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INTERNATIONAL ENERGY AGENCY (IEA)

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

INTERNATIONAL RENEWABLE ENERGY AGENCY (IRENA)

IRENA is the lead intergovernmental agency for global energy transformation that supports
countries in their transition to a sustainable energy future and serves as the principal platform
for international co-operation, a centre of excellence, and a repository of policy, technology,
resource and financial knowledge on renewables. With 168 Members (167 States and the
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 Mr. Nigel
Topping 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. Furthermore, the report’s
chapter on agriculture reflects solely the views and findings of the chapter’s authors in their
capacity as UN Climate Change High-Level Champions. 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 COP26 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.

The Breakthrough Agenda establishes an annual cycle to track developments towards these
goals, identify where further coordinated 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 2022 Breakthrough Agenda Report, is the first of these annual reports. It
provides an assessment of progress towards each Breakthrough goal and a framework for
tracking progress in the future, a pathway of coordinated international actions through to 2030
and a set of specific recommendations on the most urgent and high impact opportunities to
strengthen international collaboration that can accelerate progress across each Breakthrough
sector.

Breakthrough Agenda Signatories:

As of the 1st September 2022 the Breakthrough Agenda signatories are: Australia, Azerbaijan,
Belgium, Cabo Verde, Canada, Chile, China, Denmark, Egypt, European Union, France,
Germany, Guinea Bissau, Holy See, India, Ireland, Israel, ltaly, Japan, Kenya, Latvia,
Lithuania, Luxembourg, Malta, Mauritania, Morocco, Namibia, Netherlands, New Zealand,
Nigeria, North Macedonia, Norway, Panama, Poland, Portugal, Senegal, Serbia,
Slovakia, South Korea, Spain, Sweden, Republic of Turkiye, United Arab Emirates, United
States of America and United Kingdom.

PAGE | 4



FOREWORD

At the UN Climate Change Conference (COP26) in Glasgow in November 2021, leaders of
45 nations asked our organisations to produce an independent assessment of the status of
the global transitions in five major greenhouse-gas-emitting sectors and make
recommendations for strengthening international collaboration to drive urgent progress.

The ambition those leaders set out was not only to reduce emissions, but to make clean
technologies and sustainable solutions the most affordable, accessible and attractive option
in each major emitting sector of the global economy before the end of this decade.

We commend these leaders for their vision, their recognition that this opportunity can only be
realised through greater practical collaboration, and their commitment through the
Breakthrough Agenda to work together to accelerate progress in each sector.

The world is facing multiple and compounding crises. The effects of climate change are
intensifying. The availability and affordability of both energy and food are at risk in many
countries, contributing to a broader cost-of-living crisis. The response must not be to slow
down the transition to sustainability but to move even faster. A massive scaling up of clean
energy investment and deployment worldwide is needed to enhance energy security,
affordability and access, and the transition to sustainable land use is essential to protect our
food systems against future shocks.

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 deliver clear recommendations for the
actions that governments and companies need to take. We have also drawn on expertise
generously shared by governments, businesses and civil society organisations active in each
of the sectors we have considered.

In each sector — power, hydrogen, road transport, steel and agriculture — we see rising
investment in clean technologies and sustainable solutions and also growth in the number of
collaborative international initiatives. But at the same time, global emissions continue to rise,
and progress is not yet fast enough to meet the goals that countries have agreed under the
Breakthrough Agenda.

We find that in each of these sectors there is significant scope for stronger international
collaboration — more focused, more sustained, with greater commitment and greater
participation — to accelerate progress.

Many now see the opportunities of the low-carbon transition and are competing to lead the
development of new technologies. This is to be welcomed. The opportunity is for countries,
businesses, communities and citizens to work together to accelerate the growth of global
markets for clean technologies and sustainable solutions while continuing to compete to
supply them.

We look forward to supporting governments, businesses and civil society organisations in their
efforts to implement the recommendations of this report in order to make the transition to
sustainability faster, easier and more affordable for all.

Dr Fatih Birol Francesco La Camera Nigel Topping Dr Mahmoud Mohieldin

Executive Director Director-General UN Climate Change High- UN Climate Change High-
International Energy  International Renewable ~ Level Champion for COP26 Level Champion for COP27

Agency Energy Agency
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EXECUTIVE SUMMARY

STRENGTHENING INTERNATIONAL COLLABORATION TO
ACCELERATE TRANSITIONS

The world remains far off track to meet internationally-agreed climate change goals, despite
action being taken in many areas. The Nationally Determined Contributions that countries have
put forward in the UN climate change negotiations imply a lower emissions trajectory now than
they did before, and most countries have committed to achieving net zero emissions by around
the middle century, as have many businesses. Yet, global emissions, which must be halved this
decade to limit temperature rise to 1.5°C, are still increasing. The energy crisis and threat of a
global food crisis that the world now faces underline the equal urgency of increasing the
affordability, accessibility, resilience, and security of supply of humanity’s most essential
commodities and services. Transitions to sustainability can reduce the likelihood of such crises
occurring in future.

International collaboration will be critical to success, given the global scale and fast pace
of change required. Action by governments and businesses individually is necessary, but not
sufficient. Well-targeted international collaboration can make low carbon transitions faster, less
difficult, and lower cost. By aligning and coordinating actions internationally, countries and
businesses can accelerate innovation, create stronger signals for investment and larger
economies of scale, and establish level playing fields where needed to ensure that competition
is a driver of the transition, and not a brake. International assistance, finance, and the sharing
of best practice can support widespread adoption of effective policies and available
technologies. International infrastructure can enable cross-border flows of clean energy. Without
international collaboration, the transition to net zero global emissions could be delayed by
decades.

Figure 1 International cooperation and technology cost reduction
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Sources: I[EA, 2021, Way et al., 2022.

Without international collaboration, the transition to net zero global emissions could be
delayed by decades. The costs of critical low carbon technologies could be significantly lower
in a fast global transition, which can only be achieved by the collective action of many
countries.
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There is a huge opportunity, and need, to strengthen international collaboration in each of the
major greenhouse gas emitting sectors of the global economy. Many valuable international
initiatives exist, led by governments, businesses and civil society, and their number and
diversity has increased notably over recent years. However, current efforts are far from
exploiting the full potential of collaboration to accelerate progress. In each sector, collaboration
must go beyond sharing of best practice, and include deliberate alignment of action in areas
such as technology development, standards and trade, complemented by strong support to
developing countries. Participation must expand to include more countries in each sector, to
make this a truly effective global effort. Collaboration must be sustained over years to have its
full impact, not sporadically started and stopped. Serious, sustained and focused international
collaboration of this kind could greatly increase the chances of limiting the rise in global
temperatures to 1.5°C, as well as positively contributing to economic development. This will
help generate an additional 14 million jobs and prevent 2 million premature deaths globally
from air pollution by 2030 (IEA, 2021).

Figure 2 How international collaboration can accelerate progress at each stage of the
transition

International assistance and finance —
Wider development and deployment of solutions

Coordinated infrastructure deployment —»
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Source: Adapted from Victor, Geels & Sharpe, 2019.

International collaboration can accelerate progress at each stage of the transition

The Breakthrough Agenda is designed to strengthen international collaboration where it is
most needed. Leaders of 45 signatories (44 countries plus the European Union), which
represent over 70% of global GDP, committed at COP26 to work together to make clean
technologies and sustainable solutions the most affordable, accessible and attractive option
in each of the emitting sectors before the end of this decade. They agreed on collective goals
with the intention of focusing attention on critical problems to solve in each emitting sector.
The annual process to identify priorities for stronger collective action to accelerate transitions
and then tracking progress on delivery, of which this report is a major part, can help to increase
the impact of international action over time.
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Action in the five sectors for which the signatories have so far agreed on goals under the
Breakthrough Agenda — power, hydrogen, road transport, steel, and agriculture — is essential
to achieving international climate goals. Global greenhouse gas emissions have now reached
almost 60 GtCO.e and these sectors today account for over 50% of that total (IPCC, 2022).
Clean technologies and sustainable solutions are not yet the most affordable or accessible
options in these sectors except in the power sector; and even in the power sector, this is not
yet the case in all countries. Meeting the Breakthrough Agenda goals in these sectors will
require concerted action from governments, businesses and civil society. And doing so could
enable all countries to make faster progress, greatly increasing the chances of avoiding more
dangerous levels of climate change and meeting the Sustainable Development Goals.

Figure 3 Greenhouse gas emissions by sector, 2019
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Source: IPCC, 2022.

The five sectors for which countries have agreed goals under the Breakthrough Agenda
account for over 50% of current global emissions.
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The power sector accounts for
around 13 GtCOze, or 23% of
total emissions. This has risen
by around 10% since 2010.
These need to fall by over 50%
by 2030.

Emissions from the power
sector should fall by around 8%
each year to 2030.

Electricity access should reach
100% by 2030, if not before.

Investment will need to grow
25% each year, reaching
USD 2 trillion per annum
required by 2030.

Hydrogen production and use
accounts for around 0.9 GtCO>
of emissions, or 1.5% of total
emissions.

Renewable and low carbon
hydrogen production currently
accounts for less than 1% of
total.

Targets and commitments to
use low carbon and renewable
hydrogen are equivalent to 3%
of current total hydrogen
demand.

15% of ammonia and 28% of
methanol is internationally
traded.

The road transport sector
accounts for around 6 GtCOze,
or 10% of total emissions.
That'’s risen by 13% since
2010. These need to fall by
nearly a 1/3 by 2030.

PRIORITIES FOR STRENGTHENED
INTERNATIONAL COLLABORATION IN THE
FIVE FOCUS SECTORS

In the power sector, the immediate focus for international action must
be growing, coordinating and improving the accessibility of support to
developing countries. This will be vital to mobilise investment in the
additional 7.4 — 8 TW of renewable power capacity that is needed
globally by 2030, as well as in other clean power options. At the same
time, there must be more dedicated international support for developing
countries, and exchange of best practice among all countries, on the
socioeconomic challenges of the transition. Countries should reassess
the opportunities for interconnectors to support the integration of larger
shares of low-cost clean power, while reinforced international action is
needed now to coordinate the demonstration and testing of power
system flexibility solutions, including long-term storage, that will be
needed to enable fully net zero power in future years. A concerted
international effort to agree on strong minimum energy performance
standards for high energy consuming appliances will be essential to help
cut costs as well as emissions, reducing the necessary increase in
power generation capacity.

To increase the availability and affordability of renewable and low
carbon hydrogen, the immediate priority is for countries and companies
to work together to create larger markets for its deployment and trade,
including through purchase commitments. This will also incentivise
investment in production, which must scale up from less than 1 Mt in
2020 to around 140-155 Mt per year by 2030. Stronger international
action on two fronts is essential: countries and companies should
coordinate measures to move away from production based on unabated
fossil fuels in sectors where hydrogen is already used, and share best
practice in deployment in new applications for hydrogen such as steel,
shipping, and energy storage. The number and geographical distribution
of demonstration projects should be increased, along with deeper
sharing of learning, and should be backed by targeted technical and
financial assistance. This will be important to make hydrogen solutions
available and affordable for more countries at an earlier date.
International efforts to agree safety, operational and emissions
standards should be accelerated, since these will be critical to enabling
widespread deployment and trade.

In road transport, countries and manufacturers should align target
dates for all new vehicles to be zero emission, to shift investment more
quickly towards the new technologies and accelerate their cost
reduction. Zero emission vehicles accounted for around 9% of global car
sales in 2021; this should reach about 60% by 2030. An even greater
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Public charging infrastructure
needs to increase 10-fold by
2030.

If major markets align their
policies with 100% ZEV sales
by 2035, cost parity between
ZEVs and ICE vehicles could
be reached several years
earlier.

Over 60% of the vehicles
added to the roads in Africa
each year are imported used
vehicles.

The steel sector accounts for
around 3 GtCO:ze of emissions,
or 5% of total emissions. That's
risen by around 15% since
2010. These need to fall by
around 2 by 2030.

Global average direct
emissions intensity of steel
production needs to fall by
around 30% by 2030.

114 Mt of conventional, high
emission plants are currently
underway or in the planning

stage.

Agriculture and related land
use accounts for around
10GtCO2e, or 17% of total
emissions. Of those about 7
GtCO2e come from direct,
farm-gate emissions.

Farm-gate emissions have
increased by 0.6% per year
since 2000. These need to fall
by around 20% by 2030 and
agricultural expansion needs to
halt.

Smallholder farmers produce
about 30% of global food
production.

27% of all agriculture and land
use emissions can be attributed
to agricultural products that are
internationally traded.

acceleration of deployment is needed for zero emission heavy goods
vehicles, given the earlier state of current deployment, and in many
countries the transition to zero emission two- and three-wheeled
vehicles will also be important. More systematic exchange of best
practice is needed to promote effective policies to mobilise investment
in charging infrastructure, narrowing the wide gap between the countries
furthest ahead in this regard, and the rest. Technical and financial
assistance to developing countries should be greatly increased, to
enable wider sharing of the benefits of the transition. Harmonised
standards will be essential to ensure sustainability in battery supply
chains. Regulatory coordination between used vehicle importing and
exporting countries is needed to take the most inefficient vehicles out of
international trade, saving costs as well as cutting emissions.

In the steel sector, the immediate opportunity is for aggregation of
demand to mobilise investment in the production of near-zero emission
steel. Less than 1 Mt of primary near-zero emission steel per year is
currently produced, whereas over 100 Mt per year will be needed by
2030. Joint procurement commitments by groups of countries and
companies should be greatly increased, and be supported by measures
such as advance purchase commitments, to mobilise the needed
investment. Collaboration on commercial-scale pilot projects is needed
in all major steel producing regions, to accelerate learning. A strategic
dialogue on trade should be launched at the earliest opportunity,
including the leading producer and consumer countries, to agree ways
to ensure near-zero emission steel can compete in international markets
— removing what could otherwise be a significant obstacle to the
transition. Common definitions and standards for low emission and
near-zero emission steel must be agreed, as important enablers of
collaboration on procurement and trade.

In agriculture, an immediate priority for international collaboration must
be to improve access to finance for smallholder farmers in developing
countries — by increasing the flow of public finance, and its leverage of
private finance. This is needed both to reduce emissions and to increase
productivity and resilience. Current agricultural practices are depleting
natural resources as well as contributing over a fifth of global emissions,
and this must be reversed. Global investment in research, development
and demonstration of technologies and practices for resilient and
sustainable agriculture needs to be increased, reversing the declining
trend of recent years that threatens to undermine positive international
efforts. A long-term process should be established to share learning on
reorienting agriculture policies towards sustainability, to accelerate
progress away from harmful practices. Countries should also begin
focused discussions on how to ensure international trade facilitates, and
does not obstruct, the transition to sustainable agriculture.
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PUTTING THE WORLD ON TRACK TO MEET THE PARIS
GOALS

Countries and businesses should work together in each emitting sector to increase
the chances of meeting the Paris Agreement goals, in line with the Breakthrough
Agenda commitment. There are likely to be significant opportunities for well-targeted
international collaboration to accelerate low carbon transitions in sectors beyond the five
discussed in detail in this report, such as in buildings, cement, shipping and aviation. Action
in each sector can support progress in others, for example by scaling up the deployment of
clean technologies and reducing their costs. International collaboration is of course an
addition to, not a replacement for, the necessary action by individual countries and
businesses.

In each emitting sector, there needs to be at least one international forum in which
actors with strong influence and interests in the sector collaborate to accelerate the
global transition. Governments and companies should work to agree the international fora
through which to take forward the recommendations of this report for each Breakthrough
sector, within existing frameworks wherever possible. This will help provide greater clarity for
new and existing participants, reducing barriers to collaboration, and enabling international
efforts to develop greater strength and depth over time.

Technical and financial assistance must be made more available in all sectors. In many
sectors there is a need to agree priorities, massively scale up climate finance and coordinate
international efforts to provide more timely and accessible support, responding to the needs
of developing countries. This needs to include a range of instruments, including innovative
approaches to finance that take into consideration and overcome key barriers, notably debt
risks and budget and financial constraints. The assistance should include both capacity
building and support for technology development, demonstration and deployment, in line with
broader economic and social objectives.

In trade-exposed sectors where clean technologies or sustainable solutions are at a
cost disadvantage to high emitting technologies or practices, level playing fields in
international trade will be needed. The success of international efforts in this regard will
critically depend on involving countries with the largest production or consumption in the
relevant sectors, and on ensuring that any international measures support, and do not
obstruct, broader economic and social objectives of developing countries and local
communities. Countries can build mutual confidence in these sectors by collaborating on
issues including technology demonstration, standards, and the creation of markets for first
deployment.

Coordinated efforts to research, develop and demonstrate technologies can support
progress in many sectors. Testing clean energy technologies and sustainable agriculture
solutions across multiple regions and markets can bring them to widespread commercial
deployment more quickly, especially when supported by commitments and processes to
ensure sharing of learning.

Coordinated international deployment of low carbon infrastructure such as electricity
interconnectors, hydrogen gas pipelines, and refuelling or recharging facilities for shipping,
aviation, and heavy-duty vehicles, can increase the availability of clean energy and the
feasibility of decarbonisation.
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TABLE OF RECOMMENDATIONS

Power

1

Governments, working with companies, multilateral development banks (MDBs)
and investors, should agree a clear set of strategic priority projects to demonstrate
and test power system flexibility solutions, including but not limited to energy
storage, in a wide variety of contexts. This should build upon existing initiatives and
involve the systematic sharing of learning from different geographical, climatic and
market settings. This will increase confidence in delivering net zero power systems
in a broader set of markets, supported by increasingly affordable and effective
technologies.

Donor governments, working with key institutions, initiatives, and funds, should
increase the scale, coordination, transparency and accessibility of international
support for the power sector transition, building on established frameworks and
successful models. Along with other forms of support, donor countries should,
where requested, facilitate more power sector experts working within developing
country governments, to strengthen their capacity to make use of international
support, implement policy and regulatory reforms and leverage private finance. This
will provide developing countries with the resources they need to deliver on a rapid
acceleration towards a net zero power system.

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 and for environmental restoration, in the 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. This action will be vital to ensure inclusive and
participatory transition processes, effective social protection for affected workers
and communities, and better economic and environmental outcomes.

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. In doing so, countries can access
new opportunities to integrate larger shares of renewables and improve system
reliability.

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. This will help to cut
energy costs and reduce emissions, as well as mitigate future electricity demand
growth, easing pressure on renewables and electricity infrastructure deployment.
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Hydrogen

1

Governments and companies should coordinate internationally to increase
commitments for the use of low carbon and renewable hydrogen in sectors where
hydrogen is currently 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 agree a comprehensive portfolio of
international standards and associated certification schemes for renewable and low
carbon hydrogen, addressing emissions accounting, safety, and operational issues,
including leakage. This should be supported by a programme that provides a clear
direction and sufficient resources to relevant technical bodies. This will be vital for
supporting a series of other actions, most notably high-quality demand
commitments and trade agreements.

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 principles to guide a
deeper and more rapid sharing of knowledge from these demonstrators, including a
commitment to share the lessons learned from all publicly funded projects. Doing
so will help overcome technology availability barriers and accelerate the pace of
deployment in multiple regions in parallel.

Donor governments and multilateral development banks should make increased
levels of concessional finance available for well-targeted, catalytic uses that can
mobilise large-scale private investment in hydrogen production, distribution and
end-use projects in developing countries. This should be supported by a process in
which countries work with donors and lending institutions to identify viable projects
that are being delayed by high costs of capital, and to assess obstacles to
investment, and by technical assistance programs to assist governments with
policy design. This will provide much-needed support for the first-wave of low
carbon and renewable hydrogen projects, ensuring that a wider set of countries can
deploy the technologies required.
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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, and should
align policies with this target. Pathways compatible with 1.5 °C indicate that a target
date should be around 2035 for cars, for example. Vehicle manufacturers should
commit to the same timelines for 100% zero emission vehicle production. This will
send a clear signal to industry and unlock larger economies of scale and faster cost
reductions, making the transition more affordable for all countries.

Governments should collectively agree a common understanding of the
technologies that are consistent with the goal of zero emissions road transport, in
order to send a clear and unambiguous signal to industry. This will accelerate
economies of scale for key technologies, accelerating the pace of innovation and
cost reduction, making ZEV's affordable sooner for more people.

Governments should exchange best practice in policy to mobilise investment and
accelerate deployment of charging infrastructure, in consultation with vehicle
manufacturers and infrastructure investors. This should be complemented by a
broader scaling up of technical and financial assistance to developing countries at
city, provincial, national and regional levels. This will help to mobilise private
investment, and ensure all countries are able to access the benefits of the transition
to zero emission vehicles.

Governments should work together and with industry to avoid further divergence of
standards for charging infrastructure. There are already several competing
charging standards for light-duty vehicles; for heavy-duty vehicles, avoiding further
divergence could limit wasteful investments in multiple charging types, and
accelerate the adoption of zero emission trucks. Aligning standards for hydrogen
refuelling stations can reap similar benefits. Doing so will decrease costs and
facilitate the transition in vehicle importing countries.

Governments should work together and with industry to agree harmonised
standards to ensure sustainability and social responsibility along the electric vehicle
battery supply chain, including the extraction and processing of minerals and the
recyclability of battery modules. As a priority, these standards should minimise
batteries' lifecycle emissions and the adverse social and environmental impacts
associated with their production, seek to extend their durability and promote reuse,
repurposing and recycling of their components. Similar standards on fuel cell value
chains, including information on platinum and other catalyst materials’ content and
origin, should be put in place. Harmonised standards will send a clearer signal to
the global market, and facilitate compliance by battery and vehicle manufacturers
that sell to multiple markets.

Vehicle importer and exporter countries should agree on harmonised regulations on
vehicle trade to improve vehicle efficiency and safety in international trade in used
vehicles. These rules should govern trade in zero emission vehicles as well as
internal combustion engine vehicles, supported by strong mechanisms to enforce
compliance. This will help prevent ‘vehicle dumping’, locking developing countries
into higher emitting vehicles.
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1

Governments and companies willing to lead the transition in the steel sector should
agree on common definitions for low emission and near-zero emission steel, along
with a timeframe for the adoption of standards by the mid-2020s. This is an
important market signal and will be vital for unlocking a series of subsequent
actions, most notably high-quality demand commitments and trade agreements.

Governments and companies should increase the scale of near-zero emission steel
procurement commitments to cover a significant share of their future steel demand.
These commitments should be high quality, supported by appropriate legal and
implementation frameworks, such as advance purchase commitments. Countries
and companies should consider joining public and private sector initiatives where
these commitments are aggregated. This will strengthen the global demand signal
for near -zero emission steel, increasing the incentives for industry to invest in its
production.

Governments should urgently launch a strategic dialogue, 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
prevent trade acting as a brake on the transition. This may be supported by
agreements to cooperate on data, standards, comparability of policies, R&D,
finance and procurement.

Governments and companies should identify several commercial-scale pilot
projects, in all major steel producing regions, where international collaboration can
support shared technology learning, business case development and policy
support. Collaborative networks should deliver operational projects in these
countries by the late 2020s at the latest. Emerging markets and developing
countries’ participation in key R&D and demonstration initiatives should be
increased in support of this aim. This will help eliminate technology availability
issues, providing multiple case studies for a large group of countries and
companies to further improve upon.

Donor countries and MDBs, led by the priorities of developing countries, should
significantly increase funds supporting industry transition to near-zero emission
technologies in emerging and developing countries. This will provide much needed
near-term technology and financial support to unlock additional private sector
capital for the first wave of near zero emission projects in key steel producing
countries, especially for EMDEs.
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Agriculture

1

Governments and companies should work together to deliver higher levels of
investment in agricultural research, development, and demonstration (RD&D), to be
maintained over the course of this decade. The scale and diversity of collaborative
international RD&D initiatives and programs should also be increased. Priority
should be given to innovations that can reduce food waste, limit emissions from
livestock and fertilisers, improve alternative proteins, develop climate-resilient crops
and livestock, and protect soil and water resources. This will accelerate the
development and eventual cost-effective deployment of technologies and solutions
that can reduce emissions across multiple regions.

The level of international climate finance directed at agriculture should be sharply
increased, in line with its importance to global emissions, adaptation and resilience
and food security. Governments, multilateral development banks and private sector
investors should work together to make finance available to small- to medium-sized
enterprises (SMEs) and smallholder farmers in developing countries on a far larger
scale than has been achieved so far. Finance should be accompanied by
assistance with the adoption of practices that increase productivity and resilience
while reducing emissions and protecting natural habitats. This will support
economic development, resilience, and food security, as well as reducing
emissions.

Governments, research institutions, international organisations and the private
sector should commit to a long-term process to test, develop evidence, and share
learning on approaches to redirecting policies and support for agriculture towards
sustainability and climate resilience. This should involve all of the world’s largest
agricultural producer countries, whose policies heavily influence global markets, as
well as countries representing a diverse range of environmental and economic
conditions. This will help countries identify the most effective and feasible ways to
incentivise the transition to sustainable agriculture.

Governments should begin a strategic dialogue on how to ensure international
trade facilitates, and does not obstruct, the transition to sustainable agriculture.
International organisations can advise on options to ensure a level playing field so
that policy measures essential to drive a transition to climate-resilient, sustainable
agriculture do not put a country’s agricultural sector at a competitive disadvantage
in international trade. Early priority should be given to agreeing sustainability
standards for the agricultural commodities that contribute disproportionately to
deforestation. A level playing field in international trade will give countries and
companies greater confidence and ability to move ahead in the transition.

Countries and international organisations should develop internationally agreed
standards for monitoring and reporting on the state of natural resources on which
agriculture depends, including soil carbon content and health, and pollinator health,
as well as on the geographical extent of agriculture. International measurement
standards will help support high-quality knowledge sharing on policy effectiveness
and enable international trade to play a positive role in supporting the transition.
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Cross-cutting

1

Countries should work to agree the international fora and institutions through which
they will take forward each of the recommendations for collaborative action
contained in this report, and should then invest in those fora both politically and
financially. Existing institutional frameworks should be used wherever these are
appropriate to the task. This can help to establish the institutional underpinnings
needed for strong and sustained international collaboration over the course of this
decade.

Governments, philanthropies, financial institutions and delivery partners, should
together review the state of international assistance in each major emitting sector,
identify the gaps in assistance that are most important to address, and coordinate
efforts to provide responsive and accessible support in these areas, led by the
needs of developing countries. This will ensure that assistance is appropriately
targeted and available to support countries in relation to each of the major low
carbon transitions.

Governments, companies and relevant international organisations should establish
high-level, strategic dialogues in each sector that is highly exposed internationally
and where 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. This will help to focus dialogue on areas
where collaboration is most urgent, and ensure that competition accelerates
transitions, and does not hold them back.

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. This will help ensure deep and sustained sharing of
experiences gathered with these projects between countries, including those with
limited resources.

Wherever not already agreed, governments in each region of the world should
agree 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
coordinated first deployment of zero emission charging or refuelling infrastructure.
This will support earlier deployment of infrastructure that unlocks accelerated
deployment of clean technologies and solutions in multiple countries and regions.
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CHAPTER 1. CONTEXT: CLOSING THE
COLLABORATION GAP

Countries collectively accounting for over 90% of global GDP have committed to reach net
zero greenhouse gas emissions by around the middle of this century (Net Zero Tracker,
2022). This is a remarkable degree of alignment: there is no doubt about our shared goals
for moving to a resilient, low-carbon economy. To achieve these goals, purposeful,
collaborative and structural change in the global economy is required at a pace and scale
unprecedented in human history.

Itis clear that we are not yet on track to meet those goals. Global emissions are still rising,
yet they need to be halved within the course of this decade to put the world on course for
limiting the rise in global average temperatures to 1.5°C. As countries all over the world
increasingly suffer from extreme weather events, the need for faster progress in adaptation
and resilience is more urgent than ever.

Where the right policies have already been put in place, progress has, in some cases,
exceeded expectations. Driven by successively stronger deployment policies, solar power
costs have fallen by a steep 85% between 2010 and 2020 (IRENA, 2021) and are now the
cheapest source of electricity in history (IEA, 2020a). Its global deployment in 2020 was
more than ten times higher than governments’ targets only fifteen years earlier had
suggested (IRENA, 2021). The growth in wind power has similarly outpaced expectations.
Helped by falling battery costs, supportive policies, and increased industry investment,
electric vehicles are set to be the next chapter in clean energy successes. These
achievements show that rapid change is not impossible.

Nevertheless, much more remains to be done to put all emitting sectors on a path
consistent with the 1.5°C goal. The Breakthrough Agenda agreed at COP26 aims to do just
this. Designed to help trigger tipping points and stimulate international collaboration
involving both the public and private sectors, the Breakthrough Agenda has set ambitious
goals for 2030 to dramatically accelerate the innovation and deployment of cost-effective
clean technologies and sustainable solutions, with the initial focus on five key emitting
sectors of the economy — power, road transport, steel, hydrogen, and agriculture.

Importantly, international collaboration will not only enable faster progress among emitting
sectors in meeting agreed climate change goals but it will also make significant
contributions to other critical social and economic objectives. The global shift to low-cost,
low-carbon energy sources can increase energy access, affordability and security. Equally,
a faster transition to resilient, sustainable agriculture is essential to global food security.
The transformational change required in many sectors to achieve net zero global emissions
involves a multitude of challenges, but it also provides abundant valuable opportunities —
for innovation, job creation, societal development and economic growth, among many
others.
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PULL ALL LEVERS TO ACCELERATE TRANSITIONS

The Intergovernmental Panel on Climate Change (IPCC) has described what it is needed
to reach net zero as ‘system transitions’ in each of the emitting sectors of the global
economy (IPCC, 2018). Essentially, this requires the replacement of one set of
technologies, practices, business models, infrastructures and institutions with another. In
most sectors these changes, if well designed, will not only reduce emissions but also
contribute to increasing resilience and energy security.

Policy interventions at all points in the system are required to accelerate these
transformational changes: funding research and development, reform of market structures,
investment in new infrastructure, and support for workers and communities in attaining new
skills and opportunities as part of a just transition.

Actors of all kinds can and must contribute to accelerating the deployment of clean
technologies and sustainable practices. The effect of mutually supporting actions can
create an ‘ambition loop’ for technology development and deployment: a reinforcing
feedback cycle in which policy reallocates finance towards clean technologies; businesses
innovate; technologies improve; and social support for the transition grows, enabling the
next round of policies to move the transition forward (see Figure 1.1).

Figure 1.1 Reinforcing feedback or ‘ambition loop’ between policy, finance, technology
and social support
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For example, in the case of solar power, early research and development was supported
by government funding. Later, policies such as feed-in tariffs, tax credits and mandates
supported the deployment of solar panels in electricity systems, initially on a small scale
and at high cost. The existence of this market allowed businesses to access investment,
innovate, and improve their products. This innovation reduced the cost of solar power,
increasing its appeal, leading to more demand and more investment. Meanwhile, the
growth in deployment of solar power was supported by investments in new infrastructure,
strengthening electricity grids and providing new connections, and by market reforms that
made electricity systems better able to incorporate intermittent sources of power. Civil
society organisations have built support for many of these policies, and the more affordable
solar power has become, the more they have been able to push for faster progress in its
adoption. We need to learn from this success in order to replicate this effect deliberately
and quickly in all emitting sectors.

This is not to suggest that technological progress always follows the example of solar
power. The pace of innovation and cost reduction is very much influenced by attributes
such as unit size, modularity, the service that is offered to consumers, and various other
factors (IEA, 2020b). Moreover, a low-carbon transition is not simply a change in
technologies. It also involves significant changes in labour markets, in the distribution of its
costs, in the geopolitics of energy and resource security, and in the structure of supply
chains. These broader implications are already very clear in the power sector and
increasingly so in others; in each sector, managing these multiple issues becomes ever
more important as the low-carbon transition moves forward.

COLLABORATE INTERNATIONALLY TO INCREASE THE
ECONOMIC GAINS OF TRANSITION

Well-targeted international collaboration can amplify the effect of national government and
private sector efforts and rapidly advance progress, making structural change on the global
scale quicker, easier, and lower cost. Without widespread collaboration, the transition to
net zero could be delayed by decades. To put it another way, without strong international
collaboration, achieving a resilient net zero emission global economy by around mid-
century is likely to be unachievable. The potential gains from international collaboration are
large. They include:

o More widespread adoption of effective policies to deploy available solutions at
scale, which is essential for halving emissions over the coming decade. This can be
enabled by the sharing of knowledge, and by international technical and financial
assistance. Support to developing countries in this regard is particularly important.

o Faster innovation, which can result from the deliberate alignment of research,
development and demonstration activities, the sharing of learning and building
confidence. This is particularly important given that around 50% of the global emission
reductions needed for net zero are likely to come from technologies that are not yet
fully commercialised (IEA, 2021).
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Stronger incentives for investment, which can arise through coordinated actions to
create a larger and more stable market for the first deployment of new clean
technologies. This is especially valuable early in a transition when investment in the
production of new technologies represents a high-risk decision for industry.

Larger economies of scale, which can be generated by the alignment of technology
choices and deployment policies. There is strong historical evidence that mass
deployment of clean energy technologies such as solar PV, wind or electric vehicles
leads to significantly lower cost, and that similar effects are likely to be achieved with
new and emerging technologies such as hydrogen electrolysers.

Level playing fields, where needed, which may be established by the coordination or
harmonising of regulations or carbon prices (and supported by the removal of fossil
fuel subsidies, and the reorientation of agricultural subsidies). In sectors where zero-
emission solutions are more expensive than their fossil fuel equivalents, such as
energy intensive industries and long-distance transport, the establishment of a level
playing field internationally can prevent competition acting as a brake on a low-carbon
transition, and instead allow it to act as an accelerator.

These gains imply a different focus for international collaboration at each stage of the
transition (see Figure 1.2). They will only be realised in full if the efforts are appropriately
targeted, substantial and sustained.

Figure 1.2 How international collaboration can accelerate progress at each stage of the
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International collaboration is a complement, not an alternative, to competition. Competition
is an important driver of innovation, and as such a critical ingredient of successful global
low-carbon transitions. Its positive effect will be all the more powerful if countries work
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together on the goals, direction, pace of change and, where appropriate, on the rules of
engagement. Countries, and businesses too, can collaborate to grow the markets for clean
technologies and sustainable solutions, and at the same time compete to supply them.

FOCUS ON INTERNATIONAL COLLABORATION IN ALL
SECTORS

Significant reductions in both the cost and the difficulty of transitions can be achieved when
international collaboration is a major strategic focus within each of the emitting sectors of
the global economy. While there are important connections, commonalities and synergies
among them, which this engagement should seek to exploit, each sector is unique in its
technologies, markets, industrial, financial and social structures, political economy, and the
nature of its global connections. Consequently, there is a need for dedicated international
collaboration within each sector, targeted to address its unique characteristics, to speed its
transition.

Important foundations for such collaborations are already in place. The United Nations
negotiations on climate change have established a strong consensus for action, and a large
number of countries have committed to significant individual actions through their
Nationally Determined Contributions. A great many initiatives for practical global
engagement are already operating, and involve governments, businesses, international
and multilateral organisations, civil society organisations, and investors. The number and
diversity of collaborative international initiatives has grown remarkably over recent years,
and many of these have already made important contributions to the progress in low-carbon
transitions.

Going forward, there is a critical need to strengthen international collaboration to meet the
net zero emissions targets and to capture all the benefits for societies. Critically, expanding
global engagement will increase access to affordable energy and at the same time reduce
the damaging impact on health from air pollution. It will also lead to new industries and job
creation, underpinning economic growth. According to one estimate, an energy transition
aligned with limiting global temperature increase to 1.5°C could create close to 85 million
additional jobs by 2030 compared to 2019, more than offsetting losses of 12 million jobs,
mainly in the fossil fuel industries, while supporting increased global GDP (IRENA, 2022).
In agriculture and land use, international collaboration is as important to achieving
resilience and food security as it is to reducing emissions. In every sector, international
flows of financial assistance and knowledge will be essential to enabling all countries to
benefit from the social and economic advantages of the transition. The Breakthrough
Agenda provides a global mandate to close the collaboration gap and opens a new pathway
for accelerating progress.
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THE CONTRIBUTION OF THE BREAKTHROUGH
AGENDA

The leaders of more than forty countries, representing over 70% of global GDP, formally
launched the Breakthrough Agenda at COP26 in November 2021. They were united in
their commitment to work together ‘to make clean technologies and sustainable solutions
the most affordable, accessible and attractive option in each emitting sector globally
before 2030’ (COP26, 2021).

The Breakthrough Agenda is designed to make three important contributions:

1.

Countries committed to work together to fast-track low-carbon transitions in
each emitting sector over the course of this decade. This is the first widely
supported high-level political commitment to collaborate internationally in each
emitting sector. If properly implemented, this could access the gains from
international collaboration described above — of broader adoption of effective
policies, faster innovation, stronger incentives for investment, larger
economies of scale, and level playing fields where they are needed — all of
which will facilitate progress towards a resilient net zero emission global
economy.

Countries agreed goals that focus on tipping points, where clean technologies
and sustainable solutions become the most affordable, accessible and
attractive option in each of the emitting sectors. These goals are designed to
focus attention on the most critical problems that need solving. As clean power
becomes the most affordable and reliable option for electricity generation,
more countries are choosing it instead of coal or gas. When near-zero steel
becomes the preferred choice in global markets, the incentives for industry will
be unambiguously aligned with the transition. All actors can help to move
transitions towards tipping points, and when they are reached, progress can
accelerate dramatically (Sharpe and Lenton, 2020).

A process was established for continually tracking and strengthening
collaboration over time. This is crucial to establish and maintain the
cooperative structures to enable rapid progress to 2030 and beyond. It
involves making a number of critical assessments: to distinguish between
sharing information and aligning action; from side-events to sustained
collaboration; and coalitions of first movers versus the critical mass that can
shift global markets. Without such assessments, necessary changes are not
made visible.

This inaugural report, envisioned to be repeated annually, along with meetings among
countries, businesses and leaders of international initiatives in each sector, is part of that
process of assessment. It aims to set out a clear pathway for international collaboration in
each sector over the course of this decade, highlighting the priority near-term actions that
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could have the greatest impacts. Even more important is the response: the success of the
Breakthrough Agenda will depend on the extent to which governments, businesses,
investors and civil society act to take advantage of the opportunities for stronger
collaboration that have been identified.

THE STRUCTURE OF THIS REPORT

This report focuses on the five sectors for which countries have so far agreed collective
goals as part of the Breakthrough Agenda, and in which the process to assess and
strengthen international collaboration has begun. The focus sectors are power, road
transport, steel, hydrogen, and agriculture.” They are significant for their impact on
greenhouse gas emissions (together accounting for over half of the global total), but also
for their potential to contribute to growing a resilient low-carbon global economy, and for
opportunities to strengthen international collaboration and accelerate progress in the near-
term. Given their different stages of maturity and diverse characteristics, together they also
help to illuminate the wide range of ways in which international collaboration can rapidly
advance low-carbon transitions.

The report devotes a chapter to each of these five sectors, in which the following points are
addressed:

Sector goals and the state of the transition. We set out the Breakthrough Agenda goals
in quantitative metrics, provide details on what is needed to meet this goal by 2030, and
assess the current state of progress.

Enabling conditions for the transition (or ‘how do we get there?’). We outline the
conditions necessary for a faster transition — such as market structures, finance and
investment, requirements for new or improved infrastructure and supply chains, social
considerations, and trade conditions — and provide recommendations on how they need to
evolve over the course of this decade. The aim of this report is not to describe all the actions
that governments and companies can take individually. Instead, these summary
descriptions of the enabling conditions for the transition provide the context for how
international collaboration can accelerate progress.

Priorities for international collaboration. We assess the current state of international
collaboration, identify the most significant and urgent areas where this could be
strengthened, in order to accelerate the transition; and recommend specific steps that can
be taken now to realise those opportunities. This assessment is informed by dialogues with
countries, businesses, and organisations active in international collaboration in each of
these sectors, convened this year as part of the Breakthrough Agenda process, as well as
drawing on wider literature and consultation with experts.

In a concluding chapter, we highlight how interventions in different sectors can be mutually
reinforcing. We also consider opportunities to strengthen international collaboration that
have cross-cutting relevance to many sectors. These include ways to deepen collaboration
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on research and development, improve the availability and effectiveness of practical and
financial assistance, establish critical international infrastructure, and to use trade
agreements in support of transitions. Finally, opportunities are outlined for stronger
international collaboration to advance progress in sectors where countries have not yet
agreed collective goals under the Breakthrough Agenda.
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CHAPTER 2. POWER

"Clean power is the most affordable and reliable option for all countries to meet
their power needs efficiently by 2030." -- Power Breakthrough goal.

KEY MESSAGES

o The power sector transition is underway, with significant shifts observed over the last
two decades, driven by the increasing pace of renewables deployment and their
dramatic cost reductions. Installed renewable capacity increased by 1.7 TW (8.7%
per year) from 2011-21, while non-renewable sources grew by 1 TW (2.2% per year)
over the same period. The share of low-carbon capacity (renewables and nuclear)
in 2021 accounted for 43% of the global total.

o The pace and scale of decarbonisation must increase urgently, driving emissions
from the power sector down by more than 7% each year to 2030. This requires the
deployment of readily available low-carbon technologies, coupled with the rapid
phase out of polluting fuels, particularly coal.

o To meet the dual challenge of growing demand and decarbonisation, 7.4-8.0 TW of
additional renewable capacity is required by 2030, quadrupling today’s deployment
rate. Moreover, the current rate of decline in the energy intensity of the global
economy should double from 2% to 4% per annum, along with the increasing
deployment of other low-carbon solutions such as nuclear.

« Infrastructure upgrade, modernisation and expansion is a high priority in the coming
decade as the share of renewables grows, requiring system flexibility and modern
grids. Infrastructure developments should be aligned with long-term plans and
reflective of broader strategies, including regional market integration.

o In 2021, annual expenditure in the power sector reached USD 900 billion, from which
USD 400 billion went to renewables and around USD 300 billion to power grids. A
doubling of this annual energy investment is required by 2030, with substantial funds
flowing towards the modernisation of ageing infrastructure and meeting growing
energy demand. Planned investments, especially coal, will have to be reassessed
and redirected to low-carbon technologies.

o To drive progress at the required pace and scale, national action by public and
private sectors is essential. International cooperation is vital to leverage and amplify
national action, support a just transition that leaves no one behind and strengthen
the international flow of finance, capacity and technologies.
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Five areas stand out as priorities for strengthening international collaboration toward
the 2030 Breakthrough goal over the next 1-2 years, where we recommend the
following actions:

Governments, working with companies, multilateral development banks (MDBs)
and investors, should agree a clear set of strategic priority projects to
demonstrate and test power system flexibility solutions, including but not limited
to energy storage, in a wide variety of contexts. This should build upon existing
initiatives and involve the systematic sharing of learning from different
geographical, climatic and market settings. This will increase confidence in
delivering net zero power systems in a broader set of markets, supported by
increasingly affordable and effective technologies.

Donor governments, working with key institutions, initiatives, and funds, should
increase the scale, coordination and accessibility of international support for the
power sector transition, building on established frameworks and successful
models. Along with other forms of support, donor countries should, where
requested, facilitate more power sector experts working within developing country
governments, to strengthen their capacity to make use of international support,
implement policy and regulatory reforms and leverage private finance. This will
provide developing countries with the resources they need to deliver on a rapid
acceleration towards a net zero power system.

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 and for environmental restoration, in the
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. This action will be vital to ensure inclusive
and patrticipatory transition processes, effective social protection for affected
workers and communities, and better economic and environmental outcomes.

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. In doing so, countries
can access new opportunities to integrate larger shares of renewables and
improve system reliability.

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. This will help to cut
energy costs and reduce emissions, as well as mitigate future electricity demand
growth, easing pressure on renewables and electricity infrastructure deployment.
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SIGNIFICANCE OF THE SECTOR

The power sector contributes to around a quarter of all global greenhouse gas emissions
and almost 40% of global energy-related CO. emissions. In 2020, low-carbon technologies
generated nearly 40% of electricity. Renewables generated 28% of electricity, while nuclear
energy produced 9.9%. Over the past decade (2011-21), renewable installed capacity
increased by 1.7 TW or 8.7% per year, while non-renewable sources grew by 1 TW or 2.2%
per year, including 18 GW of nuclear power (IRENA, 2022a). Due to the growth of
renewables and a decline in energy demand in recent years, the carbon intensity of power
generation fell by 8.4% since 2015 (IEA, 2021a).

To date, investment in the energy transition has been predominantly focused on the power
sector, and relatively geographically concentrated. In 2021, 84% of investment’ related to
the energy transition was in China, Europe, India, Japan and the United States. However,
out of over USD 2.8 trillion of cumulative renewable energy investment made globally
between 2010 and 2020, only 2% was in Africa, despite the region’s massive power needs
and abundant resources (IRENA, 2022b).

Figure 2.1 Renewable generation capacity by region and technology, 2020-21
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A widespread effort will be important, as the speed and scale of the power sector transition
have implications beyond decarbonisation. It will not only limit CO; emissions, but also
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reduce air pollution and expand energy access to achieve SDG7 on energy and, by
extension, the United Nations Sustainable Development Agenda for 2030.

SECTOR GOALS

As other major emitting sectors electrify at an increasing rate over the 2020s, and the efforts
on universal access intensify, the low-carbon electricity supply must keep pace, avoiding
lock-in of emissions from fossil fuel assets. Emissions from the power sector need to fall
by more than 7% each year out to 2030, from 13.5 GtCO- in 2020 (IEA, 2021a). Electricity
production may need to grow 2.5-3 times by 2050, underscoring the significance of the
sector's rapid decarbonisation in this decade (IEA, 2021b; IRENA 2022c). Coordinated
international action will be critical to overcoming key policy, regulatory, technology and
financial bottlenecks for the next phase to deliver the cost-effective, secure operation of
carbon-free power systems globally by 2040.

The IPCC, among others, outlines the major options that can contribute to power sector
decarbonisation, including decommissioning and reducing the utilisation of existing fossil
fuel-based power sector infrastructure, retrofitting existing installations with carbon capture
and storage (CCS), switches to renewable power and low-carbon fuels, and cancellation
of new unabated coal installations. This might include repurposing some existing facilities,
taking advantage of the existing infrastructure and providing local jobs to help offset those
lost. The most appropriate strategies will depend on national and regional circumstances,
including resource and technology availability (IPCC, 2022).

Many countries are already on a path to low-carbon power systems, with significant
commitments enshrined in Nationally Determined Contributions (NDCs) and other national
plans. Renewable energy and energy efficiency are chief among the solutions reflected in
these plans. For example, the United Nations Framework Convention on Climate Change
(UNFCCC) NDC Synthesis report notes that "domestic mitigation measures for renewable
energy generation were most frequently mentioned by Parties, followed by measures for
energy efficiency improvement” (UNFCCC, 2021). By November 2021, of the 144 NDCs
that had a quantified renewable energy target, 109 focused on power. Among those, only
23 Parties committed to a share higher than 60% of installed capacity by 2030 (IRENA,
2022d).

To put the sector on a Paris-aligned pathway, countries and companies will need to meet
the Breakthrough goal, which 42 countries, representing over 40% of the global power
sector (by electricity consumption), endorsed at COP26:

"Clean power is the most affordable and reliable option for all countries to meet their
power needs efficiently by 2030."
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This will require a significant buildout of clean? power generation assets by 2030, alongside
supporting smart grid infrastructure and flexibility measures. Scenarios aligned with
international climate goals suggest that by 2030:

Renewables, as a share of total generation, should rise from around 28% today to
between 61-65%. This requires additional 7.4-8 TW of renewable capacity by 2030
(IEA, 2021b; IRENA, 2022c). Other low-emission sources can complement the leading
role of renewables, with nuclear power generation rising 40% by 2030 (maintaining a
10% share of total generation) and some carbon capture technologies beginning to be
deployed (IEA, 2022a). Power sector emissions intensity should fall from
458 gCO2/kWh in 2020 to between 25-138 gCO./kWh by 2030, a reduction of over
60%.

Electricity as a share of total final energy consumption should increase from 20% to
between 26-30% over this decade (IEA, 2021b; IRENA 2022c).

Electricity access should become universal, reaching 100% of the population
worldwide by 2030.

Figure 2.2 Renewable power (% share of total generation) and power sector emissions
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Investment in the power sector will need to increase substantially to deliver on these
outcomes. In 2021, annual expenditure in the power sector reached USD 900 billion, from
which USD 400 billion went to renewables and around USD 300 billion to power grids.
However, annual investments in the power sector need to reach an estimated USD 2 trillion
by 2030 on a net zero by 2050 pathway, including around USD 1 trillion for renewable
power and USD 650 billion for grids (IEA, 2022b).
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Energy access remains an important priority. In 2020, 91% of the global population had
access to electricity. While the historic rate of access has increased, between 2018 and
2020 it fell to 0.5 percentage points per year — mainly due to the complexity of reaching the
remaining unserved populations and the potential impacts of Covid-19. At the current rate,
only 92% electrification is expected by 2030, underscoring the need for faster deployment
to reach 100 million people annually.

Figure 2.3 Access to electricity (% of population with access) and electricity
consumption (% share of total final energy consumption), 2015-2030
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Renewable power is now the cheapest form of new electricity generation in most countries
(IRENA, 2022¢), making it the centrepiece of cost-effective energy transitions. Many
countries are now approaching a second tipping point, where it is cheaper to generate
power from newly-installed renewables than from the continued operation of existing coal-
and gas-fired plants. The global weighted-average levelised cost of electricity (LCOE) of
onshore wind projects commissioned in 2021 declined by 15% compared to 2020, to
USD 33/MWh, while offshore wind decreased by 13% to USD 75/MWh, and utility-scale
solar PV fell by 13% to USD 48/MWh. However, the cost declines in 2021 may not continue
into 2022 as supply chain constraints were already being felt in late 2020, and commodity
prices increased further in 2021 (IRENA, 2022¢).

Alongside renewables, nuclear is also likely to play an important role in making the
transition faster and more secure. There is currently 413 GW of nuclear capacity operating
in 32 countries, with 70% of this capacity located in advanced economies. This is set to
change, with stronger growth for nuclear power planned in emerging market and
developing economies (IEA, 2022a). Of the nearly 60 GW of nuclear capacity under
construction, over 80% is located in emerging markets or developing countries (IAEA,
2022).
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Energy efficiency will also be vital to ensure that that new clean power capacity is put to
best use. Faster action on energy efficiency can help avoid around 96 EJ of final energy
demand by 2030, 5% lower than today (and 23% lower than a scenario where no additional
action is taken) (IEA, 2021d).

Figure 2.4 Levelised costs of electricity production for key technologies, 2010-2020/22
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How DO WE GET THERE?

Action is required in the 2020s in all countries and regions to advance decarbonisation of
the sector to reach the Breakthrough goal by 2030, and to pave the way for net zero
emissions by 2050. The availability of cost-effective renewables worldwide, supported by
an acceleration in energy efficiency, make this possible. In the short- to medium-term, for
many countries this should translate technical and economic challenges into a set of
investment, regulatory, and societal actions that can contribute to decarbonisation and
create millions of jobs.
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The focus of near-term action must be a step change in the deployment of
renewables to quadruple installation rates, enabled by investment in system integration
and infrastructure (IEA, 2021b; IRENA 2022c). In many countries, renewables are already
the cheapest source of electricity. The challenges over the 2020s will be integrating rising
shares of variable renewables, overcoming bottlenecks such as permitting and ensuring
systems become increasingly flexible. The intelligent use of distributed energy resources
(DERS), supported by growing digitalisation of the electricity system, will be increasingly
important as end uses are electrified. As a result of these systemic changes, annual
investments in the electricity network and overall electricity system flexibility need to more
than double by 2030 (IEA, 2021b; IRENA 2022c).

In parallel, governments and regional bodies will need to collaboratively assess
options for new interconnectors to facilitate increased electricity trade between
countries. This can also provide another important source of system flexibility, supported
by improving technology options and falling costs. Examples include the African Union's
Continental Master Plan focused on an integrated continental power transmission network
or the India-led One Sun, One World, One Grid initiative, which aims to facilitate regional
connections in South Asia.

Governments, together with multilateral development banks, will need to expand and
strengthen international assistance to ensure that developing countries can access,
adapt, and rapidly deploy low-carbon technologies to meet their needs and priorities. This
will require increasing the funding levels and improving the coordination and focus of
financial and technical assistance. Working with key institutions, funds and initiatives will
help guarantee that all new generating capacity is low carbon in all markets.

Governments and companies should further increase investments in research,
development and demonstration (RD&D). Considerable innovation opportunities
remain, including novel renewable generation technologies, long-term power system
flexibility, and digitalisation (Mission Innovation, 2021). Priorities for RD&D need to address
the differing requirements of countries and contexts, and technology RD&D must be closely
integrated with innovations in business models, system design and markets. Learning
should be shared proactively between countries and companies as the first large-scale
projects are delivered. Delivering many of these outcomes sooner, at a lower cost, will help
accelerate the pace of transitions at the rate needed for a net zero goal.

Governments and companies should develop and implement plans for managing the
transition away from high-carbon power systems and associated supply chains,
working closely with local communities and workers. This will include repurposing obsolete
assets, environmental restoration, and investment in local jobs and skills, particularly in
fossil fuel-dependent regions and communities.

While clear national targets, implementation strategies and timetables are necessary
starting points, achieving the best outcomes will require broad stakeholder engagement
and holistic policy frameworks to anticipate risks, maximise socioeconomic benefits and
value creation. By 2030, renewables alone have the potential to add 26.5 million jobs
globally, with an additional 58.3 million jobs in energy efficiency, power grids and flexibility,
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and hydrogen (IRENA, 2021a). It will be important for governments to ensure that strategies
for retraining can use existing skills in the energy sector, where possible, and do not
exacerbate inequalities as fossil fuel jobs wind down.

Governments must set out detailed strategies for net zero power systems as
progress accelerates over the early 2020s, sending a strong long-term signal for
companies and civil society. These should be supported by appropriate electricity market
reform and long-term contracts and auctions, as the technology options for net zero power
systems become clearer. Governments should also consider institutional changes and
agreements to support low-carbon power systems. Examples from countries leading the
way in this area should be shared internationally to increase the uptake rate for successful
policies and strategies.

As power systems approach higher shares of variable renewables in the late 2020s,
governments will need to scale-up the deployment of mid- and long-term energy
storage options, drawing on the successful RD&D activities from earlier in the decade. It
will be important for countries and companies to share learning from early large-scale
projects, supporting different power systems as they advance toward net zero.

International cooperation will have a significant impact in this decade to achieve the Power
Breakthrough goal. Collaborative efforts should focus on those essential levers that can
accelerate the deployment of low-carbon solutions worldwide or otherwise there will be a
bottleneck in the medium- to long-term. Only with effective international collaboration will it
be possible to ensure that the transition can occur at the pace and scale required, making
clean power affordable and accessible to all.

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.

o Net Zero by 2050 (IEA, 2021).

« Making Clean Electrification Possible (ETC, 2021).

o World Energy Outlook 2021 (IEA, 2021).

« World Energy Transitions Outlook (IRENA, 2022).

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

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

o Nuclear Power and Secure Energy Transitions (IEA, 2022).
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Figure 2.5 Critical path to 2030 for the power sector
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CURRENT STATE OF INTERNATIONAL
COLLABORATION

International collaboration on power sector decarbonisation and wider supporting areas is
at arelatively developed stage compared to the other major sectors assessed in this report,
with almost two decades of work in many areas in several global and regional settings. IEA
and IRENA are established platforms for international cooperation on the power sector,
and several streams of work have emerged from the G7 and G20 collaborative efforts.
Regional entities including the Association of Southeast Asian Nations (ASEAN), African
Union (AU), European Union (EU) and Organizacion Latinoamericana de Energia (OLADE)
all have dedicated streams of work on low-carbon power, with increasing efforts toward
regional integration. Several initiatives and campaigns also exist under the umbrella of the
Clean Energy Ministerial, including Power System Flexibility; Flexible Nuclear Campaign;
Nuclear Innovation: Clean Energy Future; and Carbon Capture Utilization and Storage.
Significant collaborative work is also undertaken by the industry bodies such as Global
Wind Energy Council, Global Solar Council, Long Duration Energy Storage Council and
Global Power Systems Transformation Consortium.

There are also collaborative efforts to increase the share of renewables in the most
vulnerable countries, such as the Climate Vulnerable Forum where 55 developing countries
committed to 100% renewable pathways. Another example is the Africa Renewable Energy
Initiative (AREI) launched at COP21 in Paris with the goal of 300 GW of renewables by
2030. The SIDS (Small Island Developing States) Lighthouses Initiative facilitated by
IRENA, which comprises 38 SIDS and 32 partners, is working to reach 10 GW of
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renewable energy installed capacity in all SIDS by 2030. In addition, there are several
technology-focused initiatives, including the International Solar Alliance, Global
Geothermal Alliance and the Global Offshore Wind Alliance founded by Denmark, GWEC
and IRENA. The IEA Technology Collaboration Programme (TCP) supports the work
across a wide range of energy technologies and related issues, with over 6 000 experts
worldwide representing over 300 public and private organisations in 55 countries. Another
example is the Desert to Power initiative led by the African Development Bank and
endorsed by heads of state focusing on the 11 countries of the Sahel to increase solar
generation capacity by 10 GW and contribute to providing access to electricity to
250 million people.

In recent years, the number of collaborative initiatives focusing on energy transitions has
increased. For instance, the IEA's Clean Energy Transitions Programme (CETP) leverages
the organisation's expertise across all fuels and technologies to accelerate global clean
energy transitions, particularly in major emerging economies. The Energy Transition
Council (ETC) was established to create a closer link between political dialogue and
technical and financial assistance, with the aim of making low-carbon and sustainable
power the most affordable and reliable option for countries to meet their power needs
efficiently, supporting the transition away from coal power, and improving energy access.
The Green Grids Initiative intends to accelerate the construction of the new infrastructure
needed for a world powered by low-carbon energy. The Green Powered Future Mission
(GPF) involving 15 governments and 13 companies and organisations has the goal of
demonstrating that by 2030 power systems in different geographies and climates are able
to effectively integrate up to 100% variable renewable energies in their generation mix and
maintain a cost-efficient, secure and resilient system. Finally, the recent addition of the
Regulatory Energy Transition Accelerator (RETA), co-founded by the IEA, IRENA, the UK’s
Ofgem?® and the World Bank, reflects the multifaceted nature of the power sector
transformation and the benefits of collective learning and international cooperation for
faster progress.

In summary, collaboration in the power sector is well-established and wide ranging, and
the institutions and initiatives needed to deliver are in place. However, the level of effort
and resources devoted to collaboration is low compared to both the scale of the challenge
and of the opportunity. Countries and companies should resist establishing more initiatives
and should provide a more robust alignment of effort and increased support to existing
initiatives to ensure they are focused and delivering. Greater transparency on who does
what can help improve coordination, along with pressure on initiatives to collaborate more
effectively. This can in part be facilitated by the Power Breakthrough process, crowding-in
more countries and companies behind the most critical leading initiatives, joining-up
between public-private initiatives and plugging key gaps in the landscape where they exist.

PAGE | 39



POWER

The Breakthrough Agenda Report

Ives

ion initiat

Figure 2.6 Landscape map of key international power sector decarbonisat

dddle
N3ae

uopI[eoD Ss899Yy 1o} Aousidlyg

ylomjaN ABiauz ues|) samD 0yD
(139¥) uoposuuossiu| AB1aU [eqojs) pue [euoibay

00Ld3 WNIJOSUOD UojeuLIojsuel] wajsAs Jamod [Bqo|9)
av3s 0013y
IVP3s YA Jo sateys ybiH 1o} Jiomawelq aAleloqe|joD SYNI|
ddole Iv¥3s
J1ouno) uoysuel] ABisug
J8ue|d pue ajdoad Joj souel|y ABiaug |eqo|9
1sAjeye ABiouz ybnoiypresig Iv¥3as
uolI[eod SISAOIA 1Sii UOISSI|Al InJn4 paIsmod usaio ||\
Iv¥3s
JYA Jo sareys YBIH 1o} Yiomawel SAleIoqe||oD SYNIYI
WINIJOSUOD Uoewlojsuel] walshs jamod [eqo|o
UOISSI|\| 81NN palamod uasio ||\l
ddole )
ABiau3z ajewD 10} SI0Ae|\ JO JUBUSAOD [BQO|D
SHOMISN UOROY PUO HEWS [EUOHEUISIU]
N3aae
(139¥) uonosuuodlsiu| ABisug |eqols) pue [eucibay
SAERIU| SPUY USaID
YIOM}SN UOHOY PUH HEWS [euoheulsiu]
uol[eoD SISAOJ 1Sl
1sAjeyen ABiaug ybnoiypiealg
00kd3
00L3d
SAERIU| SPUD US_IH
uoissiwwo) uonisuel] ABiaug
Joue|d pue ajdoad Joj souel|y ABisu3 eqoj)
|1ouno) uomisuel| Abisug
asn pu3g uoiljel mwu:_ meum>w uoljeisuss

sis ® Aupgeden
‘abpajmouy

sainjonys 19)Ie|

juawWisSaAu|
® aoueulq

uoijeAouu]
R yoleasay

suleyn Ajddng
® ainjonayselyu|

juawabeuep
R Uoneal) puewaq

sue|d uonoy pue
uolsip wia) buo

Note: The diagram summarises the roles of many public and private sector initiatives in this sector. Initiatives have been
included if they have a global scope, with active members from multiple regions of the world, and have at least one
significant work programme specifically focused on accelerating emissions reduction in that sector. The list is not

exhaustive and will be updated over time.
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PRIORITY AREAS FOR INTERNATIONAL
COLLABORATION

The transition to clean power has already significantly benefited from the alignment of many
country, regional, and international actions, especially in support of the deployment of solar
and wind power. With each doubling of their cumulative deployment, the cost of solar PV
has fallen around 28%, and wind power by around 15% (BNEF, 2020). The limited time left
to 2030 accentuates the need for a change of pace, which can be achieved only if
underpinned by strong and focused international cooperation. Five areas stand out as
particularly important for further strengthening: research and innovation; international
assistance and finance; effective and wide-ranging engagement; cross-border trade; and
demand creation and management.

INCREASING RESEARCH AND SYSTEMIC INNOVATION IN KEY
CHALLENGE AREAS TO UNLOCK AFFORDABLE, RESILIENT AND
WIDESPREAD NET ZERO POWER SYSTEMS

Research and innovation within the power sector is key to achieving system-wide synergies
and unlocking solutions for net zero. If the power system is to constantly balance demand
and supply, while also relying on large shares of renewable electricity from wind and solar,
electricity systems need to be flexible. Leveraging only existing flexible generation will not
be enough to ensure that variable renewable energy represents a large share of electricity
supply in every region. Solutions such as electricity storage, interconnections, and
demand-side flexibility — including sector coupling (i.e. power-to-mobility, power-to-heating
and cooling, and power-to-gas) — are key. Best practices from systems operating with large
shares of solar and wind today can set the path for others to follow for power sector
transformation in the next decade.

Attaining net zero power systems with high shares of renewables requires a suite of
innovations. International cooperation will be essential to fill the gaps, scaling-up the
innovation process, and broadening adoption. While it is positive that global investment in
energy RD&D has been rising steadily in recent years (to USD 38 billion in 2021, 90% of
which was low-carbon energy RD&D) (IEA, 2022b), more widespread demonstration
programmes will be required.

Innovation processes must also extend to decentralised systems for universal access to
energy. Beyond technology, innovations in business models and market design play a
critical role.

As the share of variable renewables grows, flexibility-related solutions will increase in
importance. For instance, energy storage will be used to improve the low-carbon
dispatchability of the system. There are many pilot projects, but countries would benefit
from systematic exchange of learning from successful and scalable demonstration projects
to help accelerate collective learning and encourage investment in replicable projects.
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Moreover, creation of a piloting environment that permits the initial deployment and testing
of innovative products and services could offer impactful learning opportunities and allow
the highest performing solutions to mature in a learning-focused environment. Innovations
are not only technological; they also include innovations in market designs, system
operation and business models. Collaboration among a broad spectrum of existing and
new players inside and outside the power system greatly enhances the chances of
success. Policy makers, utilities, transmission and distribution system operators, and
unions need to work in tandem to realise the necessary change.

There exist well-established platforms and initiatives for facilitating collaboration in power
sector innovation, such as the Green Powered Future Mission (of Mission Innovation). In
2021, its members set out a roadmap identifying 100 innovation priorities that need to be
tackled this decade across system flexibility, data and digitalisation, and improved variable
renewable energy technologies. However, widespread practical learning between major
world-leading projects and respective members is yet to reach the scale required.

Together, public and private funding of RD&D needs to foster innovation across the various
dimensions of the power sector value chain encompassing technology, infrastructure,
financing, business models, market design, regulation, governance, and institutional
frameworks. Given the relative maturity of power sector transitions, the private sector
should be the primary funder of RD&D. However, public funding for RD&D is needed to
address systemic issues, including market failures and outdated structures.

RECOMMENDATION 1

Governments, working with companies, MDBs and investors, should agree a clear
set of strategic priority projects to demonstrate and test power system flexibility
solutions, including but not limited to energy storage, in a wide variety of contexts.
This should build upon existing initiatives and involve the systematic sharing of
learning from different geographical, climatic and market settings. This will increase
confidence in delivering net zero power systems in a broader set of markets,
supported by increasingly affordable and effective technologies.

INTERNATIONAL ASSISTANCE AND FINANCE

To meet the 2030 Breakthrough goal, levels of investment in low-carbon power generation
need to increase significantly from the USD 400-440 billion in 2021 to USD 1 trillion per
year (IRENA, 2022c). The bulk of this investment will come from the private sector - in
2019, USD 1.6 trillion in energy assets were financed by private sources, accounting for
80% of total energy sector investment. Public financing, however, will play a crucial role in
catalysing private investment, as markets alone are not likely to move rapidly enough.
Public funds are also needed to create an enabling environment for the transition and to
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ensure: 1) that it occurs fast enough to meet climate goals, and 2) it unfolds in a just and
inclusive way, with the best possible socio-economic outcomes. International collaboration
can play an important role in this by supporting policy frameworks, transition-related funds,
concessional finance and de-risking mechanisms.

In support of the development of clean energy infrastructure, countries and multilateral
finance institutions dedicated over USD 100 billion to international development assistance
over the period 2002-2019. A large share of this has been focused on the power sector.
To date, these financial flows have been concentrated in a limited number of countries and
regions, with 80% going to just 30 countries from 2010 to 2019 (Aid Atlas, 2022).

International assistance has, in some cases, been difficult for developing countries to
access, involving long and burdensome application processes. The profusion of
programmes in the sector can lead to duplication of efforts and lack of clarity from both
donors and recipients regarding the assistance being provided, for what purpose, and
whether or not it is relevant or effective. Importantly, they often have been a burden on
already-limited local capacities. While highly valuable to transfer knowledge and develop
local expertise, technical assistance efforts can also underperform when they are not linked
to on-the-ground realities since significant policy reforms typically require political
leadership and commitment, and the buy-in of local stakeholders such as utilities.

In recent years, there have been improvements in the structures for international
assistance in the power sector to make it more coherent and effective. At the UN Climate
Action Summitin 2019, the Climate Investment Platform was launched by IRENA, SE4ALL
and UNDP in cooperation with GCF, with the aim of “decluttering the finance landscape”
by matching available funds and developing country needs. In 2020, the Energy Transition
Council (ETC) was launched by a group of countries, multilateral development banks, and
international organisations to bring scaled-up practical and financial assistance for the
power sector transition together with political dialogue. The ETC includes a Rapid
Response Facility, in which experts from leading institutions aim to provide practical
assistance in response to developing countries' requests within short timelines. Similar
assistance could be tapped through the Climate Technology Centre and Network (CTCN)
and the Clean Energy Solutions Centre hosted by the National Renewable Energy
Laboratory (NREL). At COP26, the Global Energy Alliance for People and Planet was
launched, offering more flexible finance through a combination of philanthropic grants and
development bank lending.

For the transition to low-carbon power to proceed at the necessary pace, efforts need to
be continued, streamlined and strengthened. The support available to developing countries
must be made clearer, easier to access, and more responsive. It also should be inclusive,
to ensure all who need to play a role are at the table. Accompanying this assistance with
political dialogue is essential to build the confidence that developing countries need to
implement significant policy reforms and integrate climate action in national budgets and
strategies, and that development partners will require to commit to higher-risk investments.

Donors should strive to better align their efforts to respond to the urgent needs to accelerate
deployment of low-carbon power solutions, while avoiding duplication of effort and the
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unnecessary burden on already limited human resources. Such streamlining of support
should be done along three dimensions: 1) greater upfront engagement and coordination
to better identify local priorities and needs; 2) upon request, strengthening in-country
capacity (including, for example, by embedding advisers in the ministry responsible for
power who can provide technical advice and support donor coordination); and 3) creating
an accessible and transparent system that makes clear what technical and financial
assistance may be available to each developing country.

RECOMMENDATION 2

Donor governments, working with key institutions, initiatives, and funds, should
increase the scale, coordination, transparency and accessibility of international
support for the power sector transition, building on established frameworks and
successful models. Along with other forms of support, donor countries should,
where requested, facilitate more power sector experts working within developing
country governments to strengthen their capacity to make use of international
support, implement policy and regulatory reforms and leverage private finance. This
will provide developing countries with the resources they need to deliver on a rapid
acceleration towards a net zero power system.

ENSURE EFFECTIVE AND WIDE-RANGING ENGAGEMENT AND
ACCEPTANCE OF TRANSITION PLANS ACROSS THE POWER
SECTOR AND ASSOCIATED SUPPLY CHAINS

Social support for the transition to low-carbon power is important in all countries, but
especially so in countries and regions where many people are employed by the fossil fuel
industry. The global project pipeline of proposed new coal power plants has been reduced
by over 75% since 2015 (E3G, 2021), and the cost gap between coal and renewables is
only going to widen in renewables' favour. In 2019, 56% of utility-scale renewable capacity
added already cost less than the cheapest new coal option (IRENA, 2022¢e). These trends,
bolstered by the political commitment of all countries at COP26 to phase down the use of
unabated coal power, accentuate the need for a carefully managed transition.

Research indicates that investing in renewable energy creates more jobs than investing in
fossil fuels (IRENA, 2021a). Thus, as the energy transition unfolds, it is likely that most
countries will be able to create growing energy sector employment. However, there may
be a variety of misalignments, since new jobs may not be created on the same timescale
or the same geographies as the loss of old jobs. In regions of high economic dependence
on fossil fuel-related industries, the potential loss of many jobs, as well as local tax
revenues, can pose substantial risks to social wellbeing, economic development, and the
political feasibility of energy transition policies. Therefore, it is essential to design and
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implement a set of just transition policies that help affected workers and communities
successfully navigate through the energy transition, and that give them a strong voice along
the way.

Box 2.1 South Africa's Just Energy Transition Partnership

South Africa has the most coal-intensive economy of the G20 - depending on it for
87% of its electricity. The Just Energy Transition Partnership (JET-P) was
developed in cooperation with South Africa and France, Germany, the European
Union, the United Kingdom, and the United States, who agreed to provide an initial
commitment of USD 8.5 billion through just transition interventions, power sector
decarbonisation, and economic diversification into future energy sectors, including
electric vehicles and green hydrogen.

In June 2022, the G7 agreed on the implementation plan, with the view to having
the final JET-P investment plan signed off by November. Also, the G7 affirmed their
intent to move forward in negotiations with Indonesia, India, Senegal and Vietnam
on JETPs to support energy policy reforms, with a view to decarbonising energy
systems and increasing energy efficiency.

This process will require social dialogue* and adherence to existing labour standards,
supporting the strengthening of social security and protection provisions, providing
technical assistance for the repurposing of fossil fuel infrastructure, investing in regional
revitalisation programmes and providing targeted regional development finance to support
the creation of new jobs and industries. New jobs in clean energy must be jobs that pay
well and adhere to occupational health and safety standards. The National Offshore Wind
Agreement between Qrsted and the North America's Building Trades Unions (NABTU)
represents a positive example to learn from (Qrsted, 2022).

Historically, most of the international assistance in the power sector has focused on more
technical market reform issues. Recently, this has begun to change. In the European Union,
the Just Transition Mechanism will provide EUR 55 billion over 2021-2027 to support the
most coal-intensive regions through the transition (EC, 2019). Since 2019, the European
Bank for Reconstruction and Development (EBRD) has provided support for coal
transitions in countries neighbouring the EU, including for retraining of workers and
economic diversification (EBRD, 2020). The World Bank provides support for coal mine
closures, investment and regional development. In 2021, the Climate Investment Funds
(CIF) launched the Accelerating Coal Transition Investment Program (CIF, 2021), which
will support repurposing of fossil fuel infrastructure, retraining of workers, and planning for
economic and social development, beginning with pilot projects in four countries.
International cooperation and targeted support to countries on just transitions is also
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provided by expert organisations, including the International Labour Organization (ILO),
IRENA, the International Trade Union Confederation, and initiatives such as the IEA Global
Commission on People-Centred Clean Energy Transitions, and the Sustainable Energy
Jobs Platform, among others.

Exchange of best practices and experiences already takes place in these fora. However,
given the scale of the challenge, there is a clear need to increase international cooperation
systematically and comprehensively. It is essential to recognise that regions and countries
face markedly different contexts with varying starting points, socio-economic development
priorities and resources. Strong institutions will be needed to coordinate structural and just
transition policies and manage potential misalignments. Importantly, achieving a just
transition will depend on healthy international flows of finance, capacity and technology.
MDBs, in particular, are well placed to target development assistance where it is most
needed and should aim to support governments in developing plans and mobilising
investment for economic diversification, institution-building, retraining of workers, and
social security through the course of the transition.

RECOMMENDATION 3

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 and for environmental restoration, in the 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. This action will be vital to ensure inclusive and participatory
transition processes, effective social protection for affected workers and communities,
and better economic and environmental outcomes.

PROMOTE ELECTRICITY TRADE THROUGH INTERCONNECTIONS

Cross-border or regional cooperation is often essential to boosting efficiencies and bringing
about economies of scale in the deployment of low-carbon energy technologies. Adopting
an integrated approach to trans-boundary energy issues — such as planning, trade,
regulatory frameworks and policies, regional power infrastructure and other factors — allows
countries to benefit from access to a wider range of resources at affordable prices.
Importantly, an integrated approach facilitates the investment at scale that is necessary for
countries to meet their development and climate targets.
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Figure 2.7 Impact of interconnections and regional markets on operation costs
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Source: IRENA, 2020.

Creating a regional market by building or taking advantage of interconnections between
countries is also an effective way of increasing flexibility in power systems. Increased
transmission capacity and interconnections allows electricity to be transported more
readily, meaning that more resources can be used to help balance supply and demand.
Consequently, operators in different systems can buy and sell electricity and other grid
services from one another, creating regional markets. By sharing resources over larger
regions, the need for operating reserves, as well as curtailment requirements and costs,
are reduced.

There are several regional interconnections currently operational in the world. The largest
is the European interconnection managed by European Network of Transmission System
Operators (ENTSO-E), trading around 445 TWh of electricity across 35 countries in 2019
(UNSD, 2022). A number of other projects are under development. For instance, the African
Continental Power Systems Master Plan (CMP) is an ongoing initiative led by the African
Union Development Agency (AUDA-NEPAD) that aims to establish a long-term continent-
wide planning process for power generation and transmission involving all five African
power pools (IRENA, 2021). The economic case for these projects is only strengthening as
the technology of interconnectors continues to improve.®

While there is plenty of room for innovation and technical improvement of cross-border and
regional interconnections, the current solutions already provide increased grid flexibility and
stability to the countries where in use. The techno-economic feasibility of multiple new
regional interconnections has been demonstrated, but the implementation is lagging, in
large part due to lack of political support. Regional interconnections are complex projects
that require agreements between national governments, transmission system operators
(TSOs), market regulators, and electricity producers, among others. Traditionally, many of
these stakeholders operate in strictly national settings so creating new or leveraging
existing regional agreements and entities to devise rules for the interconnection is crucial
for success.
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International cooperation can help overcome barriers and create blueprints across areas
to accelerate progress in the ongoing efforts. Countries should identify and prioritise non-
technical barriers for regional interconnections that are usually the most common and most
difficult to overcome, and that often require diplomatic support and international
cooperation for platforms/institutions. Existing regional institutions should help harmonise
the rules of all participating markets. Given the need for substantial infrastructure
investment, MDBs should be an active player in supporting the planning and resource
mobilisation efforts.

RECOMMENDATION 4

Governments should work together to reassess the opportunities for cross-border
and regional power interconnections 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. In doing so, countries can access
new opportunities to integrate larger shares of renewables and improve system
reliability.

RAPIDLY MOVE THE LARGEST MARKETS FOR KEY ELECTRICAL
APPLIANCES TO HIGHER COMMON MINIMUM ENERGY EFFICIENCY
STANDARDS

Energy efficiency will be vital in enabling all new demand for power to be met by low-carbon
sources, particularly within emerging economies. A doubling of the current rate of decline
in the energy intensity of the global economy from 2% to 4% per year over this decade is
required for a 1.5°C aligned pathway, and yet rates of energy efficiency improvements have
slowed in recent years. Compared to the current policies, a doubling of the current rate of
energy intensity improvement has the potential to avoid 96 EJ a year of final energy
consumption; equivalent to the current final energy consumption of China (IEA, 2021b).

There is renewed interest from countries to prioritise energy efficiency, particularly when
facing the challenge of electrifying major end-use sectors such as heating, cooling, and
transport, alongside growing energy security concerns. Rapid adoption of the best available
end-use technologies enables a faster transition to low-carbon power systems, allowing
low-carbon power generation to supply a greater share of demand.

Best practice efficiency policies, such as standards and labelling, have already halved
energy consumption of high energy using appliances and are delivering a reduction of 15%
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of total current electricity consumption in countries that have adopted them. In nine
countries covered in an analysis of such policies, energy efficiency programmes reduced
annual electricity consumption by around 1 580 TWh in 2018. This is a similar order of
magnitude to the total electricity generation of wind and solar energy in those countries in
2018 (IEA, 2021d).

The principal organisations and initiatives involved in facilitating international collaboration
around energy efficient electrical appliances are the IEA’s Energy-Efficient End-use
Equipment initiative (4E) and the CEM’s Super-Efficient Appliance Deployment initiative
(SEAD).

4E was established under the IEA's Technology Collaboration Programme (TCP) in 2008,
with representatives from 15 countries regularly engaging in detailed, technical discussions
around energy efficient appliances.

SEAD was established in 2009 and has been active in facilitating international collaboration
on energy efficiency. Current membership covers 22 governments, plus the EU. At COP26,
SEAD launched the Product Efficiency Call to Action, with the goal of doubling the efficiency
of four priority products by 2030, which account for 40% of global electricity consumption,
and includes air conditioners, refrigerators, motors, and lighting.

Countries should build on the Product Efficiency Call to Action under SEAD and work to
agree higher minimum energy performance standards (MEPS) for the highest energy-
consuming appliances, aiming to cover a majority of the global market. This would send a
clear signal to industry, moving markets towards higher efficiency products that reduce
costs as well as emissions.

Higher MEPS should also be complemented by wider information and incentives
programmes, such as awareness raising around energy consumption for different
consumer groups, and energy efficiency retrofit incentive programmes. Bringing all
appliances in the economy in line with MEPS takes time, because once new standards are
put in place it can be many years before the existing inefficient stock is replaced. This
highlights the role of incentives and replacement schemes to remove old, inefficient
equipment from use faster, especially in countries with less mature programmes.

To increase the uptake of energy efficient appliances in emerging economies, developed
countries should improve the current financial and technical assistance offers to support
the implementation of policies such as appliance and equipment standards, incentive
schemes and information campaigns. This can facilitate the adoption of these policies in
countries which currently lack the resources and or expertise. This needs to be replicated
across multiple jurisdictions simultaneously, with coordinated support from donor countries
and expert organisations.

PAGE | 49


https://www.iea.org/reports/achievements-of-energy-efficiency-appliance-and-equipment-standards-and-labelling-programmes
https://www.iea.org/reports/achievements-of-energy-efficiency-appliance-and-equipment-standards-and-labelling-programmes
https://www.iea.org/reports/achievements-of-energy-efficiency-appliance-and-equipment-standards-and-labelling-programmes
https://www.iea.org/reports/achievements-of-energy-efficiency-appliance-and-equipment-standards-and-labelling-programmes
https://www.iea.org/reports/achievements-of-energy-efficiency-appliance-and-equipment-standards-and-labelling-programmes
https://www.iea.org/reports/achievements-of-energy-efficiency-appliance-and-equipment-standards-and-labelling-programmes
https://www.iea.org/reports/achievements-of-energy-efficiency-appliance-and-equipment-standards-and-labelling-programmes

RECOMMENDATION 5

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. This will help to cut energy costs and
reduce emissions, as well as mitigate future electricity demand growth, easing
pressure on renewables and electricity infrastructure deployment.
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ANNEX

Enabling
condition

Pathway to 2030

Tracking

Long-term
vision and
action plans

Demand
creation and
management

Infrastructure
and supply
chains

Finance and
investment

Governments and companies should develop and
implement plans for managing the transition away from
high-carbon power systems and associated supply
chains, working closely with local communities and
workers. These long-term plans should start to set out
the practicalities of delivering net zero power systems,
including details on technology and policy.

In the early 2020s, governments and companies should
continue to build short-term confidence in the demand
for low-carbon electricity, through policies and
commitments, such as procurement strategies.

Beyond creating demand, governments and companies
should also take actions to maximise the efficiency of
electricity use. This should include aligning regulations
across multiple markets, such as minimum energy
performance standards. This should be accompanied
by incentives and awareness raising campaigns, to
accelerate deployment in the early 2020s.

Investments in grid infrastructure will need to scale
rapidly to support increased renewable supply and
electrification of end-uses.

Governments and companies should work to further
diversify vital supply chains, to mitigate against supply-
side shocks, such as the world saw during the Covid-19
pandemic.

Governments and companies will need to accelerate
the recent positive trends in investment in the power
sector. This includes continued investments in
renewables, as well as supporting infrastructure, such
as electricity grids. At the same time, investments in
fossil fuel power generation, particularly coal, will need
to decline.

Governments, together with multilateral development
banks, will need to expand and strengthen international
assistance to ensure that developing countries can
access, adapt, and rapidly deploy low-carbon
technologies to meet their needs and priorities by the
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(as of July 2022)

56 electricity utilities, independent
power producers and energy
traders have near-term targets
approved by the Science-based
Targets initiative (SBTi), in line
with 2°C or below.

377 members in RE100,
committed to 100% renewables.

Over USD 900 billion in
investment in the power sector in
2021.

Over USD 100 billion of climate
finance provided for the energy
sector between 2002-2019.
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Enabling

condition

Research
and
innovation

Market
structures

Trade
conditions

Knowledge,
capability
and skills

Social
acceptance

Pathway to 2030 Tracking
(as of July 2022)

early 2020s. This will require increasing the levels and At least USD 8 billion of climate
improving the coordination and focus of financial and finance for electricity provided in
technical assistance. 2020.

TRLs for key technologies

Governments and companies need to further increase
investments in research, development and Ocean wave — TRL 4
demonstration (RD&D). In particular, this should focus TiRE] creait — TR G

on deploying novel renewable generation technologies,

long-term power system flexibility and digitalisation that ~Compressed air storage — TRL 8
will be vital for the delivery of net zero power systems. Redox flow batteries — TRL 8

Governments will need to implement electricity market
reforms to accelerate the shift away from fossil fuel
power generation, while ensuring affordable and secure
supply. This may require new auction mechanisms,
processes for valuing firm, low-carbon supply and
minimising the use of fossil fuel power generation.

In the early 2020s, governments and regional bodies
should assess and or reassess options for new
interconnectors to facilitate increased electricity trade
between countries. This will help improve grid flexibility
and security of supply, supporting further integration of

renewables.

Governments and companies will need to undertake 12 million renewable energy jobs
broad stakeholder engagement and holistic policy in 2020, up from 10 million in
frameworks to anticipate risks, maximise socio- 2015.

economic benefits, and value creation in order to
achieve desired outcomes. It will be important for
governments to ensure that strategies for retraining can
use existing skills in the energy sector, where possible,
and do not exacerbate inequalities as fossil fuel jobs
wind down.

Governments and companies, in close collaboration
with affected communities, should develop and
implement plans for managing the transition away from
high-carbon power systems and associated supply
chains, working closely with local communities and
workers. This will include repurposing obsolete assets,
environmental restoration, and investment in local jobs
and skills, particularly in fossil fuel-dependent regions
and communities.
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CHAPTER 3. HYDROGEN

“Affordable renewable and low-carbon hydrogen is globally available by 2030” --
Hydrogen Breakthrough goal

KEY MESSAGES

« Hydrogen only plays a narrow role in today’s energy system, mainly as an industrial
feedstock in the oil refining process and in the production of chemicals, with almost
all hydrogen in use derived from fossil fuels.

« Renewable and low-carbon hydrogen need to replace existing fossil fuel-based
hydrogen, and is set to play a vital role in supporting a rapid clean energy transition,
primarily in hard-to-abate applications where there are limited alternative clean
energy solutions, such as heavy industry, maritime shipping, aviation, seasonal
electricity storage, and potentially segments of heavy-duty trucking. We refer to
those sectors as “new priority applications”.

o Progress to date has been limited, with less than 1 Mt/yr of renewable and low-
carbon hydrogen produced in 2020, versus the 140-155 Mt/yr needed by 2030. This
implies that production capacity needs to approximately double every year from 2023
to 2030. This in turn will require an accelerated deployment of renewable power. To
reach these targets, a sharp escalation in financing across the hydrogen value chain
is required.

« Common standards, higher and sustained investment in RD&D, and increased
demand commitments for both low-carbon and renewable hydrogen in sectors where
unabated fossil fuel hydrogen is currently used and in new priority applications can
all contribute to overcoming the challenges to cost-effectively support
decarbonisation.

o International collaboration on low-carbon and renewable hydrogen has a long
history, with substantial activity since the mid-2000s, although there has been a
significant increase in activity over the past 3-5 years.

o Stronger international action across multiple enabling conditions is imperative to
accelerate the transition in the hydrogen sector and put it on track for the 2030
Breakthrough goal. Four areas stand out as priorities for strengthening international
collaboration over the next 1-2 years, where we recommend the following actions:

« Governments and companies should coordinate internationally to increase
commitments for the use of low-carbon and renewable hydrogen in sectors where
hydrogen is currently used, supported by specific policies and purchase
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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.

o« Governments and companies should agree a comprehensive portfolio of
international standards and associated certification schemes for renewable and
low-carbon hydrogen, addressing emissions accounting, safety, and operational
issues, including leakage. This should be supported by a programme that
provides a clear direction and sufficient resources to relevant technical bodies.
This will be vital for supporting a series of other actions, most notably high-quality
demand commitments and trade agreements.

o 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 the high-value end-use sectors,
including maritime shipping, heavy industry, and long-duration energy storage.
Governments and the private sector should agree on principles to guide a deeper
and more rapid sharing of knowledge from these demonstrators, including a
commitment to share the lessons learned from all publicly-funded demonstration
projects. Doing so will help overcome technology availability barriers and
accelerate the pace of deployment in multiple regions in parallel.

o Donor governments and MDBs should make increased levels of concessional
finance available for well-targeted, catalytic uses that can mobilise large-scale
private investment in hydrogen production, distribution, and end-use projects in
developing countries. This should be supported by a process in which countries
work with lending institutions to identify viable projects that are being delayed by
high costs of capital and to assess obstacles to investment, along with technical
assistance programmes to assist governments with policy design. This will
provide much-needed support for the first wave of low-carbon and renewable
hydrogen projects, ensuring that a wider set of countries can deploy the
technologies required.

SIGNIFICANCE OF THE SECTOR

In today’s energy system, hydrogen plays a relatively marginal role as an energy vector. It
is largely used as an industrial feedstock in the oil refining process and the production of
chemicals, such as fertilisers. Hydrogen production currently is almost entirely derived from
fossil fuels and emitted around 900 Mt of carbon dioxide in 2020, equating to approximately
3% of global energy-related CO2 emissions (IEA, 2021).

China accounts for nearly 30% of global demand, followed by the United States and India.
These three countries combined use nearly half of the hydrogen produced. About 60% of
the production is sourced from natural gas, close to 20% from coal — mainly in China — and
20% as a by-product from industrial processes. The two main routes to produce hydrogen
with low greenhouse gas emissions are renewable hydrogen from electrolysis using
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renewable electricity, and low-carbon hydrogen from fossil fuels with carbon capture,
utilisation and storage (CCUS). Both will be needed in a net zero energy system.

Hydrogen is set to play a vital role in supporting a low-carbon future, not least because it
has promising potential in new priority applications where emissions are hard to abate, and
where there are limited viable clean energy alternatives, including heavy industry, maritime
shipping, aviation, seasonal electricity storage, and segments of heavy-duty trucking, which
currently account for approximately 30% of global carbon dioxide emissions (IEA, 2020).
We refer to those as “new priority applications”.

SECTOR GOALS

The production and use of low-carbon and renewable hydrogen is at a very early stage of
development. Under 1.5°C-aligned pathways, it is projected that hydrogen could satisfy 12-
22% of global final energy demand by 2050, versus less than 1% today (IEA, 2021b;
Hydrogen Council, 2022; DNV, 2021; IRENA, 2022a; BP, 2022)." While scenarios project
demand for hydrogen to accelerate towards 2030, the next couple of years will be highly
consequential for laying the groundwork to meet this potential.

Firstly, existing hydrogen use must be decarbonised by the uptake of rapidly increasing
shares of both low-carbon and renewable hydrogen. The latter has the largest cost
premium compared to today’s unabated fossil hydrogen production (see Figure 3.3) and
has the greatest potential for cost reduction in this decade. Lower costs will result from the
reinforcing feedbacks of learning-by-doing and economies of scale linked to the targeted
deployment of low-carbon hydrogen.

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 carbon dioxide, and that the captured carbon is permanently stored
underground to prevent its release into the atmosphere. Additionally, it is critical that
methane leakage is minimised to near zero, if not completely avoided. Rigorous
measurement, reporting and verification of emissions will be necessary.

Secondly, the large-scale deployment of low-carbon and renewable hydrogen in new
priority applications from 2030 onwards hinges on a number of key actions that must be
taken this decade. Hydrogen use in those applications remains — to varying degrees — pre-
commercial, which means that unlocking this potential will require concerted and globally
harmonised efforts relating to RD&D, development of operational standards and guidelines,
and targeted supportive policies to spur hydrogen use. Additionally, expanding renewable
and low-carbon hydrogen into new priority applications will require the buildout of enabling
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infrastructure starting in this decade—including renewable electricity projects, electricity
transmission, and targeted storage and transportation infrastructure, underpinned by
efficient permitting processes.

To achieve a Paris-aligned pathway, countries and companies will need to meet the
Breakthrough goal for hydrogen, which 35 countries and the European Union, representing
more than two-thirds of global hydrogen production and demand, endorsed at COP26:

“Affordable renewable and low carbon hydrogen is globally available by 2030.”

This will require a dramatic increase in the supply of renewable and low-carbon hydrogen,
meeting growing shares of demand in relevant sectors, accelerated by falling costs. By
2030, scenarios aligned with international climate goals suggest that:

e The supply of renewable and low-carbon hydrogen increases from less than 1 Mt/yrin
2020 to 140-155 Mt/yr by 2030 (see Figure 3.1). This implies that production capacity
must approximately double every year from 2023 to 2030.

o The share of hydrogen in final energy demand in the chemicals sector increases from
around 28% in 2020 to up to 44% in 2030 (see Figure 3.2). The rate of growth required
is even higher in other sectors where there is no current use of hydrogen and where
renewable and low-carbon hydrogen needs to reach shares up to 10% by 2030.

e The production cost of renewable hydrogen falls by 40-55% over the course of this
decade, to almost USD 1/kgH: in the most favourable locations (see Figure 3.3).

Figure 3.1 Supply of unabated fossil, low-carbon and renewable hydrogen, 2020 and in
2030 in 1.5°C-compatible pathways
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Sources: |IEA, 2021b; BNEF, 2021; IRENA, 2022a; and BP, 2022.
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There is a large gap to achieve such levels of hydrogen production and use. In 2020, low-
carbon hydrogen production was around 0.7 Mt/yr, requiring carbon capture and storage
capacity of 10 MtCO./yr (IEA, 2021a). As for renewable hydrogen, expected to have a large

share of production by 2030, electrolyser capacity was less than 0.5 GW in 2020, producing
below 0.1 Mt/yr.

The project pipeline for electrolysers is expanding quickly, and stands at around 50-90 GW
over the coming decade (a number constantly changing with business decisions), although
only a small fraction of the projects under development have reached final investment
decision. While this represent a significant increase in the levels of committed projects
compared with only a few years ago, it is still well below the 350-850 GW of electrolysis by
2030 that is needed to produce the 50-80 Mt/yr of renewable hydrogen projected under
1.5°C-compatible scenarios (see Figure 3.1) (IEA, 2021b; Hydrogen Council, 2021a). The
upper bound of this estimate would require electricity equivalent to the entire current global
wind and solar capacity.

Figure 3.2 Share of total final energy consumption in selected sectors met by
hydrogen today and in 2030 in 1.5°C-compatible pathways
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Notes: Shipping and aviation include hydrogen derivatives. Hydrogen used for direct reduction of iron with natural gas is
excluded.

Sources: IRENA, 2022a; BP, 2022; IEA, 2021b; and BNEF, 2021.

Hydrogen production from renewables was 3-5 times more expensive than hydrogen from
unabated fossil fuels before the high gas prices experienced in late 2021 and 2022, but it
also offers the greatest opportunities for large cost reductions (see Figure 3.3). Based on
gas prices as of mid-2022, the cost of unabated fossil hydrogen could reach up to
USD 10/kg H2. If ambitious action to scale-up renewable hydrogen production is taken,
costs could fall by 40-55% by 2030, driven by a reduction in the cost of electricity and in
the steep capital costs of the electrolyser. The cost premium for low-carbon hydrogen is
currently smaller but still significant with 40-85% higher costs than the unabated route. By
2030, the cost reduction is more modest, between 0-20%, with future natural gas prices
being a key uncertainty.
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Figure 3.3 Levelised cost of hydrogen production by technology in 2021 and 2030
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Notes: All references were published before gas prices started to rise as a consequence of the current energy crisis. Based
on gas prices of USD 200/MWh (vs historical averages of USD 15-20/MWh in Europe), the levelised cost of unabated fossil
hydrogen could reach up to USD 10/kg H2.

Sources : IRENA 2022c; IEA, 2021a; ETC, 2021; IRENA, 2020; and BNEF, 2020.

HOw DO WE GET THERE?

Ambitious and thoughtfully tailored action across a set of enabling conditions early in this
decade will be critical to ensure the requisite production, storage, transportation and end-
use technologies can support fast-paced growth in low-carbon and renewable hydrogen
supplies. However, there are a multitude of risks and challenges that require careful
attention.? Beyond increasing affordability and availability, the manner in which the
Breakthrough goal is achieved — including the specific low-carbon and renewable hydrogen
end uses that are stimulated along the way and the climate impacts of hydrogen
deployment — is just as important.

Governments and companies need to create dependable and durable demand to
help de-risk near-term investments in capital-intensive low-carbon and renewable
hydrogen supply. This includes supportive policy mechanisms and purchase agreements
to boost the deployment where hydrogen is already used, such as fertiliser production and
oil refining. Potential mechanisms include volume instruments such as minimum quotas for
low-carbon hydrogen use, public procurement policies and carbon contracts for differences
(CFDs).

Supportive policy mechanisms should also be adopted to increase use in new priority
applications where hydrogen and its derivatives are poised to be a more cost-effective
decarbonisation solution than alternatives.

2 Hydrogen production, transport and use incur high energy losses, such that its widespread use across sectors that can be
more efficiently decarbonised with alternative clean energy solutions may increase the costs of transitioning to a clean
economy. Hydrogen production can be highly emitting absent rigorous and verifiable emissions standards. Hydrogen is an
indirect GHG which, when it leaks into the atmosphere, can contribute to climate warming.
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Hydrogen deployment must be underpinned by rigorous emission standards. This
should complement demand-side actions in the early 2020s, ensuring this deployment is
aligned with climate targets, fostering consumer and investor confidence in a low-carbon
hydrogen market and harmonising investment signals across jurisdictions.

Alongside emission standards, governments and companies must develop common
and robust hydrogen leakage detection and repair protocols and solutions. This
should be supported by diligent measurement, reporting and verification schemes to
prevent high hydrogen leakage rates contributing to global warming.® In addition, globally
harmonised safety and operational standards must be developed for new priority hydrogen
applications, including maritime shipping, heavy-duty trucks and steelmaking. These
should be developed alongside the RD&D programmes and demand-side commitments
associated with these applications. This should result in technologies reaching commercial-
scale for new end uses by the mid- to late-2020s.

Governments and co