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Abstract

Renewables 2025 is the IEA's main annual report on the sector. It presents the
latest forecasts and analysis, based on recent policy and market developments,
while also exploring key challenges and opportunities facing the sector.

This year’s edition provides forecasts for the deployment of renewable energy
technologies in electricity, transport and heat through 2030. It also examines
notable developments in key areas of the sector, including policy changes,
manufacturing trends, and the financial health of different parts of the industry.
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Executive summary

Renewables’ global growth, driven by solar PV, remains
strong amid rising headwinds

Global renewable power capacity is expected to double between now and
2030, increasing by 4 600 gigawatts (GW). This is roughly the equivalent of
adding China, the European Union and Japan’s power generation capacity
combined to the global energy mix. Solar PV accounts for almost 80% of the global
increase, followed by wind, hydropower, bioenergy and geothermal. In more than
80% of countries worldwide, renewable power capacity is set to grow faster
between 2025 and 2030 than it did over the previous five-year period. However,
challenges including grid integration, supply chain vulnerabilities and financing are
also increasing.

The increase in solar PV capacity is set to more than double over the next
five years, dominating the global growth of renewables. Low costs, faster
permitting and broad social acceptance continue to drive the accelerating adoption
of solar PV. Wind power faces supply chain issues, rising costs and permitting
delays — but global capacity is still expected to nearly double to over 2 000 GW by
2030 as major economies like China and the European Union address these
challenges. Hydropower is set to account for 3% of new renewable power
additions to 2030. The faster growth of pumped storage plants between 2025-30
leads to a much greater increase in hydropower compared with the previous five
years. In 2030, annual geothermal capacity additions are expected to reach a
historic high, triple the 2024 increase, driven by growth in the United States,
Indonesia, Japan, Turkiye, Kenya and the Philippines.

The forecast for growth in global renewable power capacity is revised down
slightly, mainly due to policy changes in the United States and China. The
renewable energy growth forecast for the 2025-2030 period is 5% lower compared
with last year’s report, reflecting policy, regulatory and market changes since
October 2024. The forecast for the United States is revised down by almost 50%.
This reflects several policy changes, including the earlier phase out of federal tax
credits, new import restrictions, the suspension of new offshore wind leasing and
restricting the permitting of onshore wind and solar PV projects on federal land.
China’s shift from fixed tariffs to auctions is impacting project economics and
lowering growth expectations. Nonetheless, China continues to account for nearly
60% of global renewable capacity growth and is on track to reach its recently
announced 2035 wind and solar target five years ahead of schedule, extending its
track record of early delivery.
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The outlook for renewables is more positive in India, Europe and most
emerging and developing economies compared with last year’s forecast.
India’s renewable expansion is driven by higher auction volumes, new support for
rooftop solar projects, and faster hydropower permitting. The country is on track
to meet its 2030 target and become the second-largest growth market for
renewables, with capacity set to rise by 2.5 times in five years. In the European
Union, the growth forecast has been revised upwards slightly as a result of higher-
than expected utility-scale solar PV capacity installations, driven by strong
corporate power purchase agreement (PPA) activity in Germany, Spain, Italy and
Poland. This offsets a weaker outlook for offshore wind. The Middle East and
North Africa forecast has been revised up by 25%, the biggest regional upgrade,
due to rapid solar PV growth in Saudi Arabia. In Southeast Asia, solar PV and
wind deployment is accelerating, with more ambitious targets and new auctions.

Global renewable power capacity is expected to reach 2.6 times its 2022
level by 2030 but fall short of the COP28 tripling pledge. In the United Arab
Emirates in November 2023, nearly 200 countries agreed on the goal of tripling
global renewable capacity by 2030. This target can still be brought within reach if
countries adopt enhanced policies to bridge gaps in both ambition and
implementation. The accelerated case in this report sees global renewable
capacity reaching 2.8 times its 2022 level by 2030 if countries minimise policy
uncertainties, reduce permitting timelines, increase investment in grid
infrastructure, expand flexibility to facilitate integration of variable renewables, and
de-risk financing.

Wind and solar manufacturers struggle financially, but
appetite from developers and buyers remains strong

Major solar PV and wind manufacturers have reported large losses despite
surging global installations. The financial sustainability of equipment
manufacturers remains a major issue. In China, solar PV prices are down over
60% since 2023 due to supply glut of modules and competition for market share.
This has reduced the margins of the largest manufacturers to -10% with
cumulative losses reaching almost USD 5 billion since the beginning of 2024. Wind
manufacturers outside China continue to struggle financially, reporting cumulative
losses of USD 1.2 billion last year.

Despite challenges, renewable developers have either increased or
maintained their capacity deployment targets for 2030 since last year. The
assessment in this report shows that one-fifth of surveyed large renewables
developers increased their deployment goals, while three-quarters kept them at
similar levels to last year. Corporate PPAs, utility contracts and merchant plants
are also a major driver, accounting for 30% of global renewable capacity
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expansion to 2030, double the share in last year's forecast. Both developers and
buyers are benefitting from lower solar PV costs.

The offshore wind industry faces multiple challenges, with forecast growth
over the next five years revised down by more than 25%. Several developers
reduced their 2030 deployment targets. Lower expectations are driven by the
policy shift in the United States and project cancellations and delays in Europe,
Japan and India due to higher costs and supply chain challenges.

Amid diversification efforts, the renewable sector faces
supply chain dependencies and integration challenges

Solar PV supply chains and rare earth elements for wind turbines will remain
highly concentrated in a single country, highlighting supply chain security
risks. Overcapacity, low prices, trade barriers and regulatory shifts have slowed
new investment in solar PV supply chains inside China, while manufacturing
capacity outside of China is expanding. However, supply chain concentration for
key production segments will remain above 90% in 2030, similar to today’s level.
In addition, China dominates the mining (60%), and refining (90%) of rare earth
elements used in magnets for large onshore and offshore wind turbines. In
addition, around 90% of rare earth magnet production is also located in China.
Despite diversification efforts, mining and refining is expected to remain highly
concentrated through 2030.

Growing shares of wind and solar PV are transforming electricity markets,
increasing integration challenges. By 2030, variable renewables will generate
almost 30% of global electricity supply, double today’s level. This calls for a rapid
increase in power system flexibility and grid investment in an increasing number
of countries. Curtailment levels have been rising in many markets including China,
Germany, Brazil, Chile, the UK and Ireland. The number of hours with negative
prices has surged across multiple countries, coinciding with peak solar generation.
Curtailment and negative prices signal a lack of flexibility in electricity systems
and/or a mismatch between supply and demand at certain times. Growing
electrification, and demand-side flexibility (e.g. smart EV chargers or heat pumps),
storage (short and long term) and dispatchable power plants will be increasingly
needed to integrate wind and solar PV securely and cost-effectively. More
countries are introducing policies to boost dispatchability and storage, with over
10 of them launching firm-capacity auctions for solar PV and wind over the last
five years.

The deployment of renewables has already reduced fuel import needs
significantly in many countries, enhancing energy diversification and
security. Since 2010, the world added around 2 500 GW of non-hydro renewable
power capacity, about 80% of which was installed in countries that rely on fossil
fuel imports. Without these renewable additions, cumulative global imports of coal
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and natural gas in these countries would have been 45% higher in 2023. As a
result, countries have reduced coal imports by 700 million tonnes and natural gas
imports by 400 billion cubic metres, saving an estimated USD 1.3 trillion since
2010.

Renewables use in heat and transport continues to grow,
but their share of demand is set to rise only slightly

Renewables are set to increase their share of energy demand in the
transport sector from 4% today to 6% in 2030. The use of renewable electricity
to power electric vehicles accounts for nearly half of the growth, concentrated
mainly in China and Europe. Liquid biofuels make up most of the remainder, with
growth concentrated in Brazil, followed by Europe, Indonesia, India and Canada.

Renewables are forecast to account 18% of global heat demand by 2030, up
from 14% today. An expected 42% increase in consumption of heat from
renewables over the next five years is driven largely by renewable electricity use
in industry and buildings, as well as by rising use of bioenergy.
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Chapter 1. Renewable electricity

Global forecast summary

2025 will be another record year for renewables

In 2024, global renewable electricity capacity additions grew 22% to reach nearly
685 GW — a new all-time high. Despite increasing policy uncertainty and ongoing
regulatory challenges, 2025 is expected to be another record year, with capacity
additions reaching over 750 GW in the main case and 840 GW in the accelerated
case.

Solar PV continues to make up the majority of growth, with annual additions
expanding further in 2025, though at a slower rate. It is expected to account for
nearly 80% of the total global renewable electricity capacity increase, maintaining
its dominant share from 2024. While utility-scale solar PV additions remain stable
in 2025, expansion is expected for distributed solar PV applications.

Renewable electricity capacity additions by technology, 2019-2025

Acc. case O Solar PV -
2025 | Y | utilty
2025 | [ o Solar PV -
-------------------------------------------------------------- distributed
2024 | [T
BWind
2023 | |
2022 | -:I O Hydropower
221 7T mBioenergy
2020 - I
O Other
2019 :l:-] renewables
0 100 200 300 400 500 600 700 800 900
GW
IEA. CC BY 4.0.

Notes: Capacity additions refer to net additions. Historical and forecast solar PV capacity may differ from previous editions
of the renewable energy market report. Solar 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, which 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 for utility-scale installations.
Solar PV and wind additions include capacity dedicated to hydrogen production.

Wind additions remained stable last year but are anticipated to increase to
139-155 GW in 2025, accounting for 18% of overall forecast growth. Onshore wind
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is expected to break another record, with 124 GW becoming operational in 2025
as uptake in the People’s Republic of China (hereafter, “China”), the United States,
the European Union and India increases. Offshore wind capacity is forecast to
expand 15 GW, a 60% year-on-year increase driven by China’s acceleration.

Having almost doubled in 2024, hydropower growth is expected to be 5% slower
this year, with installations reaching 23-24 GW, mainly from the commissioning of
large projects in China and India. Bioenergy for power additions amounted to only
4.2 GW in 2024, the lowest level since 2008 as less new capacity is being installed
in advanced economies and growth is slowing in emerging markets.

Meanwhile, geothermal power additions are expected to increase for the second
year in row in 2025 (to almost 0.45 GW), with capacity coming online in Indonesia,
the Philippines, the Republic of Tirkiye (hereafter, “Tlrkiye”) and the United
States, mainly from conventional projects. However, multiple large-scale
enhanced geothermal projects are under construction in the United States and are
expected to become operational in 2026 and 2027.

China’s policy change led to an unprecedented solar PV
and wind boom in the first half of 2025, but the pace of
expansion in the second half remains uncertain

China’s shift from long-term fixed tariffs to an auction-based contract-for-
difference system is a key uncertainty for global renewable capacity growth in
2025 and beyond. The goal of the new policy is to achieve market-driven growth
for renewables and facilitate their grid integration. Under the previous policy, wind
and solar PV projects had access to 15-20 years of stable, guaranteed revenues
at coal benchmark prices, providing strong revenue certainty.

This policy ended on 31 May 2025, prompting a rush by developers to commission
projects before the deadline. As a result, solar PV (AC) additions in China surged
to 93 GW in May 2025 — 12 times higher than in May 2024 — followed by an 85%
drop to 15.5 GW in June. Wind power expansion followed a similar pattern, with
additions jumping to over 26.5 GW in May before falling back to 5 GW in June.

Given the rapid pace of deployment in the first half of the year, our forecast
projects a more moderate increase in wind and solar PV installations in the second
half of 2025. Nevertheless, China’s renewable capacity additions are expected to
set another record, reaching almost 465 GW in 2025 under the main case. The
accelerated case indicates even greater potential (509 GW), reflecting the
uncertainties associated with recent policy shifts.
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Monthly solar PV and wind capacity additions in China, 2023-2025
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Source: China’s National Energy Administration (NEA) monthly power capacity statistics.

In the European Union, annual capacity additions are expected to decline 1% in
2025 compared with 2024. In response to the energy crisis, capacity additions
between 2021 and 2023 more than doubled to nearly 75 GW as countries aimed
to reduce natural gas imports from the Russian Federation (hereafter, “Russia”)
followed the invasion of Ukraine. However, growth slowed last year and is
expected to remain stable this year, with some differences across countries. In
Germany and Spain, capacity additions are likely to grow slightly as increased
wind power offsets a drop in distributed solar PV. In Italy and Poland, expansion
is expected to slow, while in France both wind and solar PV capacity continue to
increase.

Renewable capacity additions in the United States rose 40% from 2023 to 2024,
mainly reflecting rapid increases in solar PV. Stable growth is expected in 2025,
with slightly lower solar PV expansion and wind capacity on the rise from projects
that qualified for tax credits before recent policy changes. Thanks to easing supply
chain challenges, India continues to break records for solar PV installations each
year, as the country has a considerable amount of awarded capacity in its project
pipeline.

In Brazil, capacity additions are set to decline in 2025 for the first time in five years,
as reduced net metering incentives slow growth. Meanwhile, in sub-Saharan
Africa and the ASEAN region (Association of Southeast Asian Nations), major new
solar PV and wind projects are expected to become operational in 2025,
significantly boosting renewable capacity additions in both regions.
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Renewable electricity capacity additions by country/region, 2023-2024
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Notes: ASEAN = Association of Southeast Asian Nations. MENA = Middle East and North Africa.

Renewable capacity will continue to grow strongly until
2030, but the annual deployment trajectory will not be
smooth

In the main case, global annual renewable capacity additions rise from 683 GW
in 2024 to almost 890 GW in 2030. Solar PV and wind account for 96% of all
renewable capacity additions through 2030 because they are the most affordable
options to add new capacity in almost every country in the world, and policies in
more than 130 countries continue to support them.

Because of commissioning deadlines, recent policy changes are expected to
influence the annual-addition profiles of solar PV and wind capacity over the
forecast period. Following record expansion in 2025, annual increases for both are
expected to decline, primarily due to slowdowns in China and the United States
linked to evolving policy timelines.

For China, 2026 is expected to be a transitional year following the rush by
developers to meet prior policy deadlines before implementation of the new
auction policy. Uncertainties regarding auction design and contract-for-difference
arrangements at the provincial level are expected to delay some project
developments, as investors adapt to the new structures and assess profitability
within the recently established wholesale markets.
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In the United States, solar PV and wind projects need to be commissioned by the
end of 2027 to qualify for tax credits under the new policy framework. This
requirement is expected to result in a relatively sparse project pipeline in 2026, as
developers focus on meeting the 2027 deadline. Following expiration of the tax
credit, annual solar PV additions decline in 2028 before gradually recovering
thanks to the “safe harbour” rules that provide a four-year completion period for
projects qualifying for tax credits before July 2026. In contrast, China is projected
to experience rapid recovery starting in 2027, which will drive global solar PV and
wind capacity additions upwards through 2030.

Solar PV and wind capacity additions by segment, main case, 2024-2030
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Despite rising demand for greater grid flexibility,
dispatchable renewables are projected to make up only
4% of new renewable capacity additions

Annual capacity additions of hydropower, bioenergy, geothermal, CSP and ocean
energy are expected to range from 25 GW to 41 GW over the forecast period.
These renewable technologies are dispatchable and, along with batteries, they
can provide the flexibility power systems need as variable renewable energy
shares increase rapidly. Hydropower additions are highly volatile as
commissioning deadlines are reached for large projects in emerging markets and
developing countries. These plants contribute 21-35 GW annually over 2025-
2030, with almost 90% of the growth in emerging and developing economies —
mainly in China, Africa and Asia, with a smaller amount in Latin America.

In 2030, annual geothermal capacity additions are expected to break a new record
with almost 1.5 GW becoming operational, tripling the 2024 increase. Both
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conventional and advanced geothermal projects come online in multiple countries,
including the United States, Japan, Indonesia, the Philippines, Kenya and Turkiye.

Hydropower, bioenergy, geothermal, CSP and ocean energy capacity additions, main
case, 2024-2030
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Renewable electricity additions for 2025-2030 total
4 600 GW - equal to the combined installed power
capacity of China, the European Union and Japan

Globally, renewable power capacity is projected to increase almost 4 600 GW
between 2025 and 2030 — double the deployment of the previous five years (2019-
2024) — driven by solar PV. Growth in utility-scale and distributed solar PV more
than doubles, representing nearly 80% of worldwide renewable electricity capacity
expansion. Low module costs, relatively efficient permitting processes and broad
social acceptance drive the acceleration in solar PV adoption.

Distributed solar PV applications (residential, commercial, industrial and off-
grid projects) account for 42% of the overall PV expansion. Higher retail electricity
prices following the energy crisis, along with strong policy support, have
encouraged individuals and businesses to install solar PV systems with the aim of
reducing their electricity bills. The use of distributed solar PV applications with
storage units is also growing in countries that have an unreliable electricity grid. In
South Africa and Pakistan, for instance, uptake in commercial and large-scale
off-grid solar PV systems is rising rapidly, improving electricity access.

Compared with 2019-2024, our forecast expects cumulative onshore wind
capacity additions to increase 45% over 2025-2030, reaching 732 GW. Despite
recent challenges concerning supply chain bottlenecks, inflation, and long
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permitting and grid connection wait times, we expect strong onshore wind
expansion, as policies in both advanced and developing countries have partly
addressed these barriers. Annual additions are expected to rise in Africa, the
Middle East, ASEAN countries, Latin America and Eurasia — in addition to Europe
and India.

Renewable electricity capacity growth by technology segment, main case, 2013-2030
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Offshore wind capacity expansion is expected to reach 140 GW over the forecast
period, more than doubling the growth of the previous five-year period. The annual
offshore wind market expands from 9.2 GW in 2024 to over 37 GW by 2030, with
China accounting for almost 50% of this increase. In Europe, the annual market is
expected to approach 14.6 GW by 2030. Policy changes in the United States,
macroeconomic pressures and supply chain challenges have raised costs and
undermined project bankability in several European markets and Japan, resulting
in undersubscribed auctions and project cancellations. As a result, we have
revised the global offshore wind capacity forecast 27% downwards from last year.

Hydropower growth from 2025 to 2030 is expected to be slightly higher than
during 2019-2024, with more than 154 GW of new capacity coming online. Annual
additions of pumped-storage hydropower (PSH) capacity is forecast to double to
16.5 GW by 2030, driven by the growing need for flexibility and long-term storage.
China leads with over 60% of all worldwide PSH growth over the forecast period.
PSH expansion is also gaining speed in Europe (Spain and Austria), as rapid
deployment of variable renewable energy systems is presenting integration
challenges. Hydropower development is also gaining momentum in India, the
ASEAN region and Africa.
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This year’s forecast is a downward revision from 2024

Globally, we have lowered our renewable energy growth forecast for 2025-2030
by 5% compared to last year, to reflect policy, regulatory and market changes
since October 2024. This revision means we now expect 248 GW less renewable
capacity to be commissioned over 2025-2030.

For solar PV, wind and bioenergy for power, deployment has been revised
downwards. Solar PV accounts for over 70% of the absolute reduction, mainly
from utility-scale projects, while offshore wind demonstrates the largest relative
decline in growth over the forecast period, decreasing 27%.

The US forecast is revised down by almost 50% across all technologies except
geothermal. This reflects the earlier-than-expected phase-out of investment and
production tax credits; new “foreign entities of concern” (FEOC) restrictions; and
the executive order suspending offshore wind leasing and restricting the permitting
of onshore wind and solar PV projects on federal land. Among all technologies,
wind is impacted most, with both offshore and onshore capacity growth revised
down by almost 60% (57 GW) over the forecast period. The forecast for solar PV
capacity has been revised down by almost 40%. Although this is a smaller relative
impact than for wind, it still means that nearly 140 GW less solar PV will be
installed by 2030. Within solar PV, the largest relative impact is on distributed
solar, particularly residential systems (revised down by almost 70%), which are
most affected by the scheduled expiration of residential solar PV tax credits at the
end of this year — well before tax credits for other technologies expire.

Renewable capacity expansion changes from Renewables 2024 to Renewables 2025 in
selected countries/regions, 2025-2030
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While China’s 5% downward revision seems small in percentage terms, it is the
second largest cut in absolute capacity (129 GW) following the United States.
Since solar PV and onshore wind are the cheapest technology options to add new
power generation in China, facilities were receiving 15- to 20-year contracts at
provincial coal benchmark prices and very good returns on investments before
June 2025. However, the government then introduced provincial competitive
auctions with contracts for difference and requirements to participate in the newly
established regional wholesale markets.

2025 forecast revisions by technology and country/region
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While this policy is a positive step towards market integration of renewables, it is
expected to reduce profitability for investors, prompting us to revise our forecast
slightly. For distributed solar PV, the Chinese government is also requiring
commercial and industrial solar PV systems to increase self-consumption and sell
their excess generation in the wholesale market.
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In relative terms, China’s new policy impacts offshore wind growth the most, as
the cost of generation remains higher than for onshore wind and solar PV.
However, we expect lost offshore wind investments to be shifted to onshore wind
projects, for which the outlook is more optimistic because the government is
making efforts to balance solar PV and wind deployment to facilitate grid
integration. China’s bioenergy forecast is also revised down by more than 50%
due to a lack of specific support and a smaller waste-to-energy project pipeline.

Meanwhile, this year's EU forecast has been revised up slightly, mostly for utility-
scale solar PV capacity in Germany, Spain, Italy and Poland. However, in many
European markets lower retail electricity prices and reduced incentives following
the energy crisis have made residential projects less economically attractive.
Furthermore, supply chain challenges and higher costs have left multiple offshore
wind auctions without bids, leading to several project cancellations and a 24%
downwards forecast revision compared with last year.

We have revised India’s forecast up by almost 10%, thanks to record auction
capacity in 2024 for onshore wind and utility-scale solar PV; rapid recovery of the
onshore wind industry; the introduction of a new rooftop-PV support scheme; and
more efficient permitting for pumped-storage hydropower, which is driving faster
growth. For the ASEAN region, the faster implementation of large hydropower
projects and the introduction of more ambitious renewable energy goals and
auction schemes has led to an upward forecast revision.

The forecast for the Middle East and North Africa is revised up 23%, driven by
faster-than-expected developments in Saudi Arabia this year. Annual additions for
2025 are almost 9 GW - triple last year's 3 GW — after 4 GW of utility PV was
commissioned one year ahead of schedule. In parallel, 15 GW of bilateral
contracts were signed this year, including the first for onshore wind. As a result,
growth was revised up by 20 GW to reflect the accelerated pace of deployment
toward the 2030 target of 100—130 GW installed. The country aims for renewables
to supply 50% of power, cutting oil burn (still 40% of generation) amid rising
demand from cooling and desalination.

In Latin America, higher retail prices spur distributed solar PV system buildouts.
However, growing curtailment risks for wind power in Brazil and for solar systems
in Chile (where bilateral contracts drive deployment) have led to utility-scale
project cancellations, impacting the forecast negatively. In sub-Saharan Africa,
delays in auction implementation for solar PV and extended timelines for
geothermal have led to a 5% downwards forecast revision.

Despite robust growth, a gap to global tripling remains

In 2023, nearly 200 countries at COP28 in Dubai pledged to honour the Paris goal
of limiting warming to 1.5°C, agreeing for the first time on targets for 2030: tripling
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the use of renewable energy sources; doubling efficiency gains; cutting methane
emissions; and advancing a just transition away from fossil fuels. In our main case,
recent cost trends, current policies and market developments raise cumulative
renewable capacity to 9 530 GW in 2030 — a 2.6-times increase from 2022.
Nevertheless, the main case trajectory is not fully on track to triple global
renewable capacity to around 11 500 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 growth compared with the main case. Under this case,
cumulative renewable electricity capacity reaches over 10 400 GW, bridging most
of the gap to global tripling by 2030.

Renewable capacity growth 2022-2030 and the gap to global tripling
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China’s accelerated-case renewable energy growth is only 13% (334 GW) higher
than in the main case. For China, the accelerated case assumes faster
implementation of auctions and market reforms and quicker transmission and
distribution grid expansion, enabling the deployment of additional renewable
electricity projects in the pipeline. As the country maintains a large surplus of cost-
competitive solar PV and wind manufacturing capacity, growth could be
accelerated if renewable energy integration were improved and rooftop solar PV
systems were installed more quickly.
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Renewable capacity growth in the accelerated case by country/region
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For the European Union, the accelerated case demonstrates 30% upside
potential, with cumulative renewable capacity reaching 1 411 GW by 2030 — on
track to attain the REPowerEU target. However, this outcome relies heavily on
faster solar PV growth, which would offset slower-than-expected progress in both
onshore and offshore wind. To achieve more rapid wind expansion, the
government would have to take five key policy actions: introduce additional auction
volumes; provide revenue certainty to reduce market price risks; continue to
increase system flexibility; reduce permitting wait times; and modernise grids to
reduce connection queues.

India’s renewable capacity growth could be 17% higher under the accelerated
case, surpassing 2030 targets. Although there have been positive changes since
2022, many DISCOMs still face financial difficulties. If their financial health
improves, state-level renewable portfolio obligations are enforced more strongly,
and delays in signing power purchase agreements with auction-awarded projects
are reduced, the accelerated case can be achieved. Although average variable
renewable energy (VRE) penetration in India is expected to remain relatively low
in 2030 owing to electricity demand growth, the geographical concentration of
generation in several states (Rajasthan, Gujarat, Tamil Nadu, Maharashtra and
Karnataka) will necessitate greater investments in grid development and power
system flexibility.

In the ASEAN, several policy improvements, including continued auctions (in the
Philippines and Thailand) and corporate PPAs (in Viet Nam), lead to a more
optimistic forecast for the region, but some challenges continue to prevent
renewable energy from expanding almost 70% more than in our main case:

PAGE | 22



« 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 for power offtake and fuel supply.

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

« Financing costs and project risks are high.

Meanwhile, for sub-Saharan Africa, additions in the accelerated case are nearly
nearly 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 this 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 could also be higher than in the main case in the
nascent markets of MENA (+41%) and Eurasia (+39%), 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.

Renewables will become the largest global energy
source, used for almost 45% of electricity generation by

2030

Electricity generation from renewables is expected to increase 60% — from
9900 TWh in 2024 to 16 200 TWh in 2030. In fact, renewables are expected to
surpass coal at the end of 2025 (or by mid-2026 at the latest, depending on
hydropower availability) to become the largest source of electricity generation
globally.

However, compared with last year’s estimates, we expect renewables to generate
almost 850 TWh less electricity in 2030. There are two reasons for this lower
expectation: first, as already discussed, we revised the capacity forecast 5%
downwards, resulting in lower generation. Second, we refined our analysis of wind
and solar PV curtailment by transitioning from the established assumptions used
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previously to a trend-based assessment supported by historical data (see the
section below on the role of wind and solar PV in power systems).

Solar PV alone accounts for over 60% of the generation increase, followed by wind
(32%). The share of renewables in global electricity generation is projected to rise
from 32% in 2024 to 43% by 2030, while the share of variable renewable energy

sources is set to almost double to 28%.

Global renewable power generation in 2024 and 2030, and change by technology
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Hydropower electricity generation is expected to increase 7% over 2025-2030 as
new projects become operational, mostly in emerging and developing countries.
However, its share in global electricity generation decreases slightly, by almost
one percentage point to 14% in 2030. Hydropower will account for just 30% of
global renewable electricity generation in 2030, a sharp decline from over 80%
two decades ago.

In contrast, the role of solar PV and wind increases drastically: in 2030, variable
renewables account for almost two-thirds of global renewable electricity
generation, rising from less than 46% today. Solar PV is expected to generate
more electricity than hydropower by the end of the forecast period and to become
the largest renewable energy source. Onshore and offshore wind generation are
also expected to grow rapidly, together reaching over 4 500 TWh by 2030.

Clearly, the increased use of variable renewables raises the need for additional
sources of power system flexibility. Nevertheless, 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 renewable generation and shares by source, 2010-2030
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Among the ten countries with the highest shares of renewable electricity
generation, five (Costa Rica, Nepal, Ethiopia, Iceland and Norway) stand out for
already achieving nearly 100% renewable energy shares in their electricity mix,
predominantly by using hydropower. In these countries, wind and solar PV make
only minor contributions to the overall mix, highlighting the continued importance
of hydropower. Iceland, however, has combined two dispatchable renewables —
hydropower and geothermal resources — to reach 100%. Over the next five years,
countries such as Portugal and Chile are projected to reach 90% renewables in
their electricity mix, but variable renewables provide more than half.

Renewables shares in the 10 countries with the highest portions in their electricity mix
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Regional forecast summaries

China

The rush to beat policy changes led to record wind and solar
deployment in 2025, but lower remuneration reduces the
forecast for 2030

China’s renewable energy capacity is expected to grow nearly 2 660 GW from
2025 to 2030, doubling the previous five-year expansion. Solar PV will dominate,
accounting for 80% of this growth. By the end of 2024, China’s combined wind
and solar PV (AC) capacity already exceeded 1400 GW, surpassing the 2030
target of 1 200 GW.

However, we have revised the forecast 5% downwards from last year to reflect
policy changes announced since October 2024. The government has ended fixed-
price remuneration for renewables and introduced market-based auctions as part
of broader electricity sector reforms. While this policy change is a positive step
concerning market reforms and renewables integration, it will lower returns for new
projects and reduce growth.

In February 2025, the government set out guidelines requiring all wind and solar
projects commissioned after 31 May 2025 to sell power through wholesale
markets or market-based mechanisms. This led to a surge in project completion
in early 2025, with nearly 200 GW of solar PV and 47 GW of wind installed in the
first five months — significantly more than in the same period in 2024. The new
auction system will replace fixed provincial benchmark prices with two-way
contracts for difference (CfDs) implemented at the provincial level. Additionally,
the previous requirement for storage approval for new projects was lifted.

The reforms will heavily influence renewable energy deployment over the next five
years, but challenges remain. Auctions are expected to narrow profit margins due
to intense competition among developers striving to offer lower prices to provincial
governments. A major uncertainty is the readiness of wholesale electricity
markets, as only five provinces had fully operational ones as of mid-2025, covering
less than one-third of installed renewables. Delays or weak price signals could
slow provincial auction and CfD rollouts. Plus, the transition to market pricing
introduces revenue volatility, affecting solar PV developers especially and raising
financing costs. Consequently, the utility-scale solar PV forecast has been cut
back 12%.

Distributed solar PV forecast is slightly higher, however there are two different
trends for commercial and residential applications. The outlook is weaker for
residential installations. In 2024, following the phase-out of fixed tariffs and
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reduced provincial incentives, residential solar capacity additions dropped over
30% from the previous year. Meanwhile, commercial and industrial solar PV
prospects are more positive, supported by declining module costs and rising retail
electricity prices that improve the economics of self-consumption.

Following the policy change to CfDs, deploying higher-cost renewable energy
technologies is expected to be more challenging without targeted support.
Offshore wind costs remain high despite cost reductions for onshore wind, so
investors are expected to favour onshore projects, leading to a 26% (26 GW) cut
in offshore wind capacity projections over 2025-2030.

Bioenergy growth has decelerated sharply, with capacity additions in 2024 falling
over 45% compared to 2023, consequent to slower urbanisation and reduced
incentives. The bioenergy forecast has therefore been lowered by almost 55% for
2025-2030.

Meanwhile, hydropower forecasts show an important shift: pumped-storage
hydropower (PSH) capacity additions exceeded conventional hydropower in 2023
and 2024. The need to balance variable renewables is driving this trend, with over
36 GW of PSH expected by 2030 — 40% above last year’s forecast — while
conventional hydropower additions were also slightly revised up to about 26 GW
over the same period.

Grid integration challenges remain significant. Renewable energy curtailment
volumes increased roughly 55% in 2024, reaching 4.1% for wind and 3.2% for
solar PV, but is expected to stabilise at around 5-6% thanks to expanding HVDC
transmission infrastructure and more utility-scale and behind-the-meter battery
storage. Market reforms requiring wind and solar plants to participate in wholesale
markets should improve dispatch efficiency and limit curtailment growth.
Additionally, new rules introduced in 2025 allow direct grid-bypass connections
between renewable power plants and large industrial consumers with storage,
aiming to better align supply and demand. However, cost and reliability hurdles
will likely limit rapid uptake.

In the accelerated case, China’s renewable electricity capacity could be 13%
higher. This case assumes several policy improvements, market developments
and faster buildout of grid infrastructure for both transmission and distribution:

« Faster adoption of auction schemes in provinces that launch provincial wholesale
electricity markets in a timely fashion from July 2025 to June 2026 (with the
announcement of auction designs and solar PV and wind auction volumes — and
the successful awarding of multiple rounds — raising investor confidence).

« A brisker pace of transition, speeding up power market reforms and green-energy
certificate trading among provinces to facilitate system integration and promote
greater interprovincial power exchange.
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« Faster rollout of industrial solar PV systems, requiring quicker adaptation to new
market integration rules and higher self-consumption requirements for distributed
solar PV in an increasing number of provinces.

« Continued provincial economic support for residential solar PV projects.

« Swifter realisation of developments in the hydropower project pipeline, especially
large conventional facilities.

Europe

Europe’s forecast is slightly more optimistic because policy and
market improvements drive faster expansion in various
markets, but residential PV and offshore wind growth is slower

Europe is expected to add over 630 GW between 2025 and 2030, increasing
capacity by 67% to 1 612 GW by 2030. Almost three-quarters of this rise is from
eight countries: Germany, the United Kingdom, Spain, Turkiye, Italy, France,
Poland and the Netherlands. Solar PV makes up the majority (over 70%) of
expansion, split evenly between utility-scale and distributed projects, followed by
onshore and offshore wind. Competitive auctions remain the main driver of utility-
scale growth, while distributed PV relies on the economic attractiveness of self-
consumption.

This year’s forecast is slightly higher than last year’s, owing mainly to higher
growth prospects for utility-scale solar PV outside of auction schemes, and
onshore wind developments in a few large markets. However, widespread
permitting and grid integration challenges hamper faster expansion in other
markets. Policy support and improved economics help boost the forecast for
commercial PV, while residential self-consumption becomes less attractive during
policy transitions and insufficient support hampers offshore wind uptake.

For solar PV, auctions remain the main driver of utility-scale growth, but
unsubsidised project development plays an increasing role, accounting for 54%
by 2030. As such, we have revised our forecast upwards by 12% to reflect the
stronger-than-expected installations of corporate PPA and merchant plants during
2024 and in the first half of 2025 in Spain, Poland, Germany and Turkiye, where
the economics are attractive. This upward revision offsets the lower expectations
for unsubsidised projects in Portugal, Sweden and Denmark, where weaker
project pipelines, the absence of auctions and lower market prices challenge
growth.

We have also revised the onshore wind forecast up 10%, reflecting stronger
prospects in Germany, Turkiye and Spain. In Germany, permitting reforms have
enlarged project pipelines and led to oversubscribed auctions; in Turkiye, new

PAGE | 28



auction capacity was scheduled for 2025; and in Spain, a larger pool of late-stage
projects with grid connection approvals supports higher growth.

These gains partly offset downward revisions in Belgium, France, and Italy, where
grid constraints or permitting challenges persist. Growth is also weaker in the
United Kingdom, where recent reforms have yet to expand project pipelines, and
in Poland, where planned reforms have been delayed. In Sweden, low demand,
depressed wholesale prices and high imbalance costs undermine the economics
of merchant projects, leading to a downward revision.

Renewable capacity (left) and revisions by technology and market (right) in Europe
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The commercial PV forecast has been revised up 6% to reflect higher-than-
expected growth in 2024 stemming from policy support, economic attractiveness
and energy security needs. In France, the carpark mandate accelerated
deployment, while in Hungary the Casa Fotovoltaica scheme boosted
installations. Activity was also stronger in Spain, Portugal, Romania, and Greece,
as well as in Ukraine, where distributed PV provides backup power amid grid
shortages caused by the war, particularly for retail and public service sectors.
These upward revisions offset slower-than-expected growth in smaller markets
such as Italy, the Netherlands, Bulgaria, Lithuania, Ireland and Germany.

Conversely, the residential PV forecast is 7% lower than last year because less
favourable economics have been dampening consumer appetite. Many markets
experienced a slowdown in growth in 2024 relative to 2023 as lower power prices
and policy changes weakened the business case for self-consumption. In some
markets the policy changes reflected a phasing out of measures introduced during
the energy crisis, such as Italy’s Superbonus, Spain’s autoconsumo grants and
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Belgium’s temporary VAT exemption. Our forecast underestimated the impacts of
these changes on 2024 deployment, so we realigned our expectations with 2024
growth.

In other markets, policy changes included switching from net metering to net billing
to achieve more cost-effective deployment of distributed PV. While this switch
lowers the remuneration value for the consumer, it incentivises consumption
during peak hours and also reduces grid congestion as well as the amount of grid
costs passed on to consumers. Because our forecast underestimated the impacts
of these changes on 2024 deployment in Poland and parts of Belgium, we have
revised our expectations downwards for these countries as well as for the
Netherlands, which recently announced plans to also transition by 2027.

Residential sector retail electricity prices and annual capacity additions in selected
European countries, 2021-2024
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Additional downward revisions reflect cuts to FITs in France, proposed tax-subsidy
changes in Sweden, ongoing policy uncertainty in Switzerland, and weaker-than-
expected H1-2025 deployment in Germany. These downward revisions outweigh
upward adjustments to 17 countries for which we underestimated growth in 2024.
In some cases, we simply undervalued the business case despite falling power
prices (Hungary, Austria and Greece), while in others (e.g. Ireland and Portugal)
elevated prices and continued policy support maintained stronger-than-expected
growth.

Offshore wind capacity is forecast to grow 57 GW by 2030; however, this is 9 GW
(15%) less than what we projected in Renewables 2024. This reduction reflects
an increasingly challenging business case for planned projects and extended
project timelines. Rising costs, supply chain constraints and uncertainty around
future electricity prices have raised concerns about project viability, impacting over
5 GW of the forecast.
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These challenging market conditions caused developers to opt out of Denmark’s
3-GW auction in December 2024; cancellation of a 2.4-GW project in the United
Kingdom; and a 1-GW reduction and delay in auction volumes in the Netherlands.
Additionally, Belgium postponed a 700-MW tender due to cost and timeline
concerns, and supply chain issues have also slowed progress in Germany and
France. The forecasts for these markets have been adjusted downwards to reflect
these conditions.

Reaching EU 2030 targets will require policy alignment,
revenue certainty and the resolution of grid and permitting
challenges

The European Union is expected to account for nearly 80% of Europe’s renewable
energy growth by 2030, adding over 500 GW of new capacity. This expansion
would raise EU installed capacity from 683 GW in 2024 to 1 123 GW by 2030."
Nevertheless, this substantial increase fails to meet REPowerEU renewable
capacity targets for 2030.

Introduced in 2022 following Russia’s invasion of Ukraine, the plan aims to reduce
reliance on imported Russian gas and enhance energy security by accelerating
renewable energy deployment. It set an ambitious target of 1 236 GW? of installed
renewable capacity by 2030 — including 592 GW? of solar PV and 510 GW* of
wind. However, the main case expects EU installed capacity to fall 9% short of
this target, largely due to two challenges.

The first is that the sum of individual EU member states’ National Energy and
Climate Plans (NECPs) is misaligned with the collective EU-wide target. The
NECPs are ten-year plans that member states must submit to outline their
contributions to achieve the EU-wide target for 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). In 2023, the
European Commission raised the binding 2030 target from the 32% set in 2018
under the Renewable Energy Directive (RED) Il, to 42.5% for the RED lll. It also
set an aspirational goal of 45%, which corresponds to the REPowerEU Plan’s
1 236-GW target, but it is not binding.

REPowerEU
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EU installed renewable capacity in 2024 and 2030 vs REPowerEU 2030 targets (left) and
shares of renewables in final energy consumption in 2030 (right)
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Note: RED = Renewable Energy Directive. NECP = National Energy and Climate Plan.

Sources: 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. 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 Strategy 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.

In June 2024, member states submitted their final updated NECPs outlining their
voluntary contributions towards the EU goal. However, the European
Commission’s assessment of these final NECPs indicates that, in aggregate, they
reach only a 40% renewable share — falling 2.5 percentage points short of the
binding EU target and 5 percentage points below the REPowerEU ambition. This
gap suggests that REPowerEU capacity aims are not aligned with final individual
NECPs.

The second reason for the forecast shortfall in meeting EU-wide ambitions is that
persistent challenges to faster solar and wind uptake require stronger policy
attention. In the accelerated case, EU capacity reaches 1 255 GW?® by 2030, on
track to reach the REPower EU target. Achieving more rapid expansion will require
four key policy actions:

« Introduce auctions to provide revenue certainty. Because auctions for long-
term contracts provide revenue certainty, financing costs can drop. Clearer
visibility over future auction schedules would help developers plan where to
concentrate resources and co-ordinate future investment efforts.

® For this total, solar PV is calculated in AC instead of DC, and pumped storage is excluded for comparability with the
1 236-GW REPowerEU target. Total capacity in the main case with solar PV calculated in DC is 756 GW in 2024 and
1123 GW in 2030; for the accelerated case itis 1 260 GW.
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« Increase system flexibility. Expanding storage capacity, implementing demand
response and strengthening interconnections would help curb curtailment, reduce
the frequency of negative pricing hours and limit price cannibalisation, which in
turn would improve growth prospects, especially for projects that rely on merchant
revenues. Additionally, increasing support for storage solutions and smart meter
deployment would make self-consumption more economically attractive for
consumers.

« Reduce permitting wait times. Permitting remains a major bottleneck in the
renewable energy deployment process, particularly for wind projects, which often
have lead times of 7-10 years. Lengthy and complex approval processes can
delay project development and limit participation in auctions. In Italy and Poland,
for example, permitting delays have contributed to several undersubscribed
auctions. Accelerating growth will require comprehensive reforms to simplify and
speed up permitting procedures, including streamlining environmental
assessments and digitalising application processes, as recommended in the
EU Affordable Energy Action Plan. For instance, Germany’s recent permitting
reforms increased the number of approved projects by 86% between 2023 and
2024, enabling four consecutive onshore wind auctions to be fully subscribed for
the first time since such auctions were introduced.

« Modernise grids to reduce connection queues. Insufficient distribution,
transmission and interconnection capacity has limited the pace at which new
renewable power plants can be connected to the grid. These constraints can lead
to project delays, higher costs and reduced auction participation — as seen in the
Netherlands. The proposed European Grid Package, expected in 2026, aims to
address these challenges by offering clearer guidance on legislation, planning and
funding to support grid expansion and modernisation.

Asia Pacific

India emerges as the second largest renewables market in the
world, while ASEAN deployment gains momentum

Renewable energy capacity in Asia Pacific (excluding China) is set to almost
double over 2025-2030, expanding by 670 GW — the second-highest regional
increase after China. India accounts for over half of the expected growth, followed
by ASEAN countries (15%). In terms of national markets, Pakistan emerges as
the second largest (9%), reflecting updated assessments of previously
unregistered distributed solar PV installations. The third and fourth largest
contributors are Japan (8%) and Australia (7%).

Solar PV is expected to account for nearly three-quarters of total renewable
capacity additions in the region, with utility-scale projects making up most of the
growth. However, deployment trends differ across countries: utility-scale systems
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dominate in India, ASEAN, Australia and Korea, while distributed PV plays a more
prominent role in Pakistan (including off-grid) and Japan.

Asia Pacific is also projected to be the second largest hydropower market during
the forecast period, largely because of accelerated commissioning of both
conventional and pumped-storage hydropower (PSH) projects in India. Offshore
wind capacity is set to close to quadruple, reaching 19 GW by 2030, driven by the
rollout of the first large-scale projects in Korea and Japan as well as accelerated
development in Chinese Taipei.

The overall regional forecast has been revised upwards by almost 10% from last
year, reflecting improved policy and market conditions in India, Viet Nam and
Pakistan. These positive developments offset downward revisions in Japan, Korea
and Indonesia. In the accelerated case, regional capacity growth is over 25%
higher than in the main case, with the strongest relative upside potential in ASEAN
markets.

Net capacity additions in Asia Pacific, main and accelerated cases, 2019-2030
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India is forecast to add close to 345 GW of renewable electricity capacity between
2025 and 2030, more than tripling its 2022 level. It is expected to be the world’s
second-largest national market for renewables growth through 2030. Auction-
driven utility-scale solar PV uptake accounts for nearly 60% of this increase. The
forecast has been revised close to 10% upwards from last year owing to record
auction volumes in 2024, the launch of a new rooftop PV support scheme, and
faster permitting for PSH projects.

Capacity growth is spurred largely by auctions conducted by the central
government, state authorities and utility companies (DISCOMSs). In 2024, 63 GW
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of capacity were awarded — almost three times the volume of 2023 — with hybrid
tenders (combinations of PV, wind and storage) accounting for more than half.
Although auction volumes fell in early 2025, a robust project pipeline supports
continued deployment acceleration throughout the forecast period.

Hydropower additions are also set to rise sharply — more than tenfold compared
with the previous six years — with the completion of large-scale projects and a
tripling of PSH capacity by 2030 as the Central Electricity Authority streamlines
permitting. India also opened its first offshore wind tenders in 2024, targeting
4.5 GW. However, limited developer interest caused tenders to be cancelled in
August 2025. Because project timelines are long, no offshore capacity is expected
online before 2030 in our main case.

Under the accelerated case, renewables growth in India could be over 15% higher
— surpassing 2030 ambition. This growth could be achieved by addressing
challenges related to the financial difficulties of many DISCOMs; improving the
enforcement of renewable portfolio standards; and reducing delays in signing
PPAs wit