platforms such as the CIF, ETC, and IRENA’s ETAF, which
can connect technical partners with developing countries. MDBs and other funding
institutions could deliver joint progress reports, setting out total resources committed and
disbursed, successful case studies and key focus areas for future projects. This message
was echoed in the Brasilia Declaration on the Future of the Climate Investment Funds (CIF)
in 2023, where countries envisaged major climate and environmental funds like CIF, the
GCF and the Global Environment Facility joining forces. Initiatives should also engage
national development banks and other specific vehicles, including UN-linked funds such as
the GCF. Lastly, funding must be secured to support initiatives’ co-ordination functions,
which are often missed out during programme discussions.

RECOMMENDATION P2 HAS BEEN UPDATED AS FOLLOWS:

Donor governments, working with key institutions and funds, should ensure that
international support is available at better terms, including grants at early
investment stages for higher-risk projects. That includes creating de-risking
mechanisms, tailored to the country’s respective contexts, and technical assistance
for regulatory reforms, both of which can help to mobilise private sector
investments. Overall provision of resources should be significantly increased,
particularly for technologies that have not achieved commercial maturity, such as
energy storage.

DRASTICALLY IMPROVE TARGETED SUPPORT FOR LOCAL JOBS,
SKILLS AND INVESTMENT IN FOSSIL FUEL DEPENDENT
COMMUNITIES

OVERVIEW

Last year, we recommended that countries should work together with MDBs to better align
development financing with targeted support for local jobs, skills and investment,
particularly in fossil fuel dependent regions. At COP 27, countries under the Power
Breakthrough agreed to scale up support for just transitions by developing common plans
to accelerate the alignment of cross-cutting development finance lending programmes by
COP 28. Key initiatives and organisations to take this forward include the ETC, the
International Labour Organization (ILO) and CIF — in particular, the Accelerating Coal
Transitions investment programme. Other relevant forums and agreements include
IRENA’s Collaborative Framework for Just and Inclusive Energy Transitions, IEA’s Global
Commission on People-Centred Clean Energy Transitions, and the Just Transition
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Declaration, which builds on ILO's Guidelines for a Just Transition. The Africa Just and
Affordable Energy Transition Initiative (AJAETI) is also relevant in its role to empower local
communities and equitable approaches and promote entrepreneurial innovation.

WHAT PROGRESS HAS BEEN MADE?

We assess that there has been minimal progress made against our recommendation of
last year. Although there are several initiatives in place to address the needs of specific
countries for the just transition, there is limited visibility into the extent of co-operation
between developed governments and MDBs in aligning development funding with targeted
support for the just transition.

The JETPs have been set up in selected countries to provide international support to
address the social consequences of the energy transition. They intend to promote training
and job creation for affected workers, while encouraging economic diversification and
innovation. For example, South Africa’s JETP national plan, released in November 2022,
sets out activities to develop sectors and strategies for capacity building. However,
economic diversification and innovation and skills development make up only 0.4% of the
total amount planned. Indonesia’s JETP aims to support development of a local renewables
industry by mobilising investments in local manufacturing capacity and energy efficiency. It
will also focus on the most vulnerable groups, such as coal industry employees.

In 2022, ILO evaluated the impact of the coal phase-out on jobs in Indonesia, the
Philippines, and Viet Nam, and proposed a framework for co-operation among actors. In
the past year, the ILO has also evaluated job conditions for Brazil, Indonesia, Mauritius and
Tarkiye under the Climate Actions for Jobs (CA4J) initiative. Other relevant learning
resources include the World Bank’s recommendations on transitioning jobs, the UNDP’s
assessment for China, and NewClimate Institute’s assessment for China and Europe.

Restructuring local economies must capitalise on regional strengths and opportunities in
the global market. Launched in January 2023, the Renewable Energy Manufacturing
Initiative (REMI) has developed an implementation roadmap for the next five to eight years,
which aims to support African countries in scaling up their manufacturing capabilities for
power generation technologies, with assistance from a number of entities.® The initiative
has undertaken an inception study that includes estimates for the investment needs for
developing local assembly of solar modules and batteries across ten African countries, and
potential costs of the final product. REMI now plans to develop pilot projects and explore
synergy opportunities with a larger group of non-African countries, and particularly with
China, the world’s largest manufacturer of clean energy technologies. If successful, there
is potential for the work of REMI to be replicated in countries throughout Latin America and
Asia.
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WHAT MORE NEEDS TO BE DONE?

Countries included as members in the initiatives mentioned above cover roughly 17-20%
of global coal production and coal-based power generation (see Figure 2.2). While a
promising start, there is significant potential for expansion of activity into more coal-using
regions. In addition to these individual initiatives, it is imperative to integrate the principles
of just transition by setting clearer strategies for the creation of jobs and economic
diversification activities into the broader spectrum of financial development assistance
offered by the MDBs. Further efforts need to be made to strengthen the co-operation
between donor governments and MDBs to effectively align development funding with
support for the just transition. A focus on both developing and emerging economies is
necessary, given the scale of the challenge. The impacts of the transition will differ
depending on a country’s economy and labour market structure, so strategies must be both
targeted and holistic.

Figure 2.2 Share of coal production (left) and coal-based power generation (right) by
country, 2022
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Note: Blue denotes a country that is a recipient of just transition support, red denotes countries that are not currently
addressed, and grey denotes developed countries.

Source: Reprinted from Ember (2023), Yearly electricity data (database), (accessed September 2023); The Shift Data
Portal (2023), Explore World energy and climate data (database), (accessed September 2023).

Just transition initiatives cover a large share of coal producing countries, although the
impact of programmes remains to be seen.

Central to the JETP announcements are the aims of restructuring local economies and
creating jobs, which overall involve a wide range of stakeholders. When establishing such
partnerships, developing countries and JETP’s IPG members should increase the focus on
local supply chains, including small and medium enterprises. These are often sensitive to
market disruptions and are often under-resourced relative to larger companies. This should
also include activities to create new opportunities for the local workforce. Countries should
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therefore define clear expectations and roadmaps for labour, education infrastructure and
new businesses early in the process, even before setting financial resources.

During these processes, countries involved in establishing these programmes should
proactively consult civil society organisations to support the creation of centres of expertise
and provide feedback on the policies being proposed. Universities and graduates can
benefit from and contribute to the establishment of new clean technology sectors.

Countries may not have reliable data on labour and skills to develop strategies for the
transition and so countries should work together to fund and develop pre-implementation
studies that can provide a more accurate overview of the current and future labour impacts.
ILO can be instrumental in supporting JETPs with this task. The CIF’s Just Transition
Initiative has produced research and carried out knowledge-sharing activities, including
creating a resource library to locate key research material and policy guidance. It also
created a Just Transition Planning Toolbox that provides planning steps, tools, and case
studies that guide policy makers through delivering a just transition in a systematic way.

This can include promoting dialogue between countries to exchange lessons learned,
which ultimately can help inform strategies for the future workforce and economic
resilience. Governments may consider creating specific just transition task forces to
engage with other countries going through the same process, and connect local action with
international experience exchange. This would include supporting a social dialogue with
workers, employers and governments to help understand the local context. An ongoing
example is the United States-India_partnership on just transition from coal, which will
explore collaboration and strategies, including sub-national exchange between coal-rich
US and Indian regions to share best practices.

In summary, there are an increasing number of activities to address the socio-economic
impacts of the energy transition. However, activities are still at an early stage and large-
scale results in terms of successful regional transitions are yet to be observed. Accelerating
learning between those projects that are working well, and using this to better target
resources to a greater number of fossil fuel dependant regions, will be vital to guarantee a
just transition in the power sector.

RECOMMENDATION P3 HAS BEEN RESTATED AS FOLLOWS:

Donor governments and MDBs should work together to more strongly align
development funding with targeted support for local jobs, skills and investment, for
the repurposing of fossil fuel assets, economic diversification, and for environmental
restoration, in fossil fuel dependent regions and communities. Civil society,
governments and industry should contribute to creating international centres of
expertise on the just transition, within existing institutions.
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ACCELERATE THE DEPLOYMENT OF PRIORITY PROJECTS
SHOWCASING NOVEL TECHNOLOGIES AND SOLUTIONS ACROSS
MULTIPLE REGIONS

OVERVIEW

Last year, we recommended that countries should agree on strategic priority projects to
demonstrate state-of-the-art solutions that are fundamental to the transition in the power
sector. At COP 27, countries under the Power Breakthrough agreed to collaborate to
identify new system-wide innovations and large-scale demonstration projects that are
currently under-resourced, in order to accelerate delivery and share lessons. Countries
nominated the Mission Innovation Green Powered Future Mission (GPFM), the Global
Power System Transformation Consortium (G-PST), and Breakthrough Energy to take this
forward. These initiatives have as members countries accounting for more than 60% of
global electricity generation, in addition to private companies and intergovernmental
organisations.

WHAT PROGRESS HAS BEEN MADE?

We assess that there has been modest progress against our recommendation made last
year, with some notable steps taken by countries under the nominated initiatives.

Setting priorities for the short- and medium-term is essential to assist policy-making. GPFM
made strides with piloting crucial solutions for power sector decarbonisation in 2022,
following on from the innovation priority-setting exercise in its 2021 Roadmap. The 2022-
24 GPFM Action Plan whittled the 2021 list of 100 priorities down to the 50 most urgent
short-term priorities, of which 20 will be addressed through a research programme to be
launched in September 2023.¢ IRENA also undertook a similar exercise in 2023 through
its Innovation Landscape for Smart Electrification. This provides an innovation toolbox that
includes 100 innovations (35 for power to mobility, 35 for power to heating and cooling, and
30 for power to hydrogen) to support strategies for the smart electrification of end-use
sectors, broken down by the stage of development.

Innovative solutions need to be tested in controlled settings before being scaled up,
allowing for refinement and ensuring they are fit-for-purpose, thereby reducing risk and
saving time and resources in the long run. The GPFM plans to start on five large
demonstration projects by 2024, aimed at systems with up to 80% share of variable
renewable energies (VRE). This will cover different technical, regulatory and market
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frameworks across five continents. The first demonstration project will test the integration
of large-scale offshore wind and required transmission in such an environment in Asia. The
second intends to test distinct storage and sector coupling interface technologies and
innovative market and regulatory frameworks in Europe. Task forces on each continent will
monitor progress and encourage knowledge sharing among each of these pilots through a
toolbox and regular workshops.

In 2022, the Energy Sector Management Assistance Program (ESMAP)'s Energy Storage
Partnership (ESP) focused on developing its Global Network of Energy Storage Testbeds
initiative with India, Morocco and South Africa in order to accelerate the commercial
deployment of pre- and early-market technologies. ESP has also carried out assessments
and case studies on various technologies and business models in different settings around
the world.

In step with technological change, there have been profound changes to the modalities
through which power assets connect and behave, and how power systems are operated.
In response, G-PST’ has prioritised activities to develop new standards for deploying
relevant technologies like storage, grid forming inverters and distributed energy resources.
G-PST has also provided countries with technical support to improve system operation,
building on best practices of TSOs in countries with significant shares of variable
renewables. Recent activities have included stakeholder meetings to support better
integration of VREs in Indonesia and in Peru. TSOs from Colombia, India, South Africa and
Viet Nam were supported with various technical assistance efforts.

At the national level, the Clean Energy Ministerial (CEM)'s 21st Century Power Partnership
(21CPP)? supports policy and regulation via direct technical assistance and capacity
building. In July 2023 at the CEM14 meeting, a country cohort of Australia, Chile, the
European Union, India and the United Kingdom presented ongoing national Action Plans
on topics such as planning, project development and operation, which can bring insights to
other regions. Quarterly peer-learning workshops will address technical challenges related
to countries' Action Plan goals, with cohorts expected to grow annually. Plans are underway
to announce a second cohort for CEM15 in 2024.

Other examples of progress include regional workshops organised by Renewables in Latin
America and the Caribbean in 2022 to showcase regulatory and institutional best practices.
CIF launched the REI Learning Platform in July 2023 to strengthen national capacities and
readiness. From a demand-side perspective, Integrate to Zero has provided support and
gathered knowledge on integrating distributed resources to enhance system flexibility while
creating value for consumers.
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WHAT MORE NEEDS TO BE DONE?

The activities being undertaken by countries and supporting organisations broadly align
with our recommendation from last year, with some promising results being delivered in
major developing economies. However, countries will need to allocate sufficient levels of
funding to ensure that these projects come to fruition early enough to inform policy reforms
that are critical to the pace of the transition.

Governments should also explore how to best make use of existing generation assets
through retrofitting or repurposing, which can reduce the costs of the transition. Though
probably the most mature renewable technology, existing hydropower has typically been
in operation for 30-50 years, which means its ageing fleet requires modernisation to meet
ever-evolving power system needs. Enhanced digitalisation will be key to achieving the
necessary adjustments to plant design, operation and maintenance. IRENA's Collaborative
Framework on Hydropower has facilitated knowledge sharing between countries, but
additional international efforts are needed to explore retrofitting options, to help map eligible
candidates, and to raise awareness. This can build on the work done by the International
Hydropower Association, comprising members from the private sector across 120
countries.

Similarly, further work is required to explore the potential for coal and gas-fired plants to be
repurposed to provide services such as inertia and system strength. Repurposing has the
potential to allow faster implementation at a lower cost compared to building new facilities,
and additional research is needed to determine conversion options, and the conditions
under which this route could be feasible. Plants may also be converted for sustainable
biomass, biogas, waste, geothermal or nuclear, informed by CIF's Repurposing for
Advancing Coal Transition Tool that aims to support decision-making.

RECOMMENDATION P4 HAS BEEN UPDATED AS FOLLOWS:

Governments should work through relevant initiatives to accelerate the identification
and implementation of suitable demonstration projects, resource them
appropriately, and ensure high-quality knowledge-sharing structures are put in
place. To facilitate knowledge sharing among a wider set of countries and
stakeholders, close collaboration with regional research and innovation networks
will be required.
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REASSESS OPPORTUNITIES FOR CROSS-BORDER ELECTRICITY
TRADE, ACCELERATED BY ENHANCED TECHNICAL SUPPORT

OVERVIEW

Last year, we recommended that countries should work together to reassess the
opportunities for cross-border and regional power interconnection, to identify top regional
priorities for interconnection, and to replicate successful approaches to technical
agreements. At COP 27, countries under the Power Breakthrough agreed to collaborate to
develop and implement effective approaches and standardised tools to support local and
cross-regional grid system flexibility. Countries nominated the Green Grids Initiative (GGI)
and the United Nations Economic and Social Commission for Asia and the Pacific to
accelerate activity in this area, alongside G-PST and CEM initiatives, the International
Smart Grid Action Network (ISGAN) and the 21st Century Power Partnership (21CPP).

WHAT PROGRESS HAS BEEN MADE?

We assess that there has been modest progress against our recommendation made last
year, with some notable steps taken among countries in terms of setting joint priorities and
establishing regional frameworks for electricity exchange.

Countries have made progress towards defining priorities for cross-border interconnection,
and regional initiatives such as the African Continental Masterplan, The Association of
Southeast Asian Nations (ASEAN) Power Grid, and enhancements on the Central America
Corridor have advanced.

Members of the GGI, comprising state and non-state actors, met in March 2023 to build
consensus on a set of priority projects. These include the Principles and Protocols for
Interconnectors, which uses case studies and best practices from Europe, including
experience from the North Sea, to provide actionable advice for policy makers on the
development of interconnectors. The principles are initially aimed at the Asia-Pacific region
but should be universally applicable. GGl is also developing an Electricity Transition
Playbook, which was trialled in 2023 with support from the Climate Compatible Growth
initiative, with the aim of formally launching at COP 28.

Agreeing on milestones for deploying specific cross-border grids and markets has the
potential to greatly reduce lead times for future interconnection projects, given their
complexity. The Economic and Social Commission for Asia and the Pacific (ESCAP),
through its expert working group on energy connectivity, has conducted two meetings since
September 2022 to advance the Regional Road Map on Power System Connectivity and
finalise the Green Power Corridor Framework, which was launched in 2021. This builds on
nine strategic priorities, with proposals for key milestones, timeframes and responsible
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entities.® ESCAP has also engaged with the ASEAN Power Grid (APG) to assess
North-East Asia Interconnection, and enhance power trade in South Asia. It also developed
a Green Power Corridor Roadmap for Northeast Asia, which will be published in November
2023. Additionally, ESCAP recently launched a project in collaboration with the Economic
Cooperation Organization to study the feasibility of developing a regional electricity market.

Also in Asia, in 2022 the Greater Mekong Subregion collaboration released guidelines on
how to overcome regulatory challenges and political concerns to build a fully synchronised
network between Cambodia, Lao People's Democratic Republic,’ Myanmar, Thailand and
Viet Nam, along with southern provinces of China. Further progress across that region
includes Singapore's adherence to the existing Laos-Thailand-Malaysia Power Integration
Project (LTM-PIP) framework in 2022."" This process can bring technical and regulatory
insights to other ongoing discussions in the region and is a step towards the APG.

Program Infrastructure Development for Africa (PIDA), a joint initiative of the African Union
Commission, the African Union Development Agency - New Partnership for Africa’s
Development (AUDA-NEPAD), aims at integrating the regional infrastructure in four
sectors, one of which is energy. This included around 20 regional infrastructure projects
(power generation and transmission) to be completed by 2030. In parallel, the development
of the Continental Power System Masterplan (CMP), led by AUDA-NEPAD, is being
concluded in 2023. CMP has been developed by experts of AUDA-NEPAD and the five
African power pools, with modelling support from IRENA and the IAEA, and validated
through consultative processes with African institutions and development partners
supporting this effort. CMP is to serve as a blueprint for the African Single Electricity Market
(AfSEM), a flagship initiative of the African Union aiming at creating a unified market
framework across the continent by 2040. Five strategic working documents have been
produced in 2022.

Learning through collaboration is fundamental in areas such as regulation and market
conditions. The Regulatory Energy Transition Accelerator (RETA) aims to support this
through a growing network of 44 energy regulators and regulatory associations from
several countries, working in partnership with organisations such as the IEA, IRENA and
the World Bank. A RETA workshop on regional interconnection that took place in 2023
brought together participants from 18 countries to better inform its technical support
activities. The top challenges identified by participants included a lack of consensus
between jurisdictions; challenges with agreeing on institutional arrangements, market
modalities and network rules; and a lack of co-ordination in planning and investment.
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WHAT MORE NEEDS TO BE DONE?

To accelerate the effective deployment of cross-border electricity trade, countries should
work together to ensure that important technical and non-technical barriers are addressed.
These include institutional challenges to harmonising standards and procedures, which add
to the complexity of agreeing cross-border electricity trade. Countries typically have
different power market arrangements, pre-existing agreements that need to be fulfilled, and
varying policies across jurisdictions, all of which must be tailored to comply with a common
regional approach.

Countries looking to engage in cross-border electricity trade typically have to agree on
frameworks for disclosing important technical and economic parameters of national power
market design and physical assets, and addressing these points from the beginning can
accelerate the negotiation of trade agreements. Successful experiences such as the
European Single Market and the Southern African Power Pool, which gather several
countries under the same framework in pursuit of a common goal, can provide examples
of where collaboration has provided a foundation for discussing pre-market standards such
as capacity obligations and the disclosure of costs, the implementation of platforms
required for spot and forward energy markets, and balancing mechanisms.

Other barriers to accelerating the development of regional electricity markets include a
prioritisation of national over regional projects, and uncertainties in the security of cross-
border electricity supply. It is therefore essential for countries to agree clear rules and
identify secure mechanisms that can de-risk potential supply disruptions and avoid
unjustified supply enforcements, using market arrangements that can appropriately
compensate both parties. Countries should also agree time-bound milestones for deploying
regional priority cross-border interconnection projects, to focus collective attention on the
pace of progress.

More recently, the process of building transmission lines has become even more
challenging with a severe shortage of equipment. Several transmission projects across the
globe have been delayed due to limited availability of cables, converters and other grid
equipment in a market supplied by few companies. Constraints on critical materials like
copper and aluminium have added a layer of complexity, as has a shortage of skilled
workers, particularly in developing countries. Renewables and storage projects have
experienced long queues to connect onto the grid, a result of insufficient grid capacity and
slow institutional processes. Government engagement with industry is needed to identify
priorities and provide incentives to help enhance the manufacturing capacity to further
reduce market lead times for key components. Countries can also facilitate long-term
contracts for the supply of key materials, which are typically internationally traded, so as to
avoid the industry falling short on them and other supplies. At the same time, countries can
exchange best practices on how to speed up permitting processes for connecting solar,
wind and storage onto national grids.
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RECOMMENDATION P5 HAS BEEN RESTATED AS FOLLOWS:

Governments should work together to reassess the opportunities for cross-border
and regional power interconnection and smart grids to support the transition to
clean power systems, including opportunities that have been previously considered
but not taken forward, given the improving technology, falling costs, and increasing
need for system flexibility. Countries and investors should support international
efforts to identify top regional priorities for interconnection, and to replicate
successful approaches to technical agreements.

COLLECTIVELY AGREE HIGHER MINIMUM ENERGY PERFORMANCE
STANDARDS FOR MAJOR ELECTRICITY-CONSUMING APPLIANCES

OVERVIEW

Last year, we recommended that countries should collectively agree higher minimum
energy performance standards for high energy-consuming appliances. At COP 27, under
the Power Breakthrough, countries agreed on action to promote energy efficiency
standards for products by supporting improved technical and administrative assistance.
Countries nominated the CEM Super-Efficient Equipment and Appliance Deployment
(SEAD) Initiative and Climate Group's EP100 to lead this work, with support from Mission
Efficiency (formerly the Three Per Cent Club) and Climate Group's EP100.

WHAT PROGRESS HAS BEEN MADE?

We assess that there has been minimal progress made against our recommendation for
countries to agree higher minimum energy performance standards, but there has been
modest progress in increasing technical assistance for countries to develop such
standards.

Since 2022, SEAD's membership has grown to 24 countries, with the addition of Panama
and Turkiye, and additional member organisations, including The European Bank for
Reconstruction and Development (EBRD) and EP100. Over the same period, SEAD led
two major training events in Latin America and sub-Saharan Africa, delivered more than
ten bilateral policy exchanges with governments and developed an online training course
on Appliance Energy Efficiency Policy. In 2023, the initiative aims to use in-country
assistance to support the delivery of the Product Efficiency Call to Action, which now has
14 countries as signatories.

Mission Efficiency currently has 16 member countries and works with over 60 technical and
finance partners to deliver energy efficiency infrastructure and project investments, making
a clear case for energy efficiency alongside the development agenda. It also currently
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works with four major International Financial Institutions (IFlIs) to support funding for these
projects, including GEF, EBRD, GCF and the Inter-American Development Bank.

EP100 is a private sector initiative, through which members sign up to at least one of three
commitments: 1) double energy productivity; 2)implement an energy management
system; or 3) own, occupy or develop net zero carbon buildings. EP100 currently has over
120 members, although with a strong focus in Europe.

WHAT MORE NEEDS TO BE DONE?

As a result of these efforts, we have seen a strong improvement in technical assistance,
particularly in those regions that have the greatest potential for electricity demand growth.
This is yet to translate into a significant number of new countries taking up higher minimum
energy performance standards, suggesting efforts need to be further accelerated and
scaled up. This should include: 1) political dialogue on the product efficiency standards
consistent with international climate change goals; 2) jointly increasing the effectiveness of
energy efficiency policies for appliance equipment across multiple markets; and
3) connecting government officials to learn from their peers.

There remains an unexploited opportunity for countries to accelerate progress by agreeing
higher minimum energy performance standards for high energy-consuming appliances. In
many cases, appliances are traded internationally, and manufactured by companies that
sell to multiple countries. A relatively small number of countries can have a disproportionally
large impact on the global market. For example, in 2021 nine countries (the G7 plus the
Netherlands and Spain) accounted for over half of global imports of refrigerators, and four
countries made up over half of global exports. Co-ordination on standards by these
countries could decisively shift the global market towards more efficient products. Given
that strong energy efficiency standards have historically been shown to accelerate
innovation and cost reduction, this would be to the benefit of all countries.

RECOMMENDATION P6 HAS BEEN RESTATED AS FOLLOWS:

Countries, in consultation with industry, should collectively agree to higher minimum
energy performance standards for high energy-consuming appliances, supported
by awareness campaigns and incentives, such as energy efficiency retrofit
programmes. Improved technical assistance should facilitate the implementation of
effective standards in developing countries.
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RECOMMENDED REPORTS

We recommend the following reports for more detailed descriptions of the technologies for
power sector decarbonisation and of the actions that countries and businesses can take
individually.

Net Zero by 2050 (IEA, 2021).

Making Clean Electrification Possible (ETC, 2021).

World Energy Outlook 2022 (IEA, 2022).

Renewable Power Generation Costs in 2021 (IRENA, 2022).

RE-organising Power Systems for the Transition (IRENA, 2022).

Global landscape of renewable energy finance (IRENA & CPI, 2023).

World Energy Transitions Outlook 2023 (IRENA, 2023).

Scaling Up Private Finance for Clean Energy in Emerging and Developing Economies (IEA,
2023)

The cost of financing for renewable power (IRENA, 2023).

Low-cost finance for the energy transition (IRENA, 2023).
Financing Clean Energy in Africa (IEA, 2023)
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HYDROGEN

The deployment of renewable and low-carbon hydrogen is significantly below where it needs to
be under a net zero scenario, despite continuing to receive significant interest. More than 1000
hydrogen plants are planned, although greater certainty of policy support and demand is
required to move plans and announcements into real projects.
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* There has been no significant reduction in total
emissions from hydrogen production, due to the
slow uptake of low-carbon and renewable
hydrogen.

* Average emissions intensity of hydrogen
production remains high as there have been no
significant changes in the production mix.

« Emissions intensity needs to fall by nearly 50% by
2030, resulting in a 10% reduction in total
emissions from hydrogen production.

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

* Alongside renewable electricity cost and
availability, electrolyser capital cost is an important
part of the cost of renewable hydrogen.

* Electrolyser capital cost is expected to decrease
through accelerated innovation, scale-up and
improved manufacturing techniques, although
recent increases in material costs risk slowing
down these cost declines.

* Renewable and low-carbon hydrogen has
continued to grow since 2020 but remains below
1% of global hydrogen production.

« Total global hydrogen production stood at 95 Mt
in 2022.

* Low-carbon and renewable hydrogen
production reached 0.7 Mt in 2022, compared
with 70-125 Mt/yr required by 2030.

" Global CO2 emissions and average emission intensity of hydrogen production, IEA. 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.
2 Electrolyser capital costs, IEA and IRENA. The 2030 target refers to the projected cost in the IEA’s Net Zero Emissions by 2050 Scenario

(NZE Scenario) and IRENA’s 1.5 °C Scenario.

3 Production of low-carbon and renewable hydrogen and share of total hydrogen production, IEA and IRENA. Dashed areas represent
variability between IEA’s Net Zero Emissions by 2050 Scenario (NZE Scenario) and IRENA’s 1.5 °C Scenario.
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STATE OF INTERNATIONAL COLLABORATION

In last year's report, we identified international collaboration in the areas of standards and
certification, demand creation, technology demonstration and finance as being important
for scaling up the production and use of low-carbon and renewable hydrogen’, and made
recommendations on the most urgent and high-impact opportunities in need of international
collaboration in each of those areas. In this report we assess progress against those
recommendations. Our assessment is summarised in the table below, and the following
sections address each area of international collaboration in turn.

Area What progress has been made? What more needs to be done? 2023
H1. « |PHE leading major efforts on * Prepare a well-articulated plan that
Standards methodologies, in partnership with ISO, defines resource needs for the

and and increasingly co-ordinating the wider development of a comprehensive
certification landscape. portfolio of standards.

* |EA Hydrogen TCP has set a task on Provide appropriate resources to
certification harmonisation. undertake the relevant work on

Modest

« Other assessments or relevant work standards development.
from IRENA and RMI, the European Governments to work through
Clean Hydrogen Alliance and the existing forums to ensure
Hydrogen Council. methodologies used to define

regulatory frameworks are
interoperable.
H2. * Notable individual efforts from Increase the strength of the demand
Demand countries, albeit lacking international signal by moving from commitments
creation coordination on near-term and pledges to contracts and
commitments and policies. policies.

* The IRENA Collaborative Framework Improve co-ordination of efforts by
on green hydrogen has established a more countries and companies
workstream on understanding how to working through joint initiatives.
co-ordinate demand and supply
globally.

H3.  Commitment to establish a conceptual Ensure new projects are focused in
Research framework to exchange best practices priority sectors and increase
and by COP 28. geographical diversity of
innovation  , The Hydrogen Valley Platform had demonstration projects.
identified 83 projects from 33 countries Increase efforts to establish
by July 2023. proactive knowledge-sharing
platforms and processes between
lead projects.

" While this report does not define a specific carbon intensity limit for low-carbon and renewable hydrogen, both of these
production routes 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.
Additionally, it is critical that methane leakage is reduced to near zero, if not completely avoided. Rigorous measurement,
reporting and verification of emissions will be necessary.
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Area What progress has been made?

H4.  UNIDO, World Bank and IRENA
Finance mapping currently available assistance
and and financing best practice, to support
investment an improved offer.

The Hydrogen for Development
Partnership was launched by the World
Bank, to help catalyse funding for
projects in developing countries
through providing improved in-country
support.

What more needs to be done? 2023

e Governments to work with IFls to
identify projects that are being
delayed by high costs of capital and
other obstacles to investment, then
identify best practices to support
targeted and tailored technical
assistance for policy design.

Modest

Figure 3.1 Critical path to 2030 for hydrogen
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ACCELERATING THE DEVELOPMENT

OF COMMON STANDARDS FOR

HYDROGEN EMISSIONS, SAFETY AND OPERATIONS WITH

INCREASED GOVERNMENT SUPPORT

OVERVIEW

Last year, we recommended that countries and companies should agree a comprehensive
portfolio of international standards and associated certification schemes, and should
support their development with appropriate resources. At COP 27, countries under the
Hydrogen Breakthrough agreed to accelerate and expand a co-ordinated programme of
work to develop these standards and associated certification schemes, committing to fully
resource this programme by COP 28 and to report progress annually at subsequent COPs.
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The International Partnership for Hydrogen and Fuel Cells in the Economy (IPHE) was
nominated to co-ordinate this work, with support from IEA’'s Hydrogen Technology
Collaboration Programme (TCP) and IRENA’s Collaborative Framework on Green
Hydrogen.

Increasing the use of hydrogen? to support decarbonisation will require the development
and adoption of robust and globally harmonised standards relating not only to emissions,
but also to overall sustainability (including water and land use), safety, and operations in
new applications and technologies that are not yet part of the energy system. International
collaboration will be a vital enabler, ensuring that hydrogen (and its derivatives) can be
safely used and effectively traded across borders, and minimising the administrative
burden for companies.

WHAT PROGRESS HAS BEEN MADE?

We assess that modest progress has been made against our recommendation on
standards and certification last year, with notable efforts by countries via IPHE and ISO.

In support of these efforts, in 2022 the IPHE member countries, through the Hydrogen
Production Analysis Task Force, developed methodologies for evaluating emissions from
different hydrogen production methods and carriers. The final version of the working paper
is expected to be published in the third quarter of 2023, and will also include guidance on
hydrogen transportation. The IPHE Guidelines were transferred to the International
Organization for Standardization (ISO) in 2022 to develop a common global standard,® and
a draft technical specification (ISO DTS 19870) of the “Methodology for determining the
greenhouse gas emissions associated with the production, conditioning and transport of
hydrogen to consumption gate” is expected to be submitted for publication by COP 28.
Following this, three international standards, for production, conditioning and transport,
respectively, are expected to be sequentially developed within the 2024-26 timeframe.

This will be a significant first step towards the adoption of standards on the emissions
intensity of hydrogen production in regulations and certification, or as a criterion for
receiving subsidies. The Hydrogen Task Force of the United Nations Economic
Commission for Europe (UNECE)* is also investigating the opportunity for a common
methodology for standards based on the United Nations Resource Management System
(UNRMS), a voluntary global standard for integrated and sustainable resource
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management. The Task Force aims to work on a hydrogen taxonomy based on lifecycle
analysis and a Guarantee of Origin for Hydrogen, in collaboration with various
organisations.

On an individual basis, governments are starting to adopt regulatory frameworks for the
certification of hydrogen for producers seeking support from government programmes (see
Box 3.1).

Box 3.1 Progress on hydrogen certification activities

A number of new regulatory measures related to hydrogen certification were
introduced in 2022. The United Kingdom's Low-Carbon Hydrogen Standard policy
was published in April 2022, with a defined emissions threshold to determine
eligibility for support schemes, and the Government is now consulting on a
certification scheme. The European Commission has published two Delegated
Acts, one defining the conditions under which hydrogen, hydrogen-based fuels and
other energy carriers can be considered as renewable fuels of non-biological origin
(RFNBOs), and one for a methodology to assess GHG emissions savings from
RFNBOs. In September 2022, the US Department of Energy issued draft guidance
for a clean hydrogen production standard, proposing an initial lifecycle emissions
target of no greater than 4 kg CO; equivalent (CO»-eq)/kg H2, but methodological
details are still to be released. The extent to which these early attempts to adopt
regulations are being informed by international efforts is not yet clear.

The different approaches (in criteria, scope and methodologies) of the certification
schemes being implemented by countries suggest that greater co-ordination is
needed to prevent different accounting methodologies becoming a barrier to the
creation of a global hydrogen market. Without greater international co-ordination,
different approaches to certification risk locking-in suppliers to a single off-taker and
restricting trade to only that carried out under bilateral agreements.

IPHE is working with the COP 28 team on a declaration of intent to pursue mutual
recognition of certification schemes of renewable and low-carbon hydrogen, to be
signed at COP 28.

At the end of 2022, IPHE initiated a certification mechanisms task force, aiming to
assess the conditions for interoperability of low-carbon and renewable hydrogen
certification mechanisms and identify common information requirements to enable
low-carbon and renewable hydrogen certification equivalency.

The IEA Hydrogen TCP Task 47 on Hydrogen Certification was approved by the
TCP’s Executive Committee on 28 June 2023 to work on technical matters of
harmonisation of certification, and the group of experts started its activities in a kick-
off meeting in July 2023. This Task will be co-led by the United States (Department
of Energy) and Japan (New Energy and Industrial Technology Development
Organization), with the Hydrogen Council as Task Manager (co-ordinator), and
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France (Alternative Energies and Atomic Energy Commission), Germany (NOW
GmbH), Australia (Department of Climate Change, Energy, the Environment and
Water) and ISO as subtask leaders. This work is fully co-ordinated with the IPHE.

IRENA and RMI have published the report Creating a global hydrogen market:
Certification to enable trade providing an overview of existing certification schemes
and identifying gaps that may hinder the development of hydrogen trade across
borders. A Hydrogen Certification 101 paper was developed by mid-2023, co-
ordinated by the IPHE and the IEA Hydrogen TCP, with support from IRENA and
contributions from the Hydrogen Council and Power-to-X Hub.

Beyond the technical work among these nominated initiatives, progress has been
made on agreeing on some of the principles for hydrogen standards at a political
level. Notably, this includes agreement among the G7 under Japan’s Presidency,
resulting in a Communiqué text that reads: “We will enhance our efforts to develop
the rule-based, transparent global market and supply chains for low-carbon and
renewable hydrogen based on reliable international standards and certification
schemes adhering to environmental and social standards.” This was supported by
the IEA report Towards hydrogen definitions based on their emissions intensity and
it builds on the initial work of the G7 Hydrogen Action Pact (G7-HAP) from 2022,
including the IRENA report Accelerating hydrogen deployment in the G7, that
included 15 recommendations, including “Establish common sustainability criteria
for traded and supported hydrogen” and “Align methodologies for hydrogen
certification”.

Apart from sustainability matters, there are still many gaps in the technical and safety
standards along the value chain. Since 2022, different initiatives have made progress on
identifying needs for safety and technical standards, as well as any gaps, and have
provided recommendations on how to address them.

In March 2023, the European Clean Hydrogen Alliance® Working Group on Standardisation
published the Roadmap on Hydrogen Standardisation. The report contains a list of
approximately 400 standardisation topics, as well as a description of the status of each
topic and gaps identified by surveying the working group on standardisation.

The Hydrogen Council, a global initiative representing business, performed a gap analysis
and identified more than 400 regulatory and safety gaps through desk review, interviews
and expert review. This list was then refined to 13 key priority topics across 7 priority areas.

Additionally, IPHE approved the launch of two Task Forces by its Regulations, Codes,
Standards and Safety Working Group, on maritime considerations and on bulk storage,
which are expected to identify gaps in standards.

In addition to the development of international standards, it is critically important to ensure
that all countries entering the hydrogen value chain — and especially developing markets —
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have the capability to assess conformity with such standards. Anticipating and building the
necessary technical capacities for effectively verifying compliance against the defined
international standards is imperative to allow every country to rapidly begin adopting low-
carbon and renewable hydrogen technologies.

Examples of initiatives towards this aim are already emerging, in particular within the UN
framework. The United Nations Industrial Development Organization (UNIDO) Global
Programme for Green Hydrogen in Industry, for example, supports developing countries to
build such capacities, and UNIDO is conducting a series of workshops to raise awareness
and outline the process for participation in international standards on hydrogen. Another
example comes from the Hydrogen Task Force of UNECE: While many UNECE member
states are already active partners in the IPHE, there are still 17, particularly landlocked
developing countries, that have not yet participated. The Task Force is therefore working
to extend the geographic reach of the IPHE by engaging these not-yet-involved UNECE
member states in hydrogen-related discussions and activities.

WHAT MORE NEEDS TO BE DONE?

The past year has seen notable developments of international standards for renewable and
low-carbon hydrogen, led by the IPHE and the ISO, but a sizeable number of standards
are yet to be developed. Further progress is also needed in developing and agreeing safety
and operational standards.

While the finalisation of more concrete plans will take time, governments should continue
to work closely through existing forums for collaboration and, where needed, commit to
adequately resource workplans that can facilitate improved dialogue and co-ordination.
Support from relevant governments and industries (for example on pre-normative research
to accelerate the development of the relevant standards) could accelerate the approval and
implementation of the standards, thereby accelerating hydrogen deployment. At the same
time, it will be essential to ensure that all countries have the technical capacity to verify
compliance with hydrogen standards, including through capacity building and technical
assistance for developing countries.

RECOMMENDATION H1 HAS BEEN UPDATED AS FOLLOWS:

Governments and businesses should provide financial and human resources for
the development and implementation of a comprehensive portfolio of national and
international standards, based on a well-articulated plan that defines resource
needs. Governments should also work towards the adoption of a common
methodology to calculate the carbon footprint of the hydrogen value chain to
facilitate mutual recognition and interoperability of certification systems.
Governments should anticipate building technical capacity of their national systems
to verify compliance with international hydrogen standards.
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CO-ORDINATING ACTION TO CREATE TARGETED DEMAND FOR
LOW-CARBON AND RENEWABLE HYDROGEN, STARTING WITH
EXISTING INDUSTRIAL APPLICATIONS

OVERVIEW

Last year, we recommended that countries and companies should co-ordinate around
increased commitments for the use of renewable and low-carbon hydrogen in sectors
where hydrogen is currently used, and share learning to accelerate early deployment in
new priority application sectors for hydrogen®. At COP 27, countries under the Hydrogen
Breakthrough agreed to strengthen the demand signal, by co-ordinating the agreement and
announcement of packages of firm public and private commitments for the large-scale use
of renewable and low-carbon hydrogen to displace fossil fuel use in a wide range of
applications. Countries are expected to announce aggregated commitments by COP 28
and to update them at subsequent COPs. The First Movers Coalition (FMC), the Mission
Innovation Clean Hydrogen Mission (CHM) and the Clean Energy Ministerial Hydrogen
Initiative (H2l) were nominated by countries to co-ordinate this work.

WHAT PROGRESS HAS BEEN MADE?

We assess that minimal progress has been made against our recommendation on demand
creation from last year, with very few additional commitments by countries and companies
and a continued lack of specificity in such commitments.

International co-operation is vital for creating demand for renewable and low-carbon
hydrogen use, particularly in priority sectors like heavy industry (especially chemicals and
steel), maritime shipping, aviation, seasonal electricity storage, and potentially in segments
of heavy-duty trucking, where competition may hinder decarbonisation efforts. Co-
ordinated demand-creating policies can send a stronger signal to mobilise investment in
low-carbon and renewable hydrogen production. Collaboration also allows actors to share
experience in establishing a more secure, diversified demand for hydrogen over time. Both
are crucial to achieving economies of scale and accelerating cost reductions on the supply
side. Various initiatives are in place to facilitate co-ordination between countries and private
sector stakeholders.

Among the private sector-led initiatives, FMC gained 29 new commitments since COP 27,
of which 18 are relevant to hydrogen demand in sectors such as aviation, shipping, steel
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and trucking. FMC is currently assessing the potential range of demand for hydrogen that
could result from the pledges made by its members by 2030, with the aim of completing
the assessment by COP 28.

The Green Hydrogen Catapult (GHC), another relevant private sector initiative, has
welcomed 3 new members since COP 27, bringing its total membership to 11
organisations. The GHC is conducting feasibility studies for delivering hydrogen-based
fuels to ports and aims to announce the first shipping corridor this year. Additionally, the
GHC is developing a "Book & Claim" system to aggregate demand from numerous
stakeholders, enabling the procurement of ships capable of operating with hydrogen-based
fuels and the development of necessary infrastructure.

With regards to government-led initiatives, Spain joined the Mission Innovation CHM,
increasing the number of members to 20. No new members have joined the H2I since our
last report. The Mission Innovation Hydrogen Valley Platform, which showcases hydrogen
valley” projects around the world, was relaunched in May 2023. If all of the 83 valleys
showcased on the platform are realised, they will unlock significant demand for renewable
and low-carbon hydrogen (for more on progress through the Mission Innovation CHM, see
the following section). H2l has initiated the International Hydrogen Trade Forum to
stimulate discussion between importing and exporting countries, including through
engagement with Clean Energy Ministerial (CEM) and non-CEM government members.

Progress on international co-operation to establish global targets for demand creation for
low-carbon and renewable hydrogen has been limited. Such targets have been
implemented or considered by some individual countries and political entities. The
European Union has agreed targets for stimulating demand for renewable fuels of non-
biological origin (RENBOSs), including that 42% of hydrogen demand in industry must be
met with RFNBOs by 2030. Additionally, targets have been set for at least 1% RFNBO in
total energy demand in transport and 1.2% of aviation fuels by 2030. While these targets
are mandatory for EU member countries, national policies must now be implemented to
meet them. India’s National Green Hydrogen Mission, released in April 2023, did not
include previously announced quotas for renewable hydrogen in fertilisers, refining and
steel, but these remain under discussion and could be adopted in the near future. As the
figure below shows, the sum of these targets by all relevant countries so far corresponds
to only a few p