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Abstract

This edition of the IEA’s annual Renewables market report provides forecasts for
the deployment of renewable energy technologies in electricity, transport and heat
to 2030, while also exploring key challenges facing the industry and identifying
barriers that are preventing faster growth.

At the COP28 UN Climate Change Conference in December, governments agreed
to work together to triple the world’s installed renewable energy capacity by 2030.
Renewables 2024 offers a comprehensive country-level analysis on tracking
progress towards the global tripling target based on current policies and market
developments. Additionally, it assesses the challenges to faster expansion.

For the first time, the report features a special chapter on renewable fuels,
including bioenergy, biogases, hydrogen, and e-fuels. It forecasts their role in
global energy demand by 2030 and their potential for decarbonising the industry,
building, and transport sectors.

In addition to its detailed market analysis and forecasts, the report also examines
key developments for the sector, including policy trends driving deployment, solar
PV and wind manufacturing, the costs of renewable technologies, electrolyser and
renewable capacity for hydrogen production, prospects for renewable energy
companies, and system integration of renewables, along with grid connection
queues.
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Executive summary

Global renewables growth set to outpace current
government goals for 2030

Global renewable capacity is expected to grow by 2.7 times by 2030,
surpassing countries’ current ambitions by nearly 25%, but it still falls short
of tripling. Climate and energy security policies in nearly 140 countries have
played a crucial role in making renewables cost-competitive with fossil-fired power
plants. This is unlocking new demand from the private sector and households,
while industrial policies that encourage local manufacturing of solar panels and
wind turbines are fostering domestic markets. However, this is not quite sufficient
to reach the goal of tripling renewable energy capacity worldwide established by
nearly 200 countries at the COP28 climate summit.

Considering existing policies and market conditions, our main case sees
5 500 gigawatts (GW) of new renewable capacity becoming operational by
2030. This implies that global renewable capacity additions will continue to
increase every year, reaching almost 940 GW annually by 2030 — 70% more than
the record level achieved last year. Solar PV and wind together account for 95%
of all renewable capacity growth through the end of this decade due their growing
economic attractiveness in almost all countries.

The strong pace of global progress on renewables expansion signals an
opportunity for countries to announce enhanced ambitions in the next round
of Nationally Determined Contributions (NDCs) due in 2025. Only 14 countries
had explicit renewable capacity targets in the NDCs they had designed before
COP28. In our main case, nearly 70 countries, which collectively account for 80%
of global capacity, reach or surpass their current ambitions for 2030. China
drastically dominates among these overachievers, but other major economies,
such as Brazil, India and the United States, also contribute.

2030 forecast has two main drivers: solar PV and China

China is set to cement its position as the global renewables leader,
accounting for 60% of the expansion in global capacity to 2030. The country
is forecast to be home to every other megawatt of all renewable energy capacity
installed worldwide in 2030, after surpassing its end-of-the-decade 1 200 GW
target for solar PV and wind six years early. Since ending feed-in tariffs in 2020,
China's cumulative solar PV capacity has almost quadrupled and wind capacity
has doubled, driven by cost competitiveness and supportive policies. China's
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success stems from comprehensive support for both large-scale and distributed
renewables across all renewable technologies.

The European Union and the United States are both forecast to double the
pace of renewable capacity growth between 2024 and 2030, while India sees
the fastest rate of growth among large economies. The Inflation Reduction
Act's tax credits will continue to boost growth in the United States, while
competitive auctions and corporate power purchase agreements are set to drive
expansion in the European Union. Member countries’ growth trends put the bloc’s
600 GW solar PV ambition for 2030 within reach, but more effort is needed for
wind. In India, the rapid expansion of auctions, the introduction of a new support
scheme for rooftop PV and stronger financial indicators for many utility companies
make the country the fastest-growing renewable energy market among large
economies through 2030.

New solar capacity added between now and 2030 will account for 80% of the
growth in renewable power globally by the end of this decade. Adoption
accelerates due to declining costs, shorter permitting timelines and widespread
social acceptance. Cost competitiveness and policy support also stimulate the
growth of distributed applications among residential and commercial consumers
as more households and companies seek to reduce their electricity bills.

Despite recent supply chain and macroeconomic challenges, the wind
sector is expected to recover. Policy changes concerning auction design,
permitting and grid connection in Europe, the United States, India and other
emerging and developing economies are expected to enhance project bankability
and help the wind sector recover from recent financial difficulties. The forecast
sees the rate of global wind capacity expansion doubling between 2024 and 2030
compared with 2017-23. Hydropower capacity growth remains stable, driven by
China, India, the ASEAN region and Africa. The role of other renewables, including
bioenergy, geothermal, concentrated solar power and ocean, is expected to
decline due to a lack of policy support.

Hydrogen remains a negligible driver for new renewable capacity growth.
Despite increased policy support, hydrogen produced from renewable energy is
set to account for just 4% of total hydrogen production in 2030, mainly due to
insufficient demand creation. While global installed electrolyser capacity is
expected to increase fifty-fold by the end of the decade, only part of it will be
supplied by new renewable power plants, as half of the electrolysers are estimated
to use abundant low-cost renewables generation from existing plants. Overall,
hydrogen is forecast to drive only 43 GW of new renewable capacity by 2030, or
less than 1% of total global renewable capacity expansion.
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Tripling of global renewable capacity is within reach, but
policy improvements are needed

Our accelerated case sees global renewable capacity reaching almost
11 000 GW in 2030, laying out a pathway for meeting the tripling goal. In this
case, China, Europe, India and the United States collectively provide 80% of total
installed capacity worldwide. The case sees China addressing grid integration
challenges and companies installing distributed solar PV systems at a faster pace,
while in Europe and the United States, governments reduce long permitting
timelines and stimulate investment in new grid capacity and flexible assets to
unlock additional deployment. In India, policies addressing challenges such as
land procurement, grid connection wait times and the weak financial health of
power distribution companies deliver additional growth.

Large untapped renewables potential in emerging and developing
economies can be realised if policies improve. High financing costs reduce the
economic attractiveness of renewables in most emerging and developing
economies. Other key challenges include weak grid infrastructure and a lack of
visibility over auction volumes. Measures to reduce risks, including by creating
stable policy environments with clear long-term targets, can help unlock additional
capacity. In countries with fossil fuel overcapacity with long-term contracts, policy
makers could consider renegotiating inflexible power and fuel contracts and
accelerating the phasedown of fossil fuel plants.

Grid infrastructure and system integration of renewables
need increasing policy attention

In our main case, renewables will account for almost half of global electricity
generation by 2030, with the share of wind and solar PV doubling to 30%. At
the end of this decade, solar PV is set to become the largest renewable source,
surpassing both wind and hydropower, which is currently the largest renewable
generation source by far.

Increasing wind and solar PV generation is leading to higher curtailment,
underlining the growing need for flexibility. In countries where grid investments
and system integration measures are not keeping pace with rapid deployment,
curtailment could become a growing challenge. In Chile, Ireland and the United
Kingdom, for example, the curtailment of wind and solar PV recently reached
between 5% and 15%. Despite growing investment in battery storage in many of
these markets, further flexibility measures, including long-term storage and large-
scale demand-response, will be necessary. By 2030, solar and wind penetration
is set to reach close to 70% in countries such as Chile, Germany, the Netherlands
and Portugal.
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Investment in grid infrastructure is lagging, with more advanced projects
waiting to be connected, though grid reforms in some countries are
beginning to deliver results. At least 1 650 GW of renewable capacity is
currently in advanced stages of development and waiting for a grid connection,
150 GW higher than at this point last year. However, grid queues for projects at
early stages of development have decreased, with projects either moving forward
or dropping out of the queue — some without penalty — due to lack of progress.
Queues to integrate energy storage are also significant as deployment rises.

Solar PV and wind manufacturing race continues, but
dynamics are changing

Solar PV manufacturers are scaling back investment plans due to a
deepening supply glut and record-low prices. Global solar manufacturing
capacity is expected to reach over 1 100 GW by the end of 2024, more than double
projected PV demand. This oversupply has caused module prices to more than
halve since early 2023, leading to negative net margins for integrated solar PV
manufacturers in 2024. The challenging market conditions have resulted in the
cancellation of about 300 GW of polysilicon and 200 GW of wafer manufacturing
capacity projects, valued at approximately USD 25 billion.

Limited prospects of global demand catching up with supply exposes
smaller manufacturers to bankruptcy risks. We estimate that 17% of global
polysilicon and 10% of wafer manufacturing capacity could be considered at risk
due to age and suboptimal production processes. Despite slower growth in supply
chain capacity, it is still expected to significantly exceed installations in 2030.

China’s leadership in solar PV manufacturing will continue while industrial
policies and trade measures stimulate diversification. By 2030, China is
expected to maintain more than 80% of global manufacturing capacity for all PV
manufacturing segments. Meanwhile, solar cell and module manufacturing
capacity almost triples in the United States and India. However, manufacturing PV
modules in the United States and India currently costs two to three times more
than in China. This gap is set to remain in place for the foreseeable future. Policy
makers should consider striking a fine balance between the additional costs and
benefits of local manufacturing, weighing key priorities such as job creation and
energy security.

In contrast, the wind turbine manufacturing sector needs more investment
to avoid supply chain bottlenecks by 2030. Global onshore wind manufacturing
capacity could reach 145 GW, barely above expected installations in 2030 despite
the incentives available in Europe, the United States and Southeast Asia. For
offshore wind, the situation is even more severe. Without new manufacturing
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projects, supply chain bottlenecks could delay the rollout of offshore wind in EU
member states, which are pursuing ambitious 2030 offshore wind goals.

Establishing criteria for awarding renewable power capacity beyond just
prices is emerging as a new tool to avoid direct trade measures while
pursuing multiple policy goals. In the first half of 2024, almost 60% of all
capacity awarded in auctions worldwide included non-price criteria, such as
sustainability, supply chain security or energy system integration — double the level
seen five years ago. While this approach may lead to higher awarded prices in the
short term, it can support energy system optimisation and various socio-economic
goals at the domestic level.

Rapid expansion of renewable electricity drives the
decarbonisation of industry, transport and buildings

Renewable electricity use in the transport, industry and buildings sectors
accounts for more than three-quarters of the overall rise in forecasted global
renewable energy demand. This increase boosts the share of renewables in final
energy consumption to nearly 20% by 2030, up from 13% in 2023. However,
almost 80% of global energy demand will still be met by fossil fuels. Outside of
electricity, renewable fuels — including liquid, gaseous and solid bioenergy, as well
as hydrogen and e-fuels — account for 15% of the forecasted growth. Other
renewable energy, such as ambient heat, solar thermal and geothermal, account
for the remaining share.

The pace of renewables growth in transport, industry and buildings doubles
to 2030 compared with the rate from 2017 to 2023. For transport, renewable
electricity accounts for half of this growth, led by electric vehicle adoption and
followed by biofuels, with small contributions from biogases, hydrogen and e-fuels.
Nevertheless, renewables’ share in transport only increases by two percentage
points to 6% in 2030. For heat, renewables consumption expands more than 50%,
driven by renewable electricity use for heat in non-energy-intensive industries and
buildings, followed by bioenergy. However, global heat demand outpaces
renewables expansion, leading to increasing use of fossil fuels and a 5% increase
in annual carbon dioxide (CO2) emissions from the sector from 2024 to 2030.

Renewable fuels are essential to energy transitions, but
growth is lagging behind

The share of renewable fuels in total energy demand remains below 6% in
2030 despite accelerating growth. Demand is poised to expand in all regions,
but it is concentrated in Brazil, China, Europe, India and the United States, which
collectively support two-thirds of the growth due to dedicated policies to support
the uptake of several — and in some cases, all — renewable fuels.
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Bioenergy accounts for almost all renewable fuel growth through 2030.
Bioenergy use expands the most in industry, followed by transport and then
buildings. Modern bioenergy is less expensive than hydrogen and e-fuels, and
strong policy support is already in place in many regions. For instance, more than
60 countries have liquid biofuel policies, whereas only the European Union and
the United Kingdom have e-fuel requirements.

Road biofuels remain dominant, but aviation and maritime consumption is
accelerating. New policies for aviation and maritime biofuels spur over 30% of
new demand in the transport sector overall. Biofuels in the aviation sector are
forecast to climb to near 2% of total aviation supply by 2030, up from near zero in
2023, supported by mandates in the European Union and the United Kingdom and
incentives in the United States. In the maritime sector, EU legislation drives
growth, bringing biofuels to nearly 0.5% of international shipping demand.

Modern solid bioenergy will still account for most renewable fuel growth and
use in 2030. Solid bioenergy is mostly used for heat, with three-quarters of the
increase over the forecast period from the industrial sector, mostly reflecting
expanding sugar and ethanol production in India. The remaining growth results
primarily from the rollout of improved biomass cooking and heating stoves in sub-
Saharan Africa, India and China.

Demand for biogases increases by 30%, led by the United States and the
European Union. India and China are building infrastructure and feedstock
supply chains for future acceleration. The main driver in the short term is
biomethane use in transport, supported by policies rewarding lower carbon
intensities or waste feedstocks.

Policies are generating demand for renewable hydrogen and e-fuels use in
transport. By 2030, near 40% of renewable hydrogen demand is set to be from
the transport sector, driven by policies primarily in the United States, Europe and
China. The remaining 60% will be used primarily for feedstock to replace existing
hydrogen uses from fossil fuels in refineries and in the chemical and fertiliser
industries — and for low-emissions hydrogen steel production.

Renewable fuels require dedicated policy support to align with the IEA’s
scenario for achieving net zero energy sector emissions by 2050. To align
with this pathway, renewable fuel adoption must nearly double by 2030. However,
under today’s market conditions, it is projected to grow by only 20%. High costs
remain a major obstacle to faster deployment, and additional efforts are needed
to foster innovation, strengthen supply chains and implement sustainability
measures. Accelerating deployment will depend on governments enacting policies
to close the cost gap with fossil fuels, promote innovation, build resilient supply
chains, implement sustainability requirements and remove fossil fuel subsidies.
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Chapter 1. Global overview

Renewable energy consumption

Renewable energy consumption in the power, heat and transport sectors
increases near 60% over 2024-2030 in our main-case forecast. This increase
boosts the share of renewables in final energy consumption to nearly 20% by
2030, up from 13% in 2023. Electricity generation from renewable energy sources
makes up more than three-quarters of the overall rise, owing to continued policy
support in more than 130 countries, declining costs and the expanding use of
electricity for road transport and heat pumps.

Renewable fuels, including liquid, gaseous and solid bioenergy as well as
hydrogen and e-fuels, account for near 15% of the forecast growth in renewable
energy demand. These fuels expand the quickest in areas not amenable to
electrification (e.g. the aviation and marine sectors) and offer energy access in
rural areas and in industries with readily available biomass (e.g. sugar and
ethanol, and pulp and paper). Other renewable energy, such as solar thermal and
geothermal, accounts for the remaining 10% of growth.

Renewable energy demand and growth, main case, 2023-2030
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IEA. CC BY 4.0.

Notes: “Heat” includes industrial processes and renewable energy used in buildings. “Transport” covers the road, aviation
and marine subsectors. “Renewable electricity” includes transmission losses (7% global average). “Renewable fuels” refers
to liquid biofuels, biogases and modern solid bioenergy used in the transport, industry and buildings sectors. Bioenergy used
in the power sector is included in “renewable electricity”. “Other renewables” encompasses geothermal, solar thermal and
ambient heat used by heat pumps for heating applications.

Sources: Renewable electricity, biogases, biofuels and e-fuels based on our analysis for this forecast period. Solid bioenergy,
hydrogen and total forecast energy demand from IEA (forthcoming), World Energy Outlook 2024. EV forecast consistent with
IEA (2024), Global EV Outlook 2024, with renewable electricity shares from this report.
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In the electricity sector, the renewable energy share is forecast to expand from
30% in 2023 to 46% in 2030. Solar and wind make up almost all this growth. This
rapid expansion has a spillover effect, helping decarbonise other sectors in which
power is used for industrial processes, heating buildings and charging electric
vehicles. Renewable electricity is also used to produce renewable hydrogen
destined for use in materials, chemicals and for power production which accounts
for near three-quarters of renewable hydrogen demand in 2030 in our main case.

As a result, renewable electricity is also the primary source of renewable energy
expansion in the heat and transport sectors. The share of renewables in heat
demand climbs to nearly 20% of the total, supplied by solid and gaseous
bioenergy, solar thermal and geothermal energy, and ambient heat. In the
transport sector, the renewable energy share climbs to 6% of total demand as
liquid biofuel consumption expands in the road, aviation and marine segments,
with a small contribution from hydrogen and e-fuels.

Renewable energy demand growth by sector, main case, 2023-2030
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Notes: Other includes geothermal, concentrated solar power, and tidal for electricity generation and geothermal, solar
thermal, district heating (primarily bioenergy) and ambient heat for Heat.

Sources: 2023 and 2030 total heat from IEA (forthcoming), World Energy Outlook 2024.

However, electricity continues to make up only a small share of total, with global
consumption accounting for 23% in 2030, up just 4 percentage points from 2023.
Boosting growth in the heat and transport sectors will therefore require a multi-
pronged approach to accelerate electrification, improve energy efficiency, and
expand supplies of renewable fuels and other renewable energy sources (e.g.
solar thermal and geothermal) for heat.
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Renewable energy share in global final energy consumption by sector, main case,
2010-2030
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Note: Electricity consumption includes transmission losses, on average 7% globally.

Sources: 2010-2030 total heat demand from IEA (forthcoming), World Energy Outlook 2024. Transport demand from IEA
(2024), Qil 2024.

Renewable electricity

Global renewable electricity generation is forecast to climb to over 17 000 TWh
(60 EJ) by 2023, an increase of almost 90% from 2023. This would be enough to
meet the combined power demand of China and the United States in 2030. Over
the next six years, several renewable energy milestones are expected to be
reached:

o In 2024, solar PV and wind generation together surpass hydropower generation.
« In 2025, renewables-based electricity generation overtakes coal-fired.

« In 2026, wind and solar power generation both surpasses nuclear.

« In 2027, solar PV electricity generation surpasses wind.

« In 2029, solar PV electricity generation surpasses hydropower and becomes
largest renewable power source.

In 2030, wind-based generation surpasses hydropower.

In 2030, renewable energy sources are used for 46% of global electricity
generation, with wind and solar PV together making up 30%. By 2030, however,
solar PV becomes the foremost renewable electricity source, followed by wind,
both surpassing hydropower.

PAGE | 14


https://www.iea.org/reports/world-energy-outlook-2024
https://iea.blob.core.windows.net/assets/493a4f1b-c0a8-4bfc-be7b-b9c0761a3e5e/Oil2024.pdf

Global electricity generation by technology, 2000-2030
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Notes: The electricity generation trajectories for wind and solar PV indicate potential generation, including current curtailment
rates. However, they do not project future wind and solar PV curtailment, which may be significant in some countries by 2028.
The “Increasing VRE Penetration Leads to Rising Curtailment” section in Chapter 2 discusses some recent trends.

In 2030, variable renewables account for two-thirds of global renewable electricity
generation, rising from less than 45% today. Over the forecast period, the share
of solar PV in meeting global power demand triples while wind almost doubles and
the role of hydropower becomes less prominent. Hydropower generation is still
expected to grow globally as new projects become operational, mostly in emerging
and developing countries, but the technology’s share in total power generation
declines slightly.

The share of other renewables, including bioenergy, concentrated solar power and
geothermal energy, remains unchanged at less than 3%. As variable renewables
account for 90% of the global renewable generation increase over the forecast
period, additional sources of power system flexibility will be required. Meanwhile,
bioenergy, geothermal and concentrated solar power expansions remain limited
despite their critical role in integrating wind and solar PV generation into electricity
systems around the world.
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Global electricity generation by renewable energy technology and country/region, main
case, 2023 and 2030
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Notes: The electricity generation trajectories for wind and solar PV indicate potential generation, including current curtailment
rates. However, they do not project future wind and solar PV curtailment, which may be significant in some countries by 2028.
The “Increasing VRE Penetration Leads to Rising Curtailment” section in Chapter 2 discusses some recent trends.

China’s unprecedented expansion doubles its contribution to global renewable
power output, with the cost of wind and solar PV projects on a par with or just
below coal-fired generation depending on provinces. Europe and the United
States will account for almost 30% of global renewable power generation in 2030,
followed by Brazil and India, which contribute another 5 percentage points each.
India’s share more than doubles, expanding the fastest among large economies
over the forecast period. Outside of these considerable markets, renewable
electricity increases are important, but most emerging and developing countries
that use high levels of fossil fuels in their power sectors still have significant
untapped potential.

The main-case renewable electricity forecast is not on track to reach the IEA Net
Zero Emissions by 2050 Scenario goals, which indicate that the share of
renewables in global electricity generation should double to almost 60% by 2030.
Thus, the main-case forecast falls 14 percentage points (5 000 TWh) below Net
Zero by 2050 Scenario modelling.

Several key challenges hinder faster renewable energy growth. Policy
uncertainties and implementation challenges involving financing, permitting, social
acceptance and grid integration remain significant obstacles. Enhancing policy
frameworks and regulatory environments to mobilise private capital more
effectively will be necessary to remedy these issues.

Without these measures, the gap between current growth trajectories and the Net
Zero by 2050 Scenario pathway will persist, underscoring the urgency for
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governments to meet implementation challenges and raise their ambitions. Our
accelerated-case forecast (detailed in Chapter 2) therefore highlights strategies
for counties/regions to achieve faster renewable electricity expansion and close
the gap with the Net Zero by 2050 Scenario.

While Chapter 2 (Electricity) focuses on renewable capacity forecasts, policy and
market challenges and technology trends, it also tracks regional performance
against current policy ambitions.

Global renewable electricity generation, capacity and share in total generation, 2023

and 2030
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Note: NZE = Net Zero Emissions by 2050 Scenario.

Renewable transport

In the next six years, renewable energy demand in the transport sector is set to
increase 3.0 EJ, double the 1.5 EJ increase of 2017-2023. Growth also becomes
more diverse, with renewable electricity, aviation biofuels, marine biofuels,
hydrogen and e-fuels emerging to complement increased biofuel use for road
transportation. While biofuel use for road transport made up nearly 90% of growth
in renewable transport demand during 2016-2023, over the next six years this
share drops to 33% with the remainder comprising renewable electricity (50%),
aviation and maritime biofuels (10%), and hydrogen and e-fuels (7%).
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Transport sector renewable fuel growth by type, main case, 2016-2030
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Sources: Electric vehicles consistent with IEA (2024 ), Global EV Outlook 2024.

Renewable shares of transport energy demand are rising globally, but regional
trajectories differ. In the United States, Europe and China, renewable electricity
makes up most new renewable transport demand, as electric vehicle stocks
expand, powered by growing shares of renewable electricity. In contrast, road
biofuel demand is levelling off in these regions.

In the United States and Europe, biofuel support policies persist, but rising electric
vehicle use and vehicle efficiency are reducing overall transport fuel demand,
thereby limiting the potential for biofuel growth. Nonetheless, new policies for the
aviation and marine sectors are boosting biofuel demand in both regions. While
biofuel support remains limited in China, in Brazil, India and much of the rest of
the world, biofuels remain the dominant source of new renewable transport
demand to 2030.
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Renewable fuel demand by region and transport subsector, main case, 2023-2030
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Source: Transport energy demand from |IEA (2023), World Energy Outlook 2023. Renewable electricity estimates for
transportation are unavailable for Brazil.

Current renewable energy demand forecasts for the road, marine and aviation
subsectors fall short of the IEA Net Zero by 2050 Scenario trajectory. Among
these, road transport is the closest to meeting the scenario’s targets, thanks to
ongoing and planned biofuel production and the growing adoption of electric
vehicles, which are powered increasingly by renewable electricity.

However, the aviation and marine segments currently depend almost entirely on
fossil fuels, with renewable fuel projects only beginning to emerge. To align with
the Net Zero by 2050 Scenario, biofuel consumption in these sectors must
increase from 6% to 20% of global biofuel demand in 2030. Additionally, the use
of hydrogen, e-kerosene, e-ammonia, and e-methanol, which is currently
negligible, rises to 1.5 EJ, representing about 30% of the transport sector's
renewable energy use today.
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Renewable energy demand for transport by subsector, main case and Net Zero
Scenario, 2023-2030
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Note: NZE = Net Zero Emissions by 2050 Scenario.
Source: Net Zero by 2050 Scenario consistent with IEA (2023), World Energy Outlook 2023.

Renewable heat

Heat remains the primary end-use sector, accounting for almost half of global final
energy consumption and nearly 40% of energy-related CO, emissions in 2023.
During 2017-2023, annual heat demand expanded 7% (+14 EJ) globally. As
modern renewable heat consumption® represented only half of additional heat
demand, annual heat-related CO, emissions rose 5% during the last six years —
almost entirely in the industry sector.

In 2023, high interest rates, inflation, less construction activity in many countries,
a return to lower natural gas prices and changing policies transformed the
landscape of many renewable heat markets. Heat pumps and solar thermal and
geothermal heating systems have low operating costs, but they entail a
considerable investment for households, so sales are particularly sensitive to
borrowing costs and consumer sentiment.

Last year, new solar thermal installations declined 7%, mainly because of
persistent real estate sector challenges in China, the largest market. Positive solar
thermal developments in India (+27% year-on-year, encouraged by the easing of
financial pressures after the Covid19 pandemic), Mexico (+5%), Brazil (+3%), the
United Kingdom (+66%, supported by high energy tariffs), Greece (+10%) and

' In this report, renewable heat consumption includes the direct use of bioenergy, solar thermal and geothermal heat, ambient
heat harnessed by heat pumps in the buildings sector, and the indirect use of renewable electricity for heat. Ambient heat
harnessed by heat pumps in the industry sector is not accounted for due to a lack of data.
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emerging African markets were mostly offset by significant declines in Denmark
(--25%), Spain (-26%), Germany (-46%), Poland (-38%) and Australia (-8%).

The global heat pump market also stalled in 2023. After robust growth in 2022
owing to high energy prices and policy support in Europe, the United States and
China, newly installed capacity was 3% lower in 2023. Air-to-water heat pump
sales dropped 10% year-on-year in Japan — one of the most mature heat pump
markets — amid high inflation and low consumer spending. Sales of air-to-air heat
pumps fell 15% year-on-year in the United States, partly due to rising borrowing
costs and consumer hesitation over big-ticket investments. Some US consumers
also postponed their purchases in anticipation of upcoming state-administered
Inflation Reduction Act rebates for low- and medium-income households, which
are expected to become available in 2024 or 2025 depending on the state.

Global heat pump capacity additions, 2019-2023 (left), and 2023 year-on-year change in
annual sales and heat pump market shares for selected European countries, 2022-2023
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Sources: Left figure: IEA (2024), Clean Energy Market Monitor March 2024, based on data from ChinalOL; European Heat
Pump Association; Air-Conditioning, Heating, and Refrigeration Institute; Canada National Statistical Agency; and Japan
Refrigeration and Air Conditioning Industry Association. Right figure: EHPA (2024), Pump it Down: Why Heat Pump Sales
Dropped in 2023; EHPA (2024), Market data.

While still the second-best sales level, heat pump purchases in Europe contracted
6.5% year-on-year in 2023, forcing several manufacturers to adjust operations and
cut jobs. Contrasting trends were observed across national heat pump markets in
Europe, however, with sales rising significantly in Germany (+59%), the
Netherlands (+43%) and Belgium (+72%), but contracting sharply in Italy (-44%),
Finland (-42%) and Poland (-39%).

Yet, heat pumps continue to gain ground over fossil fuel boilers in Europe, with
their market share expanding in almost all countries last year (except Italy, Poland
and Finland) to make up almost one-third of heating system sales in 2023. Lower
heat pump sales in the United States, Europe and Japan were only partly offset
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by 12% growth in the Chinese market (the largest one), resulting from renewed
construction activity after the lifting of Covid-19 restrictions.

The limited growth of solar thermal capacity and the recent slowdown of heat
pump sales emphasises the need for consistent and continued policy support for
cash-strapped households to overcome financing challenges. It also highlights the
importance of further enhancing heat pump cost competitiveness by adjusting
energy tariffs and taxes to reduce the price gap between electricity and gas, which
remains high in many markets. Additionally, alternative business models such as
energy service companies (ESCOs), which are currently being developed mainly
for medium- and large-scale projects, could play an important role in boosting
renewable heat deployment.

Electricity-to-gas price ratio for households in 2021 and 2023 (left), and the role of
energy taxes and subsidies in closing or widening the price gap between gas and
electricity for households, 2023 (right), selected countries

United Kingdom | = e ,
. = 400 4
Switzerdand S = =~
Sweden . 282 = _ = = 2
Poland 100 o ° ° )
Netherlands |:1 |=| |:| |_|
taly -100 -1
Germany slelslelslelslelslelg|e
ool o8| 8| ®
France E—‘ ZlojglolglolglolSlold]o
Belgium NLD | POL | AUT | BEL | GER ITA
Austria
0 1 2 3 4 5 oTaxes
OPrice excl. taxes
02021 m2023 =Pre-tax electricity-to-gas price ratio (right axis)

@ Post-tax electricity-to-gas price ratio (right axis)

Notes: NLD = The Netherlands. POL = Poland. AUT = Austria. BEL = Belgium. GER = Germany. ITA = Italy. The graphs
show that, in 2023, energy fiscality reduced the price gap between electricity and gas in countries such as the Netherlands,
Poland and Austria, whereas in Belgium, Germany and Italy, energy fiscality raised the electricity-to-gas price ratio, degrading
the competitiveness of electricity technologies against gas. They highlight the importance of fiscal policies in supporting heat
pump deployment, for instance.

Source: I[EA (2024), Energy Prices.

Global renewable heat consumption is expected to grow more than 50% (15 EJ)
during 2024-2030, representing 2.4 times the increase of the previous six-year
period. However, this growth equals less than three-quarters of the projected rise
in total heat demand, so fossil fuel use for heat also increases and annual heat-
related CO2 emissions climb 4% by 2030. Over 2024-2030, global cumulative
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heat-related emissions are expected to exceed 100 Gt CO2 — almost 30% of the
remaining carbon budget for a 50% likelihood of limiting global warming to 1.5°C.2

Global heat consumption changes and shares of modern renewables in heat demand
(left), and annual heat-related CO2 emissions in the buildings and industry sectors
(right), 2016-2030
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These values depend on non-CO, GHG mitigation strategies and are subject to uncertainty.

Sources: IEA (forthcoming), World Energy Outlook 2024.

Greater electricity use for process heat contributes most to
renewable heat expansion

Industrial heat consumption is projected to expand 17% (+20 EJ) by 2030, with
China and India accounting for over half of the increase. Renewable heat will
represent less than half of this growth, with its share in industrial heat supply slowly
increasing to 16%.

The most notable shift in industrial heat supply is the tripling of electricity
consumption for process heat by 2030. This, combined with increasing renewable
electricity generation, makes renewable electricity the fastest-growing heat source
in the sector. This trend is driven by non-energy-intensive industries using heat

2 This calculation is based on the IPCC estimate for the remaining carbon budget of 500 Gt CO, from the beginning of 2020
until net zero global emissions are reached, considering cumulative global CO, emissions of 164 Gt CO, over 2020-2023.
However, values for the remaining carbon budget depend on non-CO, GHG mitigation strategies and are subject to
uncertainty.
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pumps in processes requiring temperatures of up to 200°C, and electric arc
furnaces in scrap metal recycling and aluminium industries.

Bioenergy remains the foremost renewable heat source globally and the second-
largest contributor to industry sector renewable heat growth, mainly owing to
expanding activity in the sugar, ethanol and cement industries, especially in India.

Its share in global industrial heat supply stays steady at around 10% over the
outlook period.

Solar thermal and geothermal contributions remain marginal, representing less
than 1% of industry sector growth in renewable heat consumption. Yet, solar heat
for industrial processes (SHIP), which developed particularly strong momentum in
Europe in 2023 (77 MW, of the 94 MW, of global additions), is expected to
increase fourfold globally by 2030, with applications in the food and beverage,
textile, mining and aluminium refining industries. For instance, the largest SHIP
project to date (1.5 GW4,) is scheduled to start operating in 2026 in Saudi Arabia.

While SHIP benefits from investment subsidies in some markets, policies could
also incentivise the use of business models based on third-party investments,
such as ESCOs, which are playing an important role in these market segments to
improve end-user confidence and stimulate long-term system performance.

Industry sector increases in renewable heat consumption and shares of renewables in
heat demand, selected regions, 2017-2030
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Heat pump use and rising shares of renewables in power
generation spur renewable heat uptake in buildings in China,
Europe and the United States, while improved biomass stoves
allow more efficient resource use in sub-Saharan Africa and
India

Global heat consumption in the buildings sector is expected to remain flat during
2024-2030, with growth in developing regions offsetting efficiency gains in
advanced and large emerging economies. Meanwhile, modern renewable energy
use for heating and cooking in buildings is expected to grow 45% (+7 EJ),
increasing the share of renewables in building heat from 17% in 2023 to 24% in
2030.

Renewable electricity continues to lead renewable heat uptake in buildings, its use
almost doubling (+3 EJ) globally during the outlook period, contributing almost half
of the sector's renewable heat growth. Rising shares of renewables in the
electricity sector explains two-thirds of this increase in renewable electricity used
for heat, with the rest coming from the rollout of new electric heaters, boilers and
heat pumps.

Heat pumps do not only use electricity: they also mostly harness ambient heat,
the use of which is projected to expand more than 40% (+1.7 EJ) in the buildings
sector by 2030, with three-quarters of the growth taking place in the European
Union, China and the United States.

Modern bioenergy use is projected to grow more than twice as quickly as in the
previous six years, mainly in sub-Saharan Africa, India and China, with improved
cookstoves and heating stoves replacing traditional uses of biomass. Meanwhile,
the installation of wood chip and pellet stoves and boilers continue in the European
Union.

Solar thermal heat consumption in buildings is expected to rise 40% (+0.7 EJ)
globally by 2030, led by the Middle East (four-times increase), China and the
European Union. These markets are shifting slightly towards large-scale
installations for public and commercial buildings, as small-scale systems face
competition not only from gas and electric boilers but also increasingly from solar
PV and heat pumps.

At the same time, direct geothermal heat use in buildings is set to expand by one-
third, with China dominating growth (almost 90% of new developments). Europe
and the United States are also showing market dynamism, stimulated by advances
in drilling techniques and innovative business models.
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Buildings sector increases in renewable heat consumption and shares of modern and
traditional uses of renewables in heat demand, selected regions, 2017-2030
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District heating decarbonisation potential remains largely
untapped outside of the European Union

District heating is projected to grow 14% (+2 EJ) by 2030, with 70% of this
expansion taking place in China, where coal is the primary fuel. While the
European Union is responsible for only 6% of additional consumption, it accounts
for three-quarters of renewable district heating growth thanks to new networks,
fuel switching, and greater integration of renewable energy (from waste-to-energy,
biomass co-firing, heat pump, and geothermal and solar thermal technologies) into
existing power systems, supported by RED Il targets. In fact, we expect
renewables to fuel 41% of EU district heat generation by 2030, compared with less
than 6% globally.

Net Zero Emissions by 2050 Scenario tracking

This year’s global outlook for renewable heat has been revised down 5% from
Renewables 2023 projections, mostly to reflect more cautious projections for
renewable electricity use in industry in the European Union, the United States and
China, as well as slower-than-anticipated modernisation of biomass use in sub-
Saharan Africa and China. Overall, projected renewable heat developments
remain largely insufficient to displace fossil fuels rapidly enough to realise Paris
Agreement ambitions.
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Changes in global heat demand, electricity consumption and modern use of
renewables for heat (left), and changes in renewable heat consumption by source
(right), outlook vs Net Zero by 2050 Scenario, 2017-2030
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To align with the Net Zero by 2050 Scenario, global renewable heat consumption
would have to progress 2.3 times more quickly than in our outlook, while widescale
sufficiency-oriented actions and much greater energy and material efficiency
improvements would be needed to reduce global heat demand by 3% during 2024-

2030.

While the Net Zero Scenario outlines steeper deployment trajectories for all
sources, the largest absolute discrepancies between the outlook and Net Zero
pathways are for the use of renewable electricity for industrial process heat (9 -EJ
difference by 2030) and for the modern use of biomass in buildings (4 -EJ

difference).
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Chapter 2. Electricity

Global forecast summary

Was 2023 an exceptional year for renewable capacity
additions or the new normal?

In 2023, global annual renewable capacity additions increased more than 60% to
almost 565 GW, the fastest growth ever recorded. Continuous policy support in
more than 130 countries and declining costs, especially for solar PV, led to this
key change in the global trend. Last year, 40 countries broke annual deployment
records, the highest number over the last decade.

However, China’s record was truly exceptional, accounting on its own for two-
thirds of global annual additions. In 2023, the country’s solar PV additions grew
2.5 times and wind installations more than doubled. Increases in renewable
capacity additions in Europe (+28%:; primarily in Germany, Spain and France), the
United States (+42%), Brazil (+29%) and South Africa (+33%) hit all-time highs.

Renewable electricity capacity additions by technology, and China’s share
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Notes: Capacity additions refer to net additions. Historical and forecast solar PV capacity may differ from previous editions
of the renewable energy market report. PV data for all countries have been converted to DC (direct current), increasing
capacity for countries reporting in AC (alternating current). Conversions are based on an IEA survey of more than 80 countries
and interviews with PV industry associations. Solar PV systems work by capturing sunlight using photovoltaic cells and
converting it into DC electricity. The DC electricity is then usually converted using an inverter, as most electrical devices and
power systems use AC. Until about 2010, AC and DC capacity in most PV systems were similar, but with developments in
PV system sizing, these two values may now differ by up to 40%, especially in utility-scale installations. Solar PV and wind
additions include capacity dedicated to hydrogen production.
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The near doubling of utility-scale solar PV additions in 2023 was the largest
contributor to global renewable energy capacity growth. China’s utility-scale PV
additions more than tripled as module prices halved in 2023 and the government
enacted a policy to accelerate construction of large-scale solar PV plants in
deserted areas. The United States registered the second-largest increase, nearly
doubling its utility PV installations from 2022 to 2023. Meanwhile, global distributed
solar PV additions (including residential, commercial and industrial projects) grew
over 60% last year, mostly owing to acceleration in China and Europe.

Following two consecutive years of decline, onshore wind installations rebounded
65% to 107 GW in 2023. Once again, this increase came mostly from expansion
in China, and to a lesser extent India, while additions were stable in Europe and
declined in the United States.

Renewable electricity capacity additions by technology, 2020-2024
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For offshore wind, annual installations declined for the second year in a row
following the record growth of 2021 (when developers in China were rushing to
complete projects before the phaseout of generous national feed-in tariffs). The
commissioning schedule of offshore projects from previous auctions created a lull
in the European pipeline as well, with 2023 annual additions declining year-on-year,
especially in the United Kingdom.

Hydropower capacity additions declined 60% worldwide to 13 GW in 2023, the
lowest level since 2001 and one-quarter of the record-level deployment of a decade
ago. China again played in important role in this global trend, but expansion actually
slowed in almost all key hydro regions, including North America, India, the ASEAN
region and Latin America. For other renewable energy technologies (bioenergy,
CSP, geothermal and ocean), annual growth remained stable at 8 GW in 2023,
accounting for 1.5% of global renewable capacity additions.
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Will 2024 be another record year for renewable capacity
additions following the 60% jump in 2023?

The main-case forecast expects renewable capacity additions to increase almost
20% in 2024. This means another record year, but growth will fall below the 60%
achieved in 2023. Globally, solar PV additions are expected to expand by almost
20%, wind by 10%, and hydropower by over 85% in 2024. Market developments
in China are the main (but not the only) reason for relatively slower global
renewable capacity expansion.

China’s renewable capacity additions are expected to increase by 20% in 2024
following the doubling in 2023. However, rapid utility-scale wind and solar PV
growth last year in China has increased grid integration challenges. In the first
quarter of 2024, curtailment rates for variable renewable energy (VRE) generation
increased, although they remained below 3% for both technologies.

Renewable electricity net capacity additions by country/region, 2023-2024
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However, distribution grid constraints have also emerged recently because
distributed solar PV capacity (including residential, commercial and industrial
applications) rose to over 260 GW in 2023, more than doubling from 2021. From
January to August 2024, China’s annual solar PV additions were still almost 30%
higher than during the same period in 2023 despite ongoing challenges. In June
2024, China’s National Energy Administration increased the allowed provincial
curtailment threshold from 5% to 10%, enabling more solar PV capacity to be
connected.
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For Europe, we expect annual capacity additions to decline 7% in 2024 from 2023,
mainly because of reduced solar PV incentives in Poland and lower auction
volumes in Spain. Distributed solar PV expansion is also decelerating in Spain
and remains stable in Germany as lower electricity prices make it less
economically attractive than in 2022, when Russia’s invasion of Ukraine caused
retail electricity prices to soar.

In the United States and India, supply chain restrictions have eased, leading to an
increase in capacity additions in 2024, while in Brazil, reduced net metering
incentives are impairing distributed solar PV growth. In ASEAN countries and sub-
Saharan Africa, major hydropower projects are expected to become operational
in 2024, boosting capacity additions significantly in both regions.

Renewable capacity additions will continue increasing
through 2030, led by solar PV

In the main case, global annual renewable capacity additions rise from 666 GW
in 2024 to almost 935 GW in 2030. Solar PV and wind are forecast to account for
95% of all renewable capacity additions through 2030 because their generation
costs are lower than for both fossil and non-fossil alternatives in most countries,
and policies continue to support them.

Renewable electricity capacity additions by technology, main case, 2019-2030
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Hydropower contributes 20-30 GW annually over 2024-2030 as emerging and
developing economies (especially in Africa) gradually tap into their vast potential.
Annual capacity additions for bioenergy and other renewables are expected to
reach roughly 12 GW by 2030.
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Global renewable capacity is expected to increase over 5 520 GW during 2024-
2030, 2.6 times more than deployment of the last six years (2017-2023). Utility-
scale and distributed solar PV growth more than triples, accounting for almost
80% of renewable electricity expansion worldwide. Solar PV adoption accelerates
thanks to declining equipment costs, relatively rapid permitting and widespread
social acceptance. PV project size can range from few watts to gigawatt-level
utility-scale plants, providing low-cost zero-emission electricity to individuals, small
companies, large industries and utilities.

In our forecast, distributed applications (encompassing residential, commercial,
industrial and off-grid projects) make up almost 40% of the overall PV expansion.
As more policies enable self-consumption and as economic attractiveness
increases, more consumers and companies are seeking to reduce their electricity
bills by installing small-scale solar PV systems.

Renewable electricity capacity growth by technology segment, main case, 2010-2030
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Compared with 2017-2023, our forecast expects onshore wind cumulative
additions to almost double by 2030 reaching 846 GW. Despite recent supply chain,
inflation and permitting challenges, we foresee recovery of the sector in the
medium term as policies (including in Europe, the United States, India and other
emerging and developing economies) adapt to the new macroeconomic
environment, introduce measures to accelerate permitting and enhance project
bankability.

However, the pace at which recent policy changes will be implemented over the
forecast period remains uncertain. In addition, higher projects risk and longer
timelines resulting from social acceptance challenges can limit expansion. For
these reasons, international developers and investors seeking faster project
development have been channelling capital from wind to solar PV projects in the
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past five years. Nevertheless, annual additions are expected to rise in Africa, the
Middle East, ASEAN countries, Latin America and Eurasia — in addition to Europe,
the United States and India.

Offshore wind capacity growth is expected to reach 212 GW by 2030, almost
quadrupling the previous six-year period. The annual offshore wind market is
expected to expand from 9.5 GW in 2023 to over 45 GW in 2030, with China alone
responsible for half of this growth. Europe’s annual market reaches almost 18 GW
by 2030, and the United States, Japan and Korea emerge as new gigawatt-level
annual markets.

Overall, macroeconomic and supply chain challenges impact offshore wind more
than other renewable technologies because projects are large, lead times are long
and investment requirements are relatively high. These obstacles have reduced
offshore project bankability in several European markets and led to multiple
offshore plant cancellations in the United States.

Hydropower capacity growth in 2024-2030 is similar to 2017-2023, with over
165 GW becoming operational. China’s unwavering ambition to install large-scale
conventional and pumped-storage hydro systems accounts for almost 40% of
forecast global expansion. While growth in China slows through 2030, it
accelerates in India, the ASEAN region and Africa. Many governments have
hydropower ambitions for 2030 and large pipelines of projects under development.
EU hydropower activity is also expected to rise slightly thanks to 3.3 GW of
pumped-storage hydropower projects in Spain and Austria.

China is rapidly taking global renewable capacity
expansion to another level

Over 2024-2030, China is expected to install 3 207 GW of new renewable
electricity capacity, more than tripling growth of 2017-2023. Since 2015, China’s
share in global annual capacity additions has been increasing and is expected to
reach almost 60% in 2030. At the end of the forecast period, the country is
expected to have at least half of the world’s cumulative renewable electricity
capacity, doubling its share of the last decade. The Chinese government’s Net
Zero by 2060 target, supported by incentives under the 14" Five-Year Plan (2021-
2025), and the ample availability of locally manufactured equipment and low-cost
financing, stimulate the country’s renewable power expansion over the forecast
period.

The European Union remains the second-largest growth market after China, with
annual additions continuing to increase through 2030 at a faster pace than before.
Member countries recently submitted their draft national plans to achieve the new
overall EU target. For renewable electricity, their ambitions are in line with the
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overall EU goal, but they lack ambition for other sectors, including transport,
industry and buildings. Renewable energy auctions, corporate PPAs and
incentives stimulating distributed solar PV will continue to spur capacity growth in
the next six years, doubling the bloc’s previous achievements.

China’s share in global renewable energy capacity growth, and annual additions

indexed to 2015
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US renewable energy expansion more than doubles over 2024-2030 to almost
500 GW, propelled by generous Inflation Reduction Act (IRA) stimulus in the form
of tax incentives. Meanwhile, India’s annual renewable capacity additions are
expected to increase more quickly than for any other major economy, including
China. In the main-case forecast, India’s capacity additions more than quadruple
from 15 GW in 2023 to 62 GW in 2030.

In Latin America, higher retail prices spur distributed solar PV system buildouts,
and supportive policies for utility-scale wind and PV installations in Brazil boost
renewable energy growth to new highs. Renewable energy expansion also
accelerates in the Middle East and North Africa, owing mostly to policy incentives
that take advantage of the cost-competitiveness of solar PV. Although renewable
capacity increases more quickly in sub-Saharan Africa, the region still
underperforms considering its resource potential and electrification needs.
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Renewable electricity capacity growth by country/region, main case, 2017-2030
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Tracking the global tripling pledge

Renewable capacity expansions are surpassing current
government policy ambitions

In July 2024, the IEA’s renewable policy stocktaking report (COP28 Tripling
Renewable Capacity Pledge), which assessed all existing goals, targets and plans
of 150 countries, found that overall ambitions correspond to almost 8 000 GW of
renewable power capacity installed globally in 2030. This is 2.2 times installed
capacity in 2022, which we consider as the baseline for the global tripling pledge.

In our main case, however (considering recent cost trends), current policies and
market developments drive cumulative renewable capacity to almost 9 760 GW in
2030 —a 2.7-times increase from 2022, or almost 25% above countries’ ambitions.
Nevertheless, the main case is still not on track to triple global renewable capacity
to over 11000 GW, indicating that an ambition gap and implementation
challenges continue to impede faster renewable power expansion.

Conversely, our accelerated case assumes that governments address key policy,
grid integration, financing and permitting challenges in the short term to unlock
almost 20% more capacity compared with the main case, enabling an almost
tripling of global renewable capacity by 2030.
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Renewable capacity growth, 2022-2030, and the gap to global tripling
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Almost 75 countries reach or surpass their current
renewable capacity ambitions in our main case

In the main-case forecast, 69 of the 150 countries analysed reach or surpass their
existing policy goals for renewable capacity; these countries hold almost 80% of
global cumulative capacity today. China drastically dominates among these
overachievers, but other major economies such as the United States, Brazil and
India also contribute. While most countries are expected to fall short of realising
their current ambitions, they account for only 15% of our forecast. In this group,
no single country dominates the trend.

The main-case forecast expects both G20 and G7 countries to exceed their
current ambitions. Outside of China, most emerging markets and developing
economies are also on track to realise their ambitions. However, recognising that
the untapped renewable energy potential of emerging and developing economies
is considerable, these countries (especially in the ASEAN region and Eurasia)
could consider increasing their aims in their next national plans and NDC updates.
MENA countries and sub-Saharan Africa are not on track to fulfil their announced
ambitions according to our forecast, as significant implementation challenges
persist.
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Renewable capacity growth from current ambitions vs IEA main case by region and key
country groupings
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The IEA accelerated case lays out a pathway to triple
global renewable energy capacity

Global renewable electricity capacity in 2030 reaches almost 11 000 GW in the
accelerated-case forecast — almost fulfilling the COP28 tripling pledge, which
implies almost 11 500 GW of renewable capacity installed by 2030. Accordingly,
China alone accounts for almost half of global renewable capacity operational by
2030, climbing to almost 5 150 GW in our accelerated case.

However, China’s accelerated-case renewable energy growth is only 11%
(340 GW) higher than in the main case. For China, the accelerated case assumes
faster transmission and distribution grid expansion, enabling the deployment of
additional renewable electricity projects in the pipeline. China maintains a large
surplus of solar PV and wind manufacturing capacity at competitive costs, which
can unlock faster growth if grid integration challenges are resolved rapidly and
companies install rooftop solar PV systems more quickly.
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Cumulative renewable capacity in the accelerated case by country/region

Eurasia
Sub-Saharan Africa 1% Other countries
Accelerated case 2% 14%
cumulative capacity in
2030: 10 800 GW Middle East
2%
Latin America
5%
European Union
13%
United States

9%
IEA. CC BY 4.0.

In advanced economies, the upside potential of the accelerated case over the
main case is 184 GW for the European Union and 80 GW for the United States.
The upside in the EU also considers faster deployment of renewables for hydrogen
production. For the European Union and the United States, our forecast
considers several obstacles to faster expansion:

« lengthy permitting wait times

« alack of long-term planning, leading to inadequate grid infrastructure investments
that delay new wind and solar PV plant connections

« insufficient system flexibility to cost-effectively integrate variable renewable
energy.

In the United States, tax credits remain a generous and stable policy incentive,
stimulating power purchase agreements between developers and utilities. For the
European Union, however, government-driven auctions continue to be a key
stimulant of utility-scale renewable energy growth. The main auction challenges
are:

« Inadequate visibility over auction volumes, and auction designs that are not fitted
to the new macroeconomic environment (i.e. high inflation and elevated interest
rates).

o Long permitting wait times, which reduces the number of projects able to
participate in competitive auctions.

India’s renewable capacity growth could be 24% higher in the accelerated case if
the government addresses:

« Land procurement barriers and lengthy grid connection wait times, which limit the
expansion of utility-scale projects.
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The weak financial health of distribution companies (despite recent
improvements), which slows the pace of distributed solar PV growth.

Relatively slow solar PV manufacturing expansion and restrictive trade measures,
which limit the availability of affordable top-tier PV modules.

Renewable capacity growth by country/region, main vs accelerated case
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In the ASEAN region, several policy improvements lead to a more optimistic
forecast for several countries, but some challenges continue to prevent renewable
energy from expanding 70% more than in our main case:

In countries with fossil fuel overcapacity and ambitious long-term decarbonisation
goals, it is a costly endeavour for utilities to install new renewable energy
technologies in the place of young fossil fuel-fired power fleets established on
long-term contracts with take-or-pay clauses.

Renewable energy technology costs in these markets exceed international
benchmarks, making them less competitive.

Financing costs and project risk are high.

Renewable capacity growth could also be higher than in the main case in the
nascent markets of sub-Saharan Africa (+34%) and Eurasia (+52%), as both
regions have significant untapped renewable energy potential and growing
electricity demand. However, several challenges persist:

Weak/slow grid infrastructure expansion limits electricity access and services.
High financing costs reduce renewable energy project bankability.

Visibility over auction volumes is inadequate and the period between
announcement and contract-signing remains lengthy.
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Regional forecast trends

China

Rapid wind and solar PV growth continues, but grid constraints
are increasing

China’s renewable energy capacity is expected to expand almost 3 207 GW over
2024-2030, tripling growth of 2017-2023. Annual additions are anticipated to reach
more than 500 GW in 2030. Solar PV is the main component, alone accounting
for 80% of the increase. China’s renewable capacity expansion is far exceeding
government goals and ambitions, with the country surpassing its 1 200-GW solar
PV and wind ambition for 2030 six years early in July 2024.

Thanks to new investments since 2022, China’s solar PV manufacturing capacity
is strongly outpacing both local and global demand, pushing module prices down
significantly and improving solar PV competitiveness with regulated power prices.
Having a robust domestic PV market is key to absorb some of this overcapacity,
as trade measures are limiting growth in export markets.

China renewable capacity additions by technology, main and accelerated cases,
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With the phaseout of central-government subsidies, wind and solar PV developers
are being offered 15- to 20-year power purchase contracts at administratively set
provincial benchmark electricity prices, defined mostly by existing coal-fired
generation. Since discontinuation of the feed-in-tariff policy in 2020, China’s solar
PV capacity additions nearly tripled to 261 GW in 2023.
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Today, generation costs for new utility-scale solar PV and onshore wind
installations are lower than for coal-fired facilities in almost all provinces, making
the outlook for renewable energy more optimistic. Our forecast therefore expects
total variable renewable capacity to reach almost 4 225 GW in 2030 even though
growth in annual solar PV additions slows.

China’s renewable energy forecast has thus been revised up 24% from our 2023
report to account for several policy and market trends. First, solar PV module costs
have plummeted because of an expanding supply glut, while the country’s interest
rates have been declining since January 2023. These rapid cost reductions have
made solar PV generation more competitive with coal-based electricity.

Second, recent power market reforms and green certificate systems have allowed
some utility-scale solar PV and wind energy developers to tap into more attractive
prices than those offered by regulated contracts. Electricity prices are higher in
several provinces where more power is traded in local wholesale markets, and the
energy regulator has clarified rules for green energy certificates, for which demand
is increasing rapidly. Furthermore, developers in resource-rich areas can gain
additional revenues by selling green power to other provinces.

Third, the central government’'s Whole County PV pilot policy requiring a
percentage of rooftops to be equipped with PV panels, combined with provincial
financial support for small-scale residential solar PV and rising retail electricity
prices in industry in 2023, has been a key driver for faster commercial and
industrial deployment.

However, China’s rapid growth in solar PV and onshore wind installations is
expected to increase grid integration challenges for new utility-scale and
distributed PV projects, impacting project economics in the medium term. In
Northern and Northeastern provinces, curtailment of utility-scale solar PV and
wind has been rising and is expected to negatively impact the bankability of new
projects, especially because greater capacity is being deployed in these grid
areas. In addition to transmission grid constraints in resource-rich provinces,
distribution grid challenges are on the rise because the country has installed
180 GW of commercial and residential PV capacity since 2021.

In our accelerated case, speeding up power market reforms and green energy
certificate trading among provinces can alleviate system integration issues and
unlock an additional 11% of capacity. Nevertheless, the accelerated case’s upside
potential over the main case remains limited, as China’s current growth trajectory
already indicates it will overachieve on most of its announced renewables-related
targets.
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United States

Solar PV leads growth while wind industry challenges persist

The United States is forecast to add nearly 500 GW of renewable energy capacity
over 2024-2030, almost all in solar PV and wind installations. While supply chain
issues and trade concerns continue to linger in the market in the near term, the
IRA is continuing to drive expansion, with solar PV increasing the most. We have
revised onshore and offshore wind combined down by over 20% due a slow-to-
refresh project pipeline and supply chain issues; siting and permitting challenges
(onshore); and project uncertainty due to economic conditions (offshore). All
technologies are facing longer wait times for connection due to lengthening
queues, though federal and regional reforms are being implemented to reduce
connection queue length and wait times.

US renewable capacity additions by technology, main and accelerated cases, 2010-
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Solar PV leads additions, with utility-scale capacity increasing steadily throughout
the forecast period, though a contraction in residential growth is expected this year
as the new net metering rules in California, the country’s largest residential market,
impact growth, and high interest rates impact project economics. Meanwhile, the
federal investment tax credit, along with state- and utility-level incentives for net
metering, drives distributed solar PV growth.

For onshore wind, the project pipeline has been slow to refresh, and while annual
additions will increase throughout the forecast period, growth is much stronger in
the second half owing to the higher project volumes expected. Meanwhile, federal
lease auctions and state tenders support offshore wind development, and the first
two major offshore wind projects (combined capacity of nearly 1 GW) will begin
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full or partial commercial operations this year. Additional projects that have already
received federal approval boost additions in the second half of the forecast period.
However, project economics continue to cause postponements and cancellations,
resulting in a 15% downwards revision of the offshore wind forecast.

While the IRA has provided long-term production or tax incentives for growth,
market difficulties persist. First, supply chain constraints have led to project delays
for both wind and solar PV. While challenges related to logistics and pricing have
eased, the compounding effects of previous delays are still evident, especially in
the short term. Second, grid constraints and connection queue backlogs are
becoming an increasing concern. Finally, siting restrictions are beginning to
impact the development of both solar PV and wind projects, with some counties
implementing stricter land-use guidelines for installations, potentially impacting the
areas available for development.

Additional challenges for solar PV include the end of the moratorium on
antidumping and countervailing duties (AD/CVD) on solar modules imported from
Cambodia, Malaysia and Viet Nam, and an increase in tariffs for solar cells
manufactured in China. Higher tariffs could impact project economics, potentially
slowing development.

For offshore wind, economics continue to impact projects, with additional capacity
being delayed in 2024. However, projects that were previously cancelled have
been re-bid in state-level tenders, raising the long-term forecast, but long approval
and construction timelines mean that much of this capacity will not be installed
until after 2030. New state tenders help attract additional capacity to the growing
US market but, again, lengthy project development time frames mean these
installations have only a marginal impact on our forecast.

In the accelerated case, mitigating these obstacles results in over 16% higher
growth than in the main case.

Asia Pacific

Renewable capacity is on track to more than double by 2030,
led by India, but significant potential remains untapped

Renewable energy capacity in Asia Pacific (excluding China) is expected to
expand more than 680 GW in 2024-2030, doubling 2017-2023 growth. Total
installed renewable capacity in the region increases by a factor of 2.2, exceeding
the sum of countries’ national ambitions. India is responsible for over half of
expected growth, followed by the ASEAN region (14%).

Over 70% of overall additions will be in solar PV, with utility-scale projects
providing two-thirds of this growth. However, India’s large-scale PV deployment
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dominates this trend. Excluding India, PV growth is split evenly between
distributed and large-scale applications in the rest of region. Overall, the regional
forecast has been revised up 15% from last year because positive developments
in India and Korea offset slower expected ASEAN growth.

Asia Pacific renewable capacity additions, main and accelerated cases, 2017-2030
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India is expected to almost triple its 2022 renewable capacity by 2030, in line with
the COP28 global tripling pledge. Adding 350 GW over 2024-2030, more than
triple the previous six-year period, it will maintain third place among the largest
renewable energy markets. Utility-scale PV will lead growth with a 60% share,
followed by distributed PV at 20%.

Competitive auctions continue to be the main driver for large-scale project
development, awarding a record 33 GW of capacity in the first half of 2024 —
almost 50% more than in the whole of 2023. This year, a 40% share of capacity
was awarded to hybrid systems, which combine PV, wind and storage
technologies to reduce generation variability and facilitate system integration.
India is a pioneer in supporting hybrid plants, providing a positive example for
countries aiming to minimise VRE impacts on power system operations.

Rapid auction expansion, the introduction of a new support scheme for rooftop PV
and stronger financial indicators for many utility companies have led us to revise
this year’s forecast upwards 22% from last year. India is also in the process of
organising its inaugural auctions for offshore wind farms, with the first projects
expected to come online after 2030. Continuous policy support and greater project
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development activity are expected to put India on track to meet its national target
of 500 GW of non-fossil-based capacity by 2030.

Japan’s renewable energy installations are forecast to expand 75 GW in 2024-
2030 to reach a cumulative capacity of almost 250 GW, in line with IEA estimates
based on the country’s stated renewable generation ambitions. Solar PV will
account for 75% of the growth, as a feed-in-premium scheme supports both utility-
scale and, since 2024, distributed projects. The results of three auction rounds in
2021, 2022 and 2024 indicate that offshore wind capacity will expand from less
than 300 MW in 2023 to over 5 GW in 2030. A feed-in premium for distributed PV
and specific new targets for rooftop PV are expected to drive steady capacity
growth over the forecast period.

In Korea renewable capacity will increase 30 GW by 2030, slightly exceeding the
growth pace of 2017-2023. We have revised our forecast upwards 70% from last
year to account for the ambitious targets contained in Korea’s draft national long-
term plan (published May 2024), faster-than-expected offshore wind
developments, and rapid corporate PPA market growth. Renewable energy
portfolio standards and auctions will continue to spur expansion, but attaining the
government’s ambition for 2030 will require more investments for grid expansion
and streamlined permitting.

Australia will add 53 GW of renewable capacity in 2024-2030, with a nearly 65%
share of solar PV, split between utility-scale (55%) distributed applications (40%)
and systems dedicated to hydrogen production (5%). Expanding state- and
federal-level auctions, rising corporate demand and the high competitiveness of
solar PV systems drive dynamic renewables growth. The VRE generation share
is expected to achieve the highest value in the region, and also the highest for a
large energy consumer with no cross-border interconnections, stressing the need
for significant system flexibility investments.

The forecast for the ASEAN region is 8% lower than in 2023, as downward
revisions of 24% for Viet Nam and 10% for Indonesia and the Philippines
outweighed the 26% upward revision for Thailand. Overall, ASEAN countries are
forecast to add over 90 GW of renewable capacity in 2024-2030, falling short of
total current national ambitions. As a result, cumulative capacity will expand by a
factor of only 1.8 between 2022 and 2030, despite starting from a relatively low
baseline.

In Viet Nam, grid integration challenges led the country to stop investing in utility-
scale PV systems, while limited policy support hinders faster deployment of
distributed installations. In its latest National Power Development Plan (PDP8),
the country prioritised wind power, but the gap in policy support since the
expiration of feed-in tariffs in 2021 is delaying project development. Grid and policy
challenges are expected to subside towards the end of the forecast period,
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allowing Viet Nam to realise its stated ambitions and remain the ASEAN leader,
responsible for almost 40% of expected renewable capacity growth.

In Indonesia, faster renewable capacity deployment is being repeatedly delayed
by insufficient policy support. Even though a presidential decree of September
2022 established a support framework, a lack of detailed regulations and
unattractive renewable energy tariffs have hindered project development. While
the situation is expected to improve in the medium term, the country’s 2030
ambitions are unlikely to be met without decisive action.

The Philippines’ auction programme introduced in 2022 is expected to be the
main catalyst to quintuple renewable capacity growth in 2024-2030 compared with
2017-2023. However, project development delays and grid integration challenges
have led to a minor downward forecast revision. Achieving the ambitious national
target of 35% of renewable energy in power generation by 2030 will require further
expansion of auctions and greater investment in grids and system flexibility.

Thailand’s renewable capacity growth is forecast to double in 2024-2030
compared with 2017-2023, boosted by a competitive auction in 2022 that led to
the procurement of almost 5 GW of utility-scale PV and wind capacity. Announced
plans to organise further auctions led us to revise the forecast upwards for these
technologies, but reaching the government targets will require more policy
support, greater immediate grid investments and streamlined permitting.

In the accelerated case, renewable capacity growth in Asia Pacific is over 30%
higher than in the main case given the region’s untapped potential, significantly
exceeding global average upside potential. However, achieving this would require
the removal of hindrances to distributed PV and onshore wind development in
India; immediate investments in system flexibility and grids in Japan, Australia and
Viet Nam; the swift introduction or expansion of long-term policy support in ASEAN
countries and Korea; and streamlined project permitting throughout the entire
region.

VRE shares in ASEAN and other countries in the reigon are
expected to remain low to 2030, leaving considerable potential
untapped

The share of renewables in total power generation in Asia Pacific is expected to
increase from 22% in 2023 to 32% in 2030, in line with the global trend. As a resullt,
the region retains its position as the third-smallest renewable energy market,
surpassing only Eurasia and the Middle East and North Africa.

At the same time, Asia Pacific is expected to double its VRE penetration to 19%
by 2030, although this growth falls below the global average increase. These
metrics indicate that, even though renewable energy deployment is accelerating
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in the region, Asia Pacific still has significant untapped potential that could be used
to cover growing energy demand.

Renewable energy shares in selected Asia Pacific countries, 2016-2030
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Progress among the region’s countries varies significantly, with Australia, Viet
Nam, India and Japan being the leaders in total and variable renewable shares
in power generation. Australia quadrupled its VRE share in 2016-2023 and is
expected to further double it by 2030, making it one of the global pioneers in
managing high VRE energy systems.

At the same time, the significant grid congestion challenges Viet Nam experienced
following its PV installation boom in 2019-2020 are expected to limit further
development of this technology throughout the forecast period. However, the
country’s total renewable energy share is expected to grow marginally by 2030
owing to a dynamic power demand increase.

India is deploying renewable energy at an ever-increasing pace, outpacing even
its rapidly rising power demand, allowing it to double its VRE share to over 30%
by 2030. Japan is expected to achieve similar results, albeit at a slower pace of
expansion as power demand growth remains sluggish.

While most Asia Pacific countries still have plenty of room in their power systems
to accommodate more renewables, achieving this goal will require significant effort
and investment to improve power system flexibility and grid capacity to
accommodate growing VRE shares. Switching the investment focus from solar PV
to other renewable technologies and energy storage could be considered.
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The other group of countries in this region is progressing at a much slower pace
of renewable energy penetration, especially for wind and solar PV. By 2030, the
Philippines, Thailand, Korea, Mongolia, Cambodia, Pakistan and Sri Lanka
are expected to obtain VRE shares of only about 10%, while Indonesia, Malaysia,
Bangladesh, Brunei, Nepal and Myanmar are not expected to exceed 5%. At
the same time, almost all these countries are net importers of fuels used for power
generation, with related costs and potential energy security challenges.
Accelerating the deployment of low-cost renewable technologies, especially solar
PV and wind, could therefore provide significant economic and environmental
benefits, and could have a minimal impact on power system operations because
baseline VRE penetration is low.

In our accelerated case, faster growth in nascent Asia Pacific VRE markets could
be achieved by prioritising actions in three areas. First, attractive long-term policy
support is required to limit investment risks and spur project development. Second,
providing financing at attractive rates and limiting investment costs by ensuring
the availability of equipment at attractive global prices can maximise the
competitiveness of renewable energy generation.

Finally, countries with overcapacity in fossil fuel-fired generation (e.g. Indonesia,
the Philippines, Thailand and Malaysia) should reconsider their investment plans,
set decarbonisation pathways and increase the flexibility of power purchase
agreements to allow utility companies to procure more renewable energy. In
ASEAN countries, implementing these actions could lead to close to 70% higher
renewable energy growth in the forecast period, with similar results expected for
other low-VRE countries in the region.

Europe

Distributed solar PV becomes the largest renewable capacity
source by 2030, while utility-scale growth hinges upon auction
design and permitting reforms

Europe’s cumulative renewable capacity is forecast to increase 700 GW (78%),
from 894 GW in 2023 to almost 1 600 GW by 2030. The majority (70%) of the
expansion is concentrated in just seven countries, led by Germany, followed by
the United Kingdom, ltaly, Turkiye, France, Spain and the Netherlands. Solar PV
makes up the largest share by far, at almost 70% of the region’s capacity growth
during 2024-2030. Over the forecast period, 478 GW of solar PV is forecast to
come online, more than three times onshore wind and eight times more than
offshore.
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Europe renewable electricity forecast summary and procurement, 2024-2030
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Distributed solar PV leads European growth and is set to become the technology
with the most installed renewable capacity by 2026 surpassing hydropower and
onshore wind. Several policy drivers underpin this expansion, most notably
generous financial incentives such as net metering, remuneration for excess
electricity in self-consumption systems, feed-in tariffs and tax rebates.

While some of these policies were already in place prior to 2022, governments
increased and extended incentives (and introduced new ones) after Russia’s
invasion of Ukraine to dampen the impact of higher electricity prices on
consumers. These actions, combined with a relatively high retail price
environment in most markets, led to the installation of a record 41 GW of capacity
in 2023, 15% more than we had anticipated.

For utility-scale systems, competitive auctions are the main growth driver,
covering 76% of expansion. However, our forecast depends substantially on future
auction design and the impact on subscription rates, which is a key uncertainty. In
some countries, a number of developers found that the business case resulting
from certain auction designs was unattractive in a high-inflation environment. For
example, ceiling prices were sometimes too low or contracts offered were not
indexed to inflation. As a result, developers refrained from bidding and found other
routes to develop projects, which led to auction undersubscription.

Thus, certain countries (e.g. Germany and France) have taken steps to improve
the design of their auctions and have experienced increased participation,
especially for utility-scale solar PV. However, others such as Spain, Italy and the
United Kingdom are still in the revamping process and it remains to be seen
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whether the new designs will result in higher subscription rates. The forecast for
auctioned capacity also depends on how member states modify their auction
designs to implement the required non-price prequalification from the Net Zero
Industry Act and if it has an impact on subscription rates (see the section below
on the emerging role of non-price criteria).

After competitive auctions, the second-largest stimulant of utility-scale growth is
corporate PPAs, which account for almost one-fifth of the expansion, mostly in
Spain, ltaly, Poland, Sweden, Germany, France, the United Kingdom and
Denmark. PPAs are attractive mainly because they offer long-term visibility over
power prices for large industrial consumers looking to hedge against high or
fluctuating retail rates or utilities seeking protection from volatile wholesale prices.
Also facilitating corporate PPA uptake is the April 2024 Electricity Market Reform,
which includes a number of measures to facilitate access for smaller consumers.

Additional demand for corporate PPAs is expected from existing renewable
projects for which support is expiring, but the ability of these projects to drive new
capacity additions will depend on whether projects are repowered with higher
capacity. Growth from green certificates is concentrated in Belgium, while
merchant revenues have an influence mostly in Spain, though price
cannibalisation is increasingly posing a risk to growth.

Overall, the forecast for total renewable capacity in Europe is in line with last year
however there are differences at the country and technology levels. For distributed
solar PV, higher-than-expected expansion in 2023 and the first half of 2024 is the
reason for stronger growth prospects in Italy and Sweden. The forecast is also
higher for the Netherlands because the anticipated end to full net metering has
been pushed back from 2024 to 2027. In France, the removal of electricity
subsidies temporarily introduced during the energy crisis to protect consumers
from high bills is expected to sustain demand. However, the distributed PV
forecast is less optimistic for Poland and Spain, where growth slowed
unexpectedly in 2023 as consumer appetite weakened due to inflation, economic
uncertainty and less urgent energy security concerns. We also expect less
residential solar PV growth in Germany due to increasing concerns over system
flexibility at the distribution network level.

The forecast for onshore wind is more optimistic owing to higher auction
subscription rates in Germany thanks to permitting reforms, and in France
because of improvements to make auctions more attractive. A new 2030 onshore
wind target in the United Kingdom also underpins higher growth for Europe.

However, this year’s forecast for offshore wind growth in Europe is more
pessimistic than last year’s due to persistent delays in the pipeline.
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The European Union is on track to fulfil its 2030 ambitions for
solar PV, but more effort is needed for wind

Almost 80% of Europe’s capacity expansion happens in the European Union,
where climate and energy security ambitions for 2030 have resulted in a raft of
policy frameworks to accelerate renewable capacity deployment.

Total renewable capacity in the main case reaches 1 105 GW? by 2030, falling
11% short of the REPowerEU ambition of 1 236 GW* due to persistent challenges
to faster wind deployment. In May 2022, the European Commission set goals to
reach 1 236 GW of total renewable capacity by 2030, with 592 GW? of solar and
510 GW?® of wind. These goals were established to reduce reliance on imported
gas following Russia’s invasion of Ukraine. They are in line with the sum of
individual member state ambitions (1 235 GWY), as laid out in their draft updated
National Energy and Climate Plans (NECPs) — the main policy tool being used to
achieve a 55% reduction of GHG emissions by 2030 and climate neutrality by
2050.

In parallel, countries had already begun to implement policy changes to support
faster renewable capacity expansion. While these policies put solar PV on track
to realise the bloc’s 2030 ambition, more effort is needed to achieve the goals for
both onshore and offshore wind.

Total installed capacity for wind reaches almost 370 GW in the main case, falling
28% short of the 510-GW target largely because permitting challenges and grid
congestion have been impeding deployment. Obtaining permits for both onshore
and offshore projects has been a long and not always successful endeavour in
many countries due to the complexity of the process; limitations on area available
for development; administrative staff shortages; and social opposition. This has
prevented developers from participating in auctions, led to project cancellations,
and delayed construction and commissioning.

REPowerEU
REPowerEU Plan SWD(2022) 230 final
Implementing REPowerEU Plan SWD

Commission Staff Working Document COM(2022) 2030 final
EU Solar Energy Strategy

SWD(2022) 148 final

Implementing REPowerEU Plan SWD
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REPowerEU, EU member state, and main- and accelerated-case ambitions for 2030
(left) vs European Commission technology ambitions (right)
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Notes: REPowerEU ambitions for total renewable capacity are from REPowerEU Plan SWD(2022) 230 final; wind and solar
PV are from Implementing the REpowerEU Action Plan: Investment Needs, Hydrogen Accelerator and Achieving the Bio-
Methane Targets. The solar PV ambition is in AC, as it is similar to the “almost 600 MW by 2030” target identified in the EU
Solar Energy Strateqy SWD(2022) 148 final. The 2030 EU offshore wind ambition is from Delivering on the EU Offshore

Renewable

Energy Ambitions, and the onshore wind aim is the difference between the 520-GW REPowerEU ambition and

the 111-GW offshore wind target in Delivering on the EU Offshore Renewable Energy Ambitions. All solar PV values are in
AC, including for the main and accelerated cases, and all solar PV totals are calculated in AC. The member state ambition
is estimated from NECPs.

Meanwhile, long grid queues resulting from complicated application processes
and inadequate network capacity are lengthening project lead times in many
countries and driving up costs for developers as they await licensing. Auction
schemes with relatively low price ceilings, uncapped negative bidding, high
interest rates and a lack of inflation indexation have also reduced the amount of
wind capacity awarded.

To address these issues, the European Commission has released several
targeted guidelines such as a grid action plan, a wind energy action plan, a
communication on delivering on the offshore wind strategy, and provisions for
streamlining permitting in the revised Renewable Energy Directive. At the same
time, member states have been diligently implementing reforms to accelerate
permit granting, improve grid buildout and modify auction designs. They also
signed the Wind Energy Charter in December 2023, indicating their commitment
to grant permits and design auctions at a faster pace.

Thanks to these actions, wind energy deployment has improved, with the number
of permits hitting an all-time high in several EU countries in 2023. The most
notable case is Germany, where permit grants increased 70% from 2022 to 2023
after the country implemented measures including changes to conservation acts
and minimum distances, and imposed state mandates. As a result, the April 2024
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https://reform-support.ec.europa.eu/accelerating-permitting-renewable-energy_en
https://reform-support.ec.europa.eu/accelerating-permitting-renewable-energy_en
https://windeurope.org/newsroom/press-releases/wind-energy-permitting-is-improving-but-governments-still-have-work-to-do/

auction awarded a record 2.4 GW of onshore wind — the largest amount since the
government-initiated auctions in 2017. In France, improved auction design has
boosted awarded capacity.

EU member state total installed renewable capacity: NECP ambitions vs main and
accelerated cases, 2030
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Sources: Offshore wind values from Delivering on the EU Offshore Renewable Energy Ambitions; REPowerEU ambitions for
total renewable capacity, wind and solar PV from Implementing the REpowerEU Action Plan: Investment Needs, Hydrogen
Accelerator and Achieving the Bio-Methane Targets.

Nevertheless, the main-case forecast falls short of the 2030 targets by 22% for
onshore wind and by 46% for offshore despite these efforts. Onshore reaches
310 GW, failing to fulfil the estimated EU ambition of 400 GW?® because of
persistent undersubscription and inadequate grid connection. While auction
undersubscription remains an issue in ltaly and the Netherlands, auctions are still
paused in Spain for redesign purposes, and in Germany awarded capacity is still
below targeted volumes. Meanwhile, the number of projects refused grid
connection in Poland increased in 2023.

Offshore wind is forecast to reach 60 GW by 2030, just over half of the 111-GW
target member states recently agreed to in the revised Ten-E Reqgulation. In our
main case, long project lead times, infrastructure delays and supply chain
constraints mean that expansion increases just 6 GW/yr — half the 13 GW/yr
needed to fulfil ambitions.
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Latin

In our accelerated case, total renewable capacity reaches 1 265 GW by 2030,
slightly surpassing the REPowerEU ambition because solar PV exceeds the goal
while wind capacity still falls short. Despite recent policy improvements, faster
wind uptake would require governments to further reduce permitting wait times,
increase system flexibility (including by incentivising short- and long-term storage),
mobilise new investments for grid infrastructure and continue expanding
electrification.

At the country level, not all are forecast to realise their individual national NECP
ambitions, which are set to be finalised this year. The current updated NECP drafts
are ten-year plans that member states are required to submit to outline their
contributions for achieving 42.5% renewable energy in final energy consumption,
which, together with energy efficiency targets, corresponds to a net GHG
emissions reduction of 55% from the 1990 level by 2030. However, for only 10
countries are their current draft ambitions forecast to be within reach in the main
case. The remaining 17 fall short due to permitting challenges, grid congestion,
economically unattractive auction design and policy uncertainty.

In the accelerated case, however, another seven countries could attain their
ambitions if these obstacles are addressed, particularly if system flexibility is
improved to incorporate higher shares of solar and wind electricity. This would
require faster uptake of storage technologies, expanded interconnection
infrastructure, demand-side response systems and increased electrification.
However, ten countries still fall short of their aims even under accelerated-case
conditions. For these countries, new policies and support schemes would be
required to drastically improve market prospects.

America and the Caribbean

Rapid solar PV capacity growth matches hydropower by 2030

Latin America will add over 190 GW of renewable capacity, led by solar PV (72%)
wind power (19%) and hydropower (5%). Four countries make up over 85% of
regional additions, with the majority in Brazil (58%), followed by Chile (14%),
Mexico (10%), Colombia (6%) and Argentina (4%).

In Brazil, continued interest in distributed solar PV and bilateral agreements for
utility-scale solar PV and wind power spur additions. A mix of auctions, merchant
plants and rising PPAs are the impetus in Chile, while projects developed by the
state-owned utility and based on wholesale market revenues lead to greater
additions in Mexico. In Argentina, PPAs are the primary growth catalyst. However,
regional annual additions decline after 2027 as distributed solar PV volumes in
Brazil shrink because of decreasing incentives.
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Latin America and the Caribbean capacity additions by country, and capacity additions
by technology
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We have revised the solar PV and wind forecasts up from last year to reflect faster-
than-expected corporate purchasing in Brazil and Argentina, the high volumes of
solar PV project pipeline in Chile, distributed solar PV applications in Mexico and
auctions in Colombia. Higher solar PV shares indicate a development shift in the
region, as expansion has historically centred around hydropower. Hydropower
therefore currently makes up the greatest portion of cumulative renewable energy
capacity in the region, but solar PV will match it as the largest source by 2030.

Regionally, the forecast remains unchanged for hydropower, but it continues to
have an important role in many countries in the region. Some markets still have
untapped hydropower potential, such as Colombia, which has the highest
hydropower additions in the Latin America and Caribbean region, mainly thanks
to the completion of the 2.8-GW Ituango hydropower project. However, large-scale
hydropower development continues to be challenging. For instance, Argentina’s
hydropower forecast has been revised 30% downwards because of project delays
resulting from financing and permitting obstacles.

Slow grid expansion remains a key challenge in Latin America. In Brazil, the
increasing attractiveness of variable renewables has led to long project connection
queues, increasing development lead times. The tendering of new transmission
lines aims to alleviate these infrastructure challenges. In Colombia, delays in
transmission buildout have extended project timelines, as new transmission lines
are required to connect multiple renewable energy projects.

Finally, in Chile, renewable generation curtailment continues to rise due to a lack
of grid infrastructure and supply-demand imbalances. However, developers are
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trying to mitigate this issue by pairing systems with battery storage, while
standalone storage systems are attracting increasing investment. Additional
challenges in the region include permitting and social acceptance obstacles.

Variable renewable energy capacity will surpass hydropower by
the end of the forecast peroid

Hydropower has long been the dominant renewable energy technology in Latin
America, providing over 40% of total regional generation in 2023 owing to the
region’s high resource potential. Successful hydropower development in countries
such as Brazil, Chile, Argentina, Ecuador and Paraguay pushed hydropower
capacity above 200 GW in 2020. However, the pace of new capacity additions has
slowed due to rising costs and mounting social acceptance challenges, and
renewable energy growth has begun to focus on solar PV and wind power.

Latin America and Caribbean capacity by technology, and VRE and hydropower CAGR
and additions, 2020-2030
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capacity, and capacity dedicated to hydrogen production.

Wind and solar PV capacity growth has increased for different reasons within the
region. For wind, competitive auctions in Brazil, Mexico and Argentina have
historically driven expansion. However, auction volumes have declined, or policy
changes have discontinued government-led procurement in these markets.
Instead, new catalysts for wind power expansion include bilateral agreements,
especially in Brazil, where industrial customers are contracting with wind
developers for large amounts of renewable capacity to meet corporate
decarbonisation goals.
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Utility-scale and distributed solar PV have different drivers. Utility-scale solar PV
accounts for nearly half of all additions in the region. Auctions are a major driver
in markets such as Colombia, while in Argentina, Brazil and Mexico, projects
operating in wholesale markets or under bilateral PPAs are enabling increasing
amounts of capacity. Rapid solar PV expansion in the forecast period reflects the
technology’s relatively low cost and short construction timelines, which allow
development can happen much more quickly than for either hydropower or wind
installations.

Incentive programmes support distributed solar PV, especially in Brazil and
Mexico, the technology’s two largest markets in the region. In Brazil, generous net
metering benefits have led to a capacity boom, with additions expected to remain
high throughout the forecast period even though incentives are declining. In
Mexico, commercial and residential customers are installing PV capacity to power
operations and offset electricity bills. Distributed installations face fewer
administrative requirements than utility-scale projects and make up over one-
quarter of total installations.

Sub-Saharan Africa

South Africa has the highest additions in the region, but
expanding policy support and corporate and consumer
procurement create acceleration in other countries

Almost 90 GW of new renewable capacity is forecast for sub-Saharan Africa from
2024 to 2030, increasing the region’s current installed capacity by over 2.5 times.
Expansion happens mainly in South Africa, which is responsible for installing
nearly 40% of the region’s new capacity. Outside of South Africa, hydropower
makes up the majority of total additions in Ethiopia (7.3 GW), Tanzania (3.3 GW)
and Angola (2.6 GW) while solar PV leads renewable energy growth in Nigeria
(14.5 GW) and Kenya (2.5 GW).

Solar PV and wind additions make up nearly 80% of new capacity in the region,
mainly under South Africa’s auction programme for utility-scale renewables,
coupled with distributed solar PV installations. However, additional markets are
beginning to play a larger role in solar PV and wind expansion. In Nigeria, the
phaseout of fossil fuel subsidies and continuous blackouts are catalysing 7.5 GW
of new distributed solar PV. In Kenya, projects carried over from the country’s old
FIT programme, coupled with distributed installations, account for over 1.3 GW of
new capacity. These two markets combined are responsible for over 25% of solar
PV additions in the region.

Most wind power additions are driven by South Africa’s auction scheme, though
awarded wind volumes have declined due to a lack of grid availability. Outside of

PAGE | 57



South Africa, policy uncertainty and the lack of a long-term plan for wind
development mean that developments based on several key projects are often
backed by national utilities, aid agencies or development banks. For example,
Ethiopia’s 100 MW of short-term additions are part of a project developed by
Ethiopian Electric Power with financial backing from Denmark.

Sub-Saharan Africa capacity additions and total additions by technology
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While solar PV and wind make up most additions, hydropower remains key for
development in many markets. For example, it represents 82% of new capacity in
Angola and 72% in Tanzania. In addition, large-scale hydropower development
continues to be prominent regionally. Four projects, Ethiopia’s Grand Ethiopian
Renaissance Dam (4.8 GW) and Koysha Dam (2.1 GW), Tanzania’s Julius
Nyerere Hydropower Station (2.1 GW) and Angola’s Caculo Cabaca Hydropower
Station (2.1 GW) add considerable capacity to national grids and make up nearly
70% of total hydropower additions in sub-Saharan Africa. While the majority of
hydropower additions are through large-scale projects, small hydropower
development remains an important driver for electrification.

Outside of government- or utility-driven development, corporate entities are
beginning to take an interest in sourcing their own renewable power, either within a
government-sponsored programme or a market structure that allows bilateral
agreements or self-supply. For example, two wind farms in Kenya are being
developed by an industrial conglomerate to power operations, but will be built within
the existing policy framework. In Nigeria, industries and businesses are expanding
solar PV capacity for self-use to replace relatively expensive diesel generation
following the phase out of the subsidy and to overcome grid reliability challenges. In
South Africa, the government has lowered the minimum capacity threshold for
embedded generation, leading myriad companies to install new renewable capacity.
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Finally, off-grid solar PV helps expand electrification, especially for areas not
served by the grid, with nearly 1.5 GW of new capacity expected by 2030.
According to national plans and Nationally Determined Contributions, many
countries have the ambition of adding off-grid solar capacity. Federal rural
electrification agencies are emphasising solar PV for electrification, while sub-
Saharan Africa remains a major market for solar kits (e.g. for lighting, pumping
water and refrigeration). In Nigeria, the country with the highest number of people
without access to electricity, the Rural Electrification Agency has partnered with
private developers and multilateral development banks to deploy mini-grids across
the country.

Regional challenges include stop-and-go policies, high offtaker risks and low grid
availability and reliability. Policy implementation delays are stalling renewable
energy development, while outstanding payments to independent power
producers can weaken investor confidence. Low system availability and reliability
can lead to long connection wait times, impacting project timelines.

Additions in our accelerated case are over 30% higher, mostly from solar PV and
wind. Clear policies and regulations implemented in a timely manner, combined
with additional investments in transmission and distribution infrastructure and
innovative financing mechanisms facilitate higher capacity growth in the
accelerated case. In addition, the liberalisation of energy markets in many
countries could attract more new capacity. Kenya, Nigeria and South Africa have
either passed legislation to liberalise their energy markets or it is pending, enabling
bilateral agreements between corporations and independent power producers.

Renewable capacity growth is not in line with renewable energy
ambitions in most sub-Saharan African countries

According to the combined national ambitions of sub-Saharan African countries,
renewable capacity would more than triple to over 165 GW by 2030. While main-
case additions fall short of this, the accelerated case exceeds it by considering the
region’s untapped potential.

In the main case, total solar PV capacity (71 GW) is expected to far exceed current
country ambitions (39 GW), while for wind the forecast is nearly on par (16.5 GW).
However, hydropower falls short of the total regional ambition (75 GW) in both the
main case (53 GW) and the accelerated case (62 GW). Large-scale hydropower
projects can take years to develop, and project delays can severely impact project
commissioning timelines. Outside of solar PV, wind and hydropower, forecast
geothermal additions (1.1 GW) are closely aligned with ambitions (1.8 GW).
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Sub-Saharan Africa main- and accelerated-case total capacity 2020-2030, and
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At the national level, 15 countries are expected to meet or exceed their ambitions
for 2030, while 22 will meet or exceed them only in the accelerated case. South
Africa is forecast to surpass the almost 30 GW of total renewable capacity outlined
in its latest Integrated Resource Plan (IRP). Some countries could achieve their
ambitions with single hydropower projects. For example, with the 2023
commissioning of the Luachimo Hydroelectric Power Station, Angola exceeded its
2030 ambition and will further surpass it with the expected commissioning of the
Caculo Cabaca plant during the forecast period.

Eighteen countries in sub-Saharan Africa have less than 1 GW of installed
renewable energy capacity. Despite their potential, many of these countries have
policy uncertainties so our forecast relies on single projects with funding from
development banks or other foreign aid.

Middle East and North Africa

Rising demand for renewable power and hydrogen drive solar
PV and onshore wind expansion, but the future of concentrated
solar power (CSP) is uncertain

Renewable capacity in the MENA region is forecast to triple from 53 GW in 2023
to almost 150 GW in 2030. The largest technology expansion is expected to be
from solar PV, accounting for over 85% thanks to the region’s economically
attractive projects. Owing to good solar resources, economies of scale, and
beneficial land and financing costs, the region continues to produce winning bids
at the lower end of the world’s awarded bid range. For instance, in 2023, round
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4 of Saudi Arabia’'s REPDO auction awards averaged USD 16.8-17/MWh for
plants of 400 MW to 1.1 GW.

Middle East and North Africa renewable capacity additions by technology
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Hydrogen production is emerging as a driver for new onshore wind capacity in the
MENA region, accounting for 40% (4 GW) of wind expansion by 2030 led by Saudi
Arabia, Oman, and Egypt. Overall onshore wind growth reaches nearly 10 GW,
8% higher than last year due to an increase in auction activity in new markets.
After 18 months, Saudi Arabia finally awarded 1.1 GW of onshore wind at USD 16-
17/MWh in round 4 of its auction scheme, and Oman opened a competitive auction
for 1 GW. As such, we are more optimistic wind will be awarded future auctions in
Saudi Arabia and Oman.

CSP growth is expected to slow over the next six years compared with the
previous six-year period. After expanding 1.4 GW between 2017 and 2023, less
than 300 MW is expected by 2030 due to the lack of a pipeline of projects in late-
stage development. A 600-MW project was completed in the United Arab Emirates
in 2023, and no further CSP projects are under construction in the region.

The main reason for limited CSP growth is uncertainty over whether government
plans for the technology will be implemented. Since 2016, Morocco has opened
two tenders for hybrid CSP/PV projects totalling 1 030 MW, but no construction
has been initiated. The first round awarded 380 MW to CSP in 2019, but the project
has not advanced because developers were asked to switch to PV or use batteries
instead of thermal storage.

Recent outages of the country’s first CSP plant (the 160-MW Noor I) due to a leak
in the molten salt thermal storage facility have raised concerns over the
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technology’s viability. Meanwhile, the government has gone ahead and opened
new tenders for hybrid PV and batteries, and both have prequalified bidders asking
questions about the government’s intention to move forward with CSP plans.
While Kuwait’s plans to launch a CSP tender finally materialised in 2024, our main
case does not assume it will reach financial close and be commissioned before
2030, given Kuwait’s prolonged planning process.

Middle East and North Africa installed capacity forecast in 2030 by country and
technology vs current renewable capacity ambitions
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Saudi Arabia dominates the region’s growth, accounting for over 40% of
renewable capacity expansion between 2024 and 2030. The United Arab
Emirates, Israel,® Oman, Egypt, Irag and Morocco represent another 44%. The
region’s two main procurement methods are competitive auctions and unsolicited
bilateral contracts with utilities.

In addition to climate goals, there are two main drivers of renewable energy growth
in the region. The first is fast-rising domestic demand for electricity, spurred by
population and economic growth. Peak demand reached record levels this year in
Kuwait, Egypt, Algeria, Oman and Iraq as soaring temperatures raised air-
conditioning use. This boosted load shedding in Egypt and caused the first
instance of load shedding in Kuwait. Electricity consumption in Saudi Arabia also
reached an all-time high in 2023 amid population and economic growth.
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In response to rising electricity demand, many countries are accelerating
renewable capacity deployment to either reduce electricity imports or free up
domestic fossil fuels for larger exports. Last year, smaller markets in particular
(those that currently have less than 1 GW of renewables installed) made
renewable energy announcements. In 2024, Qatar announced its first renewable
energy strategy, Kuwait reopened a cancelled tender for 1 GW of solar PV, and
Algeria awarded winners for its 3-GW solar engineering, procurement and
construction (EPC) project.

Exports (of either electricity or low-carbon products) are the second renewable
capacity growth driver in the MENA region. To export renewable electricity,
Morocco and Saudi Arabia are both investigating the development of new
interconnections.

For low-carbon products, industries are announcing plans to decarbonise their
manufacturing by generating their own renewable electricity or procure the
necessary power through PPAs. Rising European demand for low-emissions
products is also spurring additional renewable capacity deployment. Morocco’s
state-owned mining company, OCP, whose exports are responsible for 6% of the
country’s GDP, has therefore announced plans to install 200 MW of PV to switch
from gas to solar energy. Aluminium companies in Egypt and the United Arab
Emirates have also released plans to install or purchase renewable electricity,
citing expectations of future global demand.

In addition to electricity consumption, the use of hydrogen in industry and of
hydrogen-based fuels as feedstocks also drives renewable capacity growth in the
MENA region. In fact, renewable energy capacity for hydrogen production is
expected to account for 10% of the region’s growth by 2030. Two of the world’s first
global offtake contracts for ammonia have been announced in Egypt and Saudi
Arabia, while developers have been awarded plots of low-cost land in Oman to build
projects producing hydrogen for local industries as well as ammonia for export.

In total, all MENA countries combined ambition is to reach 201 GW of renewable
capacity by 2030. While the main-case forecast falls 26% short of this ambition, not
all countries will miss their announced ambitions. Saudi Arabia, Egypt and Algeria
are responsible for nearly 60% of the region’s total ambition, and although the
outlook is more optimistic than last year in these markets, our forecast indicates that
installed capacity still falls short of their 2030 ambitions. However, we expect the
United Arab Emirates, Oman and Morocco to exceed their ambitions for 2030, and
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Israel'® is within reach. Meanwhile, Iraq and Jordan have the potential to raise their
targets, as their 2030 capacity ambitions only reflect current installations.

Growth in the region could be 60% (152 GW) higher than in the main case —
nearing realisation of the 2030 ambition — if countries meet three key challenges.
The first is faster auction implementation. Opening tenders, selecting winners and
signing PPAs often takes more than one year, so hastening the process would get
more projects online sooner.

The second challenge is to improve the regulatory and policy environment for
distributed solar PV by implementing reforms to allow self-consumption and
introduce remuneration for excess electricity generation. While a number of
countries have established legal frameworks for self-consumption and net
metering, there is no public data available indicating significant deployment in the
commercial and residential sectors except for the United Arab Emirates, implying
that implementation remains a challenge. In addition, ensuring that electricity
tariffs are cost-reflective through reforms would make renewable energy more
economically attractive, especially for large industry.

Finally, more growth would occur with greater industrial electrification and with the
removal of barriers to new market entrants to allow for more widespread use of
corporate PPAs.

Policy, technology and market trends
Costs

Solar PV generation costs decrease with record-low module
prices, but wind remains under supply chain pressure

Solar PV systems and wind turbine costs are influenced by primary raw material
and logistics costs. Steel accounts for about 6-8% of total investment costs for PV
and onshore wind installations, copper for 1-2%, freight and land transport for
1-2% for PV and about 6-8% for onshore wind, and aluminium for around 5-6%
for PV.

Due to supply chain challenges and growing demand after the Covid-19 economic
crisis, the prices of all these inputs increased significantly in late 2020 and 2021,
peaking in mid-2022. As a result, benchmark utility-scale PV and onshore wind
project costs rose roughly 20% between 2020 and 2022. As supply chain

PAGE | 64



constraints eased, input prices began to decline, except for freight, which
increased again in 2024 due to shipping disturbances in the Red Sea.

Another important component of PV and wind generation costs is the cost of
financing, expressed as the weighted average cost of capital (WACC). In most of
the world, WACC increased 1-2 percentage points in 2023 due to a rise in interest
rates in most countries.

Price indices for raw materials and freight (left), and PV modules and wind turbines
(right), 2020-2024
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Source: IEA analysis based on BNEF and PV Infolink data.

As a result of falling polysilicon prices and growing supply overcapacity, global
spot prices for solar PV modules decreased 60% over 2022-2024. However, this
drop has not been felt equally in all markets: in the United States, because of
various trade measures, prices have fallen only about 10% since 2022, and as of
July 2024, US module prices remained three times as high as in most other
countries.

Module costs made up 20-40% of utility-scale solar PV system CAPEX in 2022.
Lower global module prices, as well as lower prices for raw materials such as
aluminium and steel, are expected to lead to about a 20% decrease in total
investment costs in 2024 compared with 2022. However, the estimated decrease
in levelised cost of electricity (LCOE) is only 10%, due to a higher WACC.
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Index and component breakdown of benchmark utility-scale PV system CAPEX (left),
and LCOE (right), 2020-2024
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In contrast to PV modules, average wind turbine prices offered by original
equipment manufacturers (OEMs) from Europe and the United States continued
to increase in 2020-2024. In H1 2024, the average price was over 10% higher than
in 2022, despite decreases in main input costs. This results from manufacturers
raising their prices to recuperate their losses incurred during the period of supply
chain disturbances.

In China however, turbine prices have been declining since 2022 due to domestic
concentration of the supply chain, lower exposition to changes in steel and freight
costs and increased competition between local manufacturers. Consequently,
China’s average wind turbine price per MW was one-third the price from European
and US OEMs in H1 2024.

Turbine expenses constituted about 60% of onshore wind farm construction costs
in 2022, the largest component. Assuming European and US OEMs turbine price
increases, and elevated financing costs in 2023 and 2024, the benchmark LCOE
of onshore wind could be about 15% higher in 2024 than in 2022.

These costs dynamics can already be observed in renewable energy auctions
conducted in recent years, with discovered solar PV tariffs decreasing sharply
after 2022 and onshore wind continuing to increase in most markets. Regardless
of these changes, utility-scale solar PV and onshore wind remain the cheapest
sources of electricity generation in most of the world. Possible interest rate cuts
leading to lower financing costs, continued technology development and market
expansion should reduce PV and wind generation costs in upcoming years.
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Index and component breakdown of onshore wind CAPEX (left), and LCOE (right),
2020-2024
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Notes: CAPEX = capital expenses. OPEX = operating expenses. LCOE = levelised cost of energy. Benchmark onshore wind
investment assumptions for 2022: CAPEX of USD 1.7/W; 2 600 full-load hours; fixed OPEX of USD 0.03/W/year; WACC of
5%; and 25-year project lifetime.

Source: IEA analysis based on BNEF and PV Infolink data.

Policy and markets

Policies remain the key driver for capacity additions, but
market-driven growth emerges

Although renewable energy technologies are increasingly becoming more cost-
competitive, policies remain key for driving investment and enabling deployment.
Almost 84% of global renewable utility-scale capacity growth in 2024-2030 is
expected to be stimulated by policy schemes, a share similar to last year’s
forecast. Policy-driven deployment refers to capacity for which a government
policy is the primary driver for the investment decision, for example, a policy that
affects remuneration for power or reduces tax liability or introduces a purchasing
obligation to meet government targets.

The two most prominent policy schemes are administratively set tariffs and
premiums, which make up almost two-thirds of all policy-driven capacity additions,
and competitive auctions, accounting for more than one-fifth. The other policy
options include tax credits (13% of policy-driven capacity) and utility-owned
projects (1%).

Conversely, market-driven deployment is expected to account for 15% of global
utility-scale renewable capacity growth, slightly higher compared with last year’s
forecast, driven mostly by the increasing share of green certificate use in China.
Bilaterally negotiated contracts between |IPPs and corporate consumers
(corporate PPAs) make up more than 40% of the market-driven deployment, with
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green certificates having a similar share. The remaining capacity is driven by
unsolicited bilateral contracts with utilities (16%) and merchant projects (4%).

IEA Renewable energy procurement and policy categories

Type Name Primary driver
Utility-owned State-owned utility investments for cost
projects recovery or obligation to meet targets
Fixed tariffs and Administratively set tariffs offered to
Policy-driven premiums developers
Auctions and Government solicitations for power using
tenders tenders with competitively set tariffs
Tax credits Reduced tax liability
Unsolicited bilateral  Bilaterally negotiated contract between a
contracts developer and utility
Merchant Revenues from the wholesale market

Market-driven . .
Bilaterally negotiated contract between a

developer and end user
Revenues from the wholesale and green
certificates market
Demand of renewable electricity from
electrolysers

Corporate PPAs
Green certificates

Hydrogen-driven Hydrogen projects

The high global share of policy-driven deployment comes largely from China,
where policies are expected to support 90% of the country’s growth. For instance,
China is forecast to deploy around 1 900 GW of capacity almost entirely from
administratively set fixed tariffs for 15-20 years based on the provincial benchmark
electricity price. However, market-based deployment, accounting for 10% of the
expansion, is expected to grow, thanks to the new Green Electricity Certificate
scheme introduced and updated between 2022 and 2024 which aims to facilitate
inter-provincial trade, track progress in meeting provincial renewable energy
targets and provide a certification scheme for renewable electricity for the industry.

Excluding China, market-driven deployment plays a larger role in global renewable
capacity expansion, accounting for around 23%. This share is even larger in Latin
America (79%) and in Africa, Eurasia and the Middle East (46%). The high share
in Latin America stems from corporate PPAs in Brazil and Mexico and merchant
projects and corporate PPAs in Chile. In Africa, Eurasia and the Middle East, the
growth can be attributed mostly to South Africa’s corporate PPA market and
unsolicited bilateral contracts in both Saudi Arabia and Nigeria.

PAGE | 68



Utility-scale renewable electricity capacity by primary driver, 2024-2030
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However, in North America (96% of capacity growth), Europe (77%) and Asia
Pacific (75%), most renewable capacity growth between 2024 and 2030 will still
be policy-based. Compared to last year’s forecast, the shares remain relatively
stable. In North America, the majority of additions are in the United States, where
tax credits for investment or electricity production are the primary catalyst. While
other policies (such as competitive auctions or utility-owned projects) may also
strengthen the business case, the tax credit is expected to be the main enabler for
investment. In Europe, around three-quarters of utility-scale growth is from
competitive auctions, mostly for solar PV and wind. The share of corporate PPAs
in European renewable capacity growth remains roughly the same compared with
last year’s forecast, led by Germany, Sweden, the Netherlands, Spain, the United

Kingdom, and ltaly.

Competitive auctions are also the dominant procurement method in Asia Pacific
(65% of capacity growth), led by India, Viet Nam, Korea and Australia, while feed-
in tariffs also boost expansion in Japan and Chinese Taipei. Most market-driven
growth in the Asia Pacific region comes from corporate PPAs for solar PV and
onshore wind projects in India and Australia, while unsolicited contracts for
hydropower projects in India and for solar PV and onshore wind projects in

Pakistan play also an important role.
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Renewable electricity capacity by technology and primary driver, excluding China,
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Excluding China, competitive auctions are the single largest driver of utility-scale
renewable capacity additions between 2024 and 2030, accounting for almost half
of the forecasted capacity growth. However, this is largely due to their importance
in solar and wind deployment, which account for 94% of the utility-scale forecast.
For other technologies, different policy and market drivers are more important.

CSP has the highest share of policy-driven growth in 2024-2030 due to the high
upfront investments and challenging business cases. CSP growth comes entirely
from competitive auctions in Chile, Morocco, and South Africa.

Growth of solar PV and wind is largely policy-driven, with shares close to 80% for
each technology. Although competitive auctions are the main catalyst of growth
for variable renewables outside of China, they play a larger role in offshore wind
deployment than for onshore wind and solar PV, which have slightly higher shares
of market-driven growth, mainly through corporate PPAs. Conversely, only a
handful of offshore wind projects commissioned by 2030 are expected to have
most of their business model based on corporate PPAs or certificate revenues —
more specifically projects in the Netherlands, Korea and Chinese Taipei. However,
corporate PPAs could become more important in the offshore wind market, as an
increasing number of countries move to competitive auctions without
remuneration.

For geothermal, three-quarters of the growth can be attributed to policy-driven
measures, mostly through tax credits in the US and state-owned utilities’
investments in Kenya. Market-driven deployment is mostly triggered through
unsolicited contracts in Indonesia.
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For pumped storage, policies drive just over half of the deployment. Most growth
is stimulated through state-owned utilities in India, while unsolicited bilateral
contracts in Viet Nam, Indonesia and India contribute, as well.

More than half of the growth of conventional hydropower is expected to be market-
driven. Unsolicited bilateral contracts in India, Pakistan and Indonesia contribute
most to the deployment, followed by state-owned utilities’ investments in India,
Ethiopia and Canada. Meanwhile, administratively set feed-in tariffs in Tlrkiye are
an important driver, as well.

Meanwhile, just over half of bioenergy deployment is driven by markets, mostly
corporate PPAs in Brazil, unsolicited bilateral contracts in India and Indonesia and
some merchant projects in the United Kingdom and Spain. Policy-driven
deployment is expected mostly from competitive auctions in Germany, Brazil and
the Netherlands and administratively set feed-in tariffs in Japan and Turkiye.

Competitive auctions

In the first half of 2024, 82 GW of renewable energy capacity was awarded globally
in competitive auctions, with more than half of it concentrated in just two countries:
India and Germany. This is more than double the average volumes awarded
during six-month periods in recent years, and almost reaches the record-level
capacity awarded in tenders during the entire 2023.

Global competitive renewable energy auction results, 2021-2024
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In the last three years, around 40% of year-end capacity was auctioned on
average from January to June. Considering this trend, global auction capacity
could total slightly over 200 GW by the end of 2024, more than double of 2023.
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Auction design, macroeconomic conditions, permitting pace and grid availability
continue to be key factors impacting developer interest and participation. Auction
award rates have changed year-on-year, with the lowest in 2022. High commodity
prices, escalating investment costs and inflation, combined with relatively low
ceiling prices in auctions, led the award rate to drop to 75% in 2022. Award rates
continued to increase slightly from 84% last year to 89% in the first half of 2024,
with the awarding of around 82 GW of the 92 GW of auctioned capacity being
offered.

Global competitive renewable energy auction results and award rates
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India and Europe have the highest auction volumes globally

In the first half of 2024, Europe and India emerged as the primary regions for
renewable energy tenders, with both awarding similar volumes. India awarded
more capacity (33 GW) in the first half of 2024 than in the last two years combined.
This increase in auction volumes reflects the government’s implementation of a
clear national auction schedule to achieve the country’s renewable energy target,
and modification of the design to increase subscription rates.

Meanwhile, Europe awarded a volume equal to 87% of entire capacity awarded in
2023 in the first half of 2024. With 10.2 GW, Germany awarded almost one-third
of Europe’s total volume. Meanwhile, the United Kingdom awarded 9.6 GW, with
offshore wind representing more than half of this capacity, followed by the
Netherlands with around 7.5 GW, of which around 3.5 GW were awarded to solar
PV and onshore wind and 4 GW to offshore wind. France awarded 3.4 GW of a
mix of solar PV and onshore wind. Remaining European capacity was awarded in
tenders in Norway, Italy, Austria and Croatia. In other regions, Colombia awarded
more than 4 GW to new solar PV plants in its recent auction at the beginning of
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the year, several US states awarded a combined offshore wind capacity of 4.6
GW, and Chinese Taipei awarded 2.7 GW of offshore wind capacity.

Global awarded capacity in auctions in India, Europe and other countries
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The technology trends in Indian and European auction results varied significantly.
Globally, in the first half of 2024 almost 60% of the utility-scale solar PV capacity
awarded in competitive auctions was concentrated in India, while nearly 85% of
the awarded onshore wind capacity was in Europe.

In Europe, countries tender 13-14 GW of utility-scale solar PV on average since
2021 each year, and the first half of 2024 was in line with this trend. Onshore wind
tenders increased, with a record 8.4 GW was awarded from January to June 2024,
double the amount than in the same period last year. Meanwhile, offshore wind
auctions broke another record, with more than 13 GW awarded, of which 4 GW
were in auctions for seabed leases. The Netherlands played a significant role in
this growth, awarding the leases for two offshore wind farms with a total capacity
of 4 GW (IJmuiden Ver Wind Farm Zone sites Alpha and Beta). This was the first
Dutch offshore wind tender since the Hollandse Kust West tender held in 2022.

In the first half of 2024, Germany successfully conducted auctions for seabed
leases and potential support for two non-centrally predeveloped sites with a
combined capacity of 2.5 GW. Due to the high level of competition, both auctions
resulted in payments to the government, but these payments were lower than last
year’s auction rounds. Offshore wind auctions continue during the second half of
the year, with the leases of three centrally predeveloped sites with 5.5 GW
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combined™. By the time of the publication of this report in early October 2024,
Germany had awarded 8 GW for this technology during the year, almost reaching
last year's awarded capacity of 8.8 GW. Meanwhile, Norway successfully
conducted its first offshore wind auction, tendering a 1.5-GW wind farm that
includes the seabed lease and support in the form of a contract for difference.

The United Kingdom awarded financial support to more than 5 GW of offshore
wind capacity, 400 MW of which were awarded to a floating offshore wind project.
Furthermore, two fixed-bottom offshore wind projects were awarded 3.3 GW, while
the remaining 1.6 GW were awarded to (parts of) projects that were already
successful in the 2022 auction round.’? The respective seabed leases have been
competitively allocated in dedicated auctions in previous years.

Awarded capacity by technology in India, Europe and the rest of the world
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Notes: “Rest of technologies” for India includes auctions for hybrid onshore wind and utility-scale solar PV projects. “Offshore
wind” includes auctions that allocate the seabed lease and support jointly, as well as seabed lease auctions (which are not
followed by a support auction). Auctions for seabed leases followed by support auctions are included by the time the second
auction is held.

Nevertheless, several auctions for offshore wind in Europe have been postponed.
Portugal intended to conduct a 2-GW tender in 2024, but it is now planned for
2025. Similarly, Norway postponed tendering of the floating offshore wind farm
Utsira Nord (1.5 GW) to 2025 to clarify and finalise the auction design and subsidy
model.

" The analysis of this section covers only until June 2024. Auctions from July 2024 onwards are mentioned as
complementary information; however they are not reflected in the figures neither included in calculation and analysis,
unless otherwise specified.

12 This “permitted reduction” mechanism allowed successful offshore wind bidders awarded a contract for difference in the
fourth allocation round in 2022 to withdraw up to 25% of their awarded capacity and bid again in the current auction round to
potentially secure a higher strike price.
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Germany attained a total award rate of almost 89% in the first half of 2024.
Onshore wind auctions in the country increased the award rate to 79%, reversing
a trend of decreasing rates observed in 2021-2023, thanks to several policies
improving site purchase, permitting processes and reducing auction volumes.

In 2024, India achieved a total award rate of nearly 85%, and almost all solar
capacity auctioned was awarded. Although awards in auctions for hybrid solar PV
and onshore wind projects started falling in 2023, volumes have increased
significantly. Onshore wind auctions reached an award rate of 44% in 2024,
following the declining trend of past years. Onshore wind is being developed
mostly through hybrid projects due to challenges related to purchasing land where
wind resources are rich, grid connection difficulties, and the higher average price
of energy generated, which discourages DISCOMs from purchasing the power.

Awarded and unawarded capacity and award rate by technology in Germany and India
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In contrast with 2023, many European offshore wind auctions in the first half of
2024 resulted in negative bids as they were only awarding a seabed lease or had
high competition. This means successful bidders have to sell their electricity on
the market or through corporate PPAs and will not receive any support payments.
They need to submit a capacity-based payment to the government, which can be
interpreted as “the right to realise the project” or leasing of the seabed.

While these payments can be used by governments to support the energy
transition and raise public acceptance, they may impede project realisation in the
future due to increased costs for the project developers. The highest payments
occurred in Germany, where a developer was awarded a 1.5-GW project with a
payment of USD 1.4 million/lMW, and a 1-GW site was selected with a fee of
USD 1.1 million/MW.

PAGE | 75



Solar PV contract prices continue to decline while inflationary
pressure persists for wind

In the last decade, average auction prices for utility-scale solar PV projects have
fallen continuously in all regions. For onshore wind, however, average auction
prices have been increasing since 2020.

Utility-scale solar PV costs decreased in all regions and settled at an average of
USD 40/MWh in the first half of 2024. This drop was instigated largely by India,
which led the world in terms of volume of solar PV capacity awarded in auctions
and achieved an auction price of USD 34/MWh. Indeed, the price of utility-scale
solar PV in the country dropped 23%. In contrast, Europe’s reduction was a more
modest 11%, with an average price of USD 67/MWh for projects awarded in
auctions in 2024.

Weighted average prices by region for utility-scale solar PV and onshore wind, 2012-

2024
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Onshore wind technology price patterns in the first half of 2024 reveal a complex
global picture with significant regional variations. While the global average price
for onshore wind decreased only slightly by 2%, this figure masks two divergent
trends in Europe and India.

In Europe, where the majority of the global onshore wind capacity awarded
through tenders took place, prices continued on an upward trajectory that began
in 2021. In the first half of 2024, European onshore wind prices had reached an
average of USD 81/MWh, representing a 2% increase. Meanwhile, the average
price for onshore wind projects in India had increased by 12%, from USD 39/MWh
to USD 43/MWh. However, the whole Asia Pacific region shows a decrease in
onshore wind prices by 36%; this is explained by the comparison of high prices
(USD 90-102/MWh) and volumes in in Japan, Philippines and Thailand during
2023, with lower prices in the following year, at the range of USD 40-83/MWh.
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A closer look: The emerging role of non-price criteria in
renewable energy auctions

Historically, only a handful of countries, including China and South Africa, have
used non-price criteria to select bids in competitive renewable energy auctions.
Outside of these markets, bid selection has been based mostly on price to
minimise costs and limit government support.

However, the first zero-price bids German offshore wind auctions in 2017 and
subsequent auctions prompted governments to introduce non-price criteria to be
able to distinguish between bids. Since then, growing supply chain, cyber security
and sustainability concerns, and policies to expand local manufacturing, have led
policymakers in an increasing number of countries to introduce non-price criteria
(in addition to bid price).

Introducing non-price criteria into auctions allows governments to pursue multiple
policy objectives beyond cost minimisation, such as renewable energy integration,
supply chain diversification, local economic development and the sustainability of
imported or domestically manufactured equipment used in renewable energy
projects. Benefits for local communities are another potential priority that can
increase public acceptance of renewable energy projects, reducing impediments
to their deployment.

Nevertheless, introducing non-price criteria could result in higher awarded prices
(at least in the short term), puts less emphasis on awarding the lowest-cost
projects, and increases developers’ administrative costs for compliance. Plus,
challenges during project planning and development could increase, requiring
additional legal action and monitoring to ensure that all bidders are treated fairly
and comply with project requirements.

Overview of applied price and non-price criteria in renewable energy auctions

Country/Economy Criteria

Award criteria:

— price (60%)
— sustainable development (18%)
Canada — local content (12%)
(onshore wind in Quebec) _  experience (2%)

— financial capability (2%)
— project feasibility (6%)

Prequalification criteria:

Estoni .
(techn olsoggl-?] il successful bidders need to produce at least 50% of the
auction) offered annual amount of electricity in the first and fourth

quarters of the year
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Country/Economy

Criteria

European Union
(Net-Zero Industry Act)

France (offshore wind)

France (solar PV)

Germany
(offshore wind — centrally
predeveloped sites)

India
(solar PV)

Ireland

Japan
(offshore wind)

Prequalification criteria:

— responsible business conduct
— cyber security and data security
— ability to deliver the project

Prequalification or award criteria (min. 5%, in total 15-30%):
— resilience

— environmental sustainability

— innovation

— energy system integration

Award criteria:

price (70%)

robustness of contractual arrangement and financing (5%)
environmental impact (15%)

social and local impact (10%)

Prequalification criteria:
— carbon footprint of project

Award criteria:

price (70%)

— carbon footprint (16%)

— environmental relevance (9%)

shared governance (5%) or collective financing (2%)

Award criteria:

— price (60%)

— proportion of electricity from renewable sources used in the
manufacturing of wind turbines (10%)

— scope of long-term electricity supplies to third parties (10%)

— use of particularly environmentally friendly foundation
methods (10%)

— share of trainees (10%)

Prequalification criteria:

— installed modules must be procured from manufacturers on
the Approved List of Models and Manufacturers (currently only
companies manufacturing in India)

Prequalification criteria:
— successful bidders need to set up a Community Benefit Fund
and transfer EUR 2/MWh to it

Award criteria:

— price (50%)

— business plan and capability to successfully implement the
plan (33%)

— co-ordination with local stakeholders and positive
impact/contribution to the local economy (17%)
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Country/Economy Criteria

Award criteria:
— price (60%)
— local community acceptance (8%)

(onshorgg:mzaoffshore - contribgtion to industry and economy (16%)
wind) — domestic track record (4%)

— project progress (4%)

— system acceptability (8%)

Award criteria:

— price (70%)

— carbon footprint (15%)

— project development progress (3%)

Korea — financing structure (3%)
(solar PV) — insurance (3%)

— project owned by farmers, livestock farmers, fishermen, etc.
(3%)

— project operation period (3%)

Prequalification criteria:

— awarded bidder must allocate at least EUR 5 million to the
purposes of environmental protection in the maritime territory

Lithuania — awarded bidder must support the local community with 1
(offshore wind) EUR/MWh

— specific share of investment and operation expenses need to
be spent on SMEs

Award criteria used in both auctions:

— price/financial bid (15%)

— certainty of the wind farm being completed (10%)

— wind farm’s contribution to energy supply (10%)

— compliance with the principles of the International
Responsible Business Conduct (IRBC) Agreement for the
Renewable Energy Sector (10%)

— degree of insight into raw material consumption,
environmental impact and value retention in the design,
construction, operation and decommissioning of the wind farm

Netherlands (10%)
(offshore wind — ljmuiden
Ver Wind Award criteria specific for |imuiden Ver Wind Farm Site Alpha:
Farm Site Alpha and Site -  contribution of the wind farm to the Dutch North Sea
Beta in 2024) ecosystem (45%)

Award criteria specific for limuiden Ver Wind Farm Site Beta:

— contribution to the integration of the wind farm into the Dutch
energy system (40%)

— contribution to reducing harbour porpoise disturbance days in
the construction phase of the wind farm (5%)

PAGE | 79


https://www.knrec.or.kr/biz/pds/businoti/view.do?no=3901
https://www.knrec.or.kr/biz/pds/businoti/view.do?no=3901
https://www.knrec.or.kr/biz/pds/businoti/view.do?no=3900
https://english.rvo.nl/sites/default/files/2024-02/Ministerial-Order-for-IJmuiden-Ver-Wind-Farm-Site-Alpha.pdf
https://english.rvo.nl/sites/default/files/2024-02/Ministerial-Order-for-IJmuiden-Ver-Wind-Farm-Site-Beta.pdf

Country/Economy Criteria

Prequalification criteria:

— execution capabilities
— sustainability

— local ripple effects

Norway
(offshore wind)

Prequalification criteria:
Saudi Arabia -~ 30% of CAPEX need to be spent in Saudi Arabia

Award criteria:
— price (90%)

South Africa .
— economic development (10%)
Award criterion used in Massachusetts, New Jersey, and New
York:
— price (70%)
Award criteria specific in Massachusetts:
— economic development and project impact (15%)
United States — bidder experience and project viability (15%)
(oﬁshoreSv;/;rt]gsl; various - Award criteria specific in New Jersey:

economic impacts and strength of guarantees for economic
impacts; environmental and fisheries impacts (30%)

Award criteria specific in New York:
— New York economic benefits (20%)
— project viability (10%)

In the first half of 2024, 49 GW of renewable capacity was awarded using non-
price criteria, almost already achieving last year’s total capacity. This corresponds
to around 60% of all awarded capacity. In fact, the share of capacity auctioned
with non-price criteria among all competitive auctions worldwide has more than
doubled since 2021. More than 15 countries have used them at least once in their
auctions, and in the first half of 2024, seven countries applied non-price criteria.
India accounts for 66% of this global awarded capacity. More than half of the
remaining 17 GW stems from European auctions, namely in the Netherlands,
France and Norway, while the United States awarded more than 4 GW in auctions
with non-price criteria.
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Global awarded capacity in auctions with non-price criteria by region
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Notes: Volumes and shares represent the entire awarded capacities of auctions applying non-price criteria.

In 2024, non-price criteria have been used mostly in auctions for utility-scale solar
PV (for 60% of all awarded capacity) and offshore wind (62%).

For solar PV auctions, the foremost impetus for using non-price criteria has been
India’s Approved List of Models and Manufacturers (ALMM) policy, which was
reinstated in 2024. The ALMM scheme allows developers to use only modules on
the list for government-related PV projects. Today, only companies manufacturing
in India are included. In 2024, the average price of modules manufactured in India
has been 40% above imported Chinese module prices, including a 40% import
tax.

An expected increase in the cost of sourcing modules is one of the factors that led
to the stabilisation of PV auction tariffs in India between 2023 and 2024, even
though global module prices fell more than 60% in this period. Ensuring a sufficient
supply of high-quality domestic modules by carefully balancing industrial and trade
policies will be crucial for the success of future PV auctions and the timely
deployment of contracted projects.

The offshore wind sector is more regionally balanced, since European countries
(e.g. France and the Netherlands), Asia Pacific ones (e.g. Chinese Taipei), and
the United States have applied non-price criteria in their auctions. For instance,
the Netherlands takes the wind farm’s contribution to the Dutch North Sea
ecosystem into consideration in the selection process. However, France has been
the main country to apply non-price criteria in onshore wind auctions, awarding
almost all the relevant capacity.
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Awarded capacity in solar PV, onshore wind and offshore wind auctions by type of
selection criteria (price and non-price)
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Non-price criteria can be implemented as either prequalification or award
conditions. Prequalification criteria are minimum requirements that set a threshold
or standard that bidders must comply with to participate in the auction.” The
subsequent selection of a winner is conducted purely on the basis of price.

Today, prequalification criteria are applied mostly in solar PV auctions, accounting
for 76% of capacity awarded under non-price criteria in 2023 and 95% in the first
half of 2024, mainly owing to India’s ALMM requirement. Since prequalification
criteria are compliance requirements, governments have a high likelihood of
achieving their policy objectives. Nevertheless, if the criteria or thresholds are too
strict, the auction might be undersubscribed.

In contrast, award criteria are applied during the selection of winning bids, thereby
rewarding higher performance in specific project characteristics (for instance,
using more environmentally friendly components or equipment, even at a higher
bid price). Award criteria have become increasingly prevalent in wind energy
auctions across Europe. In 2023 and 2024, for those onshore wind auctions that
used non-price criteria, award criteria were applied to choose nearly all awarded
capacity, largely due to French auctions.

Offshore wind auctions show a more balanced approach, but still favour award
criteria. In 2023, 78% of offshore auctions with non-price elements used award
criteria, slightly higher than the 67% in 2024. Major European offshore markets
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such as the Netherlands, Germany and France have adopted this approach. This
trend even extends beyond Europe, with countries such as Japan, the United
States and Korea also incorporating award criteria into their offshore wind
auctions.

Award criteria present more of a trade-off between the bid price and project
characteristics compared with prequalification criteria. The auctioneer needs to
give a weighting to project characteristics along with the bid price and design a
scoring scale. The higher the weighting of non-price variables, the more important
a criterion becomes in the selection process. For instance, giving considerable
weight to the sustainability of equipment manufacturing could enable a project with
a higher bid price (typically due to higher generation costs) to still be awarded, as

it is able to deliver the pursued policy objective.

An illustrative example of the weighting of non-price award criteria in solar
PV auctions

For instance, two bidders are competing in an auction with projects using PV
modules from Country A and Country B. The submitted bid prices and the non-
price criterion are converted into a score with a maximum of 100 points, and the
project receiving more points (out of the 100 possible) is selected.’ The weighting
defines the maximum points that can be received for the non-price criterion: for
instance, a weighting of 30% for non-price criterion means that 30 points can be
achieved, while 70 points (corresponding to a weighting of 70%) can be gained for
the price criterion.

In this case, the solar PV project with PV modules made in Country A submits a
bid price of EUR 66/MWh and does not receive points for the non-price criterion
due to, for instance, inadequate sustainability or supply chain security. In contrast,
the project with Country B-made PV modules submits a higher bid price of
EUR 72/MWh but receives all the points possible for the non-price criterion.

Case 1 — No non-price criterion: the Country A PV module project wins because it
has a lower bid price and thus the higher score of 61.

Case 2 — The weighting of the non-price criterion is set to 5%. Now, the project
with Country A PV modules receives only 58 points for its bid price (as the
maximum points available for the bid price is now 95), while the project with
Country B PV modules receives 48 points — 43 for the bid price and 5 for the non-
price criterion. In this case, the project with Country A modules would be selected.
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Case 3 — The weighting of the non-price criterion is set to 15%, giving the project
with Country B PV modules an advantage. It receives 15 points for the non-price
variables and 39 for the bid price, now overtaking its competitor by 2 points.

Case 4 — The weighting of the non-price criterion is set to 30%. The project with
Country B PV modules would be selected because it would score 19 points more

than its competitor by receiving 30 additional points for the non-price criterion.

Total awarded points

70

60

@ Non-price
50 criterion

40
30
28 OBid price
10

0
Country A Country B
modules  modules

Country A Country B
modules  modules

5% weight

Country A Country B
modules  modules

15% weight

Country A Country B
modules  modules

30% weight

No non-price criterion

The devil is in the design details

The scoring scale needs to allow for project differentiation: if all participating
projects achieve all (or none) of the points for a non-price criterion, it has no impact
on winner selection. Moreover, the larger the scale, the less influential are
differences among the projects. In contrast, the shorter the scoring scale, the
stronger the impact of project differences.

The importance of parametrising award criteria can be observed in Japan’s first
offshore wind auction in 2021. Although bid price and non-price criteria were
equally weighted (120 points each), price was mostly the decisive criterion during
winner selection. While the lowest submitted bid price automatically received the
maximum 120 points, the best-performing project in the non-price criteria might
not receive the full points, as these depend on the evaluation committee’s
decision. All winning projects received maximum points for the price, while none
of the participating projects received more than 98 points in the non-price criteria.

Also exemplifying the importance of parametrisation are France’s solar PV
auctions, which assess, among other features, the carbon footprint of installed
modules for winner selection (see the box below). The first two auctions resulted
in a rather diverse supply of installed modules, with both relatively small and large
carbon footprints. Since 2023, projects with modules of Chinese origin have been
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awarded almost exclusively, even though their considerable carbon footprint puts
them at a disadvantage for the non-price criterion.

In the current parametrisation of the auctions, a project with Chinese modules is
ranked higher if its bid price is EUR 4-8/MWh lower than a project with EU-made
modules, which scores much higher in the sustainability criterion. Using Chinese
modules leads to a LCOE, which is roughly EUR 6-8/MWh lower, so most project
developers opted for them.

Origin of modules from projects awarded in French solar PV auctions and their average

carbon footprint

Share of awarded capacity

Note: No information is currently available on the origins and carbon footprints of PV modules in the third solar PV auction
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Source: Commission de régulation de I'énergie (CRE), as modified by the IEA.

Non-price criteria in French solar PV auctions

France’s solar PV auctions («“Appel d’offres portant sur la réalisation et
I'exploitation d’installations de production d’électricité a partir de I'énergie solaire
Centrales au sol’»), conducted under the current design since late 2021, select
winners based on the submitted bid price and three non-price criteria. Bidders can
receive a total of 100 points, distributed as follows:

e Submitted bid price: 0-70 points

« 0 points — if the price equals the (confidential) ceiling price; bids exceeding the
ceiling price are disqualified.

« 70 points — if the price equals the arithmetic average of the lowest 10% of bids
minus EUR 5/MWh.

« 0-70 points — linearly assigned based on the bid price submitted.
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Carbon footprint: 0-16 points
« 0 points — if installed PV modules have a carbon footprint of 550 kgCO2eq/kW;
projects with carbon footprints exceeding this are disqualified.

« 16 points — if installed PV modules have a carbon footprint of 200 kgCO2eq/kW
or lower.

« 0-16 points — linearly assigned based on carbon footprint.

Environmental relevance of the project site: 0 or 9 points
« 0 points — if the project site is not classified as degraded land; or

« 9 points — if the project is to be built on degraded land.

Citizen participation: 2 or 5 points
« 2 points — if the project includes collective financing by individuals or local
authorities; or

« 5 points — if the project includes shared governance with individuals.

The EU Net Zero Industry Act promotes the use of non-price criteria

The European Union's recently adopted Net Zero Industry Act (NZIA) is poised to
be a significant driver for countries to implement non-price criteria in renewable
energy auctions. The NZIA aims to boost domestic production of net zero
technologies within the European Union by 2030, targeting a 40% share of supply
for specific clean-energy technologies.

More particularly, the EU NZIA envisions solar PV manufacturing capacity of at
least 30 GW by 2030, while wind manufacturing capacity should reach at least
36 GW. According to the main case forecast, these manufacturing targets
represent 51% of solar PV and 115% of wind capacity additions in 2030.

Among other criteria, the NZIA proposes several non-price prequalification and
award criteria to support demand for EU-made modules:

« Resilience, which in contrast to the others needs to be included, should
disincentivise component procurement from a third country outside the EU that
already supplies more than 50% of the specific technology or its main specific
components in the European Union.

« Environmental sustainability going beyond the minimum requirements of
current legislation could be implemented through rewarding, for instance, the
ease and quality of recycling, the consumption of energy, water and other
resources in one or more life cycle stages of the product, or the carbon footprint
of the product or its environmental footprint.

« Innovation could incentivise developing and using entirely new approaches or
improving already existing solutions.
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« Energy system integration could promote investments in system-friendly
additions to renewable energy projects, such as energy storage as heat, or the
production of renewable hydrogen.

Nonetheless, especially in case of solar PV, these criteria do not necessarily mean
that EU-made modules will be preferred in auctions. Given that modules from
other regions tend to be more affordable, and sometimes equally sustainable, both
criteria might spur demand for modules from Korea, the ASEAN region, India or
the United States. They may also incentivise non-EU companies to ramp up their
manufacturing capacities in the European Union.

While non-price criteria can support demand for locally made modules and
turbines, attracting investments for large-scale manufacturing of clean-energy
equipment would require additional support. For solar PV, the economic benefits
of expanding EU manufacturing should be assessed from a wider perspective,
recognising that consumers may face higher costs in the current economic
environment. Based on our forecast, achieving the 40% EU goal in 2030 would
cost an additional EUR 2.2-3.0 billion based on the difference in investment
costs' compared with using cheaper Chinese solar PV modules.

Non-price criteria can make a difference in renewable energy auctions,
but they need to be carefully chosen, designed and implemented

Governments can pursue multiple policy objectives by using non-price criteria in
renewable energy auctions, in addition to minimising public support. Nevertheless,
some policy objectives may be addressed more adequately and comprehensively
through avenues other than auction design — especially, since non-price criteria
can induce higher transaction costs for both the auctioneer and the bidders.
However, harmonising non-price criteria design across different countries,
especially within the European Union, could reduce these transaction costs.
Moreover, countries should consider a technology-specific design approach, as
each technology can face specific challenges, for instance a lack of methodology
to calculate the carbon footprint of wind turbines.

Non-price criteria should be clear, transparent and quantifiable to increase the legal
robustness of auction outcomes. In addition, the minimum and maximum scores
assigned in award criteria should be defined exogenously by the auctioneer (and
not based on the submitted bids) to avoid strategic bidding behaviour.

Finally, policymakers should consider communicating a detailed description of the
intended non-price criteria early in the process to reduce uncertainty. This
approach would also help developers plan their projects in advance and allow the
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supply chain to prepare. Consultations and feedback loops with the industry and
key stakeholders (such as academics and experts on specific non-price criteria)
should also be considered when designing and implementing non-price criteria.

Wind and solar PV manufacturing

Solar PV manufacturers scale down investment plans in
response to deepening supply glut and record-low prices

In 2023, solar PV manufacturing capacity expanded in all segments, including for
polysilicon, ingots/wafers, cells and modules. Global cell capacity almost doubled,
polysilicon manufacturing increased close to 90%, module 75% and wafer 60%.
By the end of the year, the manufacturing of the lowest-capacity segment,
polysilicon, reached 850 GW.

Another 140-390 GW of new PV manufacturing is expected to be added in 2024.
Wafers become the segment with the lowest capacity, but it still reaches more
than 1 100 GW, more than double global installations that year.

Global supply chain investments are expected to slow drastically through 2030,
especially in China, due to high overcapacity worldwide. Increasingly challenging
market conditions have led us to revise expected manufacturing capacity for 2030
downwards from last year — by around 5% for modules, 10% for cells, 20% for
polysilicon and 25% for wafers. Low prices and tight margins led to the
cancellation of about 300 GW of polysilicon and 200 GW of wafer projects, with a
total value of approximately USD 25 billion. Despite the slower pace of growth,
wafer manufacturing capacity (the least developed segment in 2030) is still
expected to exceed installations by almost 40%.
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Solar PV manufacturing capacity and installations, 2023-2030
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Over 90% of the supply chain expansion boom in 2023-2024 is occurring in China,
positioning the country to maintain a market share of 80-90% by 2030, despite
significant investment acceleration in the United States and India. To illustrate,
China's manufacturing capacity in 2024 is projected to be 25-40% higher
(depending on segment) than the global PV installation forecast for 2030 under an
accelerated-case scenario.

In India, the Production Linked Incentive (PLI), the Approved List of Module
Manufacturers, and increased import duties on modules and cells are spurring
supply chain investments. Module assembly capacity is expected to more than
double between 2022 and 2024 to reach 50 GW, with further growth in the
following years as projects that won PLI support gradually come online. However,
delays in development are expected in other segments due to high
competitiveness of imports and technological challenges.

In the United States, the IRA and import restrictions drive growth. As a result,
module assembly capacity could reach 45 GW in 2024, including over 7 GW of
thin-film PV technology. In the other supply chain segments, growth is expected
to be slower, with several projects in wafers, polysilicon and cells delayed or
cancelled due to high competitiveness of imports.

Investment in the European Union remains limited by insufficient policy support
and difficulties in competing with established, large-scale global manufacturers. In
fact, several manufacturers have either shut down their EU sites because they
could not compete with imports or relocated their operations to the United States
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to benefit from the IRA. Overall, module manufacturing capacity in the region is
expected to increase only 5 GW in 2024-2030, remaining below 20 GW.

In the Asia Pacific region, excluding India, module assembly capacity is expected
to decline by about 25 GW (20%) as Chinese manufacturers respond to changing
trade regulations in United States, the region’s main export market. Over 10 GW
of wafer manufacturing is under development in Viet Nam, which will increase the

region’s capacity in this segment to over 40 GW in 2024, the second-highest after
China.

Manufacturing capacity utilisation rate, 2020-2030, and average monthly solar PV
module spot prices, 2020-2024
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The main factor influencing PV manufacturing is a step-increase in overcapacity
across the entire supply chain, which materialised fully in 2024. Demand for PV
modules is not expected to catch up with supply, resulting in a drop in average
utilisation rates from about 55-80% in 2023 to 50-65% in 2024.

PV module distributors, developers and other demand-side market participants
continued to increase their inventory in the first half of 2024, so that manufacturer
utilisation rates reflected more than just demand resulting from annual PV system
installations. If the recent import trend continues, PV module inventories might
reach the triple of installations expected in 2024 in the European Union, and
double those of the United States by the end of 2024. In the absence of PV
equipment stockpiling, average PV manufacturer utilisation rates in 2024 would
decrease to 40-50%. Extra demand for new modules is expected to fall in
upcoming years as distributors draw from their inventory to limit storage costs.
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The current supply glut is reducing PV module prices as producers compete for
market shares. Between December 2022 and 2023, the average spot price of solar
PV modules decreased 50% and continued to decline in 2024, falling to roughly
USD 0.10/W in July 2024. Current prices are below production costs for most
companies, adversely affecting their financial situation. This is especially
challenging for smaller, less efficient firms that do not use the latest technologies.

Considering the main-case PV installation forecast, average utilisation of supply
chain segments is expected to stay below 60% for modules and cells, slightly
surpass this level for polysilicon, and reach 80% for wafers through 2030,
continuing to exert downward pressure on PV module prices.

At the same time, our expectations have increased regarding shutdowns of
existing capacity. This includes the decommissioning of production lines that are
less efficient or are used to manufacture less technologically advanced
equipment, and the closure of outcompeted companies.

Solar PV manufacturing capacity commissioned pre-2019 or producing equipment with
substandard technologies, owned by lower-tier companies, 2023
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Sources: IEA analysis based on PV InfoLink, BNEF and SPV data.
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At the end of 2023, about 15% of global manufacturing capacity for polysilicon and
10% for wafers could be considered at risk because it was at least five years old
and potentially using suboptimal production processes. However, company
announcements indicate that closures of plants in these two supply segments are
expected to accelerate the most due to their greater technical challenges and high
costs to upgrade production lines to the latest standards.

For cells, about half of manufacturing capacity worldwide uses PERC technology
that is quickly being replaced by TOPCon, heterojunction (HJT) and back contact
(BC), due to their higher efficiency. The market has been dominated by PERC
cells since 2020, when their market share reached over 80%. Currently,
manufacturers are investing heavily in retooling their plants and switching mostly
to TOPCon, which is expected to obtain a market share of over 70% in 2024.

Recent investments in the latest technologies aim to maintain competitiveness in
an oversupplied market and to force many financially vulnerable manufacturers to
terminate their operations. In this case, however, an influx of new projects and
plant expansions is offsetting expected capacity losses.

About 25% of existing module assembly capacity is at minor risk, as it cannot
utilise cell sizes of the latest standard. However, most manufacturers will likely be
able to adjust their plants, limiting expected shutdowns.

Solar PV manufacturing capacity shares by largest companies, and by company

headquarters
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Notes: RoW = rest of world. “Top 10 overall” refers to the top ten companies in terms of owned manufacturing capacity across
the whole solar PV supply chain. “Segment remaining top 5” indicates the top five companies in each segment (other than
the top ten overall).

Sources: IEA analysis based on PV InfoLink, BNEF and SPV data.

Financial risk remains high for smaller solar PV manufacturers, which usually
have a lower capacity to withstand extended periods of low or negative margins.
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However, the amount of technologically substandard capacity owned by lower-
tier companies is relatively small, limiting the short-term risk of a significant drop
in PV component supplies.

In 2023, the top ten companies in terms of overall capacity across the supply chain
controlled over 45-60% of the market. If the largest remaining companies in each
segment are added, the market share of top manufacturers reaches 85% for
polysilicon and wafers, 70% for cells and 60% for modules. Many of these
companies accumulated significant financial reserves when PV prices were high
in 2021-2022, and they are expected to remain fiercely competitive for market
shares in the medium term.

More wind turbine manufacturing investments are needed to
avoid supply chain bottlenecks by 2030

Onshore wind

In 2023, global onshore wind turbine manufacturing capacity increased by 6 GW
for towers, 22 GW for blades and 23 GW for nacelles. As a result, capacity at the
least developed stage of the supply chain (towers) reached 134 GW, 30% above
2023 installations worldwide. As of September 2024, manufacturing projects
under development comprised about 10 GW of towers, 20 GW of blades and
55 GW of nacelles. Commissioning of these projects would increase global
onshore wind manufacturing capacity to 145 GW (in the least developed segment,
i.e. towers), barely exceeding the 140 GW of turbine installations expected in 2030
in the main-case forecast and significantly below the 180 GW forecast in the
accelerated case. Only in the nacelle segment would realising all planned projects
push the capacity above accelerated-case demand.

In 2023, about 90% of global onshore wind manufacturing capacity expansion was
in China, increasing the country’s global share to 45% for towers, 55% for blades
and 60% for nacelles. Overall supply chain capacity in China reached almost 60-
80 GW in 2023, in line with the country’s demand, leaving limited capacity for
exports. However, 80% of all onshore wind manufacturing projects under
development are also planned in China. Fierce competition in the domestic
market, the introduction of larger turbines requiring new manufacturing plants and
increasing interest in export prospects are the main catalysts for Chinese
investments.

In other markets, investments in onshore wind manufacturing remain limited, apart
from about 4 GW of capacity throughout the supply chain expected in the United
States, driven by IRA incentives. Still, manufacturing capacity in the country is
expected to remain below the annual demand expected in 2030, especially for
blades. In Europe, the current 20-25 GW of capacity is significantly exceeding
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current installations, however it will not be sufficient to cover expected demand
starting from 2026-2027, with additional investments required in the nacelle
segment especially.

India and Latin America are expected to maintain their surplus of manufacturing
capacity to 2030 (even though announced investments are limited), while the Asia
Pacific region (excluding China and India) is likely to remain import-dependent for
nacelles and blades through 2030.

Wind equipment nameplate manufacturing capacity by region, and component and
wind turbine installations, 2022-2030

Onshore wind
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Offshore wind

Offshore wind global manufacturing capacity in 2023 expanded by 6 GW for
blades and 9 GW for nacelles, with all new manufacturing plants coming online in
China. Globally, supply chain potential reached almost 35 GW for towers, over
400 GW for blades and almost 45 GW for nacelles, significantly above 9 GW of
installations that year. About 21-27 GW of manufacturing capacity is under
development and expected to come online before 2030, increasing total
manufacturing capacity to 56 GW for the least developed segment — towers. This
is above 45 GW of offshore wind turbine installations expected in 2030 in the main-
case forecast, but below the 68 GW of the accelerated case.

China’s share in the global offshore supply chain reached 60-75% in 2023, and
with the commissioning of projects under development, it is expected to further
expand to 60-80% by 2030. Current overcapacity in offshore wind manufacturing
in China results from supply chain expansion during the investment boom in 2021,
when 17 GW of capacity was added. Installations in China are expected to
accelerate to 15 GW already in 2024 and to over 20 GW by 2030, close to current
domestic supply chain potential. However, Chinese manufacturers’ expansion
plans, which cover 80% of global investments under development, are expected
to lead to significant overcapacity in the domestic market, especially for blades
and nacelles, indicating an increasing focus on exports.

Remaining global offshore wind manufacturing capacity is in the European Union
and the United Kingdom, with the first plants in the United States under
development. In Europe, manufacturing capacity could meet three times annual
demand last year, although annual installations are expected to accelerate
significantly towards the end of the decade, outpacing supply. New investments
throughout the supply chain will be necessary to cover European demand,
especially for blades and nacelles. Without new manufacturing projects, supply
chain bottlenecks could delay the rollout of offshore wind in EU member states
pursuing ambitious 2030 offshore wind targets. However, wind manufacturers in
Europe are postponing investment decisions, awaiting more clarity on policies and
the pipeline of wind farm projects, focusing on executing current orders and
regaining profitability.

The global wind turbine market has been divided in recent years, with Chinese
OEMs meeting almost all demand in China, and the rest of the world being
supplied mostly by European and US companies. Chinese exports remain limited
even though average turbine prices in China fell from 80% of the European or US
price in the second half of 2020 to one-third in the first half of 2024. Because
Chinese turbines do not have a long track record in markets outside of China,
Chinese companies are finding it difficult to secure financing to participate in
foreign markets.
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Wind turbine market shares by headquarters of original equipment manufacturers,
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Sources: |IEA analysis based on S&P, BNEF, Wood Mackenzie, Wind Europe and GWEC data.

However, as turbine price differences between Chinese and European/US OEMs
increase and manufacturing overcapacity in China grows, more Chinese OEMs
may increase their efforts to secure overseas sales. In fact, in July 2024 a Chinese
OEM was selected for the first time as the preferred turbine supplier for an offshore
wind project in Germany. Some Chinese OEMs already offer the largest offshore
wind turbines in the world, with nameplate capacities of over 18 MW, while most
European and American companies decided to delay the development of models
larger than 15-16 MW. Larger models potentially reduce generation costs owing
to higher capacity utilisation factors and savings in the construction phase, thus
could be preferred by some developers.

Financial performance

The financial standing of publicly listed wind equipment
manufacturers improves slowly while the solar PV industry
struggles

Renewable energy industry finances are mixed in the first half of 2024. While wind
equipment manufacturers’ financial statements show signs of improvement over
the last four consecutive quarters with positive net margins, solar PV companies
are facing financial challenges, with a major decline in equity values.

Historically, the renewable energy industry has exhibited resilient financial
performance, which is crucial for obtaining the lower-cost capital necessary for
capital-intensive expansions. Prior to the Covid-19 pandemic, renewable energy
companies outperformed on major stock market indices, with wind turbine
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manufacturers, solar PV equipment producers and renewable independent power
producers (IPPs) experiencing equity gains of 30-70%, surpassing broader energy
sector performance.

The renewable energy sector quickly rebounded following the initial pandemic
period, supported by strong demand and solid order backlogs, especially for major
wind and solar manufacturing companies. This recovery allowed them to maintain
profitability while traditional utilities were suffering from revenue losses and slower
economic recovery, keeping their market values below pre-pandemic levels.

However, the landscape shifted again with rising commodity prices in 2021,
compounded by supply chain disruptions and the energy crisis triggered by
Russia's war on Ukraine in 2022. These challenges led to increased
manufacturing costs for solar PV modules and wind turbines, along with higher
interest rates and persistent supply chain issues. Despite these pressures, the
renewable energy sector performed well in equity markets up to the end of 2022.

Indexed stock market prices for global indices and traded energy companies, 2023-
2024 (Q1 and Q2)
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Solar companies (17): Jinko Solar Holding Co Ltd; SunPower; First Solar Inc; Canadian Solar Inc; Xinyi Solar; Trina Solar;
JA Solar; LONGi Green Energy Technology; GCLSI; Risen Energy; Enphase Energy; Solaria Energia y Medio Ambiente;
Dago New Energy Corp; SolarEdge Technologies; Sunrun Inc; Vivint Solar; SMA Solar Technology.

Wind (10): Siemens Gamesa Renewable Energy; Acciona; Vestas Wind Systems; Xinjiang Goldwind Science & Technology
Co Ltd; Suzlon Energy Ltd; China Longyuan Power Group Corp Ltd; Boralex; TransAlta Renewables Inc; Nordex SE; TPI
Composites.

RE IPPs (15): NextEra Energy Inc; Orsted; MVV Energie; Innergex Renewable Energy; Brookfield Renewable Energy
Partners LP; Adani Green Energy Ltd; Neoen SA; CPFL Energia; Algonquin Power & Utilities Corp; ERG SpA; Falck
Renewables; Terna Energy SA; BCPG PCL; Infigen Energy; Enlight Renewable Energy Ltd.

Utilities (16): Enel SpA; Iberdrola SA; Electricite de France SA; E.ON SE; EDP; Engie; SSE PLC; Drax Group PLC;

ACS Actividades de Construccion y Servicios; Tata Power; RWE AG; AES Corporation; Duke Energy Corporation; Sempra
Energy; National Grid PLC; Xcel Energy Inc.

Source: IEA analysis based on Bloomberg LP (2024), Markets: Stocks (database).
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In 2023, global equity markets recovered while the renewable sector experienced
a downturn. Solar PV manufacturers’ market values halved in 2023, and wind and
renewable energy IPP stocks dropped more than 25%, though they rebounded
partially in November. By 2024, the industry was facing renewed financial strains,
with major Chinese wind and solar PV equipment manufacturers reporting
average negative net margins in the first two quarters.

Renewable IPPs had once benefited from stable revenue streams from long-term
fixed-price contracts, which protected them during the volatility of 2022. However,
starting in 2023 and continuing into 2024, higher debt costs, grid infrastructure
issues and grid integration difficulties are making investors more cautious. These
factors, along with elevated costs and conservative investor sentiment, have
driven renewable energy industry indices downwards and significantly impacted
the financial health of the renewable equipment manufacturing sector and
renewable energy IPPs.

The solar PV industry confronts financial strains amidst fierce
competition, supply gluts and technological advances

The global solar PV industry is currently experiencing significant financial
turbulence because of supply overcapacity, intense price competition,
technological innovation and shifting market dynamics. In the past year, the prices
of essential PV components (e.g. polysilicon, wafers, cells and modules)
plummeted almost 50%, severely impacting profit margins across the value chain.
This drop is leading manufacturers to either scale down or pause their operations
— or get pushed out of the market entirely — as maintaining profitability becomes
increasingly challenging.

The financial performance of solar equipment manufacturers has been particularly
affected by the oversupply situation. Despite having better cost control, vertically
integrated companies throughout the value chain are feeling pressure. Higher
competitiveness is impacting even industry leaders, which are operating with
minimal margins. Some companies are selling their products at below
manufacturing costs to maintain their market share, while others have already
reduced production.

In the second quarter of 2024, integrated solar PV manufacturing companies were
operating at negative net margins. Several key manufacturers were grappling with
cash flow issues, struggling to cover short-term liabilities. Only a few have
managed to maintain healthy financial performance, primarily those with strong
cash positions, effective cost management strategies and niche technologies,
including thin film.

In the polysilicon industry, the global price of polysilicon had dropped to as low as
USD 4-5/kg by Q2 2024 because production capacity worldwide had doubled,
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reaching 800 GW in 2023. This sharp decline followed a period in November 2022
when rising demand for solar PV modules and inadequate polysilicon
manufacturing capacity had driven prices up to USD 40/kg.

During this peak, manufacturers and producers benefited from higher net margins
as their costs did not rise proportionally. However, the rapid increase in capacity
led to oversupply, causing prices to plummet and resulting in average negative
margins by Q1-Q2 2024. Historically, such supply and demand imbalances in the
past have created similar financial challenges.

Weighted average net margins of renewable energy companies and large utilities, 2023
and 2024 (Q1 and Q2)

Weighted average net margin
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Note: “Wind mfg.” refers to wind equipment manufacturing companies.

Source: IEA analysis based on companies’ quarterly and annual financial reports.

Trade policies and new market dynamics challenge solar PV
manufacturers

Supply chain diversification and industrial policies across the globe, combined with
trade measures, are changing solar PV export and import dynamics. In June 2024,
ten key solar PV markets implemented trade policies, including import tariffs and
antidumping duties. The export market for Chinese manufacturers is expected to
be limited in the United States, India and Turkiye, where strict trade policies remain
in place. However, its exports to Europe and Brazil are expected to be strong in
the short term. In the European Union, the implementation pace and effectiveness
of non-price criteria could affect the volume of Chinese exports sent to Europe in
the medium term.
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Selected trade actions in force, 2024

Country

United
States

India

European
Union

China

Tiirkiye

Trade action

Local content requirement (LCR) for tax
incentives and subsidies

Antidumping and countervailing duties
on crystalline silicon PV products
produced in China (2015-2025) (US
International Trade Commission, 2019)
and Chinese Taipei (2015-2026) (US
International Trade Commission, 2020)

Anti-circumvention tariffs, 2022 (for
imports from Malaysia, Viet Nam,
Thailand and Cambodia)

Uyghur Forced Labor Prevention Act
(from Xinjiang province, China)

Antidumping and countervailing duties,
2024 (in process or under investigation)
(for imports from Cambodia, Malaysia,
Thailand and Viet Nam)

100% LCR for public tenders

Basic customs duty of 25% on cells and
40% on modules from April 2022,
MNRE

Antidumping and countervailing duties
on solar glass and ethylene vinyl
acetate (EVA) from China,
Malaysia, Saudi Arabia and Thailand.

Antidumping and countervailing duties
(for imports from China, Malaysia and
Chinese Taipei for solar glass)
(EU 2023)

Antidumping duty on solar-grade
polysilicon from the United States and
Korea starting in 2014 and extended to

2025 (Federal Register, 2015)

100% local module for VAT waiver

Import tax on all imports and
antidumping duty on solar modules from
China starting in 2017; no stated end
date (Ministry of Economy, 2017)
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Duty

Antidumping: 18.32-249.96%
Countervailing:
14.78-49.79%

Import ban on polysilicon

70-271%

Duty depends on country, but
ranges are USD 537-1 559/Mt for
EVA and USD 52-136.21/Mt for
glass

Antidumping: 17.5-75.4%
Countervailing:
3.2-17.1%

Antidumping ranges from 4.4% to
113.8% for Korea and 30% to
57% for the United States

Import tax: USD 25/kg
Antidumping duty:
USD 25/m?


https://www.usitc.gov/publications/701_731/pub5112.pdf
https://www.usitc.gov/publications/701_731/pub5112.pdf
https://www.cbp.gov/trade/forced-labor/UFLPA
https://mnre.gov.in/
https://mnre.gov.in/
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32023R1033
https://www.resmigazete.gov.tr/eskiler/2024/03/20240319-2.htm
https://www.resmigazete.gov.tr/eskiler/2024/03/20240319-2.htm

60% LCR for financial support

From 2024 to 2027, the Brazilian Imports above quota limits are subject
Brazi government is implementing a tariff rate to @ 9.6% import tariff
razil .
quota (TRQ) exempting solar panel
imports from border tariffs within the
quantitative limits set
. 100% local ownership for large-
Malaysia
scale solar tenders
South o :
Africa 30% local modules for public tenders
Indonesia 40% LCR for all solar projects
. : o : o
Canada Antidumping and countervailing duties Up to 165%

(Imports from China)

Wind equipment manufacturers show signs of recovery with
ongoing challenges

The wind industry is finally beginning to recover from extensive financial obstacles.
Western wind equipment manufacturers have made maijor strides to address the
financial challenges that emerged in 2022 and H1 2023. They have managed to
post positive net margins of around 1% over the last two quarters, a sign of slow
recovery following seven consecutive quarters of negative margins.

Historically, there has been a contrast between the financial performance of
Chinese and Western wind equipment manufacturers. Chinese firms have
maintained strong financial performance owing to the country’s stable
macroeconomic environment, a competitive local wind supply chain, strong local
demand and slowly growing market shares outside of China. In contrast, Western
manufacturers have encountered considerable financial difficulties due to supply
chain challenges, rising inflation and high interest rates.

In response to these challenges, the European Commission launched its Wind
Power Action Plan in October 2023, with key proposed actions and measures
emphasising high environmental and innovation standards to create a level
playing field. In December 2023, the energy ministries of 26 EU member states
endorsed the European Wind Charter to enact the Wind Power Package’s
proposals. This recent joint declaration aims to support Europe’s wind industry by
safeguarding it from unfair trade practices and boosting domestic manufacturing.

PAGE | 101


https://www.in.gov.br/en/web/dou/-/resolucao-gecex-n-541-de-20-de-dezembro-de-2023-533447714
https://www.in.gov.br/en/web/dou/-/resolucao-gecex-n-541-de-20-de-dezembro-de-2023-533447714
https://www.cbsa-asfc.gc.ca/sima-lmsi/mif-mev/sml-eng.html
https://iea.blob.core.windows.net/assets/96d66a8b-d502-476b-ba94-54ffda84cf72/Renewables_2023.pdf
https://windeurope.org/wp-content/uploads/files/policy/position-papers/WindEurope-Wind-Charter-20231208.pdf

Grid connection queues

The number of advanced-stage projects waiting for grid
connection remains high, but grid queue rule reforms are
already delivering results

Total wind, solar PV and hydropower capacity in advanced development stages
waiting for grid connections increased from around 1 500 GW in 2023 to 1650 GW
by July 2024. However, while the capacity of these projects has risen slightly, total
projects waiting for grid connection has decreased 3% due to declines in early-
stage projects.

Globally, countries have been addressing connection queue bottlenecks through
grid reforms, introducing new measures to speed up connection timelines. These
rules aim mainly to reduce the number of speculative projects or allow projects to
exit connections queues without penalties. While these reforms are in their early
stages, some of the impacts can already be seen. For projects under grid
connection review and in the late stages of development, capacity has increased
almost 8%, while for those in the early stages it has decreased nearly 15%, with
major reductions the United States (-38%), Brazil (-31%) and Mexico (-2%).

Both the United States and the United Kingdom began implementing measures
and regulations to reduce grid queues in 2023. In the United States, the Federal
Energy Regulatory Committee issued a new rule in 2023 to reestablish the
connection process across regions, impacting both system operators and
developers.

The rules aim to identify areas with available capacity, reduce project speculation,
allow for multi-project connection requests, share costs associated with grid
upgrades, and implement a “first ready, first served” model. The PJM
interconnection is currently implementing a version of these new rules, and they
have already had an impact: over 18.5 GW of renewable capacity was reviewed
in the first transition cycle, 306 energy projects will have expedited reviews, with
connection agreements to be issued in 2024.

PAGE | 102


https://www.ferc.gov/media/order-no-2023
https://www.pjm.com/-/media/about-pjm/newsroom/2024-releases/20240520-pjm-advances-to-next-phase-of-new-interconnection-process.ashx

Grid connection queues, 2023 vs 2024
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Notes: Capacity totals are based on publicly available country-level connection queue information. US data from CAISO;
ERCOT; MISO; PJM; NYISO; ISO-NE and SPP interconnections; Appalachian Electric Cooperative; Arizona Public Service;
Black Hills Colorado Electric; Bonneville Power District; Cheyenne Light, Fuel & Power; City of Los Angeles Department of
Water and Power; Duke Carolinas; Duke Florida; Duke Progress; El Paso Electric; Florida Light and Power; Georgia
Transmission Company; Imperial Irrigation District; ldaho Power; Jacksonville Electric Department; Louisville Gas and
Electric Company and Kentucky Utilities Company; NV Energy; Portland General Electric; Public Service Company of New
Mexico; Platte River Power Authority; Santee Cooper; Southern Electric Corporation of Mississippi; Southern Company; Salt
River Project; Tucson Electric Power; Tri-State Generation and Transmission; Tennessee Valley Authority; and Western
Power Administration. Spain data from Red Eléctrica de Espafia. Japan data from Hokkaido Electric Power Network, grid
connection status of renewable energy projects; Tohoku Electric Power Network, grid connection status of renewable energy
projects; TEPCO Power Grid, grid connection status of renewable energy projects; Chubu Electric Power Grid, grid
connection status of renewable energy projects; Hokuriku Electric Power Transmission & Distribution, grid connection status
of renewable energy projects; Kansai Transmission and Distribution, grid connection status of renewable energy projects;
Chugoku Electric Power Transmission & Distribution, grid connection status of renewable energy projects; Shikoku Electric
Power Transmission & Distribution, grid connection status of renewable energy projects; Kyushu Electric Power Transmission
and Distribution, grid connection status of renewable energy projects; Okinawa Electric Power, grid connection status of
renewable energy projects. Brazil data from ANEEL. Italy data from TERNA. UK data from Ofgem. Germany data from
Bundesnetzagentur. Australia data from AEMO. Mexico data from CENACE. France data from Service des données et
études statistiques (SDES). Chile data from CEN. Colombia data from UPME. India data estimated based on CEA
transmission buildout planning. Solar PV values are a mixture of AC and DC, depending on the source.

In the United Kingdom, Ofgem published a Connection Action Plan to speed up
the connection process by, among other actions, raising queue entry requirements
and implementing construction milestones for energy projects. Should projects fail
to reach these milestones, the grid operator may terminate the connection
agreement with the developer, which would allow for other projects to move
forward in the queue.

As a transitional step, Ofgem is allowing projects to leave the connection queue,
which could result in up to 8 GW worth of projects withdrawing their connection
requests. While US and UK reforms are currently in the early stages, they have
already had an impact, freeing up queue space and accelerating project
development.

Solar PV remains the dominant technology waiting for grid connection,
representing the majority of renewable capacity in advanced stages (over 60%)
followed by wind (over 35%); hydropower represents just over 1%. From 2023 to
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2024, for capacity in advanced stages (either under review or in the late stage of
review), solar PV increased almost 15% and wind remained unchanged. These
trends reflect global addition trends, with new solar PV capacity far outpacing both
wind and hydropower.

Renewable energy capacity in connection queues by project stage
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Note: RE = renewable energy.

Country capacity in late-stage project development has
remained relatively stable or increased

Policy support and market structures have enabled continually high volumes of
development in major markets. The United States, Brazil, India, Japan, Spain and
Italy accounted for almost 50% of renewable capacity additions outside of China
in 2023. Of the economies surveyed, these countries combined claim almost 90%
of capacity in advanced stages of grid connection, with many having had an
increase in late-stage projects since 2023.

Italy has had the largest rise in late-stage projects (+63% from 2023), followed by
Brazil, Chile, the United Kingdom and France. Larger workforces at TERNA, the
Italian grid operator, have helped higher amounts of projects progress to the later
stages of development. In the United Kingdom, Ofgem’s connection queue
reforms have accelerated the connection process for 7.8 GW of projects.

In Brazil and Chile, high resource availability and increasing interest in bilateral
power purchase agreements have spurred capacity development. To combat long
connection queues, Brazil recently held a “dia do perdao” allowing projects to
leave the connection queue without penalty; around 10 GW worth of projects took

advantage of this opportunity.
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Meanwhile, the United States has had a 5% expansion in late-stage capacity, with
solar PV climbing over 15% from 2023 as developer interest in utility-scale
capacity increased thanks to IRA incentives. However, late-stage wind project
capacity has fallen nearly 15% as supply chain delays and a slow-to-refresh
project pipeline impact new project development. Connection queues in the United
States are currently undergoing transformation, with the Federal Energy
Regulatory Committee issuing new rules to shorten queue lengths.

Solar PV and wind projects in late-stage development by market, 2023 and 2024
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High volumes of energy storage are waiting to connect to the
grid

High VRE volumes have led to the potential need for energy storage to balance
the system, provide ancillary services and reduce economic and technical
curtailment. We estimate that over 540 GW of standalone battery storage projects
are currently in grid connection queues in the United States, the United Kingdom,
Australia, Spain and Chile. Of this capacity, over 55 GW is in late-stage
development, with the United States having the highest amount (64%), followed
by Spain (19%), the United Kingdom (12%), Australia (5%) and Chile (less than
1%). In addition to standalone battery storage systems, over 360 GW of US and
UK projects are hybrid systems, which pair a renewable resource with a storage
system. In addition, nearly 14 GW of pumped-storage hydropower projects await
connection in these two countries.
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Standalone battery energy storage in connection queues by development stage
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Solar PV and wind integration

The wind and solar PV share in global electricity generation
more than doubles to 30% by 2030, transforming power
systems

VRE capacity is expected to expand more than 5 000 GW globally by 2030, a
threefold rise from 2023. This significant growth in solar PV and wind energy will
cause their share in electricity generation to soar from 13% in 2023 to 30% by
2030.

In China, wind and solar PV systems are projected to supply almost 40% of
electricity by 2030, growing 2.5 times from 2023. In fact, VRE generation
surpassed hydropower for the first time in 2023, establishing a significant
milestone in China's energy landscape. During 2024-2030, solar PV will overtake
wind to emerge as the leading renewable energy source in the latter half of the
forecast period and is expected to provide over 20% of the nation's electricity by
the end of this decade.
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Annual VRE shares in power generation by region, 2010-2030
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Notes: 2024-2030 values are based on the main-case capacity forecast. Electricity generation from wind and solar PV
indicates potential generation under current curtailment rates, but does not project future curtailment, which may change
notably in some countries by 2030. The curtailment section below (Increasing VRE Penetration Leads to Rising Curtailment)
discusses curtailment trends for several countries.

In Europe, the region with the highest share of VRE in power generation, wind and
PV penetration is anticipated to reach almost 45% by 2030 — nearly double its
current level. Germany is currently responsible for around one-fifth of VRE
generation in the region and would remain as such by 2030. By the end of the
decade, wind power is expected to be the leading electricity source in the
continent, with around one-quarter of the generation, surpassing the share of
nuclear from 2027. Solar PV would provide 20% of European electricity mix,
surpassing hydropower over the forecast period.

Meanwhile, VRE penetration in the power mix of Latin America and the Caribbean
is expected to almost double from 2023 to 2030, primarily owing to solar PV
expansion in Brazil. Hydropower is currently the dominant energy source in the
region and will remain so in 2030, with its annual generation share at 40%.

In sub-Saharan Africa, solar PV generation share grows from the current 2% to
8%. Wind-based generation is also forecast to expand, but hydropower will remain
the prominent renewable energy source, generating around one-third of the
region’s electricity.

Solar PV capacity in the Middle East and North Africa is expected to grow 84 GW
by 2030, with more than half coming from Saudi Arabia and the United Arab
Emirates. Overall, installed solar PV capacity in the region is expected to increase
more than fourfold between 2024 and 2030, expanding its share in the power mix
from 2% to over 8%.

PAGE | 107



Renewable energy shares in power generation by technology and region, 2023 and
2030
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Notes: “Other renewable technologies” includes bioenergy, concentrated solar power, and geothermal and ocean energy.
2024-2030 values are based on the main-case capacity forecast. Electricity generation from wind and solar PV indicates
potential generation under current curtailment rates, but does not project future curtailment, which may change notably in
some countries by 2030. The curtailment section below (Increasing VRE Penetration Leads to Rising Curtailment) discusses
curtailment trends for several countries.

In the Asia Pacific region, renewable energy participation in the power mix is
expected to increase by 11 percentage points to 33% in 2030. Solar PV accounts
from more than 70% of this renewable expansion, for which the generation share
will double by 2030, surpassing hydropower, and becoming the largest renewable
generation technology. With more than half of the region’s growth in 2024-2030
concentrated in India, it determines the area’s dynamics.

Of the 150 countries and territories analysed for this report, the maximum share
of VRE in 2023 was 66% in Denmark. By 2030, 10 countries are expected to reach
or surpass this value, and 19 could have more than half their electricity produced
from solar PV and wind.
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Selected country shares of variable and dispatchable renewable electricity generation,
2023-2030
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Notes: 2024-2030 values are based on the main-case capacity forecast. “Others” include bioenergy, concentrated solar
power, and geothermal and ocean energy. Electricity generation from wind and solar PV indicates potential generation under
current curtailment rates, but does not project future curtailment, which may change notably in some countries by 2030. The
curtailment section below (Increasing VRE Penetration Leads to Rising Curtailment) discusses curtailment trends for several
countries.

In the main case forecast, 77 countries more than double their VRE share in their
respective power systems by 2030. Hydropower will continue to play a major role
in multiple countries, providing more than half of the electricity generation in 28
countries in 2030. Other technologies, such as geothermal and bioenergy, also
hold significant shares in the power mixes of many countries and are anticipated
to remain important in those economies through 2030.
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Higher VRE shares have power system implications in an
increasing number of countries

The International Energy Agency (IEA) categorises VRE integration into six
phases based on the increasing system impacts from growing solar PV and wind
generation, each with corresponding challenges and solutions.

Phases 1 to 3 are considered early stages of VRE integration. In these, solar PV
and wind have relatively low impact on the power system and the challenges they
pose can be addressed by modifications to existing assets or operational
improvements. However, in Phases 4 to 6, high VRE generation brings new
challenges characterised by periods of low conventional power, surplus supply
during low demand, and the need for more flexibility across all time frames, which
call for a transformation of how power systems are planned, operated, planned
and financed.

Phases of IEA’s VRE integration framework

}

Phase 2: VRE has a minor to moderate impact on the system L
Low phases

~ High phases

Source: |[EA (2024), Integrating Solar and Wind: Global experience and emerging challenges.

IEA. CC BY 4.0.

In 2015, only one country was producing more than one-third of its electricity from
solar PV and wind; this number had increased to 12 by 2023 and is expected
reach 36 by 2030. VRE evolution is also reflected in the results of phase
assessments conducted in past years. While most countries were in Phase 1 (no
significant impact) in 2015, by 2023 VRE impacts on power systems had become

PAGE | 110


https://www.iea.org/reports/integrating-solar-and-wind/infographic-six-phases-of-variable-renewables-integration
https://www.iea.org/reports/integrating-solar-and-wind/infographic-six-phases-of-variable-renewables-integration
https://www.iea.org/reports/integrating-solar-and-wind

more apparent, even determining system operations in some cases. For 2030, the
forecast expects that many countries will have transitioned from low to high VRE
integration phases, which will require a transformation in how these power
systems are operated and planned.

Number of countries in each VRE integration phase in 2015, 2023 and 2030
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18 countries representing 37 countries representing 44 countries representing
64% of global VRE generation 93% of global VRE generation 92% of global VRE generation
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Source: IEA (2024), Integrating Solar and Wind: Global experience and emerging challenges.

Today, a VRE phase assessment of 37 countries, accounting for 93% of global
solar PV and wind generation, shows that most are already in Phases 2 or 3 in
2023. For countries in Phase 2, such as South Africa, India and France, the net
load curve (load curve minus VRE generation) is beginning to diverge from the
load, but the impact on the system is minor. Meanwhile, for those in Phase 3 (e.g.
Italy, Australia and Chile), the net load has begun to resemble the “duck” curve®
requiring additional flexibility.

By 2030 most countries analysed will be in either Phase 3 or 4. As VRE generation
expands, wind and solar PV output will exceed total power demand for an
increasing number of hours during the year (Phase 4). This would be the case for
16 countries in 2030, including Germany, Spain, the United Kingdom and Chile.
When VRE generation exceeds demand during multiple hours, the country
reaches Phase 5. Today only Denmark is in this phase, but Ireland is also
expected to reach it by 2030.

Of the 34 countries analysed for both 2023 and 2030, 15 are expected to switch
to the next phase. However, accelerating VRE generation could also cause some

'® The “duck curve” is a graphical representation of electricity demand on the grid throughout the day, highlighting the
mismatch between the peaks of demand and solar power generation. When solar energy generation is high and demand is
low, the curve resembles the shape of a duck. Example at: https://www.iea.org/data-and-statistics/charts/the-california-
duck-curve
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countries to jump two phases in a short period of time, such as Brazil and Finland,
which are expected to reach Phase 4 in 2030.

VRE integration phase and VRE power generation shares for selected countries, 2023
and 2030
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generation share from Renewables 2024.

However, an expanding VRE share does not automatically mean that a country
moves to a higher phase. The phase assessment considers several factors
beyond the penetration of VRE, including the country-specific generation mix
(offshore/onshore wind, utility-scale, and distributed solar PV) and the alignment
of load profiles with wind and PV generation. It also evaluates system flexibility
across different time scales and the system's ability to manage disturbances,
particularly in terms of frequency control and system inertia. For higher phases,
the evaluation also includes the extent and timing of VRE generation surpluses or
deficits, meaning periods when generation exceeds demand or falls short.
Additionally, factors such as ramps, changes in load or generation output, behind-
the-meter storage, demand-response, and interconnection also influence a
system’s phase assessment.
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Overall, at lower VRE penetration, a small increase in VRE generation can trigger
a phase change. At higher VRE shares, however, larger increases in generation
are required for phase shifts, as the other factors become more critical.

However, even at the same VRE penetration level, countries could be in two
different integration phases due to other factors. instance, even though France,
India and Japan would have similar shares of VRE generation by 2030, they all
end at different phases. Systems with greater solar PV generation tend to require
larger ramps between daytime and evening hours.

Phases 4 and 5 demand a fundamental transformation in how power systems are
operated, planned and financed, with a focus on modernising operations,
improving strategic planning, and revising regulatory frameworks. Market designs
must evolve to support power systems dominated by solar and wind, emphasising
procurement and compensation of system services beyond just energy. Although
leading systems have made notable progress, future solar PV and wind growth
will introduce challenges such as managing seasonal variability, operating
systems with high levels of converter-based resources, ensuring profitability in
volatile markets, and properly compensating flexible assets.

Increasing VRE penetration leads to rising curtailment,
highlighting the growing need for flexbility

Several markets are experiencing increasing VRE curtailment. This trend is
particularly noticeable in countries and regions with very fast wind and solar PV
deployment, high shares of VRE generation in the power mix, and infrastructure
and system integration measures that are not keeping pace with this rapid growth.

In the early 2010s, China was curtailing around 15% of its VRE generation. The
government’s commitment to reduce curtailment rates intensified, and multiple
national and provincial measures were introduced. The government also
incentivised new wind and PV development closer to demand centres and set
provincial targets of 5% maximum curtailment for both wind and solar PV starting
in 2020; since then, overall national curtailment rates have been below 3%.

The country made significant investments in grid infrastructure (USD 75 billion on
average per year), which, together with adjustments to the feed-in-tariff scheme
(to provide stronger incentives for new project development in provinces with
limited system integration challenges), have improved system integration of
renewables. In addition, market reforms in several provinces have enabled cost-
effective power exchanges across regions along with demand-side management
measures.

In 2023, curtailment rates in China were 2.0% for solar PV, 2.7 % for wind, and
2.4% for both combined. Throughout all the time series, the most curtailed energy
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source, in both absolute and relative value, has been wind. However, since the
unprecedented wind and solar PV expansions of 2023, integration challenges
have caused curtailment rates to rise in several regions.

Annual VRE shares in generation and technical curtailment for selected countries and
regions
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Notes: Each dot represents one year. Data points indicate officially reported curtailed or constrained energy generation and
combine various schemes, depending on the country. VRE refers to solar PV and wind unless otherwise specified. The
United Kingdom includes wind only. Technical curtailment is the dispatching-down of renewable energy for network or system
reasons; dispatched-down energy due to economic or market conditions is not included. The graph covers 2010-2024, but
the range varies among countries depending on data availability. Values for 2024, when included, are based on daily, monthly
or quarterly data up to June.

Sources: |IEA analysis based on Australian Energy Market Operator (AEMO), Quarterly Energy Dynamics (multiple releases);
Coordinador Eléctrico Nacional de Chile (CEN), Reducciones de energia edlica y solar en el SEN (multiple releases);
National Bureau of Statistics of China (NBS), China Energy Datasheet 2000-2021; Bundesnetzagentur, Monitoring Report
2022; Gestore Servizi Energetici (GSE), Rapporto attivita 2021; EirGrid, Renewable Dispatch-Down (Constraint and
Curtailment) reports (multiple releases); Hokkaido Electric Power Network, area supply and demand data (multiple releases);
Tohoku Electric Power Network, area supply and demand data (multiple releases); TEPCO Power Grid, area supply and
demand data (multiple releases); Chubu Electric Power Grid, area supply and demand data (multiple releases); Hokuriku
Electric Power Transmission & Distribution, area supply and demand data (multiple releases); Kansai Transmission and
Distribution, area supply and demand data (multiple releases); Chugoku Electric Power Transmission & Distribution, area
supply and demand data (multiple releases); Shikoku Electric Power Transmission & Distribution, area supply and demand
data (multiple releases); Kyushu Electric Power Transmission and Distribution, area supply and demand data (multiple
releases); Okinawa Electric Power, area supply and demand data (multiple releases); Red Eléctrica de Espafia (REE), I3DIA
(multiple releases); Renewable Energy Foundation (REF), Balancing Mechanism Wind Farm Constraint Payments.

Chile has also had rapid VRE expansion in recent years, to which its energy system
is not yet fully adapted. In 2023, 7.7% of wind and solar PV generation was curtailed,
and 2024 started with a curtailment rate of 14.5% in the first trimester — the value
reached in 2017 before the two main Chilean power systems were merged.

There are several reasons for growing curtailment in Chile. First, the transmission
grid is not expanding at the same pace as variable power capacity, which is limiting
the flow of energy between the renewable power plants in the north and the demand
sources in the centre of the country. Second, the amount of energy on offer is
exceeding demand in an increasing number of instances, especially around midday
when solar PV generation peaks. The country plans to address this situation by
building more transmission capacity and using storage to increase system flexibility.
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Monthly technical curtailment rates of VRE for selected countries and years
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Notes: Data points represent officially reported curtailed or constrained energy generation and combine various schemes,
depending on the country. VRE refers to solar PV and wind unless otherwise specified. The United Kingdom includes wind
only. Technical curtailment is the dispatching-down of renewable energy for network or system reasons; dispatched-down
energy due to economic or market conditions is not included.

Sources: IEA analysis based on Coordinador Eléctrico Nacional de Chile (CEN), Reducciones de energia edlica y solar en
el SEN (multiple releases); EirGrid, Renewable Dispatch-Down (Constraint and Curtailment) reports (multiple releases); Red
Eléctrica de Espafia (REE), I3DIA (multiple releases); Renewable Energy Foundation (REF), Balancing Mechanism Wind
Farm Constraint Payments.

In 2023, the United Kingdom generated nearly one-third of its electricity from wind,
using both onshore wind systems (primarily in Scotland) and offshore wind.
However, as most electricity demand is in the southeast of the country,
transmission capacity limitations between Scotland and England create significant
bottlenecks in sending power from north to south, contributing to renewable
energy curtailment.

To enhance interconnections and improve electricity transmission, the national
energy regulator plans to develop a high-voltage direct current (HVDC) link on the
east coast. In 2023, 5.1% of wind generation was curtailed, and data for 2024
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show that the trend is continuing to grow. Comparing the first six months of 2023
and 2024, overall wind curtailment jumped from 3.1% in 2023 to 6.7% in 2024.

Historically, onshore wind has been the most curtailed renewable energy source,
both in absolute and relative terms. However, in the first half of 2024, offshore
wind curtailment surpassed that of onshore wind. While onshore wind curtailment
rose 34%, offshore increased almost fivefold. In the first six months of 2024 alone,
the amount of curtailed offshore wind energy equalled total curtailment for the
whole of 2023 for this technology.

Ireland generated over one-third of its electricity from wind energy in 2023. To
ensure secure system operations, the country has been curtailing some wind
generation (typically 7-11%) since 2020, reaching 9.5% in 2023. It has also
invested in transmission infrastructure upgrades in recent years, particularly in its
northwestern and southwestern regions.

Spain has one of the highest VRE shares, with almost 40% of its electricity coming
from wind and solar PV in 2023. Overall, renewables accounted for more than
50% of the country’s electricity generation last year. Despite this high level of
renewable penetration, Spain has managed to keep technical curtailment
relatively low compared with other markets, although it has been increasing since
2022.

Since Spain developed VRE capacity, wind has been the most curtailed renewable
energy source, with volumes remaining relatively stable through the years, while
solar PV curtailment has recently been increasing quickly with fast expansion of
this technology. Around 60% of the VRE curtailed in 2023 was wind. This resource
is typically more geographically concentrated and tends to face more congestion
at connection points than solar PV, which is generally more evenly dispersed
across the nation’s territory. However, monthly profiles show that solar PV
curtailment increases significantly in the summer months, surpassing that of wind.

Overall, keeping technical curtailment at these rates has been possible thanks to
high granularity in observability (>1 MW) and controllability (>5 MW) of units
across the power system by the TSO, as well as strong forecast and real-time
data. In 2022, Spain’s TSO introduced an automatic power reduction system
(SRAP) that automatically sends signals to units when it detects constraints in the
transmission grid, so that curtailment happens only if an incident takes places and
not preventively, as in the classical approach. Participation in this system has been
increasing since its launch, and it covered around 50 GW in mid-2024.

In several markets, regardless of their technical curtailment rate, economic
curtailment of renewable energy has been increasing, referring to volumes bid out
or dispatched down in balancing markets.
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Renewable hydrogen

Policy support accelerates electrolyser deployment however
the expansion is limited due to regulatory uncertainties and
insufficient offtake for demand

For the first time, Renewables 2024 includes a country-level forecast'” for
electrolyser deployment to 2030 to assess the extent to which hydrogen
production is a driver of new renewable capacity. Global installed electrolyser
capacity is forecast to increase by 47 GW over 2024-2030, reaching almost 50
GW by the end of the decade. This is roughly equivalent to the total installed
electricity capacity of Sweden. China and Europe account for over half (59%) of
the expected global electrolyser installations while close to 40% is foreseen in the
Middle East and North Africa, India, the United States and Australia. New projects
are also expected in Canada, New Zealand, and in a handful of countries in Asia
Pacific, Latin America and sub-Saharan Africa.

Installed electrolyser capacity and hydrogen production in 2023 and 2030
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Sources: The 2030 electrolyser forecast is based on bottom-up project assessments and top-down policy and market
evaluations. The main source is the IEA’s Global Hydrogen Database. Selected projects from this database were included in
the forecast based on their status and an assessment of their ability to commission before 2030. The project pipeline also
includes additional projects from other sources such as developer announcements, auction winners, and databases on
electrolyser orders. Top-down estimates reflect anticipated demand driven by policies and regulations, not tied to specific
projects.

7 The methodology for the electrolyser forecast is comprised of both a bottom up and top-down approach. The bottom-up
approach uses capacity additions from project pipelines where the status of each project is evaluated one-by-one and
estimates for commissioning dates are made based on recent announcements. Additional capacity that does not correspond
to a particular project is added in certain markets to account for forthcoming demand driven by the current policy and
regulatory environment.

PAGE | 117


https://www.iea.org/data-and-statistics/data-product/hydrogen-production-and-infrastructure-projects-database

China is expected to install more than 15 GW of electrolysers between 2024 and
2030, driven mainly by state-owned companies to meet national emissions targets
and provincial hydrogen production goals. In 2021, the national government
announced goals to peak emissions by 2030 and reach net zero by 2060. At the
same time they required state-owned enterprises (SOEs) to develop plans to do
the same. In 2022, China set a target to produce 0.1-0.2 Mt of renewable hydrogen
annually by 2025 to help reach decarbonisation goals. Since then, multiple
provinces have introduced even more ambitious hydrogen targets along with
financial support for renewable hydrogen and fuel-cell vehicles. These combined
efforts are expected to drive electrolyser investment, particularly by SOEs in
energy-intensive sectors like refining, ammonia and steel, which face new
emissions reductions goals set by the State Council in 2024. However, the pace
of growth will depend on the cost competitiveness of renewable hydrogen against
fossil and by-product hydrogen as well as having infrastructure to transport supply
to demand centres.

Europe’s installed electrolyser capacity is expected to increase by 13 GW by
2030, mostly from policy support from EU member countries and the European
Commission. The bloc has set targets to install 40 GW of electrolysers by 2030 to
help decrease dependency on fossil fuel imports and meet the goal of being
climate neutral by 2050. Consumption mandates for renewables of non-biological
origin (RFNBO) in aviation (from the ReFuelEU Aviation legislation) and targets
for industry and transport (from the Renewable Energy Directive (RED lIl) are also
expected to drive future demand.

The main drivers underpinning Europe’s electrolyser growth are grants,
government-held competitive auctions for supply, and self-imposed industry
targets for low-emissions hydrogen. Growth in the near term is largely driven by
projects awarded funding by the EU’s Important Projects of Common European
Interest (IPCEl) and Innovation Fund. By 2027, capacity awarded through
competitive auctions, such as those held by Denmark, the Netherlands, the United
Kingdom, and the EU Hydrogen Bank (EHB), will further boost deployment. Over
2 GW of projects have already been awarded across these auctions since late
2023, with more rounds expected from these countries as well as planned ones in
Portugal, France and Spain. Capacity is also expected to be driven by demand
from steelmakers and oil refineries who have announced goals to either produce
or procure renewable hydrogen through tenders.

Despite this growth, installed electrolyser capacity is expected to fall short of the
EU’'s 40 GW target due to insufficient demand for renewable hydrogen and
regulatory uncertainty in transposing EU mandates. Finding offtakers to achieve
financial close is a key forecast uncertainty because of the large cost differential
with hydrogen produced from fossil fuels. Some countries are introducing financial
support to help industries bridge the cost gap. For example Germany allocated
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EURA4 billion to its first round of carbon contracts for difference to support energy-
intensive industries to switch to low-emissions processes, which is expected to
create demand. However future industrial demand also depends on how
governments will transpose the RED Il mandate to have 42% of industrial
hydrogen originate from renewable fuels of non-biological origin, which remains a
forecast uncertainty in some countries. Delays in subsidy disbursement and the
pace of transport infrastructure buildout also pose a downside risk to the forecast.

Electrolyser expansion in India is forecast to reach 5 GW by 2030 driven by
national tenders for hydrogen production and state-level incentives. The
government’s first tender to allocate support for the production of 410 kt/yr of
renewable hydrogen was 30% oversubscribed, and additional tenders for fertiliser
and refining are at various stages of development. However, concerns about
whether support levels are sufficient to reach a financial investment decision (FID)
is a forecast uncertainty. Other forms of support through grid exemption fees and
state-level tax breaks may improve the business case but continued uncertainty
over industry mandates and challenges in land acquisition could slow
development.

The prospect of exporting renewable ammonia is the main driver for electrolyser
growth in the Middle East and North Africa. The region is forecast to install 6.3
GW led by projects under development in Saudi Arabia, Oman and Egypt.
Excellent solar and wind resources, access to international trade routes, and land
availability have attracted developers who have announced ambitious pipelines
for development. Supportive regulatory frameworks also help the business case
for investors. Oman offers developers beneficial land leases through state-held
tenders, Egypt has unveiled tax exemptions for hydrogen projects, and Saudi
Arabia’s local financing and partial state-ownership helped bring the 2.2 GW Neom
project to financial close. The forecast is conservative regarding project
announcements due to the limited number of firm offtake agreements. However,
the forecast expects policy support will help boost demand in Europe and bring
projects to financial close. For example, Germany’s first tender under the
H2Global scheme for importing renewable ammonia was awarded to a 100 MW
project in Egypt.

Electrolyser deployment in the United States is expected to exceed 3.4 GW
thanks to federal support from the Inflation Reduction Act tax credits, regional
hydrogen hubs funding, and state-level incentives for low-emissions transport.
However, the main downside risk to the forecast is the lack of clarity on the
eligibility criteria for the IRA tax credit (45V), which is creating uncertainty for
investors. Some developers have put their projects on hold, waiting for final
decisions on key criteria concerning the use of new renewable energy and
matching power supply in terms of time and location. These factors will influence
the financial viability of future electrolyser projects in the United States.
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Australia’s electrolyser base grows by 2.9 GW from export-oriented projects and
some targeting transport applications driven both domestic and international
financial incentives. Projects are expected to benefit from the grants offered by
the government’s planned hydrogen hubs as well from production premiums from
competitive auctions under the Hydrogen Head start auction programme. The first
round shortlisted several projects, totalling 3.6 GW for an estimated 1 GW of
funding, and a second round is being planned. The business case should be
boosted by planned tax credits which are expected to attract many projects.
Realisation also hinges on access to low-cost electricity, water, and sufficient
capacity to connect additional load the grid.

However, import demand in Europe and Japan is a forecast uncertainty for
electrolyser deployment in Australia. While no committed offtake agreements with
consumers have been identified in either market, the forecast is optimistic some
will emerge before 2030. The recent announcement by Australia and Germany of
a joint H2Global tender, and Japan’s decision to allow imported hydrogen to
receive the subsidy in their new contracts for difference (CfD) could help bring
planned projects to financial close.

Project deployment in the rest of the world largely depends on access to low-cost
renewable electricity and demand for export markets. Canada’s low-cost
hydropower and wind is expected to spur additional deployment in North America.
Despite the large pipelines announced in Latin America, a limited number of
projects are in the advanced stages. Marginal growth is expected from projects
using existing hydropower in Paraguay and Brazil.

Hydrogen projects remain a limited driver for additional
renewable capacity growth by 2030

Between 2024 and 2030, renewable hydrogen production is expected to drive
demand for an additional 45 GW of renewable capacity, less than 1% of total
global renewable capacity expansion. Expansion is evenly split between solar PV
and onshore wind, with less than 1% from new offshore wind plants. Demand for
new renewable capacity depends on market conditions and the regulatory
environment.
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Electrolyser installations by electricity source, globally (left), and by region (right),
2024-2030
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Notes: Existing plant = electrolysers using electricity from existing power plants. New = electrolyser projects using electricity
from new renewable capacity plants. Unknown business model = electrolyser projects that have not yet identified the source
of electricity. MENA = Middle East and North Africa.

Of the electrolyser projects expected to commission before 2030, almost 20%
have announced plans to source electricity from existing power plants, of which
14% are from renewable sources. A sizeable corporate PPA market for offshore
wind projects in Europe and access to low-cost hydropower in North America and
Latin America are driving this trend. Almost another 30% of the electrolyser
forecast comes from projects indicating that new renewable plants will be used
with a significant amount in the Middle East and North Africa due to the power
demand required for planned large export-oriented projects.

However, just over half of the forecast corresponds to electrolysers where the
sourcing of the renewable power has not yet been identified in the business model.
This is a key uncertainty for estimating new renewable capacity needs. Sourcing
power from existing plants may be economical if high load factors can be
achieved, while new plants could offer sizing and storage advantages. Land fees,
permits, and project development timelines also need to be considered when
building new plants. The forecast suggests that dedicated renewable capacity to
hydrogen production could be 25% lower if electrolysers use high-curtailment
areas in China and existing low-cost renewables plants elsewhere. However,
global capacity needs could exceed 50 GW if regulations require new plant
connections in Europe, the United States and China.
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New renewable capacity needs for hydrogen depend on market
and regulatory conditions

China leads the way in new renewable capacity for hydrogen production, adding
15 GW, primarily from PV and onshore wind. However, the forecast depends on
the location of electrolysers relative to existing plans. Many optimal renewable
sources are far from demand centres, leading to high solar PV and wind
curtailment. Installing electrolysers in these areas could absorb excess electricity,
reducing the need for new capacity. In addition, some electrolyser projects are
part of large solar PV and wind parks that are designed for electricity purposes
other than hydrogen production.

The forecast assumes half of the electrolysers will require new capacity, while the
rest will be built in pre-planned industrial parks with large solar PV and wind
capacity. Capacity needs could range from 11 GW to 21 GW based on electrolyser
placement.

Renewable capacity dedicated to hydrogen production, 2023-2030
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The second-largest demand for dedicated renewable capacity is in the Middle
East and North Africa where electrolyser projects planning to export ammonia
will require significant new power generation. Given the relatively small base of
existing solar PV and wind, 16 GW and 6 GW respectively, compared to the size
of electrolyser projects announced (upwards of 1 GW in some cases), developers
will likely have to build new capacity to meet the additional power demand. At least
5 GW of new PV and wind plants have been earmarked for hydrogen production
and the forecast expects a total of 9.3 GW will be needed to meet future
electrolyser needs.
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In Europe, PPAs with existing renewable plants and sourcing electricity from
hydropower-rich grids are expected to drive at least 47% of electrolyser capacity
expansion by 2030. Low-cost hydropower in Sweden and Norway, and offshore
wind in Germany and the Netherlands, are cited as potential power sources for
hydrogen projects. PPAs with existing renewable plants remain attractive for new
electrolysers, helping integrate the increasing supply of renewable power. With
nearly 700 GW of renewable capacity expected in Europe by 2030, electrolysers
could help alleviate potential curtailment risks due to slower than expected
electricity demand growth. The forecast for dedicated renewable capacity in
Europe depends on the EU's Delegated Act revision in 2028. Currently, renewable
hydrogen projects must source electricity from new capacity plants to qualify as
renewable and receive support. Dedicated renewable power in Europe could
range from 5 GW to 9 GW, depending on low-cost electricity availability and the
impacts of future regulatory revisions on new capacity plants.

In the United States, 4 GW of renewable capacity is expected for electrolyser
demand, contingent on emissions criteria for the 45V production tax credit. If new
capacity is required for support, additional renewable capacity may be needed,
while less would be necessary if existing plants can partially be used.

In India and Australia, new renewable capacity needs will depend on project
export orientation. Export-oriented projects to Europe will likely need to build new
capacity to meet EU emissions criteria. Domestic projects will consider the cost
difference between grid sourcing and new project construction, with grid
constraints and permitting posing potential challenges.

Most of the identified hydrogen supply is for non-energy
purposes

This electrolyser expansion is expected to produce almost 5 Mt of renewable
hydrogen by 2030, up from less than 0.1 Mt in 2023. Despite this expansion,
renewable hydrogen is still expected to account for less near 4% of global
hydrogen production. The largest identified end-use for renewable hydrogen
(around 30% of renewable hydrogen production) is as a feedstock for non-energy
purposes in refining, steel and the chemical sector. Conversely, energy-end uses
identified as transport and power are less than 15% of renewable hydrogen
production.
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Renewable hydrogen production, global (left) and growth by region (right), 2024-2030
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Notes: Non-energy use (industry) refers to the use of hydrogen and hydrogen derivatives that have been identified as being
used as a feedstock in refining, chemical and steel industries. Not identified end-use refers to production of hydrogen and
hydrogen derivatives for either energy or non-energy purposes, but it is not known because the end-use is not specified. It
includes production that is earmarked for export, blending with natural gas into the distribution grid, industrial processes that
are not specified and therefore can be used as a feedstock or in some cases heat, or has no use associated with it. MENA
= Middle East and North Africa.

However, 55% of the hydrogen supply has not yet identified a final use, and could
be used either for energy applications in transport or power, as a feedstock for
non-energy applications or transformed into hydrogen-based fuels (such as
ammonia or synthetic hydrocarbons) that can then be used either as energy or
feedstock. The decision on how the hydrogen will be used depends on the cost
competitiveness in each of these potential applications. Of the production that has
not yet been identified, almost one-third is earmarked for export either as hydrogen
or ammonia, most of which is likely to be used in the fertiliser sector, with a small
fraction used as shipping fuel and 6% has been flagged to be put into distribution
pipelines.
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Chapter 3. Renewable fuels

Summary

Introduction

For the first time in the IEA renewable market report series, we are dedicating a
specific chapter to renewable fuels. These fuels include solid biomass (excluding
for traditional uses), liquid biofuels, biogases (biogas and biomethane), electrolytic
hydrogen made from renewable electricity (renewable hydrogen) and e-fuels
(fuels made from renewable hydrogen, including e-kerosene, ammonia and
methanol) used in transport, industry and buildings. Renewable fuels are
garnering increasing interest as an option to reduce GHG emissions in sectors
that are difficult to electrify, while also providing energy security and economic
development opportunities.

Renewable fuel demand in industry, buildings and transport stands at 22 EJ (5%
of global energy demand for these sectors), exceeding total wind and solar PV
generation in 2023. Modern solid bioenergy use accounts for the majority of
renewable fuel demand (75%), followed by liquid biofuels (20%) in the transport
sector and biogases (5%), primarily in the buildings sector. Hydrogen and e-fuels
are used in only small quantities today, primarily in the transport sector.

Renewable fuel demand by country and sector, 2023
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Note: RoW = rest of world. Shares based on total final consumption for transport, industry and buildings.

Source: Hydrogen estimates from IEA (2024), Global Hydrogen Review 2024, IEA (2023), World Energy Outlook 2023.
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The potential for long-term growth in renewable fuel use is significant. In the IEA
Net Zero Emissions by 2050 Scenario, renewable fuel deployment would need to
more than double by 2030 from 2023 levels, and then double again by 2050.
However, despite their relative importance and increasing policy interest, none of
the renewable fuels are on track with the Net Zero by 2050 Scenario.

The following summary and focus sections provide an overview of renewable fuel
growth prospects and challenges, and policies to help expand growth.

Renewable fuels to climb to near 6% of global industry,
building and transport energy demand

Renewable fuel deployment is set to expand 4 EJ by 2030 from the 2023 level, to
5.5% of global industry, building and transport energy consumption. Demand
expands in all regions, but is concentrated in India, China, Brazil, the United States
and Europe, which collectively support more than two-thirds of this growth. All five
regions have dedicated support policies for several — and in some cases all —
renewable fuels. The support policies vary by fuel, sector and country, but often
include a combination of mandates, GHG performance criteria and direct
production and CAPEX investment incentives.

For instance, India provides investment and production incentives for liquid
biofuels, biogases, solid biomass and hydrogen, as well as blending targets for
biofuels and biogases, boosting renewable fuel use by nearly 40% to 2030 from
2023 levels. In Brazil, which is responsible for 12% of growth, there is new
demand for liquid biofuels owing to planned increases to biofuel blending targets.
Brazil has also announced a USD 3.2-billion green hydrogen incentive
programme. Meanwhile, renewable fuel use expands in all sectors in China (3%
of the global growth), buoyed by biogas and solid biomass deployment in industry
and for building heat; renewed interest in biodiesel blending; and hydrogen use in
the transport and industry sectors.
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Renewable fuel demand, main and accelerated cases, 2023-2030
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In Europe (16% of global growth), a legislation package including the Renewable
Energy Directive Ill, ReFuelEU Aviation and ReFuelEU Maritime encourage
growth in liquid biofuel use in the road, aviation and maritime sectors, and
specifically in the use of biogases and hydrogen in EU member states. The
European Union and the United Kingdom are also the only jurisdictions with e-fuel
mandates, which helps drive a modest increase.

In the United States (6% of global growth), overlapping policies (including Inflation
Reduction Act [IRA] incentives, a national Renewable Fuel Standard and state-
level low-carbon fuel standards) support liquid biofuel and biomethane use in the
transport sector, and some hydrogen uptake in transport and industry.

Bioenergy leads renewable fuel growth

Bioenergy, including liquid, gaseous and solid fuels, accounts for the vast majority
(95%) of renewable fuel growth over the forecast period. New demand for
bioenergy expands the most in the industrial sector followed by transport and
buildings, although the bioenergy type differs by sector. Compared with hydrogen
and e-fuels, modern use of bioenergy is less expensive, its production
technologies have been commercialised, and it already benefits from broad policy
support. For instance, more than 80 countries have liquid biofuel policies, whereas
only the European Union and the United Kingdom have e-fuel requirements.

Solid bioenergy (+2.6 EJ by 2030) alone provides over half of global renewable
fuel growth during 2024-2030, with most of the new demand coming from the
industry sector, reflecting rising activity in the pulp and paper, sugar and ethanol,
and cement industries that already use bioenergy thanks to onsite waste and
residue availability. In the buildings sector, solid bioenergy remains the primary
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energy source for renewable heat, expanding the most in sub-Saharan Africa,
China and India, where improved biomass stoves for heating and cooking are
displacing traditional biomass use.

Liquid biofuels (+1.1 EJ) account for the most growth in the transport sector, since
they are compatible with the existing vehicle fleet (with minimal modifications).
While biofuels for road transport dominate expansion, new policies for aviation
and maritime biofuels spur near 30% of new demand in the transport sector
overall. Although aviation and maritime policies are concentrated in advanced
economies, Brazil, India and China have proposed blending programmes.
Commercial biofuel technologies make up nearly all existing biofuel production
capacity over the forecast period.

Renewable fuel growth by fuel type, main case, 2023-2030
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Demand for biogases increases across all sectors (+0.4 EJ), helping governments
meet transport, building and industry targets. Most growth occurs in Europe and
the United States thanks to established biogas production and support
infrastructure, policies and experience. Biomethane, a purified biogas
interchangeable with natural gas, is increasingly being used to meet transport
obligations in the United States (under the Renewable Fuel Standard and the
low-carbon fuel standards of some states) and in Europe, where biomethane
producers sometimes benefit from advanced fuel certificates for renewable fuel
quotas.

Another major attraction in all regions is the option of injecting biogas directly into
natural gas grids to provide energy to any building or industry connected to the
grid. Both China and India also have ambitious expansion plans that involve using
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biogas not only for household and community-level digesters, but for
transportation fuel and for direct injection into the pipeline system.

Despite bioenergy’s dominant role in renewable fuel growth, feedstock supply,
sustainability and innovation challenges persist. Feedstock supply obstacles are
most acute for liquid biofuels, for which waste and residue fats, oils and greases
and vegetable oils will be already approaching sustainable supply limits by 2030.
For biogas, growth depends on India and China expanding their feedstock supply
chains in the agriculture, livestock and city waste sectors.

In the realm of sustainability, measures to ensure that bioenergy use reduces
GHG emissions (e.g. tailored to GHG performance criteria) and mitigates other
impacts are not being applied in all jurisdictions with support policies — and are
inconsistent across regions that do apply them. Concerning innovation, new
technology and process deployment has also been slow, limiting access to more
readily available woody biomass supplies.

While bioenergy use expands across many sectors and countries, demand for
hydrogen (+0.09 EJ) and e-fuel (+0.07 EJ) remains limited to the few countries
that have policies in place. E-fuel growth is restricted to the European Union, which
mandates the use of 1.2% (roughly 0.03 EJ) renewable fuels of non-biological
origin (including hydrogen and e-fuels) in aviation by 2030, and 1% in road
transport. Meanwhile, hydrogen demand expands primarily in Europe (thanks to
EU funding for hydrogen use in industrial applications), China (with funding for fuel
cells in heavy-duty vehicles) and the United States (owing to IRA credits).

Renewable fuels continue to be pricier than fossil fuels,
but cost declines are anticipated for hydrogen, e-fuels
and some biofuels

Renewable fuels remain more expensive than their fossil counterparts. Bioenergy
is generally the most competitive with fossil fuel sources, ranging from near parity
for ethanol in some regions to more than twice as expensive for biomethane and
biojet fuel. Today’s bioenergy technologies have little scope for cost declines since
production costs depend primarily on feedstock prices, which are not anticipated
to change significantly over the forecast period. Hydrogen, emerging biofuels and
e-fuels would require a more than five-times premium to average fossil fuel prices.

Electrolyser costs have also increased nearly 20% in 2023 due to inflation
affecting materials and labour costs, and higher interest rates. However, hydrogen
and e-fuel production costs could drop almost 30% by 2030, and emerging
biofuels by 9%, making the lowest-cost options competitive with commercial
renewable fuel technologies. These cost declines result from mass production of
electrolysers; ongoing renewable electricity cost cuts; optimisation of hydrogen
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production; and a transition from first-of-a-kind to commercial-scale projects from
emerging biofuel and e-fuel production technologies. In the case of hydrogen,
there are also additional infrastructure, storage and equipment costs.

Renewable fuel and fossil fuel costs, 2023 and 2030
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production cost models. Costs are from IEA (2023), Global Hydrogen Review 2023 and IEA (2023), The Role of E-fuels in
Decarbonising Transport. Carbon costs based on USD 100 per tonne of CO, and CO, combustion factors from IPCC (2018),

Annex |: Properties of CO, and Carbon-Based Fuels.

Despite the higher cost of renewable fuels, the impact to consumers remains
modest at today’s blending rates and 2030 blending targets. For instance, flying
from Frankfurt to New York would cost customers an additional 2% with a
sustainable aviation fuel (SAF) blend rate of 5.3% and e-kerosene at 0.7%, if
ReFuelEU Aviation targets are met.’® This level of cost increase is within the
monthly variability of jet fuel prices of the last two years.

Growth remains well below a net zero trajectory

While renewable fuel uptake would need to nearly double by 2030 to be on track
with a net zero trajectory, it is set to expand only near 20% under existing market
conditions. Gaps vary significantly by technology. E-fuel deployment should rise
more than ten times, hydrogen more than ten times and biogases near four times
from our main case by 2030, to be in line with the IEA Net Zero by 2050 Scenario.
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Liquid biofuel use would need to nearly double, but solid bioenergy is closest,
requiring only a 30% increase. Higher costs continue to be one of the primary
barriers to quicker deployment, but efforts are also needed to support innovation
and develop robust supply chains and sustainability measures.

Renewable fuel consumption by fuel, main case and Net Zero Scenario, 2023-2030

30
-
Ll
25
20
15

10

1.3X
1.9X
35X
R s _
Solid biomass Liquid biofuels Biogases Renewable E-fuels

hydrogen
02023 m2030 - Main 02030 - NZE

Note: NZE = Net Zero Emissions by 2050 Scenario.
Source: Net zero values from IEA (2023), World Energy Outlook 2023.

Accelerating deployment will be possible if governments establish supply and
demand policies to close the cost gap with fossil fuels; support innovation; develop
robust supply chains; implement sustainability requirements; and remove fossil
fuel subsidies and other barriers to renewable fuel uptake. To close the cost gap,
widely recognised policies that are used around the world include mandates,
financial incentives, performance-based standards and carbon pricing.

However, the use of demand-side policies, especially for hydrogen and e-fuels, is
lagging. Currently only the European Union and the United Kingdom mandate e-
fuels in aviation, with the European Union also including hydrogen and e-fuels for
road transport and maritime applications post-2030. Even in the IEA Net Zero by
2050 Scenario, total deployment of these fuels remains limited to 2030.
Nevertheless, this initial growth sets the stage for more rapid expansion after
2030. In the aviation and maritime sectors, for instance, e-fuels make up more
than 40% of total energy use by 2050.

To ensure market competitivity, demand-side policies for all renewable fuels
should incorporate consistent sustainability requirements and be harmonised
internationally, especially in areas for which trade is crucial, such as the
international aviation, maritime and hydrogen sectors.
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While many commercial renewable fuel technologies are already available,
innovation is essential to achieve the pace and scale of renewable fuel use
demonstrated in the Net Zero by 2050 Scenario. Government support for first-of-
a-kind projects can help mitigate risks, and international collaboration can ensure
widespread sharing of best practices. Additionally, innovation within supply chains
is vital to expand sustainable bioenergy feedstocks. Governments can also
address non-financial barriers to renewable fuel uptake (e.g. by establishing safety
and quality standards), enable co-benefits (e.g. fertiliser production from biogas)
and support infrastructure deployment.

Solid biomass, liquid biofuels, biogases, renewable hydrogen, and e-fuels have
applications beyond industry, transport, and buildings. By 2030, nearly 40% of
solid bioenergy and 20% of biogases are used for electricity generation and over
75% of renewable hydrogen demand is for clean materials, chemicals, and power
generation under the Net Zero Emissions by 2050 Scenario.

Renewable fuel consumption, electricity, transformation and non-energy uses, main
case and Net Zero Scenario, 2023-2030

-
L

45
40
35
30
25

T
S |

l_lmﬂr;;qﬁ ...... . _

2023 Main NZE
2030 2030

Solid biomass

2023 Main NZE | 2023 Main NZE [ 2023 Main NZE | 2023 Main NZE
2030 2030 2030 2030 2030 2030 2030 2030

Liquid biofuels Biogases Renewable hydrogen E-fuels

O Renewable fuels IS Electricity generation 2 Transformation and non-energy uses

Note: NZE = Net Zero Emissions by 2050 Scenario.
Source: IEA (forthcoming), World Energy Outlook 2023.

Solid bioenergy

Global summary

Modern solid bioenergy consumption is projected to increase by about one-
fifth (+ 2.6 EJ) reaching 18 EJ by 2030. More than 70% of the growth comes from
the industry sector, reflecting mostly expanding sugar and ethanol production in
India. The remaining growth results primarily from substituting traditional uses of
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biomass with improved biomass cooking and heating stoves in sub-Saharan
Africa, India and China, and, to a lesser extent, from the rollout of modern biomass
stoves and boilers in Europe. Overall, efficiency gains from modernising biomass
use in developing and emerging economies allow total annual solid bioenergy
consumption to decline by 5% globally over the outlook period.

In 2023, solid bioenergy was the most-used modern renewable fuel globally,
accounting for 3.5% (16 EJ) of total final energy consumption. Another 19 EJ
corresponds to inefficient (traditional'®) uses of biomass, for cooking and heating.
These traditional uses of biomass are widespread in the developing world, with
sub-Saharan Africa, India and China accounting for three-quarters of the total.
Excluding these, the direct use of modern solid bioenergy is dedicated
predominantly to industrial process heat, then to space and water heating in
buildings, district heating and, marginally, to agriculture.

In the IEA Net Zero by 2050 Scenario, modern solid bioenergy consumption
expands 2.4 times more quickly than in our outlook, owing to greater reliance on
biomass residues and municipal solid waste in industry, especially the cement
sector, and to faster substitution of traditional uses of biomass.

Modern solid bioenergy consumption changes in the buildings and industry sectors,
outlook and Net Zero Scenario, 2017-2030
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Buildings

Modern solid bioenergy use in the buildings sector expands 0.7 EJ during the
outlook period, a 16% increase from 2023. Three-quarters of this growth occurs in
sub-Saharan Africa and India following efforts to provide modern energy access.
For instance, with the ambition to achieve universal access by 2028, Kenya
launched its National Cooking Transition Strategy in 2024, in which improved
biomass cookstoves are seen as a relevant transitional solution, especially in rural
areas. By contrast, modern bioenergy demand remains stable in advanced
economies where heat pumps are the primary growth area for renewable heat. By
2030, emerging economies account for nearly 40% of modern solid bioenergy use
in buildings, up from 30% in 2023.

Growth also accelerates over the forecast period. Annual modern solid bioenergy
consumption in the buildings sector increased 8% (+0.3 EJ) globally during the
last six-year period — less than half of the growth expected over the next six years.
The United States accounted for almost half of the expansion during 2017-2023,
especially the Northeastern States, where the cost of wood and pellets — the main
secondary heating fuels — is competitive with natural gas and electricity. The
remainder resulted mostly from rising wood and pellet appliance use in Europe
and the deployment of improved biomass stoves (although at a slower rate than
anticipated over the forecast period), especially in sub-Saharan Africa, where
strong population growth is also driving up heat demand.

European biomass markets are expected to benefit from several recent policy
updates in upcoming years. In addition to the RED Ill updated renewable energy
targets, the Energy Performance of Buildings Directive (revised in 2024 ) includes
various favourable targets and measures, including a gradual phaseout of fossil
fuel-fired boilers through the lifting of subsidies by 2025. In addition, the new
ETS2, created as part of the 2023 revision of the EU Emissions Trading System
(ETS) Directive and operational from 2027, is expected to favour bioenergy use in
buildings and non-energy-intensive industries. However, uncertainty remains
about the impacts of the revised Regulation on Land Use, Land-Use Change and
Forestry (LULUCF) on forestry harvests, and hence on residues available for pellet
production.
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Modern solid bioenergy consumption changes, and shares in building and industry
heat demand, selected regions, 2017-2030
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Residential pellet appliance sales recover from low 2023 levels as pellets
become more affordable again

Europe is the largest residential and commercial consumer of modern solid
bioenergy, accounting for more than half of global buildings sector consumption.
Logs and wood chips make up most of the solid bioenergy consumed in buildings,
but the use of wood pellets for heating has been growing rapidly in the past decade,
especially in the residential sector. The European Union is the world’s foremost
pellet market, accounting for 44% of production and 50% of consumption in 2023
— mainly for residential use. After two decades of continuous market expansion for
pellets and two years of record sales for pellet-based appliances, global pellet
production stalled in 2023 and the market for pellet appliances is facing headwinds.

The EU embargo on forestry products from Belarus and Russia, enforced in 2022,
and the consumer rush to stock up on pellets during the energy crisis, led to supply
shortages in the European Union and a sharp rise in pellet prices in 2022, which
affected consumer confidence and choices through 2023. Furthermore, several
key markets experienced policy changes, such as France, where subsidies for
pellet stoves were reduced, and ltaly, where the government reduced the
“superbonus” tax credit from 110% to 90% and halted the credit trading scheme
due to concerns about its impact on public finances.

Reduced construction activity and a particularly mild winter (i.e. a shorter heating
season and less heating system failures) also contributed to fewer heating
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appliance sales, while consumer aversion to big-ticket purchases amid higher
interest rates and inflation led households to postpone large investments and
retrofit projects or opt for cheaper alternatives. As a result, sales of residential
pellet appliances declined sharply — by more than half — in Europe in 2023, while
those of wood log stoves increased. Poland was a notable exception, with steady
sales of pellet stoves and boilers, thanks to attractive investment support for
replacing old coal boilers, especially under the Clean Air Programme. In contrast
with the residential segment, sales of large-scale appliances (>30-50 kW) were
less affected by pellet price volatility and remained strong throughout the year.

However, the downward market trend in residential appliances was temporary.
Increased pellet production in some European countries (especially France,
Poland, Germany and Spain) and additional imports from the United States,
Viet Nam and Brazil compensated for lost imports from Russia and Belarus, while
pellet demand declined slightly because of mild winter conditions and lower
consumption in the commercial heat and power sector. As a result, pellet prices
declined during the first half of 2023 and residential appliance markets have since
mostly recovered. Yet, pellet prices have not recovered their pre-2022 levels, as
production costs continue to be impacted by higher electricity prices.

Wood pellet price evolution, 2021-2024
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Industry

Modern bioenergy consumption rises 17% (+1.9 EJ) to 13 EJ in 2030. India
accounts for 60% of this increase, primarily due to expansion of its sugar and
ethanol industry, which uses biomass residues (sugar cane bagasse and straw)
for heat. In 2021, India introduced a Biomass Programme to support briquette
manufacturing, providing nearly USD 11 000/metric tonne per hour of
manufacturing capacity supporting bioenergy use in other industries. The same
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year, the country also issued an ambitious co-firing mandate for thermal power
plants; it is expected to come into force progressively before 2026, potentially also
stimulating the local pellet industry. The next-largest increases were in the
European Union, owing mainly to greater use of municipal waste in the cement
industry, and of biomass in non-energy-intensive subsectors. Growth in other
regions remains limited to small expansions in industries that already use modern
bioenergy, such as the pulp and paper industry.

While solid bioenergy is well suited to meet heat demand at the temperature and
pressure required by a variety of industrial processes, upside potential varies
significantly by sector. For instance, the pulp and paper industry already exploits
biomass resources extensively for energy production, while untapped potential to
use municipal solid waste in the cement industry is substantial. In other sectors
that do not produce biomass wastes and residues onsite, however, scaling up
bioenergy use is more challenging, as it requires establishing biomass fuel supply
chains and ensuring that fuel characteristics and homogeneity are compatible with
existing equipment and processes.

District heating

Solid bioenergy is also the largest renewable fuel used in district heating, mainly
in the form of municipal solid waste and biomass used for cogeneration. Bioenergy
use in district heating is anticipated to expand nearly one-third by 2030, with
developments essentially in the European Union, where the RED Il supports
adoption through binding targets to increase the share of renewables. The portion
of solid bioenergy in the district heat supply is already the highest in this region,
over 30% in 2023, with countries such as Denmark, Estonia, Sweden, Lithuania,
Latvia, Austria and Finland exceeding 50%.

In Europe, following three years of consecutive growth, heat generation from
municipal solid waste declined 4% year-on-year in 2022. While part of this decline
came from lower consumption (hence less waste-based generation) during the
economic slowdown, more structural trends such as improved waste sorting and
the development of recycling and composting, supported by the proposed revised
European Waste Framework Directive, are expected to reduce the availability of
waste for energy production in upcoming years.
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Biofuels

Global summary

Biofuel use expands in all transport sectors

The share of biofuels in total liquid fuel transport demand expands from 5.6% in
2023 t0 6.4% in 2030 (on a volume basis) to reach 215 billion litres a year (5.7 EJ)
by 2030 in the main case. This growth is concentrated in the United States,
Europe, Brazil, Indonesia and India, which together account for 85%. These
regions are not only maintaining but, in many cases, strengthening their mandates,
GHG intensity targets and financial incentives to support biofuel adoption.
Globally, road biofuel demand expands by 27 billion litres (0.8 EJ) and aviation
and maritime fuel use increases nearly 9 billion litres (0.3 EJ).

In the accelerated case, biofuel demand expands an additional 70% to reach
275 billion litres (7.5 EJ) by 2030. This accelerated growth results largely from the
United States implementing more stringent longer-term policies (which add
another 19 billion litres over the main case), India and Indonesia addressing
challenges to meet planned policy aims (+11 billion litres/yr), China implementing
its modest road, aviation and maritime targets (+11 billion litres/yr) and the
International Maritime Organization (IMO) establishing medium-term measures to
meet 2030 maritime fuel blending goals (+1.6 billion litres).

Road biofuel consumption by country and fuel, main and accelerated cases, 2010-2030
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In the main case, regional biofuel growth diverges along sectoral lines. In the road

segment, Brazil, India and Indonesia account for most new demand as mandates
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become stricter and demand rises. In these regions, transport fuel demand
increases due to economic activity and relatively slower electric vehicle adoption.
These countries are expected to add near 27 billion litres (0.8 EJ), bringing global
road biofuel demand to 205 billion litres (5.3 EJ). In contrast, there is little growth
in aviation and maritime biofuel consumption in the main case, although plans are
under way to support these sectors in all three countries.

Biofuel growth by sector and country, main case, 2023-2030

Road Aviation Maritime
@ 210 10% 40 10% 40 10%
= 35 35
§ 200 8% 8% 8%
= < 30 30
@ 190 ¢
6% 25 6% 2° 6%
180 20 20
170
10 10
160 2% 2% 2%
5 5 o
150 — - T 1 0% 0 0% 0 - I T T 0%
2023 Change 2030 2023 Change 2030 2023 Change 2030
B United States OBrazil OlIndonesia Eindia OEurope B Rest of the World ¢ Share

Source: Transport liquid fuel demand from IEA (2024), Oil 2024.

In the United States and Europe, aviation and maritime biofuels make up almost
all new growth, propelled by new mandates and incentives. Biojet fuel demand
climbs to nearly 9 billion litres (0.3 EJ), accounting for 2.0% of global aviation fuel
demand, while maritime biofuels account for 0.8% of international shipping.
However, in the road sector, combined US and EU biofuel demand does not
expand to 2030. While transport policies remain in place in both regions — and in
the European Union become more stringent — electric vehicles and greater vehicle
efficiency reduce transport energy demand. EV use can also count towards
meeting EU transport targets and US state-level low-carbon fuel standards.

Biofuel demand growth shifts to aviation and maritime fuels by
2030

By 2030, aviation and shipping are responsible for more than 75% of new biofuel
demand. Average annual consumption in these sectors expands 30% between
2023 and 2030 to meet targets in North America, Europe and Japan. Overall
aviation and maritime fuel demand also increases to 2030, further supporting
growth.
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Annual liquid biofuel demand growth shares by sector, main case, 2023-2030
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Conversely, annual demand growth for road biofuels slows considerably by 2030,
dropping to just 0.3%. While governments continue to enforce biofuel mandates,
incentives and GHG intensity standards over the forecast period, overall global
road transport fuel demand is expected to peak in 2028, with earlier peaks in the
United States and Europe, thereby limiting growth. Even in fast-growing markets
such as India, Indonesia and Brazil, total transport fuel demand growth slows
considerably by 2030 (to 3% from 10% expected in 2024). Fuel demand declines
globally owing to a combination of electric vehicle adoption and vehicle efficiency
improvements.

Aviation and maritime biofuel demand will intenstify competition
for residue oill

By 2030, demand for residue oils — including used cooking oil, tallow, and palm oil
mill effluent — climbs 70% to reach 30 Mt/yr, claiming nearly 80% of the estimated
supply potential. Producers of biojet fuel, biodiesel and renewable diesel are all
vying for this finite supply, as these oils can be used to produce low-carbon-
intensity biofuels while complying with EU and UK feedstock criteria. Rising
demand is driving an expansion in trade, as importing residue oils or fuels made
from them is more affordable than expanding domestic collection. This trade
growth has led to increasing scrutiny to ensure that supplies are genuine, and to
greater competition with domestic producers of other feedstocks such as
vegetable oils.
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Biofuel feedstock demand by biofuel and feedstock, main case, 2023-2030
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2032. The residue oil share is based on 37 Mt/yr of total collectible supplies, from estimates of the World Economic Forum
(2020), Clean Skies for Tomorrow: Sustainable Aviation Fuels as a Pathway to Net-Zero Aviation.

In the short term, alternative pathways such as vegetable oil-based production
and the use of other technologies (e.g. the alcohol-to-jet and Fischer-Tropsch
processes) offer little relief. Most vegetable oils are considered as food and feed
crops under the EU RED Il and the ReFuelEU Aviation and Maritime initiatives,
rendering them either ineligible or restricted. Furthermore, the GHG intensities of
many of these biofuel production options are higher than for residue oil use,
reducing their effectiveness under GHG intensity regulations. Biofuel facilities that
use new technologies are planned, but few will be producing biofuels in the near
term.

In the medium term, however, new low-emissions feedstock pathways appear
more promising. Both the European Union and the United States have introduced
policies that support innovative agricultural practices, such as growing crops on
marginal land and intercropping, as outlined in the RED IlI. The United States has
also issued guidance on climate-smart agriculture to help encourage lower-
emission farming in support of IRA credits. Additionally, several new cellulosic
ethanol and Fischer-Tropsch (FT) renewable diesel projects are to be
commissioned by 2030. These projects would expand biofuel production from
emerging technologies nearly tenfold.

Biofuel use falls short of the IEA scenario in all sectors

In our main case, biofuel use in the road, aviation and maritime sectors falls short
of the IEA Net Zero by 2050 Scenario trajectory by 1.6 to 14 times, depending on
the segment. The maritime sector is furthest off track, primarily due to the lack of
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substantial new demand drivers beyond the European Union’'s ReFuelEU
Maritime legislation. Should envisioned policies be implemented globally and
planned projects completed, this gap could be considerably smaller in our
accelerated case, particularly for the road and aviation sectors. Nonetheless, a
40% shortfall remains compared to the Net Zero by 2050 Scenario.

Biofuel consumption, main case, accelerated case and Net Zero Scenario, 2023-2030
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Road

To bridge this gap, it will be crucial to implement supply and demand policies
aligned with the Net Zero by 2050 Scenario, incorporating mandates, incentives
and GHG intensity requirements. The aviation and maritime sectors require the
most attention, as policies are only just beginning to be rolled out, and global
co-ordination is essential given the international nature of maritime and aviation
fuels. Moreover, achieving Net Zero by 2050 Scenario growth will hinge on the
deployment of new technologies and innovative agricultural practices. Thus,
sustainability requirements and support for emerging technologies and new
farming methods are necessary complements to these new policies.

Forecast

Road biofuel demand is forecast to climb 27 billion litres (0.80 EJ), reaching
205 billion litres (5.4 EJ) by 2030. Most of this growth will occur in India, Indonesia
and Brazil due to growing liquid fuel demand, relatively slow EV uptake and
planned increases in biofuel blending requirements. Policy support remains in
place in the United States and Europe, but diesel and gasoline use decline 10
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to -20% owing to rapid EV adoption and vehicle efficiency improvements. In both
markets, renewable diesel consumption expands the most since it can be blended
at high concentrations and made from residue oils, and it offers low GHG
intensities, which helps countries meet their policy goals.

Forecast growth has been revised up 13% from last year. A slightly slower decline
in gasoline demand in the United States and Europe drives most of this increase,
as greater transport fuel demand requires larger quantities of biofuels to meet
blending requirements.

Road biofuel consumption by country and fuel, main and accelerated cases, 2023-2030
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Source: Road transport demand from IEA (2024), Qil 2024.

In the United States, road biofuel use is forecast to fall 5 billion litres (0.05 EJ),
while blending shares increase. The Renewable Fuel Standard, state-level low-
carbon fuel standards, and tax credits under the IRA continue to support biofuel
blending. However, declining gasoline demand owing to EV uptake, vehicle
efficiency improvements and limited infrastructure for higher-ethanol blends lead
to an 8 billion-litre (0.17 EJ) decline in ethanol demand. Biodiesel consumption
also drops nearly 3 billion litres (0.09 EJ) as it is outcompeted by renewable diesel,
which has better blending properties.

Conversely, renewable diesel use rises 6 billion litres (0.2 EJ), since it can be
blended with diesel at higher rates. Most of this expansion occurs early in the
forecast period with the commissioning of planned renewable diesel projects.
Achieving quicker growth will require stronger renewable fuel standard targets and
strengthened state-level low-carbon fuel standards. For instance, low-carbon fuel
standard credits and Renewable Identification Number (RIN) prices have dropped
25 to -60% since 2023, reducing incentives for new biofuel production.
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In Europe, biofuel demand remains flat over the forecast period, despite
introduction of the RED Ill, while blending shares increase. Although the
renewable energy target has been raised, we expect only a small increase in
biofuel demand because overall transport fuel demand declines 16% over the
forecast period and RED Il double-counting provisions.

Under the RED llI, biofuels made from certain feedstocks can count twice towards
legislated targets, meaning that fewer litres of biofuel are needed to meet the
renewable energy target. In addition, renewable electricity used in EVs counts
towards the target, limiting biofuel demand. Sweden’s 2023 decision to reduce its
transport GHG intensity target by 34 percentage points also slows growth. To date,
renewable diesel demand in the country is down nearly 90%, contributing to a 20%
decline across Europe. This sudden drop in demand has contributed to increasing
biodiesel exports from Europe, and to falling biodiesel and renewable diesel
prices.

Meanwhile, Brazil’s biofuel demand climbs by over 15 billion litres (0.4 EJ) to
51 billion litres (1.2 EJ) in 2030, the largest increase of any country, reaching a
biofuel blending rate of almost 45% on a per-volume basis. This growth is driven
by rising gasoline and diesel demand as well as introduction of its Fuel of the
Future Programme, which includes provisions to increase maximum ethanol
blending to 35% and biodiesel to 20% by 2030. Brazil also has a large flex-fuel
vehicle fleet, which allows drivers to choose high- or low-ethanol-blended gasoline
depending on the price, allowing for ethanol blends above the mandated amount.

In Indonesia, biodiesel blending stands at 34% in 2024, with plans to expand it to
35% by 2030 supported by a funding mechanism that uses palm oil export
revenues to close the cost gap with fossil diesel. Similarly, in India the government
continues to pursue its ethanol blending target of 20% by 2025/26, supported by
guaranteed pricing for ethanol depending on feedstock type.

In the accelerated case, road biofuel demand climbs to 255 billion litres (6.8 EJ)
by 2030, up 51 billion litres (1.4 EJ) from the main case. This additional growth
results from more ambitious renewable fuel standard targets in the United States,
quicker expansion of higher-ethanol blending infrastructure, clear support for
renewable diesel in Brazil, more ambitious road targets in the European Union,
and policies to achieve Indonesia’s ethanol blending goals and India’s biodiesel
blending target.

Prices

Road biofuel prices have declined and remain below the peaks reached in 2022
when trade disruptions, high energy and fertiliser prices and weather-related
supply disruptions drove feedstock prices to record highs. By September 2024,
ethanol prices had dropped near 25% on average and biodiesel and renewable
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diesel prices had fallen over 35% from average 2022 prices. Both decreases result
primarily from greater feedstock affordability with price declines for sugar (-10%),
corn (-35%) and vegetable oils (--30%) between 2022 and the first half of 2024. In
addition, oversupply in the biodiesel and renewable diesel sectors, along with an
influx of low-cost used cooking oil from China, is weighing on prices in 2024.

Nevertheless, market prices remain 15% higher for biodiesel and renewable diesel
compared with the 2010-2019 average while ethanol prices are near this average.

In Europe, inexpensive Chinese imports and lower demand have prompted
European producers seeking a more lucrative market to increase biodiesel exports
to the United States. In 2023, these imports helped reverse the trend of declining
biodiesel use in the United States. However, we do not expect this tendency to
continue in 2024, as Chinese exports to Europe have declined with the EU
antidumping investigation and its plans to set tariffs on Chinese imports.

Biofuel and fossil fuel prices: Ethanol and gasoline (left), and biodiesel and diesel
(right), 2021-2024
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Over the medium term, we expect biodiesel and renewable diesel prices to remain
above historical averages, as the feedstocks they are made from remain in high
demand for road, aviation and maritime fuels. Biodiesel and renewable diesel are
also commanding ever-larger shares of global feedstock production and supply.
In contrast, ethanol prices are likely to face less pressure as feedstock production

shares remain steady over the forecast period, and ethanol demand declines in
some markets.
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Feedstocks

Total road feedstock demand increases 13% to over 700 Mt by 2030, accounting
for nearly 90% of global biofuel feedstock demand growth. Vegetable oils and
residue oils support most of the expansion for biodiesel and renewable diesel
production, with demand concentrated in the United States, Indonesia, Brazil and
Europe. Most new ethanol production in Brazil and India rely on starches (primarily
maize) and sugars (primarily sugar cane). Demand for other feedstocks such as
woody wastes and residues for cellulosic ethanol and FT renewable diesel
surpass 2023 levels by more than five times, but they remain a small component
(less than 1%) of overall feedstock demand.

While domestic availability is the primary determinant of the types of feedstocks
used in different regions, sustainability requirements (such as GHG intensity) limit
some feedstock use and drive imports. In Brazil and India, which were responsible
for 60% of global sugar production in 2023, sugar demand for ethanol production
increases by 15% by 2030, from 375 Mt in 2023. Meanwhile, biofuel producer
demand for starches, primarily maize, expands 0.5% overall, increasing in Brazil
and falling in the United States following forecast changes in domestic production.

Vegetable oil demand climbs more than 40% in the main case. Malaysia and
Indonesia account for the majority of increasing palm oil demand, while soybean
oil and canola oil support most new US growth. In the United States, all feedstock
supply chains will be under pressure to produce lower-GHG-intensity fuels since
biofuel producers will be assessing the relative benefits of different production
pathways in terms of feedstock prices and the credit benefits of the IRA and state-
level low-carbon fuel standards, which reward better GHG performance.
Vegetable oil demand growth in the Europe is limited to crops that meet RED lII
requirements for production on severely degraded land or intermediate crops that
meet specifications.
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Road biofuel feedstock demand, main and accelerated cases, 2023-2030
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Demand for residue oils, including used cooking oil, tallow, and palm oil mill
effluent expands 35% to 22 Mt/yr, primarily in the United States and Europe and
in countries exporting to these markets. This surge in demand has prompted an
increase in imports from China over the last two years, raising trade concerns. In
July 2024, the European Commission published provisional duties of up to 36.4%
following the initiation anti-dumping proceedings in December 2023 for biodiesel
imports from China. The United Kingdom followed suit in July 2024. These
activities have slowed imports from China, although the broader impacts remain
unclear.

In the accelerated-case forecast, feedstock demand through 2030 would expand
an additional 90 Mt/yr from the main case, with demand increasing for all feedstock
types. Growth generally follows existing trends, with sugar demand increasing in
India and Brazil, maize expanding in Brazil and the United States, greater
vegetable oil use in the United States, Brazil, Indonesia and Malaysia, and residue
oil demand expanding the most in Europe. For the United States and Europe,
vegetable oil and residue oil demand growth depend on increasing imports.

Aviation

Forecast

Biojet fuel demand is forecast to increase to near 9 billion litres (0.3 EJ) by 2030
in the main case, making up nearly 2.0% of global jet fuel demand. This year’s
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forecast has been revised up 20% to reflect new policy announcements and, to a

lesser extent, higher anticipated global jet fuel demand.

Aviation biofuel consumption by region, main and accelerated cases, 2023-2030
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In the European Union, ReFuelEU Aviation legislation sets biojet fuel blending
obligations of 2% for 2025 and 6% by 2030. In our main case, most of this
requirement will be met, with biojet fuel making up 5% of jet fuel demand by 2030.
However, the legislation also includes a 1.2% target for renewable fuels of non-
biological origin (RFNBOs) such as hydrogen and e-fuels. The United Kingdom
has also released its mandate of 10% SAFs by 2030, with a 0.5% sub-mandate
for RFNBOs in July 2024.

Much of Europe’s biojet fuel demand will likely be met by domestic production by
2030, as nearly 4 billion litres of biojet capacity is in advanced stages of
development. In the United Kingdom, more than 1 billion litres of capacity is in the
project pipeline, but no final investment decisions had yet been made in
September 2024.

In North America, biojet fuel demand climbs to 2.8 billion litres (0.1 EJ), making
up over 2% of jet fuel demand by 2030. The United States is responsible for most
of this demand, with IRA credits (available until 2027), the Renewable Fuel
Standard and state-level low-carbon fuel standards supporting new production. In
Canada, British Columbia’s aviation fuel standard, which targets 10% lower GHG
intensity by 2030, is anticipated to spur 0.2 billion litres (0.01 EJ) of new demand
by 2030. Across North America, existing biojet fuel production and projects at
advanced stages of development make up 3.3 billion litres of capacity by 2030.
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In the rest of the world, the proposed SAF mandates of Japan (10%) and
Singapore (1% by 2026) result in an additional 1.4 billion litres (0.05 EJ) of
demand.

In the accelerated case, biojet fuel demand expands an additional 11 billion litres
(0.37 EJ) by 2030 from the main case, bringing biojet fuel to 4.4% of total global
demand. The United States has the most significant upside potential. Under a
more stringent Renewable Fuel Standard, higher state-level low-carbon fuel
standards and extended IRA credits, biojet fuel production climbs to 9 billion litres
by 2030 — 80% of its SAF Grand Challenge target. Other growth depends on
Brazil, India, Malaysia, Indonesia, Thailand and the United Arab Emirates
pursuing their SAF ambitions.

Prices

Biojet (hydrotreated esters and fatty acids [HEFA]) fuel prices have fallen nearly
30% on average in 2024 relative to 2023, but biojet fuel is still more than double
the price of fossil jet fuel or USD 0.7/litre more expensive. The price decline results
mainly from falling vegetable oil and residue oil prices. The increase in new
production capacity, set to reach almost 2.5 billion litres by the end of 2024, has
also helped reduce prices.

Biojet and fossil jet fuel prices, 2021-2024
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US and EU policies are sufficient to close the cost gap and drive biojet fuel
demand. In the United States, renewable fuel standard credits, IRA credits (as
proposed) and low-carbon fuel standard credits are currently worth an estimated
USD 0.9/litre today for low-GHG-intensity SAFs. However, policy success
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depends on the market price for renewable fuel standard and low-carbon fuel
standard credits, which have decreased in value over the past two years.

Under the ReFuelEU Aviation initiative, penalties are to be set at twice the
difference between average annual biojet and fossil jet fuel prices, which would
currently amount to USD 1.6/litre. The European Union also plans to phase out
free allowances for aviation under its ETS, although this is unlikely to spur any
additional biojet fuel demand. At EURO 45/tonne COx¢q, the current price cap for
aviation and maritime fuels to 2030, and with no free allowances, this translates
into an additional charge of USD 0.11/litre for fossil jet fuel, which closes the price
gap by only 15%.

Feedstocks

Feedstock demand for biojet fuel is forecast to expand from near zero today to
13 Mt/yr by 2030. Unlike for road fuels, the vast majority of new feedstock demand
(near 70%) is for residue oils or other feedstocks, while vegetable oils make up
the remainder. By 2030, demand for residue oils to produce biojet fuel climbs to
nearly 25% of global biofuel use. Other feedstocks include ethanol (alcohol-to-jet
production) and woody wastes and residues (to make biojet fuel through the
Fischer-Tropsch process).

Biojet fuel feedstock demand, main and accelerated cases, 2023-2030
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For Europe, we forecast that almost all new demand for residue oils and some
vegetable oils meet ReFuelEU feedstock requirements (i.e. they are sourced from
intermediate crops or are grown on marginal land). The United Kingdom prohibits
sourcing from food crops under its mandate, and limits overall HEFA production

PAGE | 150



Mariti

to 70% of the target by 2030. In the United States, we forecast future production
from a mixture of vegetable oils (60%), residue oils (20%) and other feedstocks
such as ethanol and woody residues (20%).

Achieving accelerated-case targets will require a near-tripling in feedstock
provision, dependent on expanded waste and residue collection, new agricultural
practices and broader use of alcohol-to-jet and FT-to-jet technology pathways. For
instance, residue oil use climbs to 11 Mt/yr, equivalent to nearly 25% of the upper
end of global collection potential.

In the accelerated case, residue oil collection potential is assumed to increase to
50 Mt/yr (the upper end of available estimates), up from 40 Mt/yr in the main case.
New technologies — such as alcohol-to-jet and the manufacturing of biojet fuel
from woody wastes and residues — claim nearly 40% of total demand by 2030.
Most additional vegetable oil use, which accounts for 20% of production, would
come from crops grown on marginal land through intercropping, and includes
efforts to reduce the GHG intensity of oil-producing crops.

me

Forecast

Maritime biodiesel use is forecast to increase 1.8 billion litres (0.06 EJ) by 2030,
driven largely by ReFuelEU Maritime legislation. This legislation sets specific
targets and penalties for maritime vessels calling on EU ports. Some shipping
companies are also engaging in discretionary blending to meet internal targets,
but these volumes are relatively small.

Maritime biofuel consumption by region, main and accelerated cases, 2023-2030
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Biodiesel demand for shipping expands almost 1 billion litres in Europe to comply
with ReFuelEU Maritime legislation, which requires GHG intensity reductions of
2% by 2025 and 6% by 2030. Biofuel expansion to meet the policy is modest,
since planned LNG use in shipping and shore power count towards GHG targets.
Nevertheless, biodiesel remains cost-effective compared with other alternative
fuels, is compatible with the existing shipping fleet and offers GHG reduction
potential in line with the legislation. In Southeast Asia, demand is projected to
double by 2030, mainly because the Port of Singapore serves ships that belong
to companies with targets, or that dock at EU ports.

Feedstock demand to produce maritime diesel climbs to 0.9 Mt/yr, comprising 3%
of total residue fuel demand. In the European Union, residue oils will make up
much of this feedstock, since legislation prohibits the use of food- and feed-based
fuels.

In the accelerated case, biodiesel makes up 1.4% of total shipping energy in 2030
— nearly double the main case. The accelerated case assumes that the IMO
implements policies to advance towards its goal of at least 5% of shipping energy
from zero or near-zero GHG emission technologies by 2030. The IMO plans to
approve measures to achieve these reduction targets by 2025. Potential
measures include a maritime fuel standard and a maritime GHG emission pricing
mechanism. While bio-methanol and bio-LNG are other near-term options, they
are not included in this forecast due to a lack of data but will be considered in the
future.

Prices

Maritime biodiesel prices dropped significantly between 2022 and 2024, ranging
from USD 0.76 to USD 1.14/litre in September 2024 — USD 0.5/litre higher on
average than the cost of very-low-sulphur fuel oil (VLSFO) at ports across North
America, Europe and Southeast Asia. Most fuels containing biodiesel are sold in
20-30% blends; a 30% blend carries a USD 0.15/litre premium to VLSFO at 2024
prices. As with aviation and road biodiesel, the price drops of the past two years
resulted mainly from similar decreases in feedstock prices.
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Maritime fossil fuel and biofuel (biodiesel and VLSFO) prices, 2021-2024
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For the European Union, this price differential is likely to shrink by nearly
USD 0.15/litre by 2030 as maritime fuel emissions are integrated into the EU ETS,
assuming the planned price cap of EURO 45/tonne of CO; for maritime fuels to
2030. However, maritime biodiesel prices are unlikely to drop further over the
forecast period because of strong demand for feedstocks and the high cost of
alternatives such as bio-methanol. For instance, bio-methanol prices averaged
USD 2.05/litre of VLSFOeq in 2024, nearly double maritime biodiesel prices.

Policies and assumptions, main and accelerated cases

Country or
region

Main- and accelerated-case policies, assumptions and blending levels

Main case: Existing Renewable Fuel Standard commitments remain in place. IRA provisions
are implemented as presented in the act. Ethanol blending reaches 10.9% by 2030.
Renewable diesel expands according to planned capacity additions from projects in
advanced development stages. Renewable diesel blending reaches 9.5% in 2030. Biodiesel
blending declines to 2.5% while biojet fuel supply and demand expand to accommodate 2.5%
blending for all jet use. Proposed changes to California’s LCFS as of October 2024 are not
directly included, although we assume national and state-level policies accommodate

United planned capacity additions.

SEIES Accelerated case: A strengthened version of the Renewable Fuel Standard, extended IRA

credits, deployment of E15 blending pumps and stronger state-level low-carbon fuel
standards boost domestic biofuel demand. Combined, these policies help achieve blending
rates of 13% for ethanol and 7% for biodiesel. Renewable diesel blending increases to
10.4%, matching domestic production capacity for planned projects. Biojet fuel blending
expands to 8.6%, 80% of the way to achieving the SAF Grand Challenge goal. Ethanol
production increases to meet both domestic and net export demand using existing ethanol
manufacturing capacity.

PAGE | 153



Country or

region

Main- and accelerated-case policies, assumptions and blending levels

Brazil

India

China

Indonesia

Main case: Brazil increases mandatory ethanol blending to 30%, and hydrous ethanol
purchases expand so that total blending reaches 61% by 2030. Biodiesel blending reaches
B13 in 2024, climbing to B15 by 2026 and B17 to 2030. There is a small amount of
renewable diesel blending (0.8%) by 2030 based on planned project additions. Two-thirds of
new ethanol production comes from maize and most of the remainder from sugar cane. The
proposed aviation GHG emissions reduction target is implemented, requiring 3.4% biojet fuel
blending by 2030 for domestic flights.

Accelerated case: Brazil achieves its B20 blending by 2030 but also accepts renewable
diesel and co-processing so that additional renewable diesel growth results in 4.5% blending
in 2030. Ethanol blending remains similar. Part of total ethanol blending is a continuation of
blending requirements of 30%. Hydrous ethanol sales (100% ethanol) make up the
remainder of ethanol demand. The proposed aviation GHG emissions reduction target is
implemented, requiring 3.4% biojet fuel blending by 2030. Enough ethanol, biodiesel,
renewable diesel and biojet fuel are produced to serve domestic consumption, and ethanol
production increases further to meet export demand.

Main case: India achieves 14% ethanol blending on average across the country by 2030 and
all fuel ethanol is produced domestically. E20 fuel became available in 2023, although the
forecast assumes that vehicle incompatibility and insufficient production capacity limit ethanol
uptake. Biodiesel blending remains around 0.25%.

Accelerated case: India achieves its 20% ethanol blending mandate in 2026 and reaches its
5% biodiesel blending goal by 2030, assuming it resolves vehicle compatibility issues and
establishes feedstock collection for biofuel production. It continues to support domestic
production and allows fuel ethanol imports of up to 20% of demand. India also follows
through on ambitions for biojet fuel blending, reaching 2% by 2028 for international flights.
This would require dedicated policy support and the development of new feedstock pathways
for residue fats, oils and greases; vegetable oils grown on marginal land/cover crops; and
alcohol-to-jet capacity.

Main case: No significant changes affect ethanol or biodiesel policies. Ethanol blending
remains near 2% and biodiesel at 0.5%.

Accelerated case: China implements policies aligned with its bioeconomy plan, including
blending targets of 4.5% for ethanol, 3.5% for biodiesel and renewable diesel, and 1.5% for
SAFs in domestic aviation by 2030. It continues to allow ethanol imports of up to 10% of
demand from the United States and other countries. Exports continue for biodiesel but drop
to zero for renewable diesel and biojet fuel. Production of both fuels is used to satisfy
domestic demand.

Main case: Biodiesel blending increases to 35% for transport and non-transport uses.
Renewable diesel blending expands to 2% by 2030. Ethanol demand rises to permit 1.2%
blending, reflecting fuel distributor targets and Indonesia’s intention to blend more ethanol.
Biojet fuel production and use climb based on planned projects, reaching 2% of jet fuel
demand by 2030.

Accelerated case: Indonesia meets the B40 mandate for transport and non-transport fuel
consumption and aims for B45, which will require additional renewable diesel manufacturing
capacity. It also enforces 4% SAF blending by 2030 and achieves 3% ethanol blending by
2030.
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Country or

region

Main- and accelerated-case policies, assumptions and blending levels

Europe

Other
countries

Main case: EU member countries implement the RED lll, ReFuelEU Aviation and ReFuelEU
Maritime (or their own domestic targets if more stringent), and non-EU countries achieve
domestic targets. Biojet fuel use expands to meet the ReFuelEU targets of 2% by 2025 and
6% by 2030, reaching 5% biojet fuel by 2030 and 1% e-fuels. As per the ReFuelEU proposal,
feed/food crop-based fuels are not eligible, and fuels must otherwise meet the requirements
of RED Il, Annex IX, Part A or Part B.

e Germany’s GHG emissions reduction target climbs to 25% by 2030, up from 8% in 2024.
Biodiesel and ethanol blending remain steady, while renewable diesel expands to 3.5%.

e France meets its 9% ethanol and 9.9% biodiesel blending targets (on an energy basis).
Ethanol blending increases to 16% assuming ongoing support for E85; biodiesel
blending remains flat; renewable diesel blending expands to 3.5%; and biojet fuel
reaches 5% by 2030.

e In Spain, ethanol blending climbs to 8% while biodiesel blending remains flat, but
renewable diesel blending expands to 6% and biojet fuel to 5%.

e Finland, the Netherlands and the United Kingdom all achieve near-10% ethanol
blending. Sweden reduces its blending obligations from 58% to 6% by 2030 for
biodiesel, and from 24% to 6% by 2030 for ethanol; it also reaches 3% biojet fuel
blending. Finland reduces its distribution obligation to 22.5% by 2027, down from its
original target of 30%. In Italy, renewable diesel blending expands to 5%.

e  The United Kingdom implements 10% SAF blending by 2030, with the mandate starting
in 2025.

Accelerated case: Sweden and Finland reinstate their GHG intensity and blending

requirements. The European Commission strengthens the RED to a 32% renewable energy

share for transport. The European Union maintains and strengthens sustainability
requirements for biofuels, which limits some imports.

Main case: Canada continues with its Clean Fuel Regulations in 2024, and Malaysia’s B20

mandate is implemented. Thailand makes progress on its E20 target, reaching 16% blending

by 2030, while biodiesel use expands to 8.5% based on government support plans.

Singapore’s renewable diesel and biojet fuel production expand to fill domestic shortfalls in

the rest of the world, and biojet production rises to meet the 3% consumption target for 2030.

Argentina’s biodiesel blending climbs to 8% and ethanol to 12%. Colombia reaches 10%

ethanol blending by 2030, while biodiesel blending rises to 12% over the forecast period.

Japan pursues 10% SAF use by 2030.

Accelerated case: Canada follows the United States in supporting SAFs. Malaysia expands
biodiesel blending to 20% for the industry sector and supports an HVO/SAF refinery and
domestic biojet fuel use. Singapore achieves 5% SAFs by 2030 and the United Arab
Emirates meets its 0.7-billion-litre SAF target, with 0.4 billion coming from biojet fuel. Brazil
implements its GHG emissions intensity target for aviation, achieving 2% biojet fuel blending
by 2028, while Colombia pursues 13% biodiesel blending. Thailand achieves 20% ethanol
blending by 2026 and allows 10% ethanol imports. Egypt, Ghana, Kenya, Nigeria,
Mozambique, South Africa, Uganda, Zambia and Zimbabwe all follow through on biofuel
mandates of up to 10% ethanol blending and 5% biodiesel blending through 2030.
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Biogases

Global summary

Global demand for biogases (including both biogas and biomethane) is expected
to accelerate, climbing an estimated 30% in the period 2024-2030 to reach almost
2 270 PJ (around 59 bcme?°) per year in 2030.

Policy objectives and deployment of biogases vary significantly by country,
reflecting the different production and demand policy tools and incentives. Mature
markets such as Europe’s have benefited from consistent policy support and
industrial sector development for more than a decade. Meanwhile, emerging
markets are attempting to increase their biogas production to: 1) to accelerate
energy sector decarbonisation; 2) fulfil their methane emission reduction pledges;
and 3) improve their energy security, especially if they depend on natural gas
imports.

Today, electricity production is the primary use for biogas globally, but there is a
growing trend to use it as a renewable fuel in the form of biomethane to
decarbonise hard-to-abate sectors such as industry and transport.

In 2024-2030, the transport sector leads demand growth for biogases owing to
significant support in regions such as India, the European Union and the United
States. In these countries, the lower carbon intensity of biomethane made from
wastes and residues (compared with other biofuels) and the reduction of methane
emissions from livestock when processing animal manure remain key drivers for
the use of biogases.
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Global historical and forecast demand for biogases, 2010-2030
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Biogas and biomethane use in buildings and industry is also gaining traction,
supported by policies and voluntary carbon markets in Europe and the United
States. Corporations, industries, cities and utilities are entering into long-term
contracts to use green gases to meet voluntary carbon reduction targets, creating

substantial market opportunities.

Global use of biogases by sector, and growth in 2024-2030
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In mature markets, governments are shifting from public subsidies to market-
based incentives such as certificates and carbon credits. Over the last two years,
interest has been increasing on the part of investors, particularly energy majors
and utilities, attracted by growth in the sector.
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However, current global production expansion is not in line with the IEA Net Zero
by 2050 Scenario, which requires the production of biogases to grow 3.7-fold by
2030. Despite accelerated growth in the main-case forecast, 2030 demand of
2 750 PJlyear falls 64% short of what is needed in the Net Zero by 2050 Scenario.

Reaching this global goal will require all countries to increase their ambitions and
resolve implementation challenges. Many regions with strong biogas potential,
such as Latin America and Southeast Asia, could make significant contributions
to global growth if their countries introduce new policies to support the biogas
sector.

Global historical and forecast production of biogases, and Net Zero Scenario target
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Sources: NZE from |IEA (2023), World Energy Outlook 2023.

Europe

Europe accounts for almost 50% of the world’s production of biogas production,
with Germany alone contributing nearly 20%.

Since Russia’s invasion of Ukraine, the European Union has considered that
using biogas and biomethane is crucial to reduce its dependence on Russian gas
imports. Therefore, in May 2022 it adopted the REPowerEU plan, which set a non-
binding target of 35 bcm by 2030. Member states were also asked to send their
draft updated National Energy and Climate Plans (NECPs) by June 2024,
complete with a biogas or biomethane component and trajectories to achieve their
aims for 2030 and 2050.

Although the original REPowerEU target was based on biomethane production,
the recent REPowerEU two-year progress report (released in May 2024) tracks

PAGE | 158


https://www.iea.org/reports/world-energy-outlook-2023
https://energy.ec.europa.eu/topics/renewable-energy/bioenergy/biomethane_en
https://energy.ec.europa.eu/topics/markets-and-consumers/actions-and-measures-energy-prices/repowereu-2-years_en#produce-clean-energy

both biogas and biomethane. According to the evaluation, updated draft NECP
ambitions and projections indicate that biogas and biomethane production would
cumulatively reach 30-32 bcm by 2030. However, other stakeholders identify
lower totals for national targets (around 20 bcm of biomethane according to
Cedigaz and to the European Biogas Association).

Our main case forecast for combined biogas and biomethane, based on current
policies and market conditions, meets only 72% of the required EU target for 2030.
However, in an accelerated case that assumes improved policy support, biogas
and biomethane production could reach 1 053 PJ/year (around 28 bcme) and
bring the European Union closer to achieving its target.

Main policies and regulations in the EU biogas/biomethane sector

Policy Year Key information
Waste Framework Directive 2009 Set an obligation to collect organic waste
(WFD) (EC/2009/98) amendment separately starting in 2024.
Renewable Energy Directive 2018 Obligated fuel suppliers to include a minimum
Il (RED II) (EU/2018/2001) share of renewable energy in transport.

Biomethane eligible for compliance. Advanced
fuels count double. Imposed thresholds for
minimum GHG reductions.

REPowerEU plan 2022 Aimed to reduce fossil fuel import dependence.
(COM/2022/230) Targeted 35 bcm of biomethane by 2030.
Renewable Energy Directive 2023 Broadened the biomethane scope, covering all
Il (RED IlIl) (EU/2023/2413) final uses. Improved permitting.

Demand for biogases by country/region and sector, main case, 2023 and 2030
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Note: 2023 demand for biogases is estimated for countries other than the United States and the European Union.

Biogas and biomethane development, their consideration in NECPs, and support
and incentives vary among countries.
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Germany remains the world’s largest producer of biogas and biomethane
(excluding household production) at approximately 323 PJ in 2023, used primarily
for electricity and heat production (74%). Despite the sector’'s maturity, growth
since 2018 has been just 1.5%. Recent auctions for 1 200 MW between 2023 and
April 2024 remained undersubscribed, highlighting concerns over economic
attractiveness and contract terms. The contracts of many plants with 15-year feed-
in tariffs from the 2010s are now ending, so it will become critical to convert them
to biomethane production to meet EU objectives.

Germany also aims to shift its feedstock mix from energy crops (78% in 2022 for
biomethane production) to more sustainable sources such as agricultural residues
and municipal waste. This transition is a significant challenge for the sector.
Biomethane for transport use must meet sustainability standards and can count
double towards RED quotas, boosting the use of residues, and more specifically
animal manure, as feedstock.

The transport sector spurs the most biomethane consumption growth, with annual
increases of 18-21% in recent years. Biomethane in transport is supported by
national GHG reduction quotas under the Federal Pollution Control Act, while the
2021 German ETS system, which taxes CO, emissions in transport and heating,
offers an exemption for biomethane. These favourable conditions have led to the
purchase of foreign biomethane certificates, aided by the recently created
Renewable Energy Guarantees of Origin system.

Meanwhile, a January 2024 amendment to Germany’s Buildings Energy Act (the
GEG) allows biogas and biomethane to count towards renewable share
obligations in decentralised heating, creating new opportunities for renewable
gases.

Main policies and regulations in Germany’s biogas/biomethane sector

Policy Year Key information
Renewable Energy 2000 Offered feed-in tariffs for renewable electricity
Sources Act (EEG) production

2017 Shifted to an auction system for plants >100 kW.
amendment Required flexible operations.

2021 Designated specific tenders for biogases. Restricted
amendment to Southern Germany.

Federal Fuel Emissions 2019 Established an emissions trading system in heating
Trading Act (BEHG) and transport from 2021.

Building Energy Act Jan 2024  Made biomethane eligible for meeting renewable
(GEQG) amendment heating targets in buildings (15% in 2019, 100% in

2045).

Federal Pollution Control Jul 2024 Supported biomethane use in transport, setting GHG
Act (BImSchG) amendment reduction quotas (8% reduction from 2010 level in

2023 and 25% in 2030).
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France is the European Union’s second-largest biomethane producer and is
experiencing a fast growth, with an almost 13-fold rise over the last five years. It
is worth highlighting that this growth has been achieved with a feedstock mix free
of energy crops (banned by law). Government measures have historically
supported grid injection, as the electricity grid already presented a low-carbon
footprint owing to nuclear generation. The 2023 target for grid injection in the Long-
Term Energy Schedule (PPE) was exceeded, reaching 8.2 TWh instead of the
planned 6 TWh. Furthermore, aims for 2030 were raised in July 2024 in the final
updated NECP, increasing the biomethane target to 44 TWh, representing a share
in national gas consumption of 15%.

The success of biomethane development in France results partly from its 2019
Right to Injection Law, which facilitates connection to the gas grid, especially in
rural areas. TSOs and DSOs are engaged in the planning process, building
reverse-flow facilities to allow biomethane to move from the distribution grid to the
transmission grid. Connection costs are shared between producers (40%) and
TSOs/DSOs (60%), with all biomethane plants connected to the natural gas grid.

Feed-in-tariff contracts for grid injection were revised downwards in 2020, causing
a decrease in new projects due to rising inflation and production costs. Tariffs for
plants under 25 GWh were increased in June 2023, leading to significant
registered project growth in the latter half of the year. Larger plants (>25 GWh)
were moved to an auction system in 2021, with tenders expected to open in 2024,
which will test the appeal of the new conditions.

Meanwhile, France intends to shift partially to market-based incentives, a trend in
many EU countries. In July 2024, it introduced the obligation for natural gas
suppliers to purchase biogas production certificates (CBPs) for 2026, 2027 and
2028, seeking to create investment stability and reduce reliance on public
subsidies. These certificates are separate from the European Energy Exchange
(EEX)-managed French Biogas Guarantees of Origin (GOs) that end customers
can use to meet voluntary decarbonisation targets.

Main policies and regulations in France’s biogas/biomethane sector

Policy Year Key information
Energy Transition for Green 2016 Introduced the goal of 10% biomethane in the
Growth Act (LTECV) grid by 2030.
Pluriannual Energy From 2019  Set targets of 24-32 TWh for 2028, of which
Programme (PPE) 14-22 TWh would be injected.
French Climate and 2021 Reinforced the right to inject biomethane into the
Resilience Law natural gas grid. Created biogas production

certificates.

Decrees of 2020-2023 2020-2023 Established an auction scheme and conditions for

purchase tariffs for biomethane grid injection.
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Policy Year Key information

Maintained a feed-in tariff for projects below

25 GWly only.
Final updated NECP Jul 2024 Increased the target to 50 TWh of biogases, of
which 44 TWh would be injected by 2030.
Mandate for Biogas Jul 2024 Obligated natural gas suppliers to submit CPBs,
Production Certificates with targets for additional production in 2026
(CPBs). Decree 2024-718. (0.8 TWh), 2027 (3.1 TWh) and 2028 (6.5 TWh).

Italy, the European Union’s second-largest producer of biogases after Germany,
has also shown rapid growth owing to effective incentives. The country supports
biogas-based electricity production in combined heat and power (CHP) plants
through a feed-in-tariff system, using mainly agricultural residues. The ltalian
biogas sector has also developed Biogas Done Right® guidelines, integrating
sustainable agriculture with biogas and digestate production to optimise soil
carbon stocks.

Italian biomethane production began only recently (in 2017) but had already
reached nearly 17 000 TJ in 2022. Support for biomethane began in 2018 for
transport use, and in 2022 it was extended to include all biomethane uses until
2026. Funding comes from the EU Recovery and Resilience Plan, which provides
financial aid and feed-in tariffs through tenders. Tender response rates in 2022
and 2023 were 24-44%, allowing for continued sector growth. The original National
Plan for Recovery and Resilience’s biomethane target of 4 bcm by 2030 was later
increased to 5.7 bcm in Italy’s draft updated NECP. The current outlook indicates
that production levels could reach 70-81% of the 2030 target.

Main policies and regulations in Italy’s biogas/biomethane sector

Policy Year Key information
Ministerial Decree 2/3/2018 2018 Introduced support for biomethane in transport.
National Recovery and 2022 Extended biomethane support to all final uses.

Resilience Plan (NRRP),
Ministerial Decree 15/9/2022

Forecast

The forecast for European countries is very varied. We expect accelerated growth
to continue in some mature countries (France, Italy, Denmark and the Netherlands)
thanks to recently updated policies and support tools. The United Kingdom follows
a more moderate growth path, and development begins to take off in some new
emerging markets (Spain, the Czech Republic, the Slovak Republic and Austria).
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Overall, we forecast increases of 41% in the main case and 55% in the accelerated
case for 2023-2030 in the EU combined biogas and biomethane market.

Combined biogas and biomethane final use shares in selected European markets, 2022
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Notes: “Biomethane injected into natural gas grid” does not include transport use, which is reported in a separate category.
For Germany, biomethane injected into the grid is allocated to final uses, as it is consumed predominantly for power

generation.

Main policies and regulations in the biogas/biomethane sectors of other selected

European countries

Policy Year

UNITED KINGDOM

Renewable Transport Fuel 2012

Obligation (RTEQO)

Resources and Waste 2018

Strategy for England

Green Gas Support Scheme 2021

(GGSS)

Green Gas Levy (GGL) 2021

Domestic Renewable Heat 2014-

Incentive (DRHI) 2022
DENMARK

Green Gas Strategy 2021

Key information

Specified shares of renewables for fuel suppliers
in the transport sector.

Aimed to increase municipal recycling rates to
65% and less than 10% biodegradable waste to
landfill by 2035.

Introduced financial incentives and feed-in tariffs
for new plants injecting biomethane into the grid
in 2021-2025.

Applied a tax to fossil fuel gas suppliers to fund
the GGSS.

Awarded 7-year feed-in tariffs for renewable
heating installations in households

Targeted 100% green gas in the grid by 2035.
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United States

Accelerating US biomethane market activity was confirmed in the past two years,
with annual growth of 20% in 2022 and 18% in 2023. The United States is the
largest producer of biomethane (also called renewable natural gas [RNG]),
responsible for 38% of global production. The main growth driver and primary
current user of biomethane is transport (56% of US production).

Transportation

Heavy-duty vehicles and fleets use RNG because it has a lower carbon intensity
compared with other renewable fuels under California’s Low Carbon Fuel
Standard (LCFS), and it is considered a cellulosic biofuel for compliance with the
D3-category obligations of the federal Renewable Fuel Standard (RFS)
Renewable Identification Numbers (RINs). The Environmental Protection
Agency’s (EPA’s) RFS Renewable Volume Obligations (RVOs) for 2023-2025,
which require a doubling of production in three years, have provided more
certainty for investors.

Carbon credit prices are set by the market. In 2023, D3 RIN prices increased while
LCFS credit prices decreased due to market oversupply in California. Meanwhile,
the new RNG Incentive Act introduces a USD 1/gallon tax credit for RNG used in
heavy-duty transport for ten years, further stimulating market growth.

Additionally, the IRA offers an up to 50% investment tax credit, expiring in 2024,
which is expected to accelerate the construction of new facilities within the year.
These schemes are currently under revision, and future adjustments may impact
market dynamics.

California’s transport market is close to saturation, with 97% of its gas-powered
fleet using RNG. Nevertheless, the gas-powered fleet continues to grow, allowing
for additional increases in RNG use. Meanwhile, other states such as Oregon and
Washington have recently introduced clean fuel regulations, and others such as
New York and New Mexico are beginning to implement them, suggesting a
growing market for RNG in other states.

Although e-RINs (RIN credits for electricity produced from biogas/biomethane and
used to charge electric vehicles) were not included in the last EPA policy update
in 2023, they remain under discussion and might be included in the future. RNG
used for electricity production and EV charging is already eligible for LCFS credits
in California. The inclusion of eRINs would boost the use of biogas/biomethane
for electricity generation, and it is considered in our accelerated-case forecast.
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Emerging sectors and long-term contracts

Beyond the transport sector, a new voluntary market for corporations and utilities
is emerging, extending the use of RNG to other applications. According to
Cedigaz, a number of long-term large-scale contracts were signed in 2023 with
voluntary customers from corporations, industry and institutions. Although prices
under these contracts are less than what is paid in the transport sector, they
provide financial stability. The growth of voluntary markets opens a huge
opportunity for biomethane expansion.

Some recent policy developments (e.g. California's Renewable Gas Standard
procurement mandates) are also promoting the use of RNG for heating in
commercial and residential sectors.

Outlook and strategic shifts

California's 2022 Scoping Plan Update outlines a decarbonisation strategy that
envisions transitioning RNG use from transport to other sectors (e.g. industrial,
commercial and residential), and to hydrogen and electricity production as
transport sector electrification advances.

To align with this strategy, California Air Resources Board (CARB) is preparing a
LCSF _amendment expected to be approved in November 2024. Proposed
changes will affect RNG markets post-2040, as California intends to limit RNG use
for transport and favour its injection into the grid, and to phase out RNG credits for
avoided methane emissions in transport (which will be accounted for in the
agriculture sector).

Forecast

Our forecast expects 82% combined biogas and biomethane growth in 2024-2030
in the main case and 129% in the accelerated case, based on potential eRIN
inclusion in the RFS and higher RNG uptake for commercial, residential and
industry use through voluntary markets.

Main policies and regulations in the US biogas/biomethane sector

Policy Year Key information

Federal regulations
Renewable Fuel Standard 2005 Required a minimum volume of renewable fuels in
(RES) programme transportation fuel sold in the US.
Set Rule Implementation Jun 2023 Introduced renewable volume obligations for
(RFS) transport (RINs) for 2023, 2024 and 2025.
Inflation Reduction Act 2022 Established investment tax credits (ITCs) and
(IRA) production tax credits (PTCs) for renewable energy
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Policy Year Key information

and alternative fuel projects for 10 years, for
construction beginning before 2025.

Renewable Natural Gas 2023 Introduced a tax credit of USD 1/GGE for heavy-
Incentive Act duty vehicles.
State regulations

California Low Carbon Fuel 2011 Targeted 20% lower transport carbon intensity by

Standard (LCFES) 2030. Established annual carbon intensity (Cl)
standards and a trading system for carbon credits.

California Dairy Digester From Introduced by the Department of Food and

Research and 2014 Agriculture to offer grants for dairy digesters, max.

Development Program 50% of total final cost. Applications accepted until
October 2024 only.

California Renewable Gas 2022 -

Standard (RGS) Mandated procurement targets for gas utilities, for

rocurement proaram gas produced from organic waste diverted from
P program. landfills (0.5 bcm/year by 2025) and from all

D.22-25-025 feedstocks (about 12.2% or 2.06 bem by 2030).

California 2022 Scoping 2022 Roadmap to achieve carbon neutrality by 2045.

Plan Update Established more ambitious GHG reduction
targets.

California LCFS Expected If approved, it will increase Cl annual reduction

amendment Nov 2024 target in 2025 from 5% to 9%. Biomethane projects
starting after 2029 will be eligible for carbon credits
from biomethane combustion and from avoided
methane only until 2040 if RNG is used in
transport, and until 2045 if it is used for hydrogen
production. Additional deliverability requirement will
be added from 2041 (RNG for transportation) or
from 2046 (RNG for hydrogen production) to
projects starting operation after 2029, requiring a
physical gas pipeline connection flowing inside or
to California.

Oregon Clean Fuels 2016 Established an annual Cl standard target.

Program Differences from the standard generate or require
credits.

Washington Clean Fuel Jan 2023 Established an annual Cl standard target.

Standard Differences from the standard generate or require
credits.

China

China has a long history of producing biogas. In the 2000s and 2010s, thanks to
generous government financial support, farm households started installing an
impressive number of small digesters, reaching a peak of 42 million in 2015. Since
then, however, the number of household digesters has fallen continuously as
public support shifted gradually after 2014 to large-scale industrial projects. In
2019, the government published Guidelines for Promoting Development of the
Biomethane Industry (or bio-natural gas [BNG], as it is known in China), which set
production targets of 10 bcm by 2025 and 20 bem by 2030.
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Since then, production has been expanding more slowly than expected, but new
support and regulations have come into force in an attempt to change the pace.
For instance, China’s 14th Five-Year Development Plan (2021-2025) included the
construction of some large-scale demonstration projects in areas with good
agricultural and livestock feedstock potential. Additionally, a new national standard
for plant construction was released in 2022, and other actions to improve the
synergy between biogas production and other sectors have been taken (see the
table below). China’s biogas policies also aim to foster rural revitalisation and
promote organic fertiliser production and use.

Regulation and incentives

The country’s main incentives for biogas/BNG development involve CAPEX
financial support and tax exemptions for developing companies. Support covers
all final uses, from electricity and combined heat and power generation to grid
injection for final consumption in the transport, industry, buildings and agriculture
sectors.

Despite China’s considerable biogas potential, growth has been slow. Some of
the obstacles the sector has identified are technical challenges when using mixed
feedstocks; difficulties connecting to electricity and gas grids; high feedstock
costs; and a lack of incentives for continuous production (only investment is
currently supported). In other early-stage markets, production subsidies (i.e. feed-
in tariffs or feed-in premiums in long-term contracts) have helped derisk
investments and encouraged the continuous operation of new plants, creating a
more robust sector.

In January 2024 China released a voluntary GHG emission reduction trading
system. Biomethane is not yet covered in the scheme, but its inclusion would boost
development of the sector by providing additional non-public revenues.

New projects and emerging markets

Despite these challenges, there are signals for optimism. Both national and
international energy companies have announced investments in Chinese
biogas/BNG plants, some quite large (producing around 7 mcm/year). National oil
companies and utilities include China Power Construction, China Three Gorges,
PetroChina and China General Nuclear Power Group; international ones include
Air Liquide and EnviTec Biogas AG. Another option for large-scale development
is to create county-level clusters composed of several BNG production facilities,
integrated organic waste collection, and pipeline infrastructure to take biomethane
directly to households.

Industry supplies of BNG are currently limited due to a lack of grid connections in
some areas. However, as injection capacity expands, industries will benefit from
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BNG to decarbonise their operations, which will boost its demand. Some private
contracts between BNG producers and industries have already been initiated.

China additionally envisages using BNG for shipping, either directly or
transformed into methanol. Producing low-emissions hydrogen from biogas
reforming has also been identified as a potential new market.

Forecast

We expect China’s biogas and BNG to continue to grow steadily in upcoming
years and then accelerate after 2030, once grid injection and supply chain
development challenges have been resolved.

Our main-case forecast expects growth of only 11% from 2023 to 2030 for biogas
and biomethane combined. However, this increase can be misleading, as total
production includes small household digesters that are being slowly abandoned.
In fact, when only mid- and large-scale facilities are considered, growth reaches
52%. In our accelerated case, if end users increase their demand in the short term,
growth could be much higher at 74% (excluding household digesters).

Despite this rise, it will be difficult to achieve the production target of 20 bcm
(around 760 000 TJ) by 2030. Our forecast expects production just 10.8-11.6 bcm
in 2030.

Main policies and regulations in China’s biogas/biomethane sector

Policy Year Key information

Chinese Rural Household Biogas State 2003 Aimed to reduce pollution from

Debt Project agricultural wastes and solve energy
shortage in rural areas.

Working Plan of Upgrading and 2015 Promoted BNG pilot projects by the

Transforming Rural Biogas Projects central government for the first time.

2017 Released by the National Energy

County Planning Outline on the Administration, requested projects to

Development and Utilization of BNG be integrated into county energy
planning.

Guidelines for Promoting Development 2019 Targeted 10 bcm by 2025 and 20 bcm

of the Biomethane Industry by 2030.

14th Five-Year Plan for the 2021-2025 Introduced support for large-scale

Development of Renewable Energy demo projects and diversified
feedstock, and planning of areas.

Action Plan for Methane Emission 2023 Promoted the use of animal manure.

Control

Action Plan for Pollution Prevention 2021-2025 Aimed at accelerating the treatment of

and Control in Agriculture and Rural rural domestic waste and wastewater.

Areas

Notice on the Rural Energy Revolution 2023 Provided instructions for provincial

Pilot County Construction Plan
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Policy Year Key information

Incentives

Financial support for investments Provides RMB 1 500/m3 of digester
volume, with a limit of 35% of
investment.

Tax credit Exempts companies from all corporate
income tax for the first three years,
and half for the following three.

India

India has considerable biogas production from household facilities in rural areas,
providing clean energy for cooking and lighting. Production from these small plants
has been declining, however, as the government is targeting growth from larger,
more efficient facilities.

As part of its decarbonisation efforts, India aims to shift its energy sector from coal
to gas, boosting the gas share to 15% by 2030 from 6.7% in 2023. It plans to fund
necessary gas grid infrastructure expansions through its One Nation One Gas Grid
programme. In this transition to a gas-based economy, compressed biogas (CBG)
with 90% methane content could play an important role by strengthening energy
security (substituting LNG imports) while providing CO; and methane emission
reductions.

Incentives and regulations

India recently introduced robust policy support for industrial biogas and CBG plant
development. The Sustainable Alternative Towards Affordable Transportation
(SATAT) initiative, launched in 2018, targeted 5 000 new plants and production of
15 000 Mt/ly by fiscal year (FY) 2023/2024, to be used for transport and in city
grids. Oil marketing companies sign offtake agreements with CBG producers, with
prices and conditions set by the SATAT programme.

However, SATAT implementation has been much slower than expected (72 plants
had been commissioned as of September 2024, producing 11 883 tonnes/year),
and achieving overall targeted production has been delayed to FY 2025/2026
under the umbrella of the Galvanising Organic Bio-Agro Resources (GOBARdhan)
programme. GOBARdhan, an interministerial initiative that includes CGB plant
projects as well as organic waste collection in municipalities and rural areas,
launched a unified registration portal for CBG plants in June 2023.

Other national programmes supporting biogas development are the Waste to
Energy Programme, which provides central financial assistance, and the
National Biogas Programme for urban and semi-urban areas. Some states also
offer support for biogas growth. The new GOBARdhan umbrella aims to

PAGE | 169


https://pib.gov.in/PressReleasePage.aspx?PRID=1986249
https://satat.co.in/satat/#/

co-ordinate some of these benefits, which are currently scattered across various
ministries and departments.

According to the sector, obstacles to CBG development include challenges in
making large plants financially viable; inconsistent feedstock quality; and
mismatches between policies and reality in a supply chain that is just beginning
its industrial evolution.

The Government of India is also trying to foster the development of other potential
revenue sources. For example, carbon credit certificates for the voluntary offset
market were launched in July 2023. Fermented organic matter (FOM), used as an
organic fertiliser, receives financial support for biomass collection and sales.

Furthermore, in November 2023 India announced blending mandates for CBG use
in transport and in domestic piped natural gas, starting at 1% in FY 2025-2026
and rising to 5% in FY 2028-2029. These CBG blending obligations for gas
marketing companies will stimulate supply considerably.

New projects

Despite last year’s slow growth, the pipeline for new projects is expanding quickly.
At the beginning of October 2024, 871 plants were operational and 357 were
completed or under construction in the GODBARdhan registry. Most registered
plants are small-scale community facilities, but some large and very large plants
are also planned. Major biogas companies have begun to invest in India (e.g.
Verbio and Adani TotalEnergies).

Forecast

Main-case expected growth for biogas and CBG combined is 8% between 2023
and 2030, including a decrease in production from household facilities. If these
small plants are not taken into consideration, however, overall growth would be
88% in the main case and 151% in the accelerated case, reflecting a strong uptick
in Indian market activity.

Transport is a growing end-use sector in India, with compressed natural gas fleet
increasing rapidly. The SATAT programme currently supports transport, and CBG
is delivered in compressed cylinders or cascades when grid connection is not
possible. Transport CBG consumption is expected to grow 4-fold in the main case
during 2023-2030, and 6.8-fold in the accelerated case.
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Main policies and regulations in India’s biogas/biomethane sector

Policy

Sustainable Alternative
Towards Affordable
Transportation (SATAT)
programme

Waste to Energy
Programme

National Biogas
Programme (NBP)
Galvanising Organic Bio-
Agro Resources
(GOBARdhan)
programme

Blending mandate
obligation

Year

2018

2020,
updated
in 2022

2022

2018

Nov
2023

Key information

Issued by the Ministry of Petroleum and Natural Gas,
targeting 5 000 large-scale biogas plants and 15 Mty
production by FY 2023-24; purchase offtake agreements
with oil and gas companies and fixed-purchase tariffs up
to 2029; tax exemptions on some goods and services;
financial assistance.

Initiated by the Ministry of New and Renewable Energy.
Aimed to increase energy production from urban,
industrial and agricultural wastes and residues.

Designed to promote construction of smaller plants
(1-1 000 m3) in rural and semi-rural areas.

Initially designed to manage revalorisation of dung and
dairy waste through cluster and community plants.
Offered financial support and tax exemptions on
equipment.

In 2024, created a national registry of biogas plants,
including SATAT plants.

Mandated blending of compressed biogas in transport
fuel and domestic piped gas, starting at 1% in FY 2025-
26 and rising to 5% in FY 2028-29.

Hydrogen and e-fuels

Hydrogen demand today and low-emissions hydrogen

growth to 2030

Hydrogen demand in 2023 was 12 EJ (97 Mt), produced almost exclusively from
fossil fuels. Low-emissions hydrogen, made from fossil fuels with CCUS, from
bioenergy or through electrolysis, makes up less than 1% of global supply. Natural
gas with CCUS was the source for most low-emissions hydrogen produced in
2024, while electrolytic hydrogen made up less than 0.1%.
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Hydrogen demand by industry (left) and production by source (right), 2023

Steel Other Offsite fossil fuel Low-emissions
0% 9% 1%

Methanol
16%

Onsite fossil fuel
90%

IEA. CC BY 4.0.
Sources: |IEA (2024) Global Hydrogen Review 2024; |[EA (2023), World Energy Outlook 2023.

Hydrogen demand stems primarily from its use as a feedstock for refining and for
ammonia and methanol production. In 2023, the use of hydrogen as a renewable
fuel or as a component of renewable fuel production, such as for e-fuels, was
negligible, limited to hydrogen vehicles and demonstration e-fuel facilities.

Heat and transport account for one-third of anticipated
renewable hydrogen demand

Low-emissions hydrogen production expands nearly 11 times to 0.8 EJ by 2030,
representing 7% of total hydrogen demand today, with near 75% generated from
renewable electricity. Of the 0.6 EJ of renewable hydrogen produced, only 0.1 EJ
is for direct energy use, primarily in the transport sector, and is considered a
renewable fuel in this analysis.

Renewable hydrogen is also a key component of e-fuel production, which
consumes 18% of all renewable hydrogen produced by 2030. The rest serves as
a feedstock in the refining sector or is used for biofuel production and to produce
clean ammonia as a fertiliser. Additionally, nearly 15% of renewable hydrogen is
utilised in the power sector.
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Low-emissions hydrogen production by type, and renewable hydrogen demand, 2030

Other transformation and non-
energy uses 51%

Other low-
emission Renewable

hydrogen hydrogen 73% Power 15%

27%
Hydrogen for e-fuels 18%

Direct energy use 16%} Renewable fuels

Notes: “Renewable hydrogen” refers only to electrolytic hydrogen produced using renewable electricity. Hydrogen demand
aligned with the STEPS in WEO 2024. “Direct energy use” is for heat or transport purposes outside of electricity generation.
“Power” covers electricity production. “Hydrogen for e-fuels” includes hydrogen used to produce e-fuels used primarily in the
transport sector. “Other transformation and non-energy uses” covers feedstocks for refineries, the chemical industry and
steel production.

Sources: I[EA (2024) Global Hydrogen Review 2024; IEA (2023), World Energy Outlook 2023.

Renewable hydrogen and e-fuel growth

The use of renewable hydrogen and e-fuels for energy (primarily in transport)
expands to 0.17 EJ by 2030, from near zero today. A few key policies in Europe,
the United States and China spur almost all this increase. Most hydrogen and
e-fuel demand originates from the transport market, with e-fuels being claimed for
aviation and maritime applications, and hydrogen for heavy-duty transport.

However, high costs and limited policies encouraging uptake make it difficult to
construct a profitable business case, restricting growth prospects for both fuels.
Existing policies have not yet catalysed the investments needed to realise
ambitions, although sufficient production to match the demand forecast in this
publication could be achieved if projects currently at the feasibility stage secure
final investment decisions and are constructed by 2030.

In Europe renewable hydrogen and e-fuel demand expands to 45PJ to meet
RED IIl, ReFuelEU Aviation and UK SAF mandates. These legislative measures
set minimum requirements for RFNBOs, which include hydrogen and e-fuels. In
the European Union, the RED Il targets 1% RFNBOs by 2030, which we expect
will be met primarily by renewable hydrogen used in refineries or to produce
biofuels. In the aviation sector, ReFuelEU Aviation aims for 1.2% by 2030/31 and
the UK SAF mandate requires 0.5% RFNBO blending by 2030. The European
Union has also set a maritime RFNBO target for 2034, but it falls outside the scope
of this forecast.
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Renewable hydrogen and e-fuel demand (left), and capacity dedicated to transport
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IEA (2024) Global Hydrogen Review 2024; IEA (2023), World Energy Outlook 2023.

In the United States, total renewable hydrogen and e-fuel demand grows to
50 PJ, covering hydrogen for road applications, some e-kerosene, and ammonia
and methanol for use in the shipping industry. Hydrogen and e-fuels both benefit
from credits under the IRA and low-carbon fuel standards, and e-kerosene is also
eligible for renewable fuel standard credits. At average 2024 credit prices,
renewable hydrogen used in transport would receive USD 11/GJ and e-kerosene
USD 80/GJ, closing the cost gap with fossil fuels in some instances.

In China, demand for hydrogen comes mainly from the road transport sector,
particularly to power heavy-duty fuel-cell vehicles, as the country aims to have
50 000 fuel-cell vehicles on its roads.

In Europe, the United States and China, maritime sector demand for ammonia and
methanol is driven primarily by offtake agreements with international shipping
companies that have internal targets. Offtake agreements for ammonia and
methanol currently amount to near 40 PJ.

PAGE | 174


https://iea.blob.core.windows.net/assets/3ece5ee4-7537-4992-8ba6-b83c994c3fd4/GlobalHydrogenReview2024.pdf
https://www.iea.org/reports/world-energy-outlook-2024

International Energy Agency (IEA)

This work reflects the views of the IEA Secretariat but does not
necessarily reflect those of the IEA’s individual member countries or of
any particular funder or collaborator. The work does not constitute
professional advice on any specific issue or situation. The IEA makes
no representation or warranty, express or implied, in respect of the
work’s contents (including its completeness or accuracy) and shall not
be responsible for any use of, or reliance on, the work.

Subject to the IEA’s Notice for CC-licenced Content, this
work is licenced under a Creative Commons Attribution 4.0
International Licence.

Unless otherwise indicated, all material presented in figures and tables is
derived from IEA data and analysis.

IEA Publications

International Energy Agency

Website: www.iea.org

Contact information: www.iea.org/contact

Typeset in France by IEA - October 2024
Cover design: IEA
Photo credits: © Unsplash


https://www.iea.org/terms/creative-commons-cc-licenses
https://creativecommons.org/licenses/by/4.0/deed.en
https://www.iea.org/
https://www.iea.org/contact




	Renewables 2024: Analysis and forecast to 2030
	Abstract
	Acknowledgements, contributors and credits
	Executive summary
	Global renewables growth set to outpace current government goals for 2030
	2030 forecast has two main drivers: solar PV and China
	Tripling of global renewable capacity is within reach, but policy improvements are needed
	Grid infrastructure and system integration of renewables need increasing policy attention
	Solar PV and wind manufacturing race continues, but dynamics are changing
	Rapid expansion of renewable electricity drives the decarbonisation of industry, transport and buildings
	Renewable fuels are essential to energy transitions, but growth is lagging behind

	Chapter 1. Global overview
	Renewable energy consumption
	Renewable electricity
	Renewable transport
	Renewable heat
	Greater electricity use for process heat contributes most to renewable heat expansion
	Heat pump use and rising shares of renewables in power generation spur renewable heat uptake in buildings in China, Europe and the United States, while improved biomass stoves allow more efficient resource use in sub-Saharan Africa and India
	District heating decarbonisation potential remains largely untapped outside of the European Union
	Net Zero Emissions by 2050 Scenario tracking


	Chapter 2. Electricity
	Global forecast summary
	Was 2023 an exceptional year for renewable capacity additions or the new normal?
	Will 2024 be another record year for renewable capacity additions following the 60% jump in 2023?
	Renewable capacity additions will continue increasing through 2030, led by solar PV
	China is rapidly taking global renewable capacity expansion to another level

	Tracking the global tripling pledge
	Renewable capacity expansions are surpassing current government policy ambitions
	Almost 75 countries reach or surpass their current renewable capacity ambitions in our main case
	The IEA accelerated case lays out a pathway to triple global renewable energy capacity

	Regional forecast trends
	China
	Rapid wind and solar PV growth continues, but grid constraints are increasing

	United States
	Solar PV leads growth while wind industry challenges persist

	Asia Pacific
	Renewable capacity is on track to more than double by 2030, led by India, but significant potential remains untapped
	VRE shares in ASEAN and other countries in the reigon are expected to remain low to 2030, leaving considerable potential untapped

	Europe
	Distributed solar PV becomes the largest renewable capacity source by 2030, while utility-scale growth hinges upon auction design and permitting reforms
	The European Union is on track to fulfil its 2030 ambitions for solar PV, but more effort is needed for wind

	Latin America and the Caribbean
	Rapid solar PV capacity growth matches hydropower by 2030
	Variable renewable energy capacity will surpass hydropower by the end of the forecast peroid

	Sub-Saharan Africa
	South Africa has the highest additions in the region, but expanding policy support and corporate and consumer procurement create acceleration in other countries
	Renewable capacity growth is not in line with renewable energy ambitions in most sub-Saharan African countries

	Middle East and North Africa
	Rising demand for renewable power and hydrogen drive solar PV and onshore wind expansion, but the future of concentrated solar power (CSP) is uncertain


	Policy, technology and market trends
	Costs
	Solar PV generation costs decrease with record-low module prices, but wind remains under supply chain pressure

	Policy and markets
	Policies remain the key driver for capacity additions, but market-driven growth emerges

	Competitive auctions
	India and Europe have the highest auction volumes globally
	Solar PV contract prices continue to decline while inflationary pressure persists for wind
	A closer look: The emerging role of non-price criteria in renewable energy auctions
	The devil is in the design details
	The EU Net Zero Industry Act promotes the use of non-price criteria
	Non-price criteria can make a difference in renewable energy auctions, but they need to be carefully chosen, designed and implemented


	Wind and solar PV manufacturing
	Solar PV manufacturers scale down investment plans in response to deepening supply glut and record-low prices
	More wind turbine manufacturing investments are needed to avoid supply chain bottlenecks by 2030
	Onshore wind
	Offshore wind


	Financial performance
	The financial standing of publicly listed wind equipment manufacturers improves slowly while the solar PV industry struggles
	The solar PV industry confronts financial strains amidst fierce competition, supply gluts and technological advances
	Trade policies and new market dynamics challenge solar PV manufacturers
	Wind equipment manufacturers show signs of recovery with ongoing challenges

	Grid connection queues
	The number of advanced-stage projects waiting for grid connection remains high, but grid queue rule reforms are already delivering results
	Country capacity in late-stage project development has remained relatively stable or increased
	High volumes of energy storage are waiting to connect to the grid

	Solar PV and wind integration
	The wind and solar PV share in global electricity generation more than doubles to 30% by 2030, transforming power systems
	Higher VRE shares have power system implications in an increasing number of countries
	Increasing VRE penetration leads to rising curtailment, highlighting the growing need for flexbility

	Renewable hydrogen
	Policy support accelerates electrolyser deployment however the expansion is limited due to regulatory uncertainties and insufficient offtake for demand
	Hydrogen projects remain a limited driver for additional renewable capacity growth by 2030
	New renewable capacity needs for hydrogen depend on market and regulatory conditions
	Most of the identified hydrogen supply is for non-energy purposes



	Chapter 3. Renewable fuels
	Summary
	Introduction
	Renewable fuels to climb to near 6% of global industry, building and transport energy demand
	Bioenergy leads renewable fuel growth
	Renewable fuels continue to be pricier than fossil fuels, but cost declines are anticipated for hydrogen, e-fuels and some biofuels
	Growth remains well below a net zero trajectory

	Solid bioenergy
	Global summary
	Buildings
	Industry
	District heating

	Biofuels
	Global summary
	Biofuel use expands in all transport sectors
	Biofuel demand growth shifts to aviation and maritime fuels by 2030
	Aviation and maritime biofuel demand will intenstify competition for residue oil
	Biofuel use falls short of the IEA scenario in all sectors

	Road
	Forecast
	Prices
	Feedstocks

	Aviation
	Forecast
	Prices
	Feedstocks

	Maritime
	Forecast
	Prices


	Biogases
	Global summary
	Europe
	United States
	China
	India

	Hydrogen and e-fuels
	Hydrogen demand today and low-emissions hydrogen growth to 2030
	Heat and transport account for one-third of anticipated renewable hydrogen demand

	Renewable hydrogen and e-fuel growth






