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In addition to the global development and climate deterioration, the global energy crisis experienced in 2021-2022 has
highlighted the critical importance of securing a reliable and stable energy supply. In this context, policy makers as well
as energy consumers have turned more attention to renewable energy. As shifting to renewables becomes a global
necessity, a pressing question remains: How do we ensure that we have enough of them to support a prosperous
economy, foster social equity, and achieve sustainable development? And how can we provide secure and stable
energy supply globally?

Renewable power experienced record-breaking growth in 2022, but this progress alone does not capture the full
picture of the transition. The current growth rate of renewable power is still insufficient, and it overshadows some
critical bottlenecks, such as slow permitting processes and insufficient grid infrastructure - as | write, over 1 terawatt
of renewable power capacity is waiting to be constructed or connected to the grid. Renewable heat and fuels also lag -
heat and fuels provide nearly 80% of global energy supply but are still largely depending on fossil fuel. To shield us from
future crises, policymakers need to pay greater attention to diversifying the sources and technologies of renewables.

In addition, they need to focus on building an economy that has renewables as its backbone. This means putting in
place structures to enable the sustainable growth of the renewables industry, including ramping up manufacturing
capacities, securing necessary supply chains and developing skilled labour.

The Renewables 2023 Global Status Report - Energy Supply Module delves into the intricacies of renewable energy
progress, examining the distribution of energy among carriers and addressing critical obstacles. It is the second in a
five-piece collection released this year and represents the collaborative efforts of hundreds of contributors who share
the ambition of providing irrefutable and unbiased facts and knowledge to propel the global wave of change. | hope that
in this module, you will find the essential elements and tools to support your analysis and work towards a swift transition
to renewable energy.

Thank you to the REN21team, authors, special advisors, and contributors who have dedicated their knowledge, time, and
effort to produce this report. Their insights, passion, and commitment are instrumental in creating these crowd-sourced
and peer-reviewed reports. | am confident that this publication will serve as a valuable resource for policymakers,
industry leaders, and stakeholders, informing their decision-making and driving the transition to a sustainable energy
future for all.

Sincerely,

B0

Rana Adib
Executive Director, REN21
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/) RENEWABLE ENERGY
// B EEANSZNJW POLICY NETWORK
FOR THE 21 CENTURY

RENZ21 is the only global community of actors from science, governments, NGOs and industry
working collectively to drive the rapid uptake of renewables - now!

REN21 works to build knowledge, shape dialogue and debate, and communicate these
results to inform decision makers to strategically drive the deep transformations needed
to make renewables the norm. We do this in close co-operation with the community,
providing a platform for these stakeholders to engage and collaborate. REN21 also
connects with non-energy players to grow the energy discourse, given the economic and
social significance of energy.

The most successful organisms, such as an octopus, have a decentralised intelligence
and "sensing" function. This increases responsiveness to a changing environment.

& @

REN21 incarnates this approach.

Our more than 4,000 community members guide our co-operative work. They reflect
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the vast array of backgrounds and perspectives in society. As REN21's eyes and ears,
they collect information, share intelligence and make the renewable voice heard.

RENZ21 takes all this information to better understand the current thinking around
renewables and change norms. Our publications are probably the world’s most

&

comprehensive crowd-sourced reports on renewables. Each is a truly collaborative

O
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)

process of co-authoring, data collection and peer reviewing.
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DIALOGUE
AND DEBATE

VY 4

THE SWEET SPOT FOR
CHANGING NORMS




CROWD-SOURCED DATA AND KNOWLEDGE

REN21's data and knowledge collection method is built on a global

multi-stakeholder community of experts. It is validated in a collaborative
and transparent open peer-review process. It is made openly available to
develop a shared language that shapes the sectoral, regional and global

debate on the energy transition.

For more information, see the Methodological Notes section on data collection and validation.

RENEWABLES GLOBAL STATUS REPORT

2023 COLLECTION

Since 2005, REN21's Renewables Global Status Report
(GSR) has spotlighted ongoing developments and
emerging trends that shape the future of renewables.

It is a collaborative effort involving hundreds of experts.

This year's edition (18th) has evolved in design and
structure to reflect the fundamental changes in the global
energy landscape. The new structure is in the form of a
collection of five publications. In addition to presenting
the trends in renewable energy supply, it also dives into
the energy demand sectors, with dedicated modules on

% REN21

GLOBAL STATUS REPORT

% REN21

GLOBAL STATUS REPORT

buildings, industry, transport and agriculture. It includes

a publication on energy systems and infrastructure with
renewables, as well as a publication on renewables for
economic and social value creation, acknowledging the
key role that energy plays across economies and societies.
Collectively these five publications offer readers a systemic
global overview of the current uptake of renewables.

This new structure makes the GSR a key tool in expanding
the renewable energy discussion into key sectors and
ecosystems, developing a shared language and driving

a stronger integration of supply, demand, infrastructure,
market and investment.



DISCLAIMER:

RENZ21 releases issue papers and reports to emphasise the
importance of renewable energy and to generate discussion

on issues central to the promotion of renewable energy.

While REN21 papers and reports have benefited from the
considerations and input from the REN21 community, they

do not necessarily represent a consensus among network
participants on any given point. Although the information given
in this report is the best available to the authors at the time,
REN21 and its participants cannot be held liable for its accuracy
and correctness.

The designations employed and the presentation of material

in the maps in this report do not imply the expression of any
opinion whatsoever concerning the legal status of any region,
country, territory, city or area or of its authorities, and is without
prejudice to the status of or sovereignty over any territory, to the
delimitation of international frontiers or boundaries and to the
name of any territory, city or area.
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environment
programme

Supported by:

% Federal Ministry
A for Economic Affairs
and Climate Action

on the basis of a decision
by the German Bundestag

% Federal Ministry
& for Economic Cooperation
and Development

This report was commissioned by REN21 and produced in
collaboration with a global network of research partners.
Financing was provided by the German Federal Ministry
for Economic Cooperation and Development (BMZ),

the German Federal Ministry for Economic Affaires

and Climate Action (BMWK) and the UN Environment
Programme. A large share of the research for this report
was conducted on a voluntary basis.
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FIGURE 1.
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Total Final Energy and Total Modern Renewable Energy Share, by Energy Carrier, 2020
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MODULE OVERVIEW

RENEWABLES
IN ENERGY SUPPLY

%MODULE OVERVIEW

The global energy crisis of 2021-2022, was sparked by the rapid
economic rebound in the wake of the COVID-19 pandemic which
led to tighter energy supply markets starting in October 2021
The world's energy challenges were exacerbated in February
2022 following the Russian Federation's invasion of Ukraine.?
The energy crisis contributed to high inflation and then became a
global phenomenon during the year, even if the effects were less
visible in Asia and some parts of the world.®

In response, governments have paid greater attention to the
security of energy supply and have turned to renewables to
counter inflation, supply disruptions and price volatility.* This
is highlighted by the growth in energy-related policies such as
the US Inflation Reduction Act (IRA), which includes subsidy
packages aimed at boosting domestic manufacturing and
deployment of renewable energy technologies and the European
Union's (EU) REPowerEU, which aims to bridge the gap between
regional energy supply and demand through renewables.®

The global energy crisis and associated challenges have
prompted wide-ranging changes in the energy supply landscape.
These include greater emphasis on energy security, expansion
of domestic energy production and manufacturing, increased
international cooperation and policy support for renewables
highlighting the need for an accelerated shift to renewables in
energy supply.

Module Overview | Policy | Investment

RENEWABLE ELECTRICITY IS DRIVING THE SHIFT IN ENERGY
SUPPLY

The distribution of the world's total final energy supply across- heat,
fuel and electricity - reveals important insights about the status of
the renewable energy transition. The majority of the world's energy
is supplied in the form of direct heat', which accounted for 48.7% of
the total in 2020° (= see Figure 1), followed by fuel - including liquid
and gaseous fuels used for transport - which represented 29% of
the total.” Meanwhile, the share of electricity (including for heat and
transport) in the global energy supply has increased steadily, rising
from 19% in 2010 to 23% in 2020.% This shift reflects the growing
reliance on electricity to meet energy needs in all end-use sectors,

Reflecting this trend, most of the progress in increasing the share
of renewables in the energy supply has been achieved in the power
sector, with renewable energy contributing nearly one-third (30%)
of global electricity production in 2022.° (= See Figure 2.)

i This includes the direct heat supplied by/produced from fossil fuels, traditional biomass, modern bioenergy, solar thermal and geothermal sources.
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For heat, the progress has been relatively slower, with the share
of modern renewables in the heat supply increasing 2.6% in the
last decade, from 8.9% in 2010 to 11.5% (excluding traditional
biomass) in 2020."° (- See Figure 3.) Modern bioenergy continued
to supply most of renewable heat, at 68%, while solar thermal
supplied 6% and geothermal direct heat contributed 5% (the
remaining 21% was supplied by renewable electricity)."

For fuels, biofuels represented nearly all renewable fuel and
supplied 3.6% of the total fuel supply in 2020, up from 2.3% in
2010.”? In absolute terms, biofuel production increased 60% during
the decade.”® Renewable hydrogen has been hailed as a potential
game-changer for decarbonising energy intensive sectors, and
in 2022 the number of electrolysis plants grew rapidly to reach
around 1gigawatt (GW) of capacity.* However, more than 95% of
current hydrogen production is still based on fossil fuels.”

The development of renewable energy in the power sector is the
result of increased policy attention to renewable power. As of
2022, as many as 174 countries had targets for renewable power
shares (including 37 countries with targets for 100% renewable
electricity), 49 countries had targets for biofuels, and 46 countries
had targets for renewable heat, with only 9 and 3 new targets for
biofuels and renewable heat, respectively, being announced in
2022. In contrast, more than 25 new targets for renewable power
shares and installed capacity were announced in 2022.'®
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THE SHIFT TO RENEWABLE ENERGY SUPPLY IS UNEVEN
ACROSS REGIONS

Globally, China continued to lead in new renewable energy
investments in 2022, accounting for 55% of the total.” Europe
followed with 11%, and the United States with 10%."® In contrast,
Africa and the Middle East combined represented only
1.6% of global investment in renewables, indicating the high
concentration of this investment in just a few regions.

For renewable heat, Europe leads in the modern bioheat
market, with a 24% share in 2020, followed by the United States
with 13%.%° China accounted for 73% of the solar water heating
market, followed by Turkiye, the United States, Germany and
Brazil.# The solar heat market contracted more than 9% in 2022
due largely to declining sales in China; however, some European
markets, especially in response to the energy crisis, experienced
double-digit growth, including ltaly (up 43%), France (29%),
Greece (nearly 17%), Germany and Poland (both 11%).22 China is
the world's fastest-growing geothermal heat market, and other
key markets are Turkiye, Iceland and Japan; together, these
four countries accounted for nearly 90% of global geothermal
direct use in 2022. Overall, however, global capacity additios of
geothermal power were one-third lower than in 2021, with only
0.2 GW added in 2022.%

In the case of renewable fuels, North America supplied 44%
of the global total of renewable biofuels in 2020 (latest available
data), followed by Latin America and the Caribbean with 25% and
Europe with 18%.24 Renewable fuel production has lagged in Asia
and the Pacific (11%) and Africa (less than 1%).%> Australia is an
emerging leader in renewable based hydrogen and is set to have
the largest number of renewable hydrogen plants worldwide.?®

The share of renewable electricity, the share of renewables
has been grown steadily in recent year. In 2022, global renewable
electricity generation grew 8.1% up from a 5.5% growth in 2021.%
Latin America and the Caribbean continued to have the highest
share of renewables in the electricity mix among regions, at 61%
in 2022 (up from 56% in 2012) (» see Figure 4).*® Hydropower
dominates the region’'s electricity supply, contributing 45% of
total production and 73% of renewable production.?® In 2022,
renewable electricity generation in Latin America and the
Carribean grew by 12%.*°

Oceania showed the biggest increase in the share of renewables
in the electricity mix, rising from 21% in 2012 to 40% in 2022,
due mostly to developments in Australia, with 13% growth in
renewable electricity generation in 2022 alone.® This is attributed

mostly to the growing share of solar PV and wind energy, which
rose from 4.1% to 22% in the region during the decade.®
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In Europe, the share of renewables regional total electricity
generation increased from 25% in 2012 to 36% in 2022, Wind
power represented 11% of Europe's total generation in 2022 (up
from 4% in 2012), and solar power represented 5% (up from 1.5%
in 2012).% The region's overall renewable electricity generation
was stable reflecting opposing growth across technologies.
Generation from hydropower, heavily affected by droughts and
water scarcity, was down 11.5% compared to 2021, whereas
generation from solar PV grew a record 21.6% and from power
11.2%.%°

In North America, the share of renewables in the electricity mix
rose from 19% in 2012 to 29% in 2022.% During the decade, wind
power's share of generation increased from 3.3% to 9.6%, and
solar power's share rose from 0.11% to 4.3%.%” In 2022, renewable
electricity generation in the region grew 9% up from 3% growth
in 2021.%8

The share of renewables in Asia's electricity mix increased 10%
during 2012-2022, rising from 17% to 27%.%° This was due mainly
to the increase in solar PV and wind generation, which supplied
only 1.7% of Asia's electricity in 2012 but reached an 11% share
in 2022.%° In 2022 alone, renewable electricity generation in the
region grew 11%.4

In Africa, the renewable electricity share increased 7%, from
17% in 2012 to 24% in 2022.% Hydropower's share of generation
in the region rose from 16% to 19%, and solar and wind energy
grew from 0.4% to 47% (2.7% for wind and 2% for solar).*
In 2022, renewable electricity in Africa grew 11% compared to 5%
increase in 202144

The Middle East had continued to lag other regions, with the
share of renewables in electricity generation rising from 2.4% in
2012 to 3.4% in 2021 (comprising 1.7% hydropower, 1.4% solar
energy and 0.2% wind energy).*®

FIGURE 4.
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THE SHIFT IN RENEWABLE ENERGY SUPPLY IS BEING LED BY
SPECIFIC TECHNOLIGES Solar PV and Wind

The energy transition has focused not only on power, but also on accounted for

a few specific technologies in the power sector. In 2022, solar PV

and wind power represented 92% of renewable power capacity

(70% solar and 22% wind).* (= See Figure 5.) of renewable power
additions.

In total, 348 GW of renewable power capacity was added in 2022
(up 13% from the 306 GW added in 2021); however, this annual
capacity addition would need to be accelerated by as much as
2.5 times to achieve the capacity growth required to achieve the

y/ FIGURE 5.
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International Energy Agency's (IEA) scenario for net zero
emissions by 2030.“ (» See Figure 6.) Annual capacity
additions for bio-power, geothermal, ocean power and
concentrated solar thermal power (CSP) would need to
grow 9.7 times to be on track with the IEA net zero targets.*®
For wind power, annual additions would need to increase
3.7 times to reach the IEA targets, particularly as additions
slowed in 2022 as a result of supply chain interruption and

rising material costs (down 17% compared to 2021).%° The
wind sector especially is at critical juncture as the current new
and announced manufacturing capacity falls short in meeting
the IEA's net-zero scenario.®® Meanwhile solar PV had another
record year in 2022, with additions rising 37% compared to 2021
(up 25% for utility-scale solar PV and 54% for decentralised
solar PV); however, to reach the IEA target, the current rate the
annual installation needs to double in 2030.%

?/ FIGURE 6.
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RENEWABLE ENERGY MANUFACTURING IS CONCENTRATED
IN CHINA

In 2022, manufacturing capacities for both renewables and
enabling technologies had another year of strong growth for solar
PV (up 39%), electrolysers (26%) and heat pumps (13%).% Wind
energy manufacturing capacity grew by a more modest 2%.% In
response to the energy crisis and associated challenges, multiple
flagship policy packages - such as the US Inflation Reduction Act,
the Net-zero Industry Actin Europe, Japan's Green Transformation
programme and India's Production Linked Incentive scheme
- have aimed to increase domestic manufacturing capacity of
renewable energy and enabling technologies.®

The manufacturing of solar PV panels remained geographically
concentrated in China, which dominated with more than 80%
shares across all production stages in 2022.%° The next largest
countries with respect to manufacturing capacity are Vietnam
and India, accounting for 5% and 3%, respectively, of the global
capacity.® In 2022, 90% of the growth occured in China and out of
the top 10 largest solar PV announced manufacturing projects, only
one (number 10) was in India. High costs continue to be a leading
barrier to more widespread solar PV manufacturing; compared to
China, costs are an estimate 10% higher in India, 20% higher in the
United States and 35% higher in Europe.®”

For wind energy, western manufacturers continued to face
growing competition from Chinese turbine makers, which have
actively pursued sales overseas.®® In 2022, China accounted for
over 60% of global manufacturing capacity, followed by the EU
(just under 15%) and the United States (10%).5°

Heat pump manufacturing capacity is more globally distributed.
In 2022, 35% of global capacity was in China, followed by 25%
in the United States, and close to 20% in the EU.5° Similarly,
electrolyser manufacturing is concentrated in China with around
40% of electrolyser manufacturing capacity, with the EU and the
United States having shares of 20% each.®'

In 2022, global
manufacturing of
renewable energy and
enabling technologies
grew by nearly




POLICY

OVERALL CONTEXT

As policy makers around the world grapple with energy
security concerns, they have prioritised measures that can
ensure a steady and reliable energy supply while speeding
decarbonisation of the sector.! This has led to the uptake of well-
defined and specific policy measures.? Major announcements in
2022 that reshaped the policy landscape of renewables include
the US Inflation Reduction Act, the European Union's (EU) Fit
for 55 and RePowerEU packages, Australia’s Climate Change
Bill, Japan's GX Green Transformation and China's 14th Five-Year
Plan.® In response to the ongoing energy crisis, governments
also increased their spending on the energy transition.* However,
meeting the decarbonisation target required to avert the worst
effects of climatic change requires far greater effort. The policies
discussed here offer a wide diversity of examples but are not
exhaustive.

ELECTRICITY

Most countries have in place broad national renewable energy
targets for the power sector.® In 2022, Bolivia, Chile, the EU and
four sub-national jurisdictions in Canada announced new or
revised targets for renewables in electricity generation, bringing
the total number of jurisdictions with such targets to at least
174, up from 135 in 2021.° (- See Figure 1 in Module Overview.)
Although targets alone may not be enough to incentivise
investment, they can indicate a region's dedication to the energy
transition. Converting targets into concrete action requires
implementing associated policies and regulations.”

Power policies focus primarily on solar PV and wind power
capacity (= see Figure 7), similar to the high levels of investment
in solar and wind energy as compared to other renewable
technologies.® During 2022, the EU and 20 national and sub-
national jurisdictions added new targets for installed capacities
of solar PV (7) and wind (13) power?® In total, more than
250 technology-specific power capacity targets were in place in
126 national and sub-national jurisdictions by year's end.”

FIGURE 7.
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The number of countries with support policies for renewables in
the power sector remained at 156 in 2022, the same as in 2021."
Although some countries adopted new policies, others removed
policies (mainly feed-in tariff policies).” Most countries use a mix of
policy instruments to support the uptake of renewables, which can
differ based on the technology and size of the installation and on
whether or not it is decentralised. Renewable energy policies in the
power sector include targets, renewable portfolio standards (RPS),
renewable energy certificates (RECs) or Guarantees of Origin (GOs),
feed-in tariffs and premiums, auctions and tenders, net metering
(and other policies that encourage self-consumption), and fiscal and
financial incentives such as grants, rebates and tax credits.®

Feed-in tariffs (FITs) and feed-in premiums have been used
widely to support the uptake of renewables within both large-
scale grid systems and for decentralised power generation.™
(= See Figure 8)) In 2022 and early 2023, 15 countries and 5 sub-
national jurisdictions (all in Australia) revised their feed-in tariff or
premium payment policies.”® By the end of 2022, 83 countries had
in place feed-in tariff or premium payment policies.”® FIT policies
were removed in six countries (Austria, Costa Rica, Finland,
New Zealand, Switzerland and Uganda) during the year and
reintroduced in six countries (Bulgaria, China, Ireland, Mauritius
and South Africa) after having previously been removed.”

Barbados revised down its FIT for smaller projects (below
1 megawatt, MW) and raised it for larger projects (10 MW and
higher) in an effort to incentivise large projects® Germany
updated its Renewable Energy Act to give owners of rooftop solar
photovoltaic (PV) systems (up to 750 kilowatts, kW) the option
to either choose a reduced FIT but use part of the power they
produce themselves, or feed in all of the electricity generated
by rooftop systems and receive an additional payment on top of
the standard FIT.® Mauritius included in its 2022-2023 budget
provisions for a FIT for medium-scale systems.?® South Africa
announced the reintroduction of FITs for solar PV to tackle load
shedding.? Thailand introduced a 25-year FIT for solar PV and
solar-plus-storage, and Japan adopted provisional FITs for fiscal
year 2023.%2

By the end of 2022,

had in place feed-in tariff
or premium payment
policies.

?- FIGURE 8.
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Net metering is still a popular policy used to incentivise
households, commercial entities and industrial facilities to invest
in their own renewable energy systems by enabling them to sell
surplus electricity to the grid. In 2022, 10 countries and several
US states revised their net metering policies, including Cyprus,
Egypt, Finland, Ghana, the Philippines, Romania and Slovenia.®
The Netherlands removed its net metering policy in 2022 after
the parliament voted to end the measure.?* By year's end, a total
of 92 countries had net metering policies in place.?®

Cyprus announced that it would expand funding for solar net
metering by EUR 40 million (USD 43 million)?® Finland, which
has implemented net metering since early 2021, adopted a new
centralised information system that enables many more solar PV
systems to benefit from the scheme starting in 2023.2” Egypt
released updated net metering rules in Decree No. 6 of 2022, with
increases to the maximum net metering capacity allowed.?® Ghana's
Public Utility Regulatory Commission approved net metering tariff
guidelines, and the Philippines increased the size limit of energy
systems eligible for net metering from 100 kW to 1 MW.?°

However, some countries have phased down net metering, in
some cases to indirectly encourage the installation of energy
storage systems. The Dutch parliament’s decision to phase out
net metering was aimed largely at incentivising the use of storage
and relieving pressure on the grid.*® Poland is shifting from net
metering to net billing'®" At the sub-national level, US states that
are reducing or shifting away from net metering schemes include
California, Florida, Idaho, Indiana, Michigan and North Carolina.®
In California, the third iteration of the Net Metering Program
(NEM 3.0) entered into force in April 2023 and is less favourable
than NEM 2.0.3°

Between January and September 2022, the awarded renewable
auction capacity increased 70% to reach 77 gigawatts (GW),
primarily in solar PV and wind power, with China and Europe
accounting for 75% of the total awarded capacity.®* In 2022,
several countries used auctions and tenders to attract private
sector investment for large-scale renewable energy projects,
increase the installed power capacity and diversify the energy
mix to boost energy security. In Asia, India tendered 28 GW of
variable renewable power capacity and Thailand launched a new
round of auctions for biogas, wind, solar power as well as for
energy storage capacity.®® The Philippines announced a Green
Energy Auction Programme for 2023 of a combined 2 GW for
hydropower, solar, biomass and wind power capacity.*®

In Europe, Germany issued tenders for installations above
750 kW, Greece launched a new round of tenders until 2024
(awarding over 530 MW in its first round), and Poland awarded
486 MW of solar PV in an auction.*” South Africa concluded
its sixth auction round by awarding 860 MW of solar power
capacity.® At the subnational level, New South Wales in
Australia launched its first-ever renewable energy auction,
targeting 12 GW of renewables and storage by 2030 to replace
retiring coal plants.*®

In general, however, auctions and tenders were undersubscribed
globally as countries (including France, Germany, Greece and
Spain) struggled to adjust these measures to inflation and to
the rising costs of renewable power components®® Across
much of Europe, the United States and several other countries,
permitting processes continue to be challenging and in lead to
undersubscribed auctions.”! To attract interest, Germany raised
the price cap for wind and solar PV tenders.*?

Financial and fiscal policies - such as tax exemptions, rebates,
grants and loans - are popular instruments to incentivise the
uptake of renewables.*®

Such policies can target specific technologies and sectors or
be technology-agnostic. In 2022, 61 jurisdictions - including
Bulgaria, Canada, the EU, Kenya, South Africa and the United
States - introduced or revised financial and fiscal policies for
renewables, bringing the total number of countries with such
policies t0138.44 The US Inflation Reduction Act of 2022 allocates
USD 391 billion in subsidies and tax credits for the clean energy
transition, including technology-neutral tax credits from 2025
onwards for new electricity generation (including renewable), tax
credits for the manufacture of clean energy technologies.*® The
credits are guaranteed for 10 years, helping to provide confidence
to the market.*®

Other countries announced financial and fiscal incentives.
Through RePowerEU, the EU plans to ease access to tax
credits for green investment Canada announced tax credits
totalling USD 83 billion for clean electricity, clean technology
manufacturing chains and clean hydrogen.® South Africa
announced a ZAR 9 billion (USD 500 million) solar tax incentive for
households and companies, and agreed to expand its renewable
energy tax initiative to remove thresholds on generation and
to enable investors to deduct the full cost of new renewable
assets.”® Bulgaria is allocating EUR 102 million (USD 112 million)
for green energy and storage projects in the tourism sector.%® As
of January 2022, Kenya is granting a 50% tax exemption to power
producers selling electricity that is generated fully off-grid, in a
push for decentralised renewable energy solutions.®

i Net metering is a system that allows residential and commercial customers with solar panels or other renewable energy sources to receive credit for any excess
electricity they generate and send back to the grid, which can be used to offset future electricity bills. Net billing, on the other hand, is a system in which customers
are paid for the excess energy they generate at a fixed rate per kWh, which is typically lower than the retail rate they would pay for electricity.

POLICY

23




% REN21

24

By the end of 2022, 35 countries had in place renewable
portfolio standards (RPS), which mandate utilities and private
sector companies to install or use renewables. The Philippines
amended its RPS to require a minimum of 2.5% renewable
energy supplied to distribution utilities or direct buyers, up from
1% previously.®® At the sub-national level, 36 US states and the
District of Columbia had RPS as of November 2022 to support
renewable energy generation.®® The state of Maryland revised
its RPS policies in place to no longer include waste incineration,
factory farm gas, and wood biomass, as part of the Reclaim
Renewable Energy Act.%

Mandates for rooftop solar PV require certain buildings or
properties to install solar panels on their roofs.*® Such policies made
a comeback in 2022, with announcements of mandates in the Czech
Republic and three sub-national jurisdictions in China (Guangzhou,
Jiangxi and Shaanxi).”® The EU released its Solar Energy Strategy
and its proposed Performance for Building Directive, which require
the installation of rooftop solar PV on all new public and commercial
buildings with at least 250 square metres (m?) of surface by 2026,
on all existing public and commercial buildings by 2027 and on all
residential buildings by 2029.5

In France, new legislation makes it mandatory for parking lots of
80 spots or more to install solar PV systems within three to five
years.®® Greece's solar mandate, which took effect in 2023, requires
solar PV on all new buildings with at least 50% non-residential use
and more than 500 m? in area.®® In Germany, 9 out of the 16 federal
states have rooftop solar PV mandates, all of which took effect in
January 2022.%° At the sub-national level, Tokyo and Kawasaki City
in Japan announced in 2022 that they are mandating solar PV on
all new residential buildings as of 2025.9'

Community solar enables individuals, businesses and
communities to have a stake in renewable energy projects,
such as community energy arrangements, shared ownership,
self-consumption and virtual net metering. Such engagement
helps to create a more positive public response to renewables
and to increase project deployment. As of the end of 2022, 13
US states had formal community solar programmes, and several
other states had utility-run programmes.®? Among advancements
during the year, California enacted legislation authorising
regulators to define a new community programme for the state.®®
The US National Community Solar Partnership issued a roadmap
for reaching 5 million community solar households by 2025.% The
Australian Government, as part of its 2022 Climate Change Law,
committed AUD 102.2 million (USD 70 million) to the Community
Solar Banks Initiative.®®

In 2022, Belgium, Denmark, Germany and the Netherlands
collectively pledged to increase offshore wind capacity ten-fold
by 2050.%¢ Germany updated its target for offshore wind power
capacity from 40 GW to 70 GW by 2040 under the Offshore Wind
Energy Act®” Australia has developed regulations for offshore
energy infrastructure to provide increased investment and
regulation for the sector.®®

Vietnam's Draft Power Development VIII includes targets for
16 GW of onshore and nearshore wind and 7 GW of offshore
wind.® In 2023, nine European countries (Belgium, Denmark,
France, Germany, Ireland, Luxembourg, the Netherlands, Norway
and the United Kingdom) agreed to collective capacity targets

for offshore wind power, aiming to achieve a minimum 120 GW by
2030 and 300 GW by 2050.7°

Other policy changes during the year could slow growth in
wind power deployment. Denmark paused its well-established
and efficient "open door” scheme for offshore wind, creating
uncertainty for developers, while Poland voted to amend its
strict wind power law to forbid siting wind turbines within 700
metres of residential buildings.” Ireland introduced a requirement
that offshore wind power projects be built in (yet unidentified)
Designated Marine Areas, effectively putting offshore
development on hold.”?

In 2022 and early 2023, the Slovak Republic, Turkiye and the
United Kingdom announced national renewable hydrogen
strategies and roadmaps, bringing the total number of countries’
with such strategies to 45.” (= See Figure 21in Hydrogen section.)
Fiscal and financial incentives supporting renewable hydrogen
were in place in 14 countries, 7 sub-national jurisdictions and the
EU as of end of 20227

Other policies and programmes include a measure setting up
export-import corridors for renewable hydrogen between Chile
and the Netherlands.”® Countries are supporting renewable
hydrogen because of its potential to reduce carbon emissions in
hard-to-abate sectors, such as in some industries.”

Argentina launched a Green Hydrogen Strategy targeting
5 GW of renewable hydrogen by 2030.7 South Africa issued its
Hydrogen Society Roadmap, which aims for 500 kilotonnes of
renewable hydrogen production by 2030 and 15 GW by 2040.”®
Austria, in its hydrogen strategy, is targeting 4 terawatt-hours of
annual renewable hydrogen production and 1 GW of electrolysis
capacity by 2030.”° Uruguay announced a renewable hydrogen
roadmap targeting 1 million tonnes of production annually by
2040 and requiring the installation of 20 GW of renewables.?

The US Inflation Reduction Act includes a tax credit for renewable
hydrogen of USD 3 per kilogram.®" In 2021, six countries (Egypt,
Kenya, Mauritania, Morocco, Namibia and South Africa) launched
the Africa Green Hydrogen Alliance in an effort to advance the
uptake of renewable hydrogen in Africa.t?



HEATING AND COOLING

In 2022, only two countries (Germany and Serbia) and the EU
updated their heating and cooling targets. (= See Figure 1 in
Module Overview.,)

The EU is taking significant steps towards policy advancement in
solar thermal energy. The Fit for 55 package aims to accelerate
the deployment and uptake of renewables, including solar
thermal, by setting higher overall targets for 2030 and more
ambitious sub-sectoral targets in heating and cooling, buildings
and industry.® The revised text focuses on accelerating permitting
for renewable energy projects and ensuring the availability of a
skilled workforce.8

Under the EU’'s Green Deal Industrial Plan, solar thermal energy
is recognised as a strategic net zero industry, and the region
plans to innovate and scale manufacturing capacity in net zero
technologies.®® Although the sector is currently able to supply
around 90% of EU heat energy demand, the challenge is to expand
this capacity to meet projected growth to 2030 and beyond.®® The
EU also is underpinning its leadership in the green transition and
research and innovation investments in clean energy technologies
by revamping the Strategic Energy Technology Plan; this is
expected to benefit the European solar thermal sector by including
renewable heating and cooling generation.®”

Policies around district heating gained momentum in 2022,
especially in the face of high energy prices during the year.®
Germany is setting up a fund of EUR 3 billion (USD 3.3 billion)
aimed at decarbonising the district heating sector and financing
the construction of new heating networks with 75% renewables.®
Denmark approved a new law that allows district heating
companies to negotiate pricing with geothermal operators to put a
cap on consumer costs.®® The UK Net Zero Strategy allocates GBP
338 million (USD 421 million) for the Heat Network Transformation
Programme, with a focus on low-carbon technologies.®

Heat pumps are considered a central solution for energy efficiency,
and many countries have pushed for greater uptake. Governments
in Europe, Japan and the United States introduced high-level
policymaking efforts to encourage deployment of the devices.®
Subsidies currently available for upfront costs of both air-to-air and
air-to-water heat pumps are below those for gas boilers in some
countries, including France and the United States.*®

The RePowerEU policy targets the installation of 20 million
heat pumps by 2026 and nearly 60 million by 2030. The EU
also announced an action plan to boost regional heat pump
manufacturing and deployment.®® In France, grant support for
installing ground-source heat pumps was raised to EUR 5,000
(USD 5,500) per unit in early 2023.°¢ Germany launched rebates
of up to 40% for homeowners to install heat pumps.®” The US
Inflation Reduction Act offers rebates for low-income households
that cover up to 100% of the cost of a heat pump and installation.®®

China introduced an updated building energy law, its first
binding energy efficiency standard for new buildings, that targets
installing heat pumps for 2 million square metres of public and
government buildings.*® Canada announced an additional CAD
250 million (USD 185 million) to swap oil furnaces for heat pumps,
and New York State invested USD 70 million to electrify public
housing.'®® Such policies have resulted in rising heat pump sales
and provided clear signals to the expanding heat pump industry.”

The RePowerEU policy
targets the installation of

heat pumps by 2026 and
nearly 60 million by 2030.

R ey
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INVESTMENT AND FINANCE

Global new investment in renewable power and fuels (not including
hydropower projects larger than 50 megawatts, MW) reached a
record high in 2022, at an estimated USD 495 .4 billion' Investment
increased 17.2% from 2021, due largely to the global rise in solar
photovoltaic (PV) installations.? These estimates do not include
investment in renewable heating and cooling technologies, for
which data are not collected systematically. Global investment in
heat pumps' reached USD 63.4 billion, up 9.6% from 20212 (= See
Buildings Module)) Hydropower investment (including projects
above 50 MW) has hovered at around USD 8 billion for the past
several years, although data remain limited.

The increase in renewable energy investment came amid drastic
changes in the energy landscape in 2022, including the Russian
Federation's invasion of Ukraine, skyrocketing inflation and ongoing
supply chain disruptions related to the COVID-19 pandemic.
In Europe, the war in Ukraine and its implications for imports of
Russian gas amplified calls for greater deployment of renewables
and related investment® Together, these factors prompted

sweeping
interventions  to

government

fast- Global new investment in

track a clean energy renewable power and fuels
transition, including the reached a record high
Inflation  Reduction Act

in the United States,

the  REPowerEU plan

in Europe and the GX
Green Transformation
Programme in Japan.®
(= See Policy section.)

in 2022.

Inflation (of around 8%) played a role in the investment
growth in renewables in 2022, contributing to higher costs for
components, construction and financing.” However, inflation
represented only a fraction of the overall investment increase,
meaning that investment expanded well beyond the effects of
inflation.® In general, the declining costs of renewables over the
past decade have meant that a dollar invested today translates
into higher capacity installed than it did in years past.® Without
these cost reductions, much more investment would be needed
to bring the same level of capacity online.®

Data are from Bloomberg NEF and include the following renewable energy projects: all biomass and waste-to-energy, geothermal and wind power projects of

more than 1 MW; all hydropower projects of between 1and 50 MW; all solar power projects; all ocean energy projects; and all biofuel projects with an annual

production capacity of 1 million litres or more.

i Heat pumps, although not considered renewable energy technologies in this report, are energy-efficient heating and cooling systems.

/ FIGURE 9.

Global Investment in Renewable Power and Fuels by Technology, 2018-2022
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INVESTMENT BY TECHNOLOGY

Solar PV and wind power continued to dominate new investment
in renewables, with solar PV accounting for 62% of the 2022 total
and wind power for 35%." (= See Figure 9.) The strong growth
in solar PV investment of 2021 expanded further in 2022, rising
nearly 36% to reach USD 307.5 billion.” Wind power investment
fell 1.3% to USD 174.5 billion, a reflection of policy uncertainties,
long and complex permitting regulations in many countries, and
high inflation in the costs of inputs.”

The private sector has been the primary source of global
investments in renewable energy in recent years, although the
balance between public and private investments varies depending
on the technology and context. In 2020, the most recent year for
which data are available, private sources accounted for 69% of
renewable energy investment, with most of this originating from
commercial financial institutions and corporations.’®

Private finance accounts for the vast majority of solar PV
technologies (around 83% in 2020), as these technologies
are commercially viable and highly competitive; in contrast,
geothermal and hydropower technologies rely mostly on public
finance, with private finance representing only around 32% and
3%, respectively.® Hydropower investments often need public
finance because of the large upfront investments, the need
for long-tenor loans (as construction can take more than a
decade), high construction risks, complex and lengthy permitting
procedures, and high social costs and environmental risks, all of
which hamper private sector investments.”

INVESTMENT AND FINANCE

INVESTMENT BY ECONOMY

Investment in renewable power and fuels varied by region in
2022, rising in Brazil, China and India but falling in Europe and
the United States.’® (= See Figure 10.) China continued to account
for the largest share of global renewable energy investment
(excluding hydropower larger than 50 MW), at 55%, followed
by Europe (11.3%), Asia-Oceania (excluding China and India;
10.8%) and the United States (10.0%)."° All other world regions
accounted for 4% or less of the total.?°

China’s overall investment in renewables increased sharply in
2022, rising 56.2% to reach USD 274.4 billion.?! This was due
largely to continued growth in the country’s solar PV capacity,
which grew 78.9% to USD 164.5 billion.?? Wind power investment
also increased in China, rising 33.2% to reach USD 109.0 billion.?
Investment in all other renewable energy technologies was only
marginal by comparison.?

Renewable energy investment in China is driven in part by the
country's long-term decarbonisation goals and by the growing
demandforelectricity compared with countriesinthe Organisation
for Economic Co-operation and Development (OECD), where
electricity demand is relatively stagnant or growing far more
slowly.?® Investment in solar PV has been supported by policies
enacted by Chinese provincial and local governments, as well
as by growing interest in distributed solar PV from commercial
and industrial entities.?® Although China has phased out direct
subsidy support for wind power at the national level, provincial
and local governments have continued to support project
investments, particularly by facilitating land acquisition and other
project logistics.?”
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In Europe, investment in renewable energy projects fell 26% to
USD 55.9 billion in 2022.% This decline reflects inflation-related
challenges (with costs rising at a higher rate than prospective
revenues) as well as national interventions in electricity markets
that set varying revenue caps for different technologies,
shaking investor confidence.?® Despite these challenges, some
European countries showed remarkable investment growth:

in ltaly, renewable energy investment increased 53.2% to
USD 3.69 billion, and in Spain it grew 36.3% to USD 10.5 billion.*°
Bulgaria, Estonia and Romania also showed notable growth,
although starting from a much smaller base.*

Other countries saw significant drops in investment. In France,
investment fell 35.6% to USD 4.4 billion, in Germany it was

FIGURE 10.
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down 32.8% to USD 8.8 billion, and in the United Kingdom it
plummeted 81.4% to USD 2.2 billion.** The dramatic drop in UK China accounted for
investment reflects policies that have banned solar PV from
farmland (citing food security concerns) as well as planning laws
that have blocked onshore wind farms.*® In the regional ranking,
Spain again took the lead in renewable energy investment,
followed by Germany and Poland.**

of global investment
in renewables.
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In Asia-Oceania (excluding China and India), investment in
renewables fell 7.7% to USD 53.7 billion.*® This decline reflects
decreases in Japan (down 29.4% to USD 12.5 billion) and
the Republic of Korea (down USD 4.2% to USD 6.7 billion).®
Although investment in solar PV in the region grew slightly (3.4%
to USD 39.8 billion) in 2022, it was nowhere near the levels
seen in 2020.% A contributing factor was the ongoing decline
in solar PV investment in Vietnam, the region’s largest solar PV
market, following the discontinuation of the country's feed-in
tariff at the end of 2020.%®

Investment in wind power in Asia-Oceania fell 15.9% to
USD 12.1 billion, attributed in part to difficulties in acquiring grid
connections, a common problem in the region.® Investment
in biofuels increased markedly during the year, up 239.6% to
USD 0.18 billion. The increase is due largely to incentives that
Indonesia and Malaysia put in place to support the local palm oil
industry, after the European Union (EU) imposed sustainability
restrictions on palm oil imports.*

The United States attracted the most renewable energy
investment  among  developed  economies,  although
investment continued its decline of recent years, falling 10%
to USD 49.5 billion.#? Investment fell in both solar PV (down
16.1% to USD 25.5 billion) and wind power (down 24.6% to
USD 15.2 billion).** The US investment decline continued to
reflect the challenges seen in 2021: difficulties with supply chains,
road blocks in permitting and grid connection, the fall-off in
available federal tax credits (which was reversed during the year),
and continued uncertainty about tariffs and other trade measures
that impact module imports,*

In India, total new investment in renewables increased 4.4%
to USD 11.5 billion in 2022.% Investment in solar PV rose 19%

to USD 8.6 billion.*® Biofuel investment grew marginally, and
investment in all other renewable technologies, including wind
power, fell during the year# Although auctions continue to
support investment in both solar PV and wind power in India,
the scalable nature of solar PV (which allows it to be deployed
more quickly with fewer complications for grid connection) has
given it a great advantage over wind power, explaining in part the
large difference in investment between the technologies.**Wind
power investment in India has not yet recovered to its 2016 peak,
due largely to difficulties with procuring land for new projects
in areas with strong wind resources or near transmission
networks, but also because of the national shift from feed-in
tariffs to tendering.*®

Brazil's total investment in renewables was up 18.3% to
USD 14.8 billion.*® Continuing the growth of 2021, investment in
solar PV increased 23.7% in 2022 and in wind power increased
14.5%, whereas investment in all other renewable energy
technologies either stagnated or declined.® The flurry of investment
in rooftop solar PV continued, in advance of revised legislation that
will gradually introduce grid-access charges for residential and
commercial system owners beginning in June 2023.%

Wind power investment reached a new high in Brazil and is
increasingly being supported by power purchase agreements
that are not connected with government-run auctions.®® This
demonstrates the rise in unregulated electricity market shares
coupled with growing corporate demand for clean energy.®

Although the shares of biomass in Brazil's total renewable
power investment are decreasing, dependable sugarcane
feedstocks and ongoing government auctions targeting
biomass-generated electricity have helped to ensure ongoing
investment in the technology.*®




Outside Brazil and the United States, renewable energy
investment in the Americas totalled USD 16.6 billion, down
slightly from 2021.%¢ Solar PV investment in the region increased
16% to USD 11.8 billion, whereas investment fell in all other
technologies, including wind power, which was down 9.6%
to USD 4.8 billion.*” Biofuel investment dropped 100% to only
USD 11 billion.®® Investment in renewables was impacted by
inflation, the discontinuation of COVID-19 stimulus packages,
weak local currencies and slow economic growth.®

In Argentina, new renewable energy investment has fallen
sharply due mainly to economic and financial turmoil, as well
as to bottlenecks in the transmission infrastructure that have
greatly slowed the integration of additional variable electricity
supplies.®® Chile remains a key destination for new renewable
energy investment in the region, despite relatively lower levels
spent in 2022, and Colombia has emerged as an important new
market for wind and solar power investment.®' To enable greater
grid integration of variable renewables, both countries have taken
steps to support utility-scale battery capacity, which is only
beginning to be deployed in the region at scale.®

Investment in renewables in the Middle East and Africa was
up 3.0% to reach USD 8.4 billion in 2022.% Regional investment
leaders included South Africa (up 45.4% to USD 2.2 billion),
Egypt (up 669.2% to USD 1.8 billion) and Israel (up 9.2% to
USD 0.99 billion).%* At least some of South Africa’s remarkable
growth in renewable energy investment may be in response to

INVESTMENT AND FINANCE

the November 2021 announcement of dedicated finance (initially
USD 8.5 billion) for decommissioning coal-fired power plants and
deploying renewables.®® Partners in this Just Energy Transition
Investment Plan for the country include France, Germany, the
United Kingdom, the United States and the EU.5¢

Many developing and emerging economies face unique
challenges in financing renewable energy projects, compared
to the developed world. Investment in these countries may be
complicated by political instability, macroeconomic uncertainty
(related to inflation and exchange rates), policy and regulatory
issues (such as poorly designed or implemented processes
for obtaining licences, permits, rights and other approvals to
build), institutional weaknesses and a lack of transparency.®”’
(= See Sidebar 1) Country related risks and underdeveloped local
financial systems also can directly affect the cost of capital.®®
Nominal financing costs can be up to seven times higher in
emerging and developing countries than in developed countries,
such as the United States and countries in Europe.®®

RENEWABLE ENERGY INVESTMENT IN PERSPECTIVE

Renewable power installations continued to attract far more
investment in 2022 than did fossil-fuel based or nuclear
generating power plants.’”® Investment in new renewable power
capacity accounted for 74% of the total investment committed
to new power generating capacity (including fossil fuels and
nuclear).” (= See Figure 11).

i Investment in utility-scale battery capacity is not included in the investment totals for renewable power and fuels presented earlier in the paragraph.

?' FIGURE 11.
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Most scenarios that limit the increase in the global mean
temperature are accompanied by a near-complete phase-
out of fossil fuel power generation (without carbon capture
and storage) by 2100.2 The Paris Agreement (in Article 2.1c)
highlights the need to make finance flows consistent with the
goal of limiting global temperature rise to 1.5 degrees Celsius.”
Achieving this goal would require large growth in overall
renewable energy investment compared to the last decade.
Estimates of the annual investment in renewable power needed
by 2030 to achieve the Paris Agreement goals are in the range
of USD 1,300-1,400 billion” (= See Figure 12.)

Annual investment in
renewable energy needs
to increase by more
than an

YV 4

Annual investment (USD billion/yr)

2,000

1,800

1,600

1,400

1,200

1,000

800

600

400

200

FIGURE 12.

Range of Annual Renewable Energy Investment Needed in Climate Change Mitigation Scenarios,
Compared to Recent Investments
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Note: These scenarios quantify renewable energy differently than the Bloomberg NEF historical basis used in this chapter. These scenario estimates are for

renewable power only, while the historical basis includes power and renewable fuels.
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SIDEBAR 1. Permitting and Grid Updates for Renewable Energy

Interest in renewable energy increased globally in 2022 in
light of the severe energy crisis triggered by the Russian
Federation's invasion of Ukraine. More countries and
companies are seeking the opportunity to increase their
installed capacity as renewables are seen as providing
cleaner, cheaper and more stable energy than fossil fuels. In
2022, global renewable energy capacity grew 13%, adding
348 GW to reach a total of 3,481 GW.

However, a key constraint for the implementation of
renewables is the required permitting to enable connection to
the electrical grid. In most places, the current grid capacity is
insufficient to transmit the power generated from renewable
sources. The United States has more than 900 GW of
renewable energy projects waiting to be constructed and
connected, yet many have been unable to connect to the
grid, delaying decarbonisation in the world's second largest
emitter of greenhouse gases. The conventional grid was
built to accommodate a centralised power system fed by a
relatively small number of large power plants. Investments
in grid updates have been inadequate, resulting in more
than 1,200 GW of renewable energy projects in US awaiting
connection as of 2022.

This challenge is being witnessed globally. Greece, a country
that fully covered its electricity demand with renewables
for the first time in 2022, has 11.5 GW of projects waiting to
be connected to the grid. In the United Kingdom, around
600 projects with a combined capacity of 176 GW are in the
gueue for connection, with a projected waiting time for some
projects extending into 2036.

Financialand environmental variables can greatly complicate
grid upgrading, and the cost can sometimes be prohibitive
for utility companies. In 2020, Pine Gate Renewables in the
US state of North Carolina terminated its solar PV project
due to the estimated grid connection cost of USD 5 million.
Germany, which plans to add 12,000 kilometres of
electricity lines, faces an anticipated cost of EUR 55 billion
(USD 58.7 billion) to expand high-voltage lines by 2030.
Globally, an estimated USD 21.4 trillion in grid investment
would be needed to achieve net zero emissions by 2050.

The process of upgrading grids needs to be transparent to
local communities and sensitive to environmental concerns.
This can be time consuming for companies that are hoping
to realise projects as quickly as possible to recoup initial
investments. In the United States, the median approval
time for connecting a new power project to the grid in
2021 was 2.8 years, double the approval time in 2015, In
Germany, farmers have protested grid expansions, citing the
potentially serious impacts that underground cables could
bring to farmlands.

Many governments are well aware of the potential bottleneck
of grid connection for the energy transition. In 2022, the
government of Greece implemented stricter standards
for connecting renewable energy to grids, to prevent
inexperienced utility companies from preoccupying the
grid by taking long lead times to realise projects. The US
government launched a Better Grid Initiative to develop
new and upgraded high-capacity transmission lines in the
country, identifying areas of greatest need. In addition, the
federal government will provide more than USD 20 billion to
support transmission infrastructure.

Given that grid expansion takes time, the Japanese
government has developed a scheme to use the existing
grid more flexibly, requiring companies to agree to “non-firm
connection” whereby projects must suspend operations
when required to secure grid stability. To accelerate
permitting, Spain temporarily abolished its requirement to
carry out environmental impact assessments for renewables
projects, which could halve the development time. In the
United States, a bill to similarly overhaul the environmental
process was proposed but rejected. Meanwhile, UK
renewable energy developers have asked for regulatory
reforms that prioritise renewable energy projects with short
lead-times that are ready to proceed, in place of the current
“first come, first served” approach.

i An individual, household or small business that not only consumes
energy but also produces it. Prosumers may play an active role in
energy storage and demand-side management.

Source: See endnote 75 for this section.
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KEY FACTS
BIOENERGY

Bioenergy (including traditional use of
biomass) is the largest renewable energy
source, accounting for 12.6% of overall
energy consumption in 2020.

Globally, most of the use of bioenergy
was for heating.

Global production of liquid biofuels
totalled 162 billion litres in 2021, providing
3.6% of the overall energy use in the
transport sector.

In 2022, 672 terawatt-hours (TWh) of
electricity was generated from a wide
variety of biomass feedstock, with the
share in overall electricity generation

at 2.4%.

Total installed biopower capacity was
149 gigawatts (GW) in 2022.

Bioenergy, or energy derived from biomass, is a versatile
renewable energy source with a multitude of feedstocks,
technological pathways and end-uses.' Predominant feedstocks
include residues from forest harvesting and processing (e.g.
fuelwood, wood chips, sawdust), energy crops, wastes and
residues from the agriculture sector (e.g., paddy straw, rice husk,
animal waste) and the renewable share of municipal solid waste.?
This feedstock can be converted through a variety of biological,
chemical and thermal processes to produce electricity, heat,
cooling, and transport fuels, as well as materials and chemicals.®

The use of biomass for energy can be broadly classified into
traditional and modern bioenergy. Traditional bioenergy typically
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involves the direct combustion of biomass such as wood,
charcoal, cow dung and crop waste in inefficient appliances such
as open-fired cook stoves. Such use occurs mainly in developing
countries and produces household air pollution that is harmful
to human health.* However, modern sustainable bioenergy - the
use of improved fuels (e.g., pellets, wood chips, ethanol, biogas,
biomethane, etc.) in modern equipment - will play an important
role in mitigating climate change.®

Bioenergy is the largest renewable energy source globally,
as it provides heat, electricity and fuels for transport.® In 2020
(latest data available), the gross final energy consumption of
bioenergy was 45.6 exajoules (EJ), accounting for 12.6% of
total energy consumption’” The use of modern bioenergy for
industry, buildings, transport, agriculture and power was 20.6 EJ,
representing 5.7% of total energy consumption.® (= See Figure 13.)

Globally, most bioenergy is used for heat. In 2020, modern
bioenergy provided 14.9 EJ of heat (industry 66%, buildings
31% and agriculture 3%), which accounted for 23.4% of all heat
consumption.® In transport, consumption of liquid and gaseous
biofuels was 3.8 EJ, providing 3.6% of all renewable energy in
the transport sector® The electricity sector consumed 1.9 EJ of
biomass, or 2.3% of energy use in that sector.”

Overall, bioenergy represented a renewable energy share of around
45% in global total final energy consumption in 2020, down from 54%
in 2010.2 During 2010-2020, the global final energy consumption of
bioenergy increased from 29 EJ to 45 EJ, rising 4.4% annually.®

?/ FIGURE 13.
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BIOHEAT

Globally, traditional use of biomass accounts for more than half
of all bioenergy use, mainly in emerging economies in Asia and
Africa where it is used largely for cooking and indoor heating.**
Under scenarios for net zero greenhouse gas emissions, the use
of traditional biomass would need to be phased out by 2030.®
Renewable alternatives include modern bioenergy technologies
such as biogas, ethanol and processed biomass such as pellets
and briquettes.’®

In 2020, modern forms of bioenergy produced 1.2 EJ of derived
heat, for example in combined heat and power (CHP) plants and
heat-only plants.” Half of this production was from solid biomass
sources such as wood chips and wood pellets, while waste-to-
energy accounted for around 45% and biogas for 4.3%."® Heat
production from solid biomass nearly tripled globally during
2010-2020.*

The buildings sector used an estimated 29 EJ of bioenergy
in 2020 out of which 4.9 EJ of modern biomass for energy
(including district heating networks); this accounted for 5% of
total final energy consumption.?® (= See Figure 13.) In industry,
biomass provided 9.9 EJ of renewable heat, or 11% of the overall
heat demand.?’ The use of bioheat in industry increased 36%
between 2010 and 2020.%? Industries such as consumer goods,
breweries, pharmaceuticals and bakeries are replacing their
use of fossil fuels (mainly coal and natural gas) for producing

MARKET DEVELOPMENTS

hot water and steam
with  renewables such
as biogas, pellets and
briquettes.?®> In 2022,
Heineken opened the
largest biomass plant
in Cambodia to provide
thermal energy to its
brewery in Phnom
Penh.?

District  heating s
an efficient way to transfer heat around the clock from a large
central plant to domestic and commercial establishments via
underground pipes, leading to improved energy efficiency,
reduced emissions, fuel flexibility and reduced costs.?® District
heating accounted for 8% of overall heat demand in 2021
However, more than 90% of the district heating was from
fossil fuels, mainly coal in China and natural gas in the Russian
Federation.?” In Europe, waste feedstock was used for most
district heating, with Denmark, Sweden, Estonia, Lithuania and
Latvia leading the way.?®

In Vilnius, Lithuania, a new CHP plant using municipal waste
and biomass will be able to provide 40% of the required heat for
the city while reduce heating costs by 20%.2° In Sweden, district
heating in buildings amounted to 43.1 terawatt-hours (TWh)
(0.6 EJ) in 2020, accounting for 58% of all energy consumption

y/ FIGURE 14.
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in residential and commercial buildings.®® As much as 80% of
Sweden's district heat production in CHP plants was from
biomass sources, including wood briquettes and pellets, wood
chips, sawdust, biogas and municipal waste.®" In 2022, Egypt
announced plans for the country's first waste-to-energy plant.®

Europe accounts for 90% of all bioheat produced from municipal
waste, solid biofuels and biogas.®® In 2021, the region produced
0.55 EJ of bioheat from solid biofuels; 61% of this was in highly
efficient CHP plants and the rest in heat-only plants.** Bioheat
demand in Europe grew 16% in 2021.% Sweden, Finland and
Denmark accounted for 50% of the heat production from biomass
in Europe that year.*® Renewable municipal waste provided 013
EJ of heat, mainly in CHP plants, with Germany and Sweden
accounting for half of this production.®” For biogas, gross heat
production totalled 0.04 EJ, and one-third of this heat blended
into natural gas grids.*® Italy and Germany accounted for 63% of
the biogas heat, with Germany producing 70% of all biogas heat
in gas grids.*®

A critical end-use for bioenergy is clean cooking. As of
2020, around 3 billion people (30% of the global population)
did not have access to clean cooking solutions and relied on
traditional biomass use in inefficient cook stoves (in Sub-
Saharan Africa, access is even lower, at 17%).4° Modern and
renewable solutions include bottled ethanol, distributed solar,
pellet gasifiers and electric pressure cookers.* The share of
people with access to clean cooking solutions increased 9
percentage points during 2010-2020.4 In 2020, according to
an industry survey of 60 companies, sales of biomass stoves
(including biogas) accounted for 90% of the total clean cooking
sales revenue.*® At an estimated USD 26 million, this was well
below the USD 8 billion per year required for universal access
to clean cooking.*

TRANSPORT BIOFUELS

Liquid biofuels offer a solution to replacing fossil oil in the
transport sector.*® In 2020, biofuels accounted for 3.6% of total
energy use in the sector.“® Transport biofuels are produced mainly
from sugar or starch crops such as sugar cane, maize, cassava
and cereals; oil crops such as rapeseed, soybean and oil palm;
and, more recently, used cooking oil and animal fats. Through
various production pathways, these feedstocks can be converted
to bioethanol, biodiesel, hydrogenated vegetable oil (HVO) and
fuels for maritime transport and aviation (sustainable aviation
fuels, or SAF). Gaseous fuels such as biomethane, produced by
upgrading biogas, are also used in road transport.*’

The biofuels are typically blended with petrol or diesel when
used in road transport. Current blends typically range from E5
(5% ethanol in petrol) and B7 (7% biodiesel in diesel) to ambitions
for E20 (India) and B35 (Indonesia).*® Higher blends also are
possible with existing ED95 and B100, which are typically used in
heavy-duty transport and with a modified diesel engine.*®

In 2021, global production of liquid biofuels totalled 162 billion
litres (4.06 EJ).%° (= See Figure 14,) Bioethanol production totalled
an estimated 106 billion litres (2.24 EJ), accounting for two-thirds
of global biofuel production.® Biodiesel accounted for 28% of
global production, at 45.7 billion litres (1.49 EJ), followed by HVO
(renewable diesel) at almost 10 billion litres (0.33 EJ).5? Despite
intense focus and significant opportunities, biojet (SAF) production
remains at an early stage of market development, with 150 million
litres produced in 20225

Demand for liquid biofuels grew 4.6% in 2021 as transport restrictions
related to the COVID-19 pandemic were eased, leading to a massive
increase in fuel demand for all end-use sectors, especially aviation.®*
Biodiesel production increased 4.3%, followed by bioethanol
production at a modest rate of 2.2%.%° Renewable diesel production
grew 44%, and biojet production doubled in 2021.%

Ethanol is the largest biofuel produced globally and accounted for
66% of total biofuel production in 2021.5” The United States is world's
largest ethanol producer, followed by Brazil; together, they produced
more than 80% of the global total in 2021.%¢ The primary ethanol
feedstock in the United States is corn (maize), while in Brazil it is
sugar cane. The most common US blend is E10, which is available in
every state, and efforts are under way to increase the blend to E15
in certain midwestern states such as lowa, lllinois and Minnesota.®®
In Brazil, the current blending mandate is 27%, and policies such
as Renovabio aim to further expand the use of biofuels to reduce
the carbon intensity of transport.®°

In the European Union (EU), the share of ethanol in transport
was 6.8% by volume in 2021, with E5 contributing to the bulk of
the petrol market (although E10 is increasing gradually).s" Major
hurdles for the expansion of liquid biofuels in the region include
recent legislation that curtails the qualification of crop biofuels
for renewable energy targets; declining petrol demand; and
discussions surrounding the phase-out of internal combustion
engines.®?

In Asia, China is one of the largest producers of ethanol, with
estimated production of 12 billion litres in 2022, mainly via maize
and rice kernels.%® A planned nationwide blending mandate of
10% by 2020 was not met, with the blend rate reaching only 1.8%



as of 2022.%4 In India, in contrast, implementation of the Ethanol
Blended Petrol programme led to the achievement of E10 in
2022.%° The Indian government has announced a target of E20 to
be achieved by 2025.%5

Apart from crop-based biofuels, ethanol can be produced from
cellulosic sources such as wheat straw. Commercialisation of
cellulosic ethanol facilities is ongoing, although major projects
have faced technical, supply chain and economic issues.®” Even
so, there is renewed interest, with new projects being announced
in Brazil, India and Romania.5®

Conventional biodiesel, commonly referred to as FAME (fatty
acid methyl ester) biodiesel, uses common vegetable oils (palm,
soy, peanut, rapeseed) for conversion via transesterification to
produce a renewable substitute to diesel in road transport. In
2021, biodiesel represented 28% of total biofuel production.®®
The EU is a leader in FAME biodiesel - producing an estimated
12 billion litres in 2021 - and accounts for 7.8% of the diesel
demand, with rapeseed being the dominant feedstock.”® France,
German and Spain contribute 62% of the region's FAME biodiesel
production.”

Asia has experienced rapid growth in biodiesel production, driven
mainly by expanding mandates in Southeast Asian countries.
Indonesia, the world's top palm oil producer, announced plans
to increase its biodiesel blending mandate to B35 starting in
2023.72 In 2020, Malaysia announced a goal of B20, but the roll-
out was delayed due to issues related to the COVID-19 pandemic
and to an uncertain political situation.”® Thailand postponed its
proposed B10 mandate and is instead focusing on B7 due to
surging feedstock prices.™

Hydrogenated vegetable oil (HVO), or renewable diesel,
relies on similar feedstock as biodiesel, although there is a
marked difference in the production technology and product
characteristics.”> HVO is produced via hydro processing of
oils and fats, resulting in a drop-in fuel that is fully compatible
with existing fossil fuel infrastructure’® Neste accounts for
an estimated 40% of all production globally, with refineries in
Finland, the Netherlands, and Singapore, and other major oil
companies such as BP, Eni and Total also are investing in HVO.”
Biomethane (upgraded biogas) is another option for
decarbonising transport and other sectors via injection into
natural gas grids. Promising markets include the EU, the United
States and an emerging sector in Brazil.”® In Sweden, 281 plants
produced 2.3 TWh of biogas in 2021, out of which 67% was
upgraded to biomethane.” Seventy percent of it was used for
transport.®® Total global biomethane production in 2020 was
around 5 billion cubic
metres, accounting for
0.1% of global natural gas
consumption.®" Incentives
in the US Inflation
Reduction Act as well as
the EU target of producing
35 billion cubic metres
of biomethane by 2030
are expected to further
increase production.®?

Production of HVO
or renewable diesel
increased by

during 2010 - 2020.

MARKET DEVELOPMENTS

Aviation is expected to be a significant market for biofuels
consumption. Due to limited other options for replacing fossil
fuels (such as electrification), especially for long-haul flights,
sustainable liquid biofuels offer a potential solution.®® International
agreements in the aviation sector target reducing greenhouse
gas emissions 50% by 2050.8* However, current SAF production
levels are very low, at an estimated 150 million litres in 2022,
representing only 0.03% of global jet fuel demand.®> Although
numerous pathways exist for producing SAF - such as alcohol-
to-jet, gasification, Fischer-Tropsch, pyrolysis oil and power-to-
liquid - there is currently only one commercial production route
(HEFA) .20

The main challenges for commercial SAF production are supply
chains and higher production costs relative to fossil jet fuel;
however, recent legislation such as the US Inflation Reduction Act
could drive major growth in the sector.#” The Inflation Reduction
Act aims to produce 3 billion gallons of SAF by 2030 and offers
tax credits for SAF biofuels.® The EU also has introduced SAF
targets via the REFuelEU initiative.®

Maritime transport accounts for 2-3% of global greenhouse
gas emissions and for 80% of the international trade of goods.®°
In 2018, the International Maritime Organization announced
targets for reducing the carbon intensity of the sector 40% by
2030 and 70% by 2050, as well as limits on the sulphur content
of the fuels used.® Compared to the aviation sector, which faces
strict fuel regulations due to safety, the maritime sector has
several options including electrification and biofuels. In 2020,
global production of biofuels in the sector totalled an estimated
30,000 tonnes of used cooking oil, biofuels, and biogas,
supplying roughly 0.01% of global maritime fuel consumption.®?
Critical barriers to growth include pricing, sustainability and
supply chain infrastructure.®
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BIOPOWER

Biopower involves the production of electricity from biomass
feedstock. The capacities vary from large-scale stand-alone
power facilities of more than 100 megawatts (MW) to small-scale
biomass plants of around 100 kilowatts (kW). %4 In 2022, 672 TWh
of electricity was generated from a wide variety of feedstocks.*®
Production of electricity from biomass grew slightly at 0.8%,
while the share in overall electricity generation remained the
same at 2.4%.%

As of 2020, 70% of the electricity was produced from solid
biomass sources from both forest and agriculture sectors, such
as wood pellets, wood chips and sugarcane bagasse.®” Urban
municipal and industrial waste generated 113 TWh (16%) of
electricity, while biogas generated 90 TWh (13%).°

Installed biopower capacity reached an estimated 149 GW in 2022,
or just over 4% of total renewable power capacity.®® Biopower
capacity increased 5% in 2022, one of its slowest rates of year-on-
year growth in the last decade.® (> See Figure 15.) China had the
largest installed biopower capacity, with 34 GW, followed by Brazil
(17 GW), the United States (11 GW) and India (10 GW),*

China alone accounts for more than one-quarter (26%) of the
global electricity production from biomass, with generation of
172 TWh in 2022 - mainly from forest and agricultural biomass
as well as municipal solid waste*? In Brazil, the bioenergy

share (mainly from sugarcane bagasse) in electricity generation
reached an estimated 8.6% in 202210

During 2022, electricity generation from biomass increased
in Asian countries such as Japan (up 19%), the Republic of
Korea (up 24%) and India (up 3%), driven by incentives such as
feed-in tariffs, renewable energy certificates and mandates for
co-firing biomass with coal.® India is expected to be a major
player in biomass electricity generation due to an upcoming
policy to co-fire 5% (and higher) of biomass in thermal power
plants.®® Although India used only 83,066 tonnes in 2022,
financial incentives for processing biomass could generate new
supply to meet this demand.'”® Biomass electricity generation
fell 10% in the United Kingdom, reflecting outages at some key
installations.”””

In Europe, biopower generation from solid biofuels (excluding
charcoal) grew 12% in 2021 to reach 93 TWh.'®® Crucially, 87%
of the power generated was compliant with the sustainability
criteria laid out in EU regulations, and most of the solid biomass
used (96.5%) was of European origin.'®® In 2021, Finland, Sweden
and Germany were the region's top producers, accounting for
37% of production."

However, debates have arisen around the revision of the EU
Renewable Energy Directive (RED 3) and the inclusion of
primary woody biomass feedstocks in subsidies and targets
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MARKET DEVELOPMENTS

for  renewables In
recent discussions,
the renewable energy
target was raised to at
least 42.5% by 2030,
while strengthening the
biomass  sustainability
criteria in line with EU
climate and biodiversity
ambitions."

One of the most
prominent and fastest

growing biomass commodities is wood pellets. In 2022, globall
production totalled 44 million tonnes.™ (= See Figure 16.) The
largest producer was the United States, followed by Vietnam,
which recently took second place™ Despite the loss of
pellet supply from the Russian Federation and Belarus due
to the war in Ukraine, the international market is expected to
expand globally due to proposed upgrades of US plants and
new facilities in Southeast Asia and South America."® Major
consumers include the EU (both commercial power generation
and domestic heating) and Japan (mainly power)."®

y/ FIGURE 16.
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KEY FACTS
GEOTHERMAL POWER AND HEAT

New geothermal power generating capacity
of 0.2 GW came online in 2022, bringing the
cumulative global total to around 14.6 GW.

Global geothermal power capacity additions
were one-third lower in 2022 than in 2021,
and well below the five-year average of

0.5 GW since 2017.

Geothermal power capacity was added
in Indonesia, Japan, Kenya, Nicaragua,
the Philippines, and the United States,
with most countries adding only single,
small units.

Geothermal direct-use (excluding heat
pumps) grew nearly an estimated

10% in 2022, to around 155 TWh

(560 petajoules, PJ).

China is the world's fastest-growing
geothermal heat market, and other key
markets are Turkiye, Iceland and Japan.
Together, these four countries are
estimated to account for nearly 90% of
global geothermal direct use in 2022.

Geothermal energy has a somewhat unique place among
renewable energy technologies. On one hand, it represents a tiny
fraction of the global energy balance and is dwarfed by other
renewable energy sources. One the other hand, it can represent
a valuable and even critical component of the energy mix in a
relatively few locations around the world. While geothermal
energy'is theoretically ubiquitous, it can be hard to reach in most
places other than where the Earth's lithospheric plates meet.
New technologies are being developed to make this energy
source more economically accessible in more locations.

Geothermal energy is derived from thermal and pressure
differentials in the Earth's crust, providing direct thermal energy or
electricity by use of steam turbines. In 2022, geothermal electricity
generation totalled an estimated 101 TWh, and direct useful
thermal energy supply totalled an estimated 155 TWh (560 PJ)!
In some instances, geothermal plants produce both electricity
and heat for thermal applications (co-generation), but this option
depends on location-specific thermal demand coinciding with the
geothermal resource.?

GEOTHERMAL POWER

For electricity generation, new geothermal power capacity
introduced in 2022 was 0.2 GW', bringing the global total to around
14.6 GW.* This was one-third less than the additions in 2021 and
well below the five-year average of 0.5 GW since 2017.* Capacity
was added in Indonesia, Japan, Kenya, Nicaragua, the Philippines
and the United States.® (- See Figure 17)

The top 10 countries for geothermal power capacity at the end of
2022 were the United States, Indonesia, the Philippines, Turkiye,
New Zealand, Kenya, Mexico, Italy, Iceland and Japan.® However,
capacity values are subject to high uncertainty due to a lack of
standardised reporting criteria.’

Kenya had the largest geothermal power capacity addition in
2022 as it completed the 86 MW Unit 6 at the Olkaria | complex.®
The addition raised the country’s geothermal capacity to
0.95 GW, representing 42% of Kenya's total generating capacity.’
Kenya is also pursuing upgrades to existing generating units,
including the original three units (45 MW) at Olkaria |, which was
the first geothermal power capacity commissioned in Africa, in
1980."° Total planned upgrades are expected to increase capacity
by another 123 MW."

i Here, the term refers mostly to energy derived from medium-to-high
enthalpy (>100 degrees Celsius (°C)) hydrothermal and hot dry-rock
resources, and typically at significant depth. Specifically, it does not include
the renewable final energy output of near-surface, ground-source (or
ground-coupled) heat pumps, sometimes referred to as "geothermal heat
pumps"” (= See Heat Pumps section.)

i Net additions tend to be lower than the sum of new plants due to
decommissioning or de-rating of existing capacity.
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The United States remains the global leader in installed
geothermal capacity, although annual capacity additions in
recent years have mostly just maintained overall output.? During
the five-year period of 2016-2021, net capacity increased 3.2%
while generation grew less than 1%.° Three projects were
completed in 2022, including the addition of 13 MW (net) at the
Ormat Technologies (United States) Tungsten Mountain facility
in Nevada In California, Ormat also completed the 30 MW
(17 MW net) Casa Diablo-IV."® Geothermal power in the United
States continues to supply around 0.4% of US net electricity
generation, as much as 17 TWh' in 2022.° In early 2023, a US
government study determined that large-scale expansion of
geothermal power in the country would depend on large future
cost reductions of enhanced geothermal systems' (EGS).”

Indonesia completed three projects in 2022, adding
55.5 MW.®On the island of Flores, the first 5 MW unit of the
Sokoria development was inaugurated, followed by the 50 MW
Unit 3 at the Sorik Marapi project on North Sumatra® On
the North Sulawesi site of the 120 MW Lahendong complex
(developed in stages from 2001 through 2016), a 0.5 MW binary-
cycle'” unit was installed.?

During the five-year period 2017-2022, geothermal capacity
in Indonesia grew nearly 30% (average of 106 MW annually),
from 1.8 GW to more than 2.3 GW.?" In 2021, geothermal power
generation was 15.9 TWh, or 5.5% of the country's total grid
supply.22 With significant coal reserves, Indonesia’'s 6.8 GW
of total new power capacity (9.1% growth to 81.2 GW in 2022)
continued to be dominated by fossil thermal plants.?®* The
government hopes to reverse that pattern and see renewable
capacity outpace other sources this decade.?*

In late 2022, Nicaragua saw the commissioning of a 10.4 MW (net)
binary-cycle unit at the existing San Jacinto Geothermal Project.®
Originally built to 10 MW in 2005, the San Jacinto facility was later
expanded to 72 MW in 2012 (operating at 65 MW in 2022)2¢

The Philippines ranks third globally for total installed geothermal
power capacity at 1.9 GW (1.8 GW of net dependable capacity).?’
No capacity had been added since 2018 until a small 3.6 MW
binary-cycle unit was added in 2022 at the Mount Apo geothermal
facility in Mindanao.?® The new unit utilises residual thermal energy
contained in the geothermal brine from the existing 103 MW plant,
producing incremental electricity without the need for additional
drilling, similar to the smallest new unit in Indonesia.?®

i Generation data for geothermal power in the United States, as first reported, tend to be revised downward by the following year.

i While conventional hydrothermal systems rely on sufficient heat, permeability and fluid to deliver energy to the surface, enhanced geothermal systems can be
implemented where fluid and permeability are lacking. In an EGS, injecting fluid into the hot rock at great pressure creates fractures that allow fluid pathways
to form, which can be used for an induced hydrothermal cycle.

iii In a binary-cycle plant, which has become the most common design at plants built in recent years, the geothermal fluid heats and vaporises a separate
working fluid (with a lower boiling point than water) that drives a turbine to generate electricity. Each fluid cycle is closed, and the geothermal fluid is re-
injected into the heat reservoir. The binary cycle allows an effective and efficient extraction of heat for power generation from relatively low-temperature
geothermal fluids. Organic Rankine Cycle (ORC) binary geothermal plants use an organic working fluid, and the Kalina Cycle uses a non-organic working fluid.
Conversely, geothermal steam can be used directly to drive the turbine, but this is more typical for higher-enthalpy applications.
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In an effort to invigorate investment in geothermal energy, the
Philippines government opened the sector up to full foreign project
ownership in 2020 - a provision still denied to other renewable
energy technologies.®® Incremental resource development is made
more difficult by high costs and exploration risks, while some
potential projects face permitting hurdles on account of impacts
on both ecologically sensitive areas and rural populations.®

Japan was the only other country to add capacity in 2022, installing
a 150 kW binary-cycle power module at a thermal bath facility in
the Kumamoto region.®? Mimicking a nearby unit in operation since
2020, the module taps the 110°C well supply to generate electricity
before the geothermal waters are utilised for bathing.*®

Despite being the most active geothermal market over the last
decade, Tirkiye added no new geothermal power plants in
2022, although its stated installed capacity (1.7 GW) was 15 MW
higher than at the end of 2021.34 In the 11 years from 2008 through
2019, capacity grew from 30 MW to 1.5 GW, with the bulk of
that coming online since 2015 (1.1 GW).*® Annual additions then
contracted to 99 MW in 2020 and 63 MW in 2021.%¢

Tlrkiye's geothermal industry attributes the stagnation to the
lack of government support, specifically a weakened feed-in
tariff (FIT) that is no longer pegged to the US dollar since 2021,
but also the currency risk of weakening Turkish lira.*” In early
2023, the Turkish government indicated pending revisions to
the FIT that would reflect current conditions.®®

GEOTHERMAL HEAT

Worldwide, the capacity The top 4 countries

for geothermal direct represenent
use' - direct extraction

of geothermal energy for

thermal applications -

totalled an estimated 38 of the global
gigawatts-thermal (GWi) geothermal heat
in  2022% Based on market,

reported values for 2019

and the preceding five-

year growth rate, the estimated annual capacity increase in 2022
was 2.7 GW;;,*° By the same estimation, geothermal energy use
for thermal applications is likely to have grown by 14 TWh during
2022 to an estimated 155 TWh (560 PJ).4

The top countries for geothermal direct use in 2022 were
(in descending order) China, Turkiye, Iceland and Japan.*
(= See Figure 18.)

Geothermal direct use is highly concentrated in those four key
markets (estimated to represent 87% of the global total in 2022)
and is further localised within each country.* Direct use in
other countries includes (in descending order) New Zealand,
Hungary, the Russian Federation, ltaly, the United States and
Brazil.#

i Direct use refers here to deep geothermal resources, irrespective of scale, that use geothermal fluid directly (i.e, direct use) or by direct transfer via heat exchangers.
It does not include the use of shallow geothermal resources, specifically those tapped with ground-source heat pumps. (= See Heat Pumps section.)
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China is the world's fastest-growing geothermal heat market,
with annual growth exceeding 21% during 2015-2019.° Based on
this trend, China's use of geothermal heat has likely grown from
a reported 197 PJ in 2019 to around 355 PJ in 2022, which would
represent nearly two-thirds of the estimated current global use.*®
In 2022, China's 14th Five-Year Plan for energy efficiency and
green building development emphasised continued expansion of
geothermal energy use for space heating.*’

In Tiirkiye, reported geothermal heat use grew 3.8% annually on
average during 2015-2019, and at that rate it may have reached at
least 61 PJ in 2022, For space heating alone, installed capacity
grew from just over 1 GW in 2019 to 1.5 GW in 2020, suggesting
even more robust growth recently.*®

Iceland ranks third globally in the use of geothermal heat.*® As
of 2021, annual geothermal heat consumption was around 35 P,
from an installed capacity of around 2.5 GW;,.%' Direct geothermal
supply meets 90% of space heating demand in Iceland.®?
Available geothermal resources for direct use far exceed current
utilisation.®® Therefore, incremental use will be determined by
population growth and increases in economic activity, with the
exception of any new resources found in less geothermally active
parts of the country where populations have relied on electricity
for space heating (either geothermal or hydropower) or even
fossil fuels.®

Geothermal heat developments in continental Europe are
concentrated in a few areas where deep heat reservoirs exist.
These include, in particular, southern regions of Germany
(Bavaria), the Paris region of France and various locations in
Hungary, Italy, the Netherlands and Poland. Project exploration
and development continued in 2022 in many locations.

In the Netherlands, the production of geothermal heat increased
6% in 2022, with 31 geothermal project locations with an annual
production capacity of 6.4 PJ.° Even though new boreholes
are added each year, the local geothermal industry considers
progress to be slow, hampered by permit processing, the rigors
of the drilling process, and a lack of adequate heat distribution
networks to households and greenhouses.*® Political, financial
and social barriers also limit project development, with public
acceptance becoming a more pressing concern.®” As of late
2022, 70 projects were in various stages of development, with
19 advancing towards commencing heat production.®® By early

MARKET DEVELOPMENTS

2023, a new Mining Act was expected to support geothermal
activities, allowing a state-owned enterprise to financially
participate in projects as a non-operating partner.®

Development of direct-use facilities in France continues in
the Paris region (Ile-de-France), as well as to the southwest in
Aquitaine and to the east in Alsace.’® Following the completion
of three new geothermal facilities in the Paris suburbs in 2021,
a new project was announced in 2022 for the municipality of
Meudon. The plan is to displace 83% of the current gas-fired
supply by 2026, to heat the equivalent of 7,600 homes.®" The
local distribution network also will be upgraded for greater
efficiency and to accommodate the lower geothermal supply
temperatures.®?

In Germany, no new geothermal plants came online in 2022.%°
However, the national government laid out a roadmap for
achieving a 10-fold increase in geothermal heat utilisation
by 2030 (10 TWh per year), which would entail building 100
additional geothermal projects in that time frame.®4 In Bavaria,
local authorities outlined plans to meet one-quarter of heat
demand in buildings with geothermal supply by 2050, expanding
district heat networks as needed to connect thermal loads with
expanding production areas.®® Understanding the resource
availability is critical to further development, and to that end,
estimates of heat reservoirs in Germany were updated, indicating
20% higher heat flow than previously understood.®® Work was
under way during the year to expand geothermal heat supply and
distribution networks in the Munich area.®”

In Vienna, Austria, the culmination of extensive research on
the subsoil under the city paved the way for plans to commence
exploratory drilling in 2023.%% The city anticipates that the completion
of its first geothermal plant in 2026 (estimated at 20 megawatts-
thermal) would supply heat to 125,000 households.®®

The high risk of failure in geothermal exploration led to some
projects being put on hold. In Switzerland, drilling had begun
at Lavey-les-Bains early in 2022 with hopes of completing the
country's first hydrothermal project to produce both electricity
and heat by 2023. While the technically challenging drilling was
a success, it did not find sufficient flow of geothermal fluid to
make the project viable.” In addition, two German projects met
critical setbacks when drilling failed to find enough permeability
and flow for commercial utilisation.”

Geothermal energy
use can expand
significantly, provided
that

are achieved.
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KEY FACTS

HEAT PUMPS

Heat pumps are an established technology
and met around 10% of the world's heating
needs in buildings in 2022.

Sales of heat pumps grew 11% globally

in 2022, notably in Europe where they
increased 38%, driven in part by the
Russian Federation’s invasion of Ukraine.
In the United States, annual sales of heat
pumps eclipsed fossil gas furnaces for the
first time.

Many countries experienced reductions
in the upfront cost of heat pumps, which
remains a significant barrier to deployment.

In 2022, more than EUR 5 billion (USD 5.4

billion) of investment was announced in heat

pump manufacturing facilities in Europe,
while the United States earmarked USD 10
billion in tax credits for manufacturing, for
which heat pumps are eligible.

Poland is one of the world's fastest

growing markets for heat pumps and solar
photovoltaics (PV). Heat pump sales grew
120% in 2022, and Poland became the third
largest solar PV market in the European
Union.

Heat pumps are widely used to meet heating and cooling
demands in residential, commercial and industrial applications.
On an appliance level, heat pumps can provide heat more
efficiently than conventional heating technologies.! This is
because, rather than “producing” thermal energy (for example,
through combustion), heat pumps use a refrigeration cycle to
draw heat from a lower-temperature ambient source to a higher-
temperature destination. Heat pumps use an external energy
source, typically electricity, to drive this cycle, “pumping” around
3-4 units of heat per unit of electricity.?

Common sources of ambient energy include the outside air, the
ground and bodies of water. Air-source heat pumps are the
most widespread, accounting for around 85% of the heat pumps
in buildings worldwide.®

Whether or not heat pumps are a “renewable” technology is
under debate. On the one hand, they always harness a source
of renewable energy, whether it is the ambient air, water or even
waste heat. However, the energy that powers the units, typically
electricity, is not necessarily renewable and is frequently based on
fossil fuels. The ratio of renewable heating and cooling provided
by heat pumps is therefore limited by the auxiliary energy; if this
energy is renewable, so is the full output of the heat pump.

In markets such as Japan and the EU, and to some extent the
Republic of Korea, heat supplied by heat pumps is credited as
renewable, making the units eligible for support under certain
renewable energy policy schemes.* In 2022, China classified heat
pumps as a renewable energy technology at the national level for
the first time.®

Although heat pumps are widely available and have been
a common technology for decades, they represent only a
small share of the global heating market. In 2021, heat pumps
accounted for less than 10% of heating equipment sales globally,
whereas fossil fuel-based devices represented 45% of sales.®

ANNUAL ADDITIONS AND LEADING COUNTRIES

The global market for heat pumps is concentrated mainly in
countries with colder climates, such as China, Japan, the United
States and parts of Europe. However, countries with warmer
climates also install heat pumps, given that the units can be
reversible, moving heat from the interior to the exterior rather
than vice versa. Because heat pumps also can provide cooling,
their growing global deployment is attributed in part to rising
demand for space cooling.” Worldwide, the heat pump market
grew an estimated 11% in 2022, the second consecutive year of
double-digit growth.?

China is the world's leading installer of heat pumps. Its heat
pump market remained largely stable in 2022 as the country
continued to grapple with economic recovery from the COVID-19
pandemic.® Increasingly, ground-source heat pumps are being
deployed in China to replace coal-fired furnaces.

The United States also is a large heat pump market. Air-air systems
are most common in the country, with buildings often using ductwork
to distribute the heat from the device to the targeted space. In 2022,
the US heat pump market grew 11% to reach a record 4.3 million
units shipped.(~> See Figure 19.)" For the first time, US annual heat



pump sales eclipsed annual sales of gas boilers, although sales of
both devices have been rising.? State and local policies have driven
heat pump sales, even before federal legislation came into force.®

Heat pump sales in Europe also have risen dramatically. In 2022,
sales increased 38% to reach a record 3 million units.* This was
on top of a 34% market increase in 2021, vastly exceeding the
roughly 10% growth of prior years.” France was again Europe's
leading market, with sales of around 600,000 units corresponding
to a market growth of 20%.'® Sales grew 37% in Italy and 58% in
Germany, the region'’s two other large markets.”

Notable growth also occurred in Europe's emerging markets.
Poland experienced the largest overall expansion globally (first in
percentage growth and second in absolute sales) with more than
200,000 units sold in 2022."® (» See Snapshot: Poland.) Markets
doubled in Belgium and the Czech Republic, although starting
from a much smaller base.”® Air-to-water heat pumps are most
common in Europe, comprising around half of all units sold.?°

In Europe, the Russian Federation's invasion of Ukraine was a
key driver of heat pump uptake in 2022. A dramatic rise in energy
prices, notably fossil gas for heating, led many consumers to
look towards heat pumps to reduce their gas demand.?’ Also
contributing to market expansion was the growing number of
countries with policies mandating the phase-out or restriction
of fossil fuel heating in buildings, with the expectation that an
EU Directive would eventually require this.? Mandates restricting
fossil fuel use in new buildings are increasingly common in the
United States as well, although they have faced backlash.?

MARKET DEVELOPMENTS

HEAT PUMP APPLICATIONS AND TRENDS

Heat pumps are most commonly deployed in buildings to heat
space and water. As of 2021, heat pumps met an estimated 10%
of the world's heating demand in buildings.?*

In addition to providing direct heat in buildings, heat pumps are
increasingly used to meet low-temperature needs in industrial
processing. Heat pumps provide energy for various purposes
in food and beverage production, paper manufacturing, and
chemical production, typically supplying process heat up to
100°C.* In some industries, commercial applications have
achieved temperatures of 140-160°C, and as of 2022 high-
temperature industrial heat pumps reaching 200°C were in
the precommercial stage.®® In Europe and the United States,
industries have turned increasingly to heat pumps to reduce
dependence on fossil fuels.?”” Manufacturers have announced
massive models of up to 120 MW in capacity to generate process
steam for the chemical industry.?®

Heat pumps also supply thermal energy for district heating
networks.? Unlike for household applications, the most common
systems for district heating are water-source and ground-source
heat pumps, drawing on wastewater or industrial waste heat as
the energy source.®® In 2022, large-scale heat pumps advanced in
Austria (based on wastewater), Finland (wastewater and seawater),
Germany (river water from the Rhine; Europe’s largest heat pump
at 40 MW), the Netherlands (wastewater) and Sweden.®' Two
projects under discussion in Serbia would use heat pumps based
on wastewater to heat district energy networks,*

y/ FIGURE 19.

National Heat Pump Markets with the Largest Growth in 2022
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SNAPSHOT

= POLAND

Heat Pumps Grew Rapidly in Poland in 2022

Amid a surging European heat pump market, Poland experienced the world's fastest
growth in heat pumps in 2022. Sales of heat pumps in Poland grew 120% compared to
2021. Nearly a third of all new heating systems in Poland were heat pumps in 2022, and

the country became the EU's fifth largest market in absolute terms.

Poland's heat pump market has been on the upswing for several years. The number of

units sold has increased from around 12,000 in 2012 to
in 2018 following the reform of an air pollution law that
increased financial support for heat pumps to replace
coal-fired heating systems. Notably, Poland is one

of the only European countries to provide renewable
heating subsidies adjusted to household income.

Heat pumps are not the only energy technology to
experience rapid growth in Poland. Solar PV markets
also have skyrocketed, with Poland becoming the EU'’s
third largest market in 2022. (- See Figure 20.) The
Russian Federation’s invasion of Ukraine also resulted
in support for solar PV in 2022, with natural gas and
coal prices increasing substantially and consumers
eager to avoid buying Russian gas.

more than 200,000 in 2022, The rapid market growth began

?- FIGURE 20.
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Notable trends in the heat pump industry in 2022 included
significant investments in manufacturing spurred by the
global energy crisis and the Russian invasion of Ukraine, more
competitive costs, use of operating heat pumps as a source of
flexibility, and efforts to lower the life-cycle emissions of units.

Numerous firms across the heat pump value chain announced new
manufacturing facilities during 2022. Most of these projects are in
Europe and are expected to be completed by 2025, boosting the
region’s heat pump production capacity; intotal, projects representing
more than EUR 5.5 billion (USD 5.9 billion) were announced.® Daikin
Europe accounted for more than a quarter of this sum, investing
around EUR 1.2 billion (USD 1.3 billion) in its European sites.*
Vaillant announced an investment of EUR 130 million (USD 139
million) in 2022 and opened a new factory in early 2023 that can
produce more than 500,000 heat pumps annually.*® Stiebel Eltron
announced an investment of EUR 600 million (USD 640 million)
to triple its production by 2025.%¢

Additional investment announcements came from BDR
Thermea, Bosch, Ecoforest, Groupe Atlantic, Hoval, NIBE,
Midea Group and Panasonic.*” Many heat pump component
manufacturers also pledged new investments.*® The US Inflation
Reduction Act of 2022 earmarked USD 10 billion in tax credits
for clean energy manufacturing as well as USD 500 million in
grants for manufacturing facilities.*® In early 2023, LG Electronics
announced that it would open its first heat pump manufacturing
facility in the United States.“°

The cost of heating with a heat pump depends on both upfront
and ongoing costs. In most markets, the upfront costs for
equipment and installation remain a barrier to adoption. Depending
on the region, installing a heat pump can be much more expensive
than installing a fossil-based heating technology. Despite this,
many countries have seen reductions in the upfront costs of heat
pumps'#* Policies to reduce such costs, especially for low-income
households, are important for wider adoption of the technology.*®

In many countries,
operating a heat pump
is already

than a fossil fuel heating
system.

MARKET DEVELOPMENTS

The operational costs of heat pumps vary by country, and their
competitiveness with fossil fuel technologies depends on an
array of factors. In jurisdictions where fossil gas and oil are much
cheaper than electricity, even the high efficiency of heat pumps
cannot compensate for ongoing costs.** This is often exacerbated
by energy taxation regimes that place heavy burdens on
electricity.** Denmark, Germany, the Netherlands and the United
Kingdom have begun reforming their tax regimes to favour
electric heating, especially with heat pumps.*® Other countries
have reformed tariffs to further incentivise heat pumps.*’

Despite ongoing cost barriers, many households that switched to
heat pumps from existing fossil fuel boilers saw savings on their
energy bills.*® In Canada, Germany, the Republic of Korea, and the
United Kingdom, the levelised cost of heating was competitive
with a fossil gas boiler alternative during 2022.#°

Switching to heat pumps typically reduces greenhouse gas
emissions, but the use of conventional refrigerants (fluorinated
gases, or f-gases) in these systems can contribute potent
greenhouse gases if released to the atmosphere.®® In Europe,
efforts to phase out these refrigerants have led to discussions
on alternatives with lower global warming potentials, such as
propane or carbon dioxide (CO,). However, some alternatives
may have environmental hazards and complicated or expensive
operating and installation conditions that hamper their use.”'

In early 2023, the European Parliament adopted a proposal to
phase out f-gases by 2050, and while the heat pump industry
supports the goal, it has expressed concerns about proposed
short-term bans affecting production capacity.> Previous

international environmental agreements, such as the Kigali
Amendment to the Montreal Protocol, fostered the transition to
many refrigerants with lower global warming potentials that are
currently in use. As the heat pump industry evolves, the biggest
competitive challenge will be the ongoing use of relatively
inexpensive fossil fuels for heating.*®

i These declines can largely be attributed to economies of scale in both manufacturing and installation due in part to widespread uptake and technology

improvements. See endnote 42 for this section.
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HYDROGEN

B Despite the rapid scale-up of electrolysis

plants to 510 MW by the end of 2021 - up
by 210 MW or 70% relative to 2020 - the
demand for hydrogen is still being met
almost entirely (around 95%) by hydrogen
produced from fossil fuels.

More than 393 deals related to hydrogen
were closed in 2022, up significantly from
the 277 deals registered in 2021.

Realisation of all of the projects in the
hydrogen pipeline could lead to an installed
electrolyser capacity of 134-240 GW by
2030, with the lower end of the range similar
to the total installed renewable capacity in
Germany and the upper end similar to the
capacity in all of Latin America.

Australia has the largest number of
announced renewable hydrogen plants
among countries.

Governments continue to consider hydrogen
a pillar of their energy sector strategies,

with around 30 countries having national
hydrogen strategies as of 2022,

RENEWABLES 2023 GLOBAL STATUS REPORT - RENEWABLES IN ENERGY SUPPLY

Renewable (often referred to as green) hydrogen is rapidly
emerging as a key enabling technology with significant potential
to decarbonise various sectors, in line with global efforts to meet
net zero emission targets. Renewable hydrogen is hydrogen
produced using renewable energy sources' via electrolysis, a
process that splits water molecules into hydrogen and oxygen.
The hydrogen can be stored', transported, or used on-site as a
clean and flexible fuel for a wide range of applications. Interest
has grown in using renewable hydrogen as a means to reduce
emissions in hard-to-abate sectors such as heavy industry.

The potential uses of renewable hydrogen are diverse, ranging
from fuel for long-haul trucking and shipping, to feedstock for
industrial processes such as steel and cement production, to
serving as a carrier for electricity generation.! However, renewable
hydrogen faces several key challenges that hinder its rapid
upscaling. These include high conversion losses (with 20-30% of
the energy lost through electrolysis), high upfront production costs
and the need for significant investments in infrastructure such as
pipelines and storage facilities.? Nevertheless, governments and
industries are increasingly recognising the potential of renewable
hydrogen and committing large resources to its development.®

RENEWABLE HYDROGEN PRODUCTION FACILITIES

Currently, the global demand for hydrogen is met almost entirely
(around 95%) with hydrogen produced from fossil fuels.* In
2022, despite the slowing global economy, worldwide hydrogen
production capacity exceeded an estimated 100 million tonnes,
up from 94 million tonnes in 2021 and 91 million tonnes in
2019.° Renewable hydrogen production, however, totalled only
109 kilotonnes in 2022, although this was a 44% increase from
the 2021 level (35 kilotonnes).

Enabling the growth in hydrogen production was the rapid
scale-up of electrolysis plants to 510 MW in 2021, an increase of
210 MW, or 70%, compared to 2020.° Electrolyser manufacturing
capacity doubled between 2017 and 2022 to nearly 8 GW,
as successful pilot and demonstration projects advanced to
commercial-scale projects.” The average size of new electrolysers
in 2021 was 5 MW, but this could reach 260 MW in 2025 and in
the GW-scale by 2030.%

In 2022, more than 112 million tonnes of new low-carbon
hydrogen capacity was announced, mainly in the United States,
Denmark, Egypt, Canada and Portugal® In total, more than 393
deals related to hydrogen were closed, up from 277 deals in
2021, showing an upward trend in low-carbon hydrogen market
development.® Australia had the largest number of announced
renewable hydrogen plants worldwide as of 2022; due to its
abundant solar and wind resources, the country is expected to
see some of the lowest levelised costs for producing renewable
hydrogen by 2050."

The definition of renewable energy sources is still under debate. For
example, France is pressing the EU to acknowledge nuclear as a
renewable energy source, given the dominance of nuclear power in the
country’s energy mix.

Hydrogen is an energy carrier, not an energy source, and can deliver or
store a tremendous amount of energy. Hydrogen can be used in fuel cells
to generate electricity, or power and heat.



In 2022, higher costs for key elements of renewable hydrogen
projects resulted in part from global supply chain issues (related
to geopolitical instability in Europe) and from rising global
demand for solar PV and electrolysers.” At this early development
stage of the clean hydrogen industry globally, costs of renewable
hydrogen production vary depending on the scale and size of
the project as well as on how nearby the production is to where
the hydrogen will be used. In 2022, hydrogen produced through
electrolysis using renewable power cost an estimated USD 5-10
per kilogram.®

Hydrogen strategies are being developed and implemented
worldwide, with leading players in Asia, North America, Australia
and the EUM™ (> See Figure 21) Each region has its unique
approach to hydrogen deployment, depending on factors such
as national energy policies, natural resources and infrastructure.

Japan was the first country globally to formulate a national
hydrogen strategy, in 2017, as part of its ambition to become
the world's first "hydrogen society” by adopting green hydrogen
across all sectors A key pillar in the strategy is developing

MARKET DEVELOPMENTS

long-term supply agreements to import hydrogen from overseas,
given Japan's shortage of the natural resources necessary to
deploy wind and solar energy at scale. Despite its ambitious
and visionary plan, Japan has performed far below its goal of
increasing uptake of hydrogen fuel cells and fuel cell vehicles,
and the hydrogen stations built across the country have seen
little use.® As of early 2023, Japan faced challenges in scaling
up hydrogen production and use due to high costs and lack of
infrastructure.”

China was the largest producer of hydrogen in 2022, at around
25 million tonnes, and is exploring the production and use of
lower-emission hydrogen to help meet energy needs and spur
industrial development while also addressing climate concerns.®
The Chinese government has laid out a medium- and long-term
development plan for hydrogen (2021-2035), with the goals of
bringing 50,000 fuel cell electric vehicles on the road by 2025;
producing green hydrogen using renewables to reach 100,000 to
200,000 tonnes annually by 2025; and using clean hydrogen in
energy storage, electricity generation and industry.”

FIGURE 21.
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In India, the prime minister has stated that renewable hydrogen
could enable a “quantum leap” towards energy independence
for the country by 2047.2° In 2021, India announced a National
Hydrogen Energy Mission to develop a roadmap for using
hydrogen as an energy source; the aims are to create a global
hub for the manufacturing of hydrogen technologies; to facilitate
demand creation in industry (such as fertilisers, steel and
petrochemicals); and to demonstrate the use of hydrogen in
transport applications.?'

In 2020, the European Commission adopted its overarching
"hydrogen strategy for a climate-neutral Europe”.?? The strategy
aims to support the deployment of clean hydrogen in various
sectors, including industry, transport, and power generation,
as part of EU efforts to achieve climate neutrality by 2050.%
A key aspect of the EU strategy is leveraging partnerships and
collaboration at the regional and global levels, as illustrated in
2022-2023 through the Mediterranean hydrogen pipeline project
and the Japan-EU partnership for the exchange of information
and research.?* In 2023, the EU (with 28%) and Japan (24%) were
the global leaders in patent filings related to hydrogen.®

Germany's National Hydrogen Strategy intends to expand the
role of hydrogen to decrease national dependence on coal.?® The
government plans to invest USD 7.5 billion to achieve a hydrogen
production capacity of 5 GW by 2030 and another 5 GW during
2035-2040, allowing exemption from the green power surcharge
(EEG levy); it will also leverage partnerships with 31 potential
net exporters and across the EU through a USD 2.1 billion fund
to establish international trade partnerships.?” In 2022-2023,
Germany signed a landmark agreement with Denmark, the
largest deal of its kind to date, to build a 1 GW electrolysis plant in
Denmark that will produce green hydrogen using offshore wind
power, at a total project cost of USD 32.6 billion.?®

In 2020, France announced its strategy for the development of
decarbonised hydrogen, aiming to invest USD 7.5 billion in green
hydrogen production and infrastructure, with the goal of reducing
greenhouse gas emissions 6 million tonnes by 2030.%° Given the
contribution of nuclear power plants to France's energy mix, the
country has been pushing for the EU to recognise low-carbon
hydrogen produced from nuclear power in its renewable energy
rules; however, some EU Member States worry that this would
undermine efforts to rapidly scale up wind and solar.*°

As of 2022, almost

of global hydrogen
production was from
fossil fuels.

Spain released a strategy in 2020 that provides a vision for
developing a favourable environment for the supply and demand
of renewable hydrogen®' Key milestones of the strategy are
commissioning 300-600 MW of electrolysers by 2024 and 4 GW
by 2030, and reducing 4.6 million tonnes of CO, emissions,
through mobilising USD 9.6 billion of investments.*? In February
2022, four grant programmes totalling USD 267 million were
deployed to address innovation in the hydrogen value chain. This
included USD 108 million for large electrolysers, USD 86 million for
piloting fuel cell electric vehicles, USD 43 million for industrial and
experimental research, and USD 32 million for capacity building.
Spain is expected to become a key player in hydrogen economy
in the short- and medium-term, considering the country’s
industry investment, collaboration with Mediterranean countries
and ample solar resource for producing green hydrogen.*

In North America, the United States released its draft National
Clean Hydrogen Strategy Roadmap in late 2022. The plan sets
out three key priorities: targeting strategic, high-impact uses
of hydrogen; reducing the cost of clean hydrogen to USD 1
per kilogram by 2031, and deploying at least four regional
clean hydrogen hubs through an unprecedented USD 7 billion
in funding.®* The United States is the world's second biggest
producer and consumer of hydrogen after China, accounting for
13% of global demand.®® The Infrastructure Investment and Jobs
Act of 2021 contained a USD 9.5 billion budget to boost clean
hydrogen development, and the subsequent Hydrogen Earthshot
programme, through its “111 goal”, aims to cut the cost of clean
hydrogen to USD 1 per 1 kilogram in 1 decade.*®

Australia released its green hydrogen strategy in 2019, laying out a
comprehensive plan to position the country as a major global player
in the hydrogen industry by 2030. The strategy aims to develop
a clean, innovative, safe and competitive hydrogen industry that
delivers significant economic, social, and environmental benefits,
with a set of ambitious targets. Gigawatt-scale project ambition
is on the rise in Australia, with 11 GW-scale hydrogen projects in
the pipeline in 2022 and 9 more announced (either new or existing
projects).®” The Australian government s providing USD 526 million
(AUS 800 million) towards the establishment of eight hydrogen
hubs through the Regional Hydrogen Hubs programme and other
commitments, including nine feasibility studies to support potential
future hydrogen hubs.*




Brazil published a resolution in 2022 establishing the National
Hydrogen Program (PNH2), which aims to promote the
development of a competitive hydrogen market in the country.** The
programme seeks to encourage the production, distribution and use
of hydrogen as a clean energy source, with a focus on renewable
hydrogen. The renewable hydrogen segment in Brazil started to
grow in 2022 with the installation of the country's first industrial-
scale renewable hydrogen production plant, completed in May by
Unigel*® The system includes three 20 MW electrolysers supplied
by Thyssenrupp Nucera, with a second phase expected to expand
the project’s capacity beyond 100 MW.*#

Chile's national strategy was released in 2020 and has three main
strategic pillars: commissioning 5 GW of electrolysis by 2025, ensuring
the most competitively priced green hydrogen in the world by 2030
and becoming among the world's top exporter of green hydrogen by
2040.% The Haru Oni project, led by the company Highly Innovative
Fuels, was successfully commissioned in 2022 and entails building
a hydrogen-based fuel production plant in Magallanes, South

SNAPSHOT

B CHILE

A Hidden Hydrogen Champion is Awakening

A notable player in the emerging global hydrogen trade is Chile, which is
focusing on public-private partnerships as a key mechanism to accelerate
the country's energy transition. Chile has signed several international
agreements with foreign countries to strengthen its hydrogen industry.

In 2021, Chile signed a joint agreement with Germany with the aim of

MARKET DEVELOPMENTS

Chile.** The project will produce hydrogen, e-methanol and e-petrol
powered by 3.4 MW wind turbines.** Expected annual production is
350 tonnes of crude methanol, 130,000 litres of petrol and 16 tonnes
of carbon-neutral liquefied gas.“®

HYDROGEN TRADE ROUTES

As the global demand for green hydrogen continues to rise,
an expanding network of hydrogen trade routes, plans and
agreements is taking shape, fostering international collaboration
and highlighting key importers and exporters.*® Main importing
regions, such as Europe, Japan, and the Republic of Korea, are
driven by ambitious climate goals, industrial requirements, and
limited domestic renewable energy sources to meet their green
hydrogen needs. On the other hand, countries with abundant
renewable energy potential - such as Australia, Chile (= see
Snapshot: Chile), and countries in the Middle East and North
Africa - are emerging as potential key exporters, aiming to
capitalise on the growing hydrogen market.*

enhancing co-operation in green hydrogen project development. The two
countries will exchange experience and knowledge through the creation
of a working group, and will also establish a regulatory framework.

A further aim is to develop low-carbon certification systems.

A joint agreement between Chile and the Netherlands aims to establish
green hydrogen import-export corridors. It also seeks to align the
investment agenda and to improve the collaboration of private companies.
In addition, Chile signed a memorandum of understanding with Belgium
to enhance green hydrogen production in co-operation with the ports

of Antwerp and Zeebrugge, which aim to become the main hubs for
hydrogen imports to Europe. In Asia, Chile signed a memorandum of
understanding with the Republic of Korea to expand co-operation in the
low-carbon hydrogen sector and to exchange technologies for producing,
storing, transporting and using clean hydrogen.

Source: See endnote 47 for this section.
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Global installed hydropower capacity
reached 1,220 GW in 2022, up 22.2 GW
from 2021,

China grew its lead in installed hydropower
capacity, bringing the total to 368 GW in
2022, more than in Brazil, Canada, the
United States and the Russian Federation
combined.

Hydropower generation reached 4,429 TWh
in 2022, half of it produced by only four
countries (China, Brazil, Canada and the
United States).

European hydropower production dropped
19% in 2022 due to extreme drought.

Hydropower provides crucial services
including load following, grid support
and caseload electricity; in areas where
hydroelectric production has declined
due to drought, in some cases coal has
been used to supplement these services.

?/ REN21 RENEWABLES 2023 GLOBAL STATUS REPORT - RENEWABLES IN ENERGY SUPPLY

Global hydropower markets added at least 22,2 GW in 2022, for
a total installed capacity of 1,220 GW'! Generation increased 5%
over 2021 to reach 4,429 TWh.2 However, as in 2021, the capacity
added in 2022 was well below the estimated 30 GW of hydropower
additions that are needed annually to keep global temperature rise
below 2°C by 2050.° In 2022, hydropower represented 37% of the
world's total installed renewable energy capacity and added 2% of
the total capacity of all renewables.*

Fluctuating water levels, related in part to climate change, have
raised concerns about hydropower infrastructure and the
development of future facilities and storage. Africa, Asia, Europe
and North America all experienced severe droughts in 2022,
reducing water supplies and the capacity use of plants.® In the
Zambezi river basin between Zambia and Zimbabwe, the 213 GW
Kariba reservoir (the world's largest) dropped to 0.97% of its
usable storage in December 2022, leading to power rationing
and outages.® Many drought-stricken areas have turned to coal
to supplement power needs.’” Climate change also could alter
seasonal production, causing snowy regions to produce more
hydropower in winter as rain replaces snow, and less power in
spring and summer due to reduced snowmelt.® (= See Sidebar 2.)

Aswith solar PV and wind, Chinadominated the global hydropower
market in 2022, with a total installed capacity exceeding that
of the next four leading countries combined (Brazil, the United
States, Canada and the Russian Federation).® (- See Figures 22
and 23).The top four countries in hydropower generation (China,
Brazil, Canada and the United States) produced more than the
rest of the world combined.”” Developing countries continued to
lead in shares of hydropower in the energy mix, with Costa Rica
generating 73% of its electricity from hydropower, and Venezuela,
the world's tenth largest producer, generating 68 TWh."

i T

i Hydropower capacities exclude pumped storage, which serves as energy
storage, not as an energy source.
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During 2001-2020,

invested a total of
USD 29.9 billion in
hydropower projects
globally.
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China expanded its hydropower capacity lead, adding 13 GW in
2022 to reach a total installed capacity of 368 GW.? The country is
home to the world's largest hydropower facilities and completed
several massive projects during the year, including six along
the Yangtze River and the last turbines of the 16 GW Baihetan
Hydropower Station, the largest since the Three Gorges Dam.”
Heavy rainfall boosted hydropower generation in South China by
18% in the first five months of 2022, reflecting a recent trend of
heightening flood seasons maxing out generation capacities; this
helped bring the country’s total annual generation to 1,352 TWh."
Conversely, the Yangtze River registered record low water levels,
posing a threat to Sichuan Provence, which receives 80% of its
energy from hydropower.”

Through its Belt and Road Initiative, China is the owner or
investor in diverse infrastructure projects across Africa, Asia,
Latin America, and Oceania, having signed memoranda of
understanding with around 150 countries.® During 2001-2020,
China invested a total of USD 29.9 billion in hydropower projects
globally, plus another USD 2.5 billion in related transmission
and distribution.” Overall, at least 38 GW of Belt and Road
Initiative hydropower projects are either in operation or under
construction, with another 11 GW planned.®® While such projects
have injected capital outside of China, they reportedly have been
prone to construction flaws and operational failures, and some
have led to displacement of local communities.

Brazil ranked second globally in hydropower installed capacity
and generation, although it only added just over 300 MW in
2022.2° Favourable rain conditions boosted production 17% in the
country.?" In total, Brazil generated 92% of its overall electricity

from renewables during the year, and hydropower contributed
78% of the renewable energy production.?

Canada remained third in both total hydropower installed capacity
as well as hydroelectric generation.?® The country continues to be
a leader in added capacity and brought online 1 GW of projects
in 2022, including the 245 MW Romaine 4 hydroelectric plant in
Quebéc.?* Hydro-Quebéc, a public utility that oversees 37 GW
of hydropower and thermal projects in Canada, signalled that it
would halt adding hydropower capacity going forward, citing long
project timelines and large upfront capital requirements.?

In the United States, the world's fourth largest producer of
hydropower, generation increased 4% in 2022 to reach 262
gigawatt-hours (GWh), representing 6.2% of the country's energy
mix.?® The decades-long megadrought in the US west continued
to affect generation in the first half of 2022.2” The Western Area
Power Administration, with around 10 GW of installed hydropower
capacity, recorded only 65.7% of average generation during the
2022 fiscal year, attributing the decline to "negligible” snowpack!.?®
However, levels rebounded in the second half of 2022 and into
2023 as the Sierra Nevada mountains and the Colorado River
Basin experienced heavy snowfall.?® Overall, generation across
California, Oregon and Washington state grew 14.2% in 2022 to
129,918 TWh, representing 49.6% of the US total.*°

In 2022, 14.2 MW of small hydropower plants came online in the
United States, while 8.4 MW were retired.® As of the end of 2022,
351 MW of total hydropower was planned or under construction
in the country.® The US installed hydropower capacity was
stagnant for the year, at 80 GW.**

i Snowpack refers to the measure of compacted snow from the previous winter. The run-off water from the snowpack feeds into rivers and streams, contributing

to higher water levels in spring and summer.



SIDEBAR 2. Standardising Sustainability in the Hydropower Sector

As the world's oldest renewable energy technology and the
largest source of renewable electricity to date, hydropower
continues to face challenges related to sustainability -
especially large-scale hydropower', Factors contributing
to the social and environmental impacts of hydropower
include the sourcing of construction materials, disruption of
ecosystems from dams and reservoirs, methane production
from decomposing organic material in flooded areas, and the
displacement of communities, among others.

Hydropower requires far fewer minerals and precious
metals than other renewable energy technologies, but it
still depends on copper, chromium, zinc and aluminium for
plant operations. Because hydroelectric plants serve as
both energy production and infrastructure projects, their
construction and maintenance rely heavily on cement and
steel. Materials contribute just over 30% of the greenhouse
gas emissions from hydropower projects, typically releasing
around 43 grams per kilowatt-hour (kWh,) but at times
reaching 2,200 grams per kWh.

The majority of emissions from hydropower come from
sedimentation and the anaerobic decomposition of organic
materials in reservoirs, especially in areas with dense
vegetation such as the Amazon. Methane emissions from
reservoir hydropower projects can reach 88 grams per kWh,
or up to 70% of total life-cycle emissions. Overall, global
emissions from hydropower totalled 103 million tonnes of
CO,equivalent in 2022.

In the past, financing for renewable energy projects
through green bonds has excluded hydropower because
of unclear sustainability criteria. In 2021, however, the
Climate Bonds Standard began registering green bonds to
finance hydropower projects characterised by low emission
intensity and high power density'. To enable access to green
bond financing under the Climate Bonds Standard and
promote involvement, the Swiss government's Hydropower
Sustainability ESG Assessment Fund, open from 2020-2024,
is awarding CHF 1 million (USD 1.07 million) to evaluate global
hydropower projects' environmental, social and governance
performance. As of 2023, at least USD 150 million worth of
certified bonds and loans had been issued under the criteria.

However, hydropower projects pose broader sustainability
impacts than those covered in these criteria, contributing to
biodiversity loss, erosion, and habitat destruction, among other
impacts. Life-cycle assessments for projects can range widely
because of limited data availability and inconsistent modelling
approaches. Moreover, displacement of communities remains
a serious concern, as illustrated by recent local opposition to
the Janiji¢i plant in Bosnia and Herzegovina and the Bener
dam in Indonesia. China's Three Gorges Dam, completed
in 2006, resulted in the largest human displacement from a
hydropower project, displacing more than 1 million people
during the 17-year construction period.

Transmission infrastructure from remote hydropower projects
also has affected Indigenous lands, sparking backlash. In
the United States, the New England Clean Energy Connect
faced fierce opposition as Native American groups claimed
that ancestral territories were not proper considered in the
development of transmission lines.

Sustainability —standards such as the Hydropower
Sustainability Assessment Protocol have attempted to
standardise assessments and to accredit projects that
use good practices to minimise the environmental and
social impacts. However, comprehensive assessments
are still relatively new to the sector. The 510 MW Teesta V
hydropower station in northern India was the first hydropower
project globally to base its assessment on criteria related
to climate change resilience and the mitigation of carbon
emissions. In early 2023, the 11 MW Sebzor hydropower
facility in Tajikistan became the first project certified under
the Hydropower Sustainability Standard, meeting 12 criteria
including preserving biodiversity, maintaining water quality
and addressing resettlement of communities.

The International Hydropower Association (IHA) offers
training programmes to certify professionals to conduct
sustainability assessments and to implement strategies
based on the Hydropower Sustainability Standard. Nepal's
Hydropower Association recently partnered with the IHA
to train 60 professionals to improve hydropower project
performance and attract green finance.

i Large-scale hydropower plants refer to facilities greater than
30 MW. Small and mini hydropower typically imply lower
environmental impacts due to small land area use and less
disruption to surrounding natural ecosystems.

ii Projects starting operation after 2020 must meet criteria of either
less than 50 grams of CO. equivalent per kWh produced or a
power density of greater than 10 watts per square metre (W/m?);
for facilities in operation before 2020, the criteria are less than
100 grams of CO: equivalent per kWh or greater than 5 W/m?.

Source: See endnote 8 for this section.
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In Europe, hydropower plants serve as the renewable energy
source for baseload electricity, load following and grid support;
however, in 2022 the worst drought in 500 years led to a 19%
decline in regional output.®** Severe drought led some hydropower
reserves in ltaly and Spain to drop by half*® To partially fill an
energy generation gap of 185 TWh, many countries turned to coal
production, which rose 7% in 2022 Hydropower represented
10% (283 TWh) of Europe's electricity output in 2022, led by
Sweden (69 TWh), France (46 TWh), and Austria (36 TWHh), which
together comprised more than half of the continent's hydropower
generation.*” In Austria, Croatia, Latvia, and Sweden, hydropower
accounted for more than 35% of the total electricity mix in 202238

Outside of China, Asia generated 940 TWh of hydropower
in 2022 and added 2.8 GW, for a total installed capacity of
269.6 GW.*® Pakistan’s 720 MW Karot plant, which came online
in June, is the first project developed by the China Three Gorges
Corporation under the China-Pakistan Economic Corridor,
bringing Pakistan's total hydropower capacity to 10.6 GW.*°
India's 600 MW Kameng plant came online in November 2022
as part of the country’s plan to install 30 GW of hydropower by
20304 In Nepal, the energy authority is authorised to export up
to 400 MW of hydropower to India’s grid, but it has been unable
to meet the maximum power level due to a drop in capacity use
from 2,200 to 1,550 MW, related to reduced precipitation and
receding glaciers in the Himalaya region.*

Tirkiye added 80 MW in 2022, outpacing additions in 2021 for a
total capacity of 32 GW'.* Over the last two decades, Tirkiye has
invested heavily in hydropower, adding around 650 systems.**
The recently completed 588 MW Yusufeli dam, the world's fifth
largest, began filling its reservoir in 2022.% The Tigris-Euphrates
river system, where increasingly complex water needs involve
five countries that share the basin, rebounded after a dry 2021.4
As result, hydropower plants in Turkiye were able to double their
daily generation to more than 110 GWh, helping to minimise
power shortages during a 10-day period in January 2022 when
natural gas supplies from Iran were disrupted.’

In Africa, hydropower capacity increased 2.6 GW to reach
377 GW in 2022, generating at least 150 TWh.*® The region is
the most untapped globally for hydropower development, with a
potential capacity of 474 GW as of 2021, especially in West Africa
and parts of Southern and Central Africa*® In 2022, drought
affected primarily Central and East Africa, and Ethiopia, Kenya
and Somalia experienced between 30-60% less rainfall from
October to December - the region's longest and most severe
drought on record.*®

Kenya's Electricity Generating Company reported that
hydropower, along with geothermal and wind power, will
help meet the country’s growing electricity demand, which
exceeded a record 2 GW in 2022 Kenya signed an import deal
with Ethiopia that will likely include electricity from the Grand
Ethiopian Renaissance Dam (5.3 GW), which when completed
will be Africa's largest hydropower project.®? In August 2022, the
dam started producing electricity from the second of 13 turbines
of 375 MW each.®

Hydropower is set to supply the bulk of energy in Tanzania.**
The reservoir for the 2.1 GW Julius Nyerere Dam started to fill in
January 2023 and is expected to produce 5,920 GWh annually.
Hydropower already accounts for 31% of Tanzania's electricity
needs, and another 600 MW of small- to medium-sized
hydropower plants is in the pipeline.®® In Nigeria, all four 1775 MW
turbines of the Zungeru Hydropower Station were commissioned
in 2022 and began operation.’” The plant, plus an additional
700 MW of projects in the pipeline, are expected to meet 10% of
the country's energy needs when completed.®®

Many countries in Latin America and the Caribbean were
early adopters of hydropower as a primary source of electricity
generation. Five countries - Colombia, Costa Rica, Ecuador,
Panama and Venezuela - produce more than 70% of their
electricity from hydropower.®® In 2022, the region had a total
installed capacity of 20.9 GW and generated 69 TWh.®®

Hydropower plants have a lifetime of 30 to 80 years, presenting
opportunities to improve their efficiency, extend lifespans,
and boost capacity and generation through refurbishment
and modernisation. Based on 2022 estimates, worldwide
hydropower modernisation efforts could increase the total
installed capacity of existing plants by roughly 9 GW.®" Around
600 GW of hydropower plants are 30 years or older, and
400 GW are 40 years or older.%? In Africa, where around 38% of
the fleet is in medium to high need of modernisation, it would
costaround USD 6.8 billion to bring 0.8 GW of idled hydropower
units back online and to upgrade overall regional capacity
from 0.7 to 1.6 GW.®® In Latin America and the Caribbean, an
estimated 70 GW of capacity will need short- or medium-term
modernisation, at around USD 32 billion.®*

i This total excludes the Yusufeli project, which was completed in 2022, but was still not in operation as of early 2023,
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OCEAN POWER

Europe still leads the race to
commercialisation of ocean power, but
ambitious support programmes are
spurring developments in Canada, China
and the United States.

Five tidal stream devices (2.7 MW) and
six wave power devices (165 kW) were
deployed in 2022.

Tidal stream has demonstrated its
reliability, with total generation surpassing
80 GWh in 2022.

The UK government’s Contracts for
Difference scheme earmarked 41 MW for

tidal power in 2022, for the first time ever.

Developers of ocean power attracted
EUR 16 million (USD 17 million) in funding
from diverse sources during the year.

MARKET DEVELOPMENTS

Ocean power technologies' represent the smallest share of
the renewable energy market, although there is a vast global
resource.! Deployments slowed in 2022, following the large
increase in 2021 in the aftermath of the COVID-19 pandemic.?
A total of 1.9 MW was deployed in 2022, down from 4.6 MW in
20212 The estimated operating installed capacity in 2022 was
514 MW.*

Two tidal range systems - the 240 MW La Rance station in
France and the 254 MW Sihwa plant in the Republic of Korea -
account for the majority of this capacity. Potential locations are
limited and large-scale environmental engineering is required;
thus, few proposals have been advanced to expand the use of
this type of system.

Tidal stream devices and wave energy converters are the focus
of development efforts. Advancements have been concentrated
largely in Europe, although revenue support and ambitious
research and development (R&D) programmes in other
regions have spurred increased development and deployment,
particularly in Canada, the United States and China.®

Tidal stream devices are approaching maturity, and pre-
commercial projects are under way. Around 41 MW of tidal stream
capacity has been deployed since 2010.° Most projects targeting
industrial-scale production are based on horizontal-axis turbines
mounted on the sea floor or on a floating platform.” These devices
have demonstrated considerable reliability, and total generation
surpassed 80 GWh as of the end of 2022.%

Wave power devices are yet to see the same level of design
convergence. Developers are generally aiming to tap into utility-
scale electricity markets with devices above 100 kW or to fulfil
specialised applications with devices below 50 kW.® Around
25 MW of wave power has been deployed since 2010.°

OCEAN POWER INDUSTRY

In 2022, the global ocean power sector continued its journey to
commercialisation, with significant new funding announcements
and the continuance of successful flagship projects to prove
their reliability. Most deployments are pilot projects, with around
60 active teams testing their devices in the open sea” A few
developers have advanced beyond small-scale pilots to higher
technology readiness levels and a pipeline of commercial-scale
deployments.

Five tidal stream devices totalling 27 MW were successfully
deployed in 2022.”

In China, an additional 1.6 MW turbine was deployed and
connectedto the grid at LHD's tidal current energy demonstration
project at Zhoushan in Zhejiang, bringing the project’s total
capacity to 3.3 MW.® The demonstration project has now
been operating continuously for more than five years. At CHN
Energy’'s Jiangxia Tidal Power Station (@ 41 MW tidal barrage
commissioned in 1981), a complementary 100 MW solar PV plant
was built at the station's reservoir™

i Ocean power technologies harness the energy potential of ocean waves,
tides, currents, and temperature and salinity gradients. In this report,
ocean power does not include offshore wind, marine biomass, floating
solar PV or floating wind.
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Minesto deployed a second 100 kW device in the Faroe Islands,
successfully exporting electricity to the grid.® The unique device
operates on similar principles to a kite flying in the wind, using
the hydrodynamic lift force generated by the underwater current
to move a tethered kite that drives a generator. Additional
infrastructure has now been installed to connect the two devices
and to operate both systems in an array. Minesto devised a
comprehensive plan for building out large-scale tidal power arrays
in the Faroe Islands, identifying and verifying four additional sites
that could meet 40% of the islands’ demand.®

Kyuden Mirai Energy Ltd. deployed SIMEC Atlantis Energy’s
500 kW tidal current generator in Nagasaki Prefecture, Japan,
as part of a Ministry of the Environment project to promote tidal
power.”

In the Republic of Korea, the 80 kW Uldolmok Tidal Power
Pilot Plant was deployed at an open-sea test site.® The plant
generated close to 9 megawatt-hours (MWh) of electricity during
its eight-month test deployment, for which the Korea Energy
Agency awarded renewable energy certificates.”

In France, Sabella redeployed its 1 MW bottom-fixed tidal turbine
in the Fromveur passage in Brittany.?° The deployment is part of
the PHARES project, which aims to combine wind, tidal, and solar
energy, as well as storage, to provide the off-grid Ushant Island
with most of its electricity needs.?’ Sabella also successfully
connected a small electrolyser to the turbine for green hydrogen
production.

Orbital Marine Power continued testing its O2 turbine at the
European Marine Energy Centre (EMEC) in Orkney, Scotland.
The company secured 7.2 MW in Contracts for Difference’ (CfDs)
as well as new investment from the Scottish National Investment
Bank and individuals via the Abundance Investment platform.?

Longstanding leader MeyGen also saw success in the new CfD
programme, agreeing to add 28 MW of capacity by 2027.2 This
would effectively make MeyGen the world's first commercial-
scale tidal array.

Pl
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Nova Innovation manufactured and shipped three 100 kW direct-
drive turbines: two for deployment in Bluemull Sound, Shetland;
and one for deployment at the Nova Tidal Array in Petit Passage,
Canada.®* The company is also on track to deploy a 50 kW
demonstrator turbine and has undertaken a feasibility study for a
7 MW tidal array in the Larantuka Strait of Indonesia.?®

For wave power, six additions occurred in 2022, totalling 165 kW
in capacity.

In Israel, Eco Wave Power was able to deploy the country's first
grid-connected wave power project, an attenuator device with a
capacity of 100 kW, thanks to a combination of public and private
support, including feed-in tariffs.?®

In China, Hann Ocean deployed its 15 kW wave rotor device
at Shengsi island.? The Wanshan 1 MW Wave Energy
Demonstration Project successfully tested two 500 kW devices
in open-sea trials in Guangdong Province, where the units
withstood several typhoons.?® The project is scheduled for
demonstration operation in 2023.

In France, a quarter-scale prototype of a wave energy converter
specifically designed to be integrated into dyke infrastructure,
was successfully installed at the port of Sainte Anne du
Portzic.?® The prototype was undergoing testing, which was
expected to conclude by March 2023, with the eventual device
targeting a capacity of 800 kW.*°

At the EMEC in Scotland, AWS Ocean Energy reported positive
results from a test deployment of its Waveswing device.® The
converter achieved average power of more than 10 kW and peak
power of 80 kW under moderate wave conditions.* In Belgium,
EXOWAVE completed the demonstration of its 3.5 kW wave-to-
water plant at the Blue Accelerator test site in Oostende.*

Inthe Republic of Korea, a demonstration wave energy converter
was constructed and underwent performance evaluations as part
of a government-funded R&D project to develop a 30 kW wave
energy converter suitable for breakwaters in remote islands.**

i The UK's Contracts for Difference (CfD) scheme aims to support low-carbon electricity generation by protecting project developers from volatile wholesale prices.



The 296 kW Mutriku Wave Power Plant in Basque Country,
Spain is approaching a milestone of 3 GWh of production
since being connected to the grid in July 2011.% The facility,
built into a breakwater, has now been integrated into the testing
infrastructure of the Biscay Marine Energy Platform (BIMEP) and
will be available for trialling new designs of key components, such
as air turbines, electrical generators and control systems.®®

Development of other ocean power technologies, such as ocean
thermal energy conversion (OTEC), remains slow, and only a
handful of pilot projects have been launched.*”

Saga University in Malaysia and other research institutions
are conducting ongoing research on a hybrid system of OTEC
and desalination.®® The research includes the development of a
3 kW hybrid OTEC experimental system that will be installed in
Malaysia in 2023 to initiate further research.

Ocean power is not yet competitive in utility markets due to the
need for significant cost reductions and further technological
advancements, particularly for wave power. The sector remains
highly dependent on public funding to leverage private investment
and is yet to receive clear market signals to encourage the final
steps towards commercialisation.*® Dedicated revenue support
is essential to achieve predictable returns and to attract private
investors until the industry reaches a higher level of maturity.“

A 2018 European Commission implementation plan estimated
that EUR 1.2 billion (USD 1.5 billion) in funding was needed by
2030 to commercialise ocean power technologies in Europe,
requiring equal input from private sources, national and regional
programmes, and EU funds.*? In total, an estimated EUR 6 billion
(USD 7.4 billion) has been invested in ocean power projects
worldwide, of which 75% was private finance*® In 2022, the EU
announced a funding budget of EUR 40 million (USD 42.7 million)
for demonstration of tidal arrays under the Horizon Europe
framework, with a similar call for wave power in 2023.4

The EU committed

for demonstrating tidal
arrays.

The UK government's CfD scheme allocated 41 MW to
tidal stream technologies for the first time in 2021, which
will provide GBP 10 million (USD 12.1 million).*® Tidal power
projects from Orbital Marine Power, Simec Atlantis Energy
and Magallanes Renovables were awarded contracts.“®
In Canada, the government announced a refundable 30%
investment tax credit that will cover tidal, wave and river
current technology.

In 2022, EUR 16 million (USD 17.1 million) was provided through
arange of private investment pathways.*” SeaQurrent received
EUR 4.8 million (USD 5.1 million) from both existing and new
shareholders; Orbital Marine Power secured EUR 4.5 million
(USD 4.8 million) through the Abundance Investment platform;
Sabella raised EUR 2.5 million (USD 2.6 million) through bond
issues; QED Naval received EUR 1.7 million (USD 1.8 million)
for the construction of a demonstrator platform; Mocean
Energy secured EUR 873,000 (USD 932,000) in equity funding
from existing funders to advance the design of the next
generation of its wave power device; and Wavepiston raised
EUR 600,000 (USD 640,000) from existing shareholders to
finalise the installation of its full-scale system in 2023.48

Deploying ocean power at scale also will require streamlined
consenting processes.*® Uncertainty regarding environmental
interactions has often led regulators to require significant
data collection and strict environmental impact assessments,
which can be costly and threaten the financial viability of
projects and developers.®® Current scientific knowledge
suggests that the deployment of a single device poses little
risk to the marine environment, although the impacts of
multi-device arrays are not well understood. This calls for
an "adaptive management” approach that responds to new
information over time, supported by more long-term data and
greater knowledge sharing across projects.”
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KEY FACTS
SOLAR PHOTOVOLTAICS (PV)

Solar PV maintained its record-breaking streak,
with new capacity increasing 37% in 2022, while
global solar production reached an average of
6.2%, up from 5% in 2021.

For the tenth consecutive year, Asia dominated
regionally in new solar PV installations, contributing
64% of the global added capacity in 2022.

The leading countries for cumulative installed
solar PV capacity remained China, the United
States, India, Brazil, and Spain, while the leading
markets for per capita capacity remained
Australia, the Netherlands and Germany.

Poland was a new entrant to the top 10 solar PV
installers (eighth globally and third in Europe),
adding 4.9 GW of capacity, nearly 50% more
than its capacity added in 2021.

Centralised utility-scale solar PV reached a

total of 124.8 GW of new installations, driven by
tenders and the attractiveness of power purchase
agreements. Distributed PV added 115.2 GW and
was driven by falling module costs, which made
installations more attractive and accessible.

Although solar PV panel production remains
concentrated in China, more countries have
strengthened import barriers and incentives for
local manufacturing, pioneered by the United
States and India.

The solar PV market continued its steady growth in 2022,
with 243 GW of new installations added, 61 GW more than in
2021 (» See Figure 24)) This was the largest increase in annual
capacity ever recorded and brought the cumulative global solar
PV capacity to 1,185 GW, passing the 1-terawatt milestone.?
This record-breaking increase was possible despite ongoing
disruption across the solar supply chain due to both shortages
and rising costs of raw materials.®

Solar PV contributed an estimated 6.2% of global electricity
generation in 2022, up from 5% in 2021.* With the expansion of
capacity, several countries relied on solar PV generation to meet
a large share of their electricity demand. By the end of 2022, at
least nine countries had sufficient installed solar PV capacity
to meet at least 10% of their electricity demand, up from seven
countries in 2021.° Around 22 countries had enough installed
solar PV capacity to meet 5% of their electricity demand, up from
18 countries in 2020.° Spain had the highest share of solar PV
in annual generation, at 19.1%, followed by Greece (17.5%), Chile
(17%), the Netherlands (15.9%) and Germany (15.7%).”

For the tenth consecutive year, Asia dominated regionally in new
solar PV installations, followed by the Americas, which again
surpassed Europe.® The top five countries' by capacity added (in
descending order) were China, the United States, India, Brazil,
and Spain, together comprising around 66% of newly installed
capacity (up from 61% in 2021).° (- See Figure 25.)
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?' FIGURE 25.

7" Solar PV Global Capacity, by Country and Region, 2012-2022

Gigawatts 1185
1,200 :

World
Total

1,000

[ Rest of World

800 I Germany
I India

600 | Japan
Il United States
[ China

400

200

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Source: See endnote 9 for this section.

63



?/ REN21 RENEWABLES 2023 GLOBAL STATUS REPORT - RENEWABLES IN ENERGY SUPPLY

64

Global capacity additions of utility-scale solar PV - large-scale,
centralised systems connected to the grid - increased around
25%, to reach a total of 124.8 GW, while rooftop solar PV rose
around 54% to reach 115.2 GW.” Similar to 2021, installations of
rooftop PV in 2022 occurred mainly in China, the United States,

Spain, Australia and Germany.®

The next five markets in 2022 were Germany, Japan, Poland,
Australia and the Netherlands. The annual market size required
to rank among the top 10 countries in 2022 was 3.9 GW, up from
3.4 GW in 2021.° (» See Figure 26.) The leading countries for
cumulative solar PV capacity remained China, the United States,
Japan, India, and Germany, while the leading markets for per
capita capacity continued to be Australia, the Netherlands and

Germany." (= See Figure 27,)
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Several countries announced measures in 2022 to expand the
share of rooftop PV systems in the energy market. To incentivise
residential systems, Norway increased the maximum subsidy
per kW installed as well as the maximum system size eligible for
rebates, from 15 kW to 20 kW.* Germany reduced the value-added
tax (VAT) to 0% for residential PV systems up to 30 kW in size
and provided tax exemptions to operators of small PV systems.”®
Belgium lowered the VAT for PV installations and heat pumps
deployed on buildings constructed in the last ten years.® Italy
loosened permits for utility-scale PV and simplified the permitting
process for commercial rooftop systems up to 200 kW.” Portugal
and Spain both streamlined permits to promote self-consumption,
and for 2022 the Austrian government more than quadrupled the
budget of its rooftop solar rebate programme.’®

China'’s solar PV market experienced unprecedented growth in
2022, adding an estimated 106 GW, or around 93% more than
in 2021.° Around 58% of the new capacity was distributed solar
PV (61.4 GW), while 44.6 GW was centralised solar PV.?° In total,
China's market grew 35.5% in 2022 to reach a cumulative capacity
of 414.5 GW, with 165.8 GW (40%) from distributed generation'
and 2487 GW (60%) from centralised plants.?’ China’s market for
centralised solar PV plants grew around 18%, while distributed
solar PV grew 47%.?> The country's rooftop market was driven
largely by the three-year whole-county rooftop solar scheme,
which launched in early 2021 and registered double the number
of installations in 2022 compared to 2021.2%

Total electricity production (from all sources) increased 3.6%
in China, whereas electricity from solar PV surged 27.8%, to
418 TWh.?* The country's total electricity demand in 2022 reached
8,840 TWh, with solar PV representing 4.7% of the total.?®

India was again the second largest market in Asia for new solar PV
capacity, and third globally. The country added around 18.1 GW in
2022, more than the previous year, representing around 80% of the
country's total added power capacity (from all sources).?® The solar
PV additions included around 15.7 GW of utility-scale solar (87%)
and 2.4 GW of rooftop PV installations.?” This brought India’s
cumulative installed solar PV capacity to around 79 GW.?®

However, this was still well below India’s target of 100 GW of solar by
2022.2° Utility-scale solar fell short by around 2 GW and rooftop PV
by a staggering 25 GW. The shortfall can be traced to multiple factors
including net metering limits, customs duties that came into effect
in April 2022, unsigned renewable power supply agreements that
have been tendered but not signed by distribution companies, and
banking restrictions (with higher banking charges and the banking
period for renewable power changed from annually to monthly).*°

In Japan, the annual growth in solar PV installations stagnated in
2022, with the country again adding around 6.5 GW, to bring the
total installed capacity to an estimated 84.5 GW.*' A new mandate
for solar PV announced in Tokyo requires all new homes and
buildings to install rooftop PV starting in 20251.%? Japan also hosts
the largest number of agriculture-based solar PV plants globally,
as dual-use systems such as agrivoltaics and floating solar PV

Distributed generation refers to systems that provide power to grid-connected consumers, or directly to the grid, but on distribution networks rather than

on bulk transmission or off-grid systems. In this section, distributed generation refers to rooftop and ground-mounted PV for residential, commercial and

industrial applications.

i The rooftop space should be more than 20 square metres for homes and less than 2,000 square metres for buildings.
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have major potential in the country considering the limited land
availability.®® (= See Niche Solar PV Markets sub-section.) In 2022,
around 100 MW of agricultural PV capacity was added in Japan,
for a cumulative total of around 300 MW.3*

The solar PV market in the United States contracted in 2022.
The country added 18.6 GW during the year, down 16% from 2021
levels, to reach a cumulative capacity of 141.6 GW.® For the fourth
consecutive year, solar PV was the leading source of US added
power generation capacity, accounting for a record half of the total
capacity brought online in 2022.% The top state for new solar PV
additions was California (4.7 GW), followed by Texas (3.3 GW) and
Florida (1.7 GW).>” US solar PV generation totalled 201 TWh, with
the bulk of it utility-scale (143 TWh) and the rest grid-connected,
distributed rooftop systems (58 TWh); altogether, solar PV
contributed 4.7% of US electricity generation in 2022,®

In March 2022, the US government carried out an investigation
after a solar module manufacturer claimed that Chinese
companies based in Southeast Asia were exporting panels to the
United States while avoiding US anti-dumping and countervailing
tariffs in place since 2012.*° The investigation led to a temporary
halt in shipments from module manufacturers, leading to a
module shortage in the country and contributing to slower-
than-usual annual growth, mainly in the utility-scale market.*
In another setback for the US solar market, customs officials
detained an estimated 10 GW of solar panels from China in 2022
under enforcement of the Uyghur Forced Labor Prevention Act.*

The US Inflation Reduction Act, signed in August 2022, is
expected to have a positive long-term impact on the solar PV
market.*> Two of the main incentives for solar PV are an increase
in the Investment Tax Credit from 26% to 30% for residential and
commercial projects, and the approval of large-scale arrays to
qualify for Production Tax Credits of up to 2.5 cents per kWh.4®

Brazil continued to lead in
China's added solar PV

capacity was around

solar PV capacity in Latin
America, adding nearly
10 GW, a new
and roughly double the
amount added in 20214
This included a record
7.6 GW of new distributed
capacity and 2.5 GW of
centralised PV systems.*
Market growth in Brazil
was driven mainly by high electricity bills and by new regulations

record

more than in 2021.

for distributed generation.* In early 2022, the government made
PV systems of up to 5 MW in size eligible for net metering until
2045, and established a grid fee starting in 2023.# Other notable
capacity additions in Latin America were in Chile (1.8 GW) and
Mexico (680 MW), while Panama'’s largest solar PV plant (120
MW) began operation, with potential annual generation of
around 240 GWh.*®

Europe added 40.5 GW of solar PV in 2022 to reach 206 GW of
installed capacity, marking another year of outstanding growth.*
New installations in the EU-27 reached 38.9 GW, 63% more than
the 25.9 GW added in 2021.%° In early 2022, as part of a plan
to reduce its reliance on Russian natural gas and to accelerate
the deployment of renewables, the EU announced that it would
expedite by more than 20% the target of 420 GW of solar PV by
2030.5" The top EU additions were in Spain (8.1 GW), Germany
(7.5 GW), Poland (4.9 GW), the Netherlands (3.9 GW) and France
(2.9 GW), while the leaders for total capacity were Germany,
Spain, Italy, France and the Netherlands.®? Portugal added a
notable 2.5 GW in 2022, reflecting 250% year-on-year growth,
and Italy added 2.6 GW, with 174% growth.®



Germany's solar PV capacity additions were up almost 50%
in 2022, well above the 8% growth rate recorded in 2021, and
total installations reached 67 GW.** The German market was
driven mainly by government auctions and more than 3 GW of
tenders.%® Power purchase agreements (PPAs) also played a role,
with unsubsidised installations accounting for around 872 MW of
capacity added.® In 2022, solar PV contributed a record 11.8% of
Germany's electricity production, up from 9.8% in 2021.%

The Russian Federation's invasion of Ukraine stirred up
Germany's energy market, pushing the government to release
amendments in 2022 supporting renewables in the coming
years. To improve energy security and advance climate neutrality,
Germany adopted an acceleration scheme (the Easter Package)
that revised energy laws and proposed new measures, including
higher feed-in tariff (FIT) rates, removal of the FIT surcharge
for self-consumed systems of 10-30 kW, and an increase in the
auction threshold to 1 MW (previously 300 kW for rooftop and
750 kW for ground-mounted systems).5®

Spain added around 8.1 GW of solar PV in 2022, 65% more
than in 2021 (4.9 GW), bringing the country's total capacity to
26.6 GW.* Installations included 4.3 GW of utility-scale and
2.7 GW of self-consumption distributed PV systems.®® Around
47% of the new installations under self-consumption were
installed in the industrial sector, 32% in the residential sector
and 20% in the commercial sector®" Spain's utility-scale PV
market continued to be driven by unsubsidised PPAs, while the
rooftop PV market, which grew at a steady rate of around 102%
in 2022, was driven by high electricity prices.®? Spain now faces
a potential overcapacity challenge, necessitating investments in
grid expansion and energy storage.®®

Poland was a new entrant to the list of top 10 solar PV installers in
2022, adding 4.9 GW or nearly 50% more than in 2021 (3.3 GW).%*
Residential prosumers' represented around 80% of the new
capacity, motivated by an attractive net metering scheme and

MARKET DEVELOPMENTS

by rising electricity prices.® However, the spike in household
installations posed challenges for the distribution network, and
in April 2022 Poland replaced the net metering scheme with net
billing, a slightly less attractive option for households.®®

The Netherlands, the other new entrant to the top 10 installers,
added 4 GW of solar PV in 20225 Nearly half of the new
installations (1.8 GW) were rooftop PV, up 38% in 2022 and
driven largely by the country’s net metering scheme.®® In 2022,
the Netherlands boasted Europe's highest share of solar PV in
the energy generation mix, at 14% (up from 11.8% in 2021).%°

Australia remained the largest solar PV market in Oceania
adding around 3.9 GW in 2022 for a total capacity of nearly
30 GW.” Solar PV generation rose around 20% to 34.3 TWh,
contributing 14.7% of Australia's total electricity generation;
rooftop PV alone accounted for 25.8% of renewable generation
and for 9.3% of all generation.”

Australia’s solar rooftop segment added an estimated 2.8 GW,
driven by a 15-20% increase in electricity bills nationwide,
although this was less than the 3.3 GW added 2021, due mainly to
supply chain disruptions.”? By year's end, an estimated 3.4 million
homes across the country had rooftop solar systems installed.”
Household battery additions also grew significantly (44%) in
2022, with an estimated 50,000 battery systems added.” To
facilitate wider uptake of rooftop PV without compromising grid
stability, the state of Western Australia has followed the steps of
Southern Australia to implement remote disconnection of new
and upgraded solar and battery installations.”

The Middle East and Africa added around 7.2 GW of solar PV
in 2022.7° Africa installed around 950 MW - up 14% from the
833 MW installed in 2021 - bringing the total capacity to at least
10 GW.”” The region's top installer was Angola, adding around
284 MW, followed by South Africa (111.8 MW), Egypt (80 MW),
Ghana (71.3 MW) and Mozambique (41.9 MW).”®

By the end of 2022,
an estimated

homes across Australia
has rooftop solar
systems installed.

i Prosumers are those who consume electrical energy as well as produce and export excess electricity to the grid.

67




% REN21

68

NICHE SOLAR PV MARKETS

In addition to conventional PV installations, floating solar PV
and agricultural PV' gained greater recognition in 2022, with
multiple countries defining supportive measures for these
installations. Although the total installed capacity of floating PV
plants is difficult to track, with limited documentation of recent
additions, the capacity was well over 3 GW by the end of 20227
The top five countries with the highest estimated floating PV
potential are the United States, China, Brazil, India and Canada.®?
India’s largest project (around 100 MW) was commissioned
in 2022, and the Czech Republic also finished building its first
floating PV plant in early 2022.#'

Germany's new Easter Package supported the development
of agricultural PV, including it as part of the large-scale tender
scheme instead of the innovation tender®* France, which
considers agricultural PV critical in efforts to achieve the
country's target of 100 GW of solar by 2050, compiled a new set of
standards defining and characterising this approach.®® Similarly,
ltaly compiled a detailed list of standards for agricultural PV
projects, facilitating the expansion of this market in the country.®

Building-integrated PV (BIPV) systems and vehicle-integrated
PV are niche methods of installation that involve the integration
of solar PV within the surface of buildings (fagades and rooftops)
as well as vehicles. In 2022, China released a plan aimed at
deploying 50 GW of rooftop and BIPV by the end of 2025.%°
In the Republic of Korea, the Seoul metropolitan government
announced a rebate scheme that covers up to 80% of the costs
of purchasing and constructing BIPV systems,®®

i Agricultural PV uses the same site for both energy and crop production.

SOLAR PV INDUSTRY

In 2022, China continued to dominate the global manufacturing of
solar panels, with more than an 80% stake across all production
stages.®” A leading barrier to the wider geographical spread of
PV manufacturing is the gap in costs between China and other
countries that seek to increase domestic production. Compared
to China, costs are higher 10% in India, 20% higher in the United
States and 35% higher in Europe.®

The cost of polysilicon', which represents around 35% of the
total cost of a PV module, continued to increase in 2022.%° By
mid-year, the average cost of polysilicon was USD 45.4 per
kilogram, its highest recorded cost in more than a decade, which
prompted China's national energy agency and state regulator
to ask regional authorities to step in to stop the rampant cost
increase.®® The rise in price is attributed to increased demand,
macroeconomic fluctuations and supply chain issues.®" Although
global shipping costs across all industries decreased slightly in
2022, they remained substantially higher than in 2019, before the
COVID-19 pandemic, with large impacts on solar PV markets.®

India continued to support domestic production of solar
modules in 2022, both by increasing financial incentives and
broadening tax exemptions, and by imposing a high customs
duty (40%) on developers to discourage the use of imported solar
modules.® In Europe, the European Commission is preparing a
new legal instrument to ban the sale of goods made with forced
labour, including solar panels made in Xinjiang, China, where
abuses have reportedly occurred.®* Germany, in particular,
is strategising to restore the country's fully fledged solar PV
manufacturing supply chain.®®

In the United States, the government's 2021 ban on imports
of materials manufactured in Xinjiang came into effect in June
2022.°6 However, the US solar manufacturing market remains
relatively unprepared to meet the rising demand for modules,
as the operational cost of US module factories is much higher
than in Asia, due mostly to higher labour and electricity costs.*”
In July 2022, the US government announced a USD 56 million
investment to expedite domestic solar manufacturing.®®

Cell technologies in 2022 followed somewhat similar trends
as previous years. Passivated emitter cell (PERC)" solar panels
continued to dominate over n-type cells, such as tunnel-oxide
passivated contact (TOPConY) and heterojunction technology
(HJT).% However, with PERC cells approaching their theoretical
efficiency limit, emerging manufacturers outside of China are
pursuing HJT over PERC.® Major cell manufacturers in China
also have ramped up manufacturing capacity of TOPCon
modules.™

i Not to be confused with building and applied PV (BAPV and VAPV), which consist of fitting PV modules onto a surface.
i Polysilicon is the raw material for crystalline silicon which is used to manufacture PV wafers.

iv PERC is a technique that reflects solar rays to the rear of the solar cell (rather than being absorbed into the module), thereby ensuring increased efficiency as

well as improved performance in low-light environments.

v TOPCon cells adapt a sophisticated passivation scheme to advance cell architectures for higher efficiencies.



KEY FACTS

CONCENTRATING
SOLAR THERMAL POWER

Following the first-ever year of contraction

in global CSP capacity, 200 MW was added
in the United Arab Emirates in 2022 to reach
a total of 6.3 GW worldwide.

For nearly one decade, no new CSP
capacity has been added in historical
leaders of Spain and the United States.
China is poised to become a global

leader in installed CSP capacity, with at
least 30 projects under various stages of
construction and commissioning as of the
end of 2022. Several African countries also
were developing CSP projects.

Hybrid projects, where CSP is co-located
with solar PV and wind power, are
increasingly common and have been
responsible for driving down costs. Nearly
all new CSP plants contain some form of
thermal energy storage.

The cost of electricity generated by CSP
plants fell 68% between 2010 and 2021,

MARKET TRENDS

CSP MARKETS

The global installed capacity of concentrating solar thermal
power (CSP) increased by 200 MW in 2022 to reach a total of
6.3 GW.' (- See Figure 28.) This growth followed the first year ever
of contraction of global CSP capacity in 2021.2 Overall, the global
CSP market has slowed following an initial surge of development
in Spain and the United States in the early 2010s.°* Neither of
these historically leading markets has added capacity in nearly a
decade. However, new projects have come online and are under
construction in emerging markets, including Chile, China, Israel,
Morocco, South Africa and the United Arab Emirates.*

In 2022, the first portion (200 MW) of a 600 MW parabolic
trough facility came online at a large-scale hybrid CSP power
plant in the United Arab Emirates.° Once completed, the plant
will be the world's largest CSP facility at 700 MW (including the
100 MW central tower).® It is spread over 77 square kilometres
and combines solar PV and CSP; the 266 metre solar tower, the
world's largest, entered commercial operations in early 20237

Most of the world's CSP capacity under construction is in China.
As of the end of 2022, at least 30 CSP projects were in various
stages of construction and commissioning in the country, with
14 projects (totalling 1.4 GW of capacity) scheduled to come
online during 2023.2 If these projects are completed as scheduled
(which is highly uncertain), it would raise the global cumulative
CSP capacity by roughly 23%, equivalent to the total operational
capacity in the United States as of 2022.° In early 2023, the first of
these Chinese projects started commercial operations, a 50 MW
tower CSP facility.®

The main drivers for CSP in China are the "dual carbon” plan,
which aims to give flexibility to the grid; policy support to drive
cost reductions; R&D at 11 major universities; and a local CSP
supply chain comprising more than 500 Chinese firms." A state
council action plan also proposes developing CSP, promoting
its co-location with wind power and solar PV.? In addition,
the 14th Five-Year Plan for a Modern Energy System (2021-
2025) promotes the active development of CSP as well as the
coordinated deployment and joint operation of CSP, wind and
PV power generation facilities in regions such as Gansu, Inner
Mongolia, Qinghai and Xinjiang.® Western regions in China with
a high level of solar irradiation are encouraged to use CSP as a
power source for peak shaving.

China is notable for its focus on solar tower systems. Whereas
most of the world's historic CSP capacity (more than three-
quarters) is parabolic trough (and only 20% tower), in China more
than 63% of projects are solar tower, while only a quarter are
parabolic trough.™

As of end-2022, around 1.3 GW of CSP capacity was still in
operation in the United States, with no projects under planning
or construction.’® The country has not added new CSP capacity
since 2015.” However, the Inflation Reduction Act of 2022 was
expected to give CSP a boost, earmarking USD 24 million to
fund CSP technologies for electricity generation as well as for
industrial process heat.'®
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/' FIGURE 28.

Concentrating Solar Thermal Power Global Capacity, by Country and Region, 2012-2022
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Spain has added no new CSP capacity since 2013 and faced
further setbacks during 2022, Although the country had aimed
to award 220 MW of new CSP capacity at a renewable energy
auction in October, no capacity was awarded.”” This was due
mainly to industry requesting a higher price than the government
was willing to offer, and to industry uncertainty about the
possibilities to access the electricity grid.?° Spain aims to double
its CSP capacity from 2.3 GW to 4.8 GW by 2025 and 7.3 GW
by 2030, yet the country had no capacity under construction
in 20222

Italy had 8 MW of CSP capacity under construction in 2022 and
aims to add 880 MW by 2030.?? In South Africa, the Redstone
CSP plant began construction and is expected to be completed
in 2023, with 100 MW capacity and 12 hours of storage.® In
Africa, Botswana moved forward in a tendering process for a
200 MW CSP plant, and a feasibility study was conducted for
a CSP facility in Namibia.>* An Australian company received
AUD 65 million (USD 44 million) to construct a novel plant design
consisting of several small towers, as opposed to the single large
tower that is typical of solar tower plants.?®

CSP INDUSTRY

The main companies active in the CSP industry in 2022 were
based in China, Spain and the United Arab Emirates.?® They
included project developers Shanghai Electric, Abengoa, Acciona
Energia, and ACWA Power, as well as several smaller firms.

The cost' of electricity generated by CSP plants fell 68%
between 2010 and 2021.%” This decline was driven largely by
decreases in total installed costs and by improved capacity
factors.?® The growing addition of thermal energy storage also
has grown plant capacity factors, improving plant dispatchability

i Refers to the global weighted levelised cost of electricity (LCOE).

while decreasing levelised
electricity  costs.® In
addition, hybridisation
with solar PV has been
responsible for driving
down CSP costs,
especially in China.*°

For nearly one decade,
all CSP capacity has
been added in

Upfront costs rebounded

in 2021, although the

increase  should be

considered with caution,

as only one project was brought online.® (Cost data for 2022 were
not available at the time of publication.) Technology could play a
growing role in driving down costs, as cleaning of heliostats (a
major component in tower CSP plants) and cloud cover prediction
have the highest potential for increasing the value of CSP plants.®
Hybrid projects could drive costs down further. A 2021 study
found that Chilean hybrid solar PV-CSP plants could reach lower
levelised electricity costs than gas-fired power plants, while
providing the same flexibility benefits to the system.*

Research and development of CSP systems continued in
2022. The United States and China lead the world in patent
applications for the technology, each accounting for around 20%
of all applications.** In early 2023, construction began on the
final stage of a USD 100 million CSP demonstration project in
the United States.®® The US Department of Energy has a goal
to reduce the cost of heliostats one-third by 2030 from its 2021
level.*® In 2022, China provided total funding of RMB 8.06 million
(USD 1.2 million) for a total of 21 CSP research projects (12 youth
projects, 8 general programmes, and 1 regional and international
cooperation and exchange project).¥’



KEY FACTS
SOLAR THERMAL HEATING

The global solar thermal market contracted
9.3% in 2022, due largely to a drop in China.

Sales grew at double-digit rates in several
large markets including Italy (up 43%), France
(29%), Greece (almost 17%), Germany and
Poland (both 11%).

Although small-scale systems for water and
space heating continued to lose market share
in many countries, demand for large-scale
projects increased.

Solar thermal continued to face fierce
competition from solar PV as well as heat
pumps and biomass boilers.

By the end of 2022, millions of residential,
commercial and industrial clients in some
150 countries were benefiting from solar
thermal heating systems.

The leading markets for solar thermal
technology in district heating were China,
which commissioned an estimated 25 systems,
and Germany, which had a record year with

8 new plants.

More solar industrial heat plants (SHIP) began
operation in 2022 than in any other year since
surveys began in 2017, with at least 114 projects
coming online. The Netherlands led with 38
systems, followed by China (17) and France (14).

MARKET DEVELOPMENTS

The global solar heat market contracted 9.3% in 2022 to an
estimated 22.8 GW4,), after an increase in 2021 that followed
seven years of decline.! Sales grew at double-digit rates in several
large solar thermal markets, including Italy (43%), France (29%),
Greece (almost 17%), and Germany and Poland (both 11%); in
addition, South Africa, the strongest market in Sub-Saharan
Africa, reported an increase (9%) over 20212 However, sales
declined in other large markets including India (-21%), China
(-12.3%), Spain (-12%) and Portugal (-11%), following strong
growth in 20213

The solar thermal industry was challenged by supply chain issues,
logistics disruptions and inflation, which pushed up costs. In some
countries, manufacturers struggled to procure raw materials
for the production of collectors and storage tanks, leading to
longer delivery times and rising prices.* Despite higher fossil fuel
prices, on the demand side a lack of awareness of solar thermal
options and an imbalance in policies and utility incentives in many
countries meant that solar thermal continued to face fierce market
competition - from solar PV in particular, but also from heat pumps
and biomass boilers, both of which offer stand-alone solutions for
hot water and/or space heating.®

Small-scale solar thermal systems and combi-systems (for water
and space heating) continued to account for around 60% of
annual installations, but in recent years they have lost market
share across much of Europe and China.® Demand for large-scale
projects, in contrast, is increasing, with several multi-megawatt
plants under construction in 2022 for commercial and industrial
clients, signalling a new era for big solar in those regions.
In some countries, interest also is rising in hybrid systems,
particularly combined solar thermal and heat pump systems in
district heating networks.®

By year's end, millions of residential, commercial and industrial
clients in around 150 countries were benefiting from solar thermal
heating systems.® Cumulative global capacity in operation
reached an estimated 542 GW4, in 2022, up 3.3% from 523 GWs,
in 2021.° (» See Figure 29.) Total global capacity of solar water
collectors in operation at the end of 2022 was enough to provide
around 442 TWh of heat annually, equivalent to the energy
content of 260 million barrels of oil."

China remained the largest market for solar thermal systems
of all types, accounting for around 73% of the cumulative world
capacity, followed distantly by Turkiye, the United States, Germany
and Brazil* The top 20 countries for new additions remained
largely the same as in 2021, led by China, Turkiye, Brazil, India and
the United States.™ (= See Figure 30.) A significant addition was
Lebanon, where installations rose more than four-fold in 2022 as
the removal of subsidies drove up prices for fuel and electricity.™

i Global data are for solar thermal water collectors (glazed and unglazed) only.
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v/ /7. FIGURE 29,
/.%7 Solar Water Heating Collectors Global Capacity, 2012-2022
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Note: Data are for glazed and unglazed solar water collectors and do not include concentrating, air or hybrid collectors.
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7" Solar Water Heating Collector Additions, Top 20 Countries for Capacity Added, 2022
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TOP COUNTRY MARKETS

After stabilising in 2021, China's solar thermal sales continued the
downward slide that began in 2014, as the market was affected by
pandemic-related restrictions and a resulting slowdown in new
construction.® Even so, the country continued to account for the
largest share of global annual sales, at nearly 69%.' China added an
estimated 15.2 GWy, (21.7 million square metres, m?) in 2022, down
12.3% from 20271, for a total of 396.2 GWi, (566 million m?2).” By 2022,
China's energy savings from the use of solar thermal technologies
exceeded an estimated 1 billion tonnes of standard coal.”®

Sales of vacuum tube collectors in China fell 11%, to 11.2 GWh,
accounting for nearly three-fourths of total sales, while flat plate
sales declined 19%, to 4 GW."* Most new installations were in
the engineering market' (83%), with the rest in the retail market.?®
Water heating remained the primary use for China's solar thermal
systems, but the market for space heating continued to expand,
up 9.5% in 20222 China's industry moved further towards
modularisation and increased intelligence of systems, while price
competition became increasingly fierce.??

Despite industry expectations of double-digit growth, Brazil's
market contracted 2.1% relative to 2021, when sales grew 28% to a
record high.* The decline was due to economic challenges, concern
about investment security in advance of state and federal elections,
and expected government support policies for solar thermal that did
not materialise in 2022.% Brazil added a total of 1.26 GW;, (nearly
1.8 million m?), with systems for swimming pools (unglazed collectors)
accounting for nearly 52% of the newly installed collector area,
or 0.6 GWy, (920,463 m?).2> Although the residential sector (73%)
remained the largest market, solar heating in hotels has increased
rapidly, with investments generally paying off in 2-4 years.?® Brazil's
total operating capacity grew 8.5% in 2022, to 9.1 GW;,,

Following strong growth in 2021, India’s market declined 21% in

2022.% The country added an estimated 1.06 GWi, (1.52 million m?)
for a total of 13.9 GW, (19.8 million m?), close to meeting the Solar

Several multi-megawatt plants
were under construction

in 2022 for commercial

and industrial clients,
signalling a new era for

in much of Europe and China.

MARKET DEVELOPMENTS

Mission target for 2022.?° Sales of vacuum tube collectors dropped
19%, while flat plate collector sales fell 50%, to their lowest share
(6%) in eight years.*® The decline was due largely to falling solar
PV prices plus a net metering scheme and a newly enacted (2021)
federal subsidy for solar PV, which encouraged customers to install
solar PV over solar thermal.® The state of Karnataka continued to
lead with a market share above 75%, due to rising electric rates
and a solar building obligation in place since 2007.%?

As in India, most solar thermal systems in Tiirkiye are residential
water heaters; however, systems also have been installed in
hotels, hospitals and other facilities, placing the country second
after China for the number of large systems in operation.®® The
payback periods for solar thermal along the Mediterranean coast
are relatively short due to high irradiation and a good match
between hot water demand and the high solar-yield season.®*
Turkiye also is home to the world's largest solar thermal cooling
system, inaugurated in 2022.%° In total, TUrkiye added an estimated
1.3 GWy, in 2022, down more than 4% from 2020, for a cumulative
operating capacity of 19.1 GW.*® The market decline was due to
a mix of high inflation, uncertainty about upcoming elections, and
competition from natural gas, which is distributed to an increasing
number of rural areas.*”

The United States ranked fifth for sales in 2022, adding
617 megawatts-thermal (MW4,), bringing its total solar thermal
capacity to 18.2 GW.*® As in Brazil and Australia, new pool
heating systems drove the US market* The United States
remained the second largest market for unglazed collectors
(587 MW;,) after Brazil, followed by Australia (245 MW,), where
unglazed collectors represented over 71% of 2022 additions.*

Unlike in Turkiye, Brazil, and India, where solar water heaters are
cost-effective compared to electricity-driven solutions, in the
United States and most European countries financial incentives
are still needed to reduce upfront investment costs, due to higher
equipment and labour costs and in some cases lower solar
resources.”

i Chinese statistics characterise systems as either standardised small residential solar water heaters or “engineered” systems, which include larger systems used in,
for example, industry, agriculture, public institutions and residential housing projects.
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Market strength varied across Europe, with continued expansion
in several countries (including ltaly, France, Greece and Poland)
and surprising growth in Germany, but declines elsewhere
(including in Austria and Switzerland).*> Most solar thermal
systems in Europe are on rooftops and are used for residential
water heating.** The top five European countries for new additions
in 2022 were Germany, Greece, Italy, Poland and Spain.*

In Germany, the world's sixth largest solar thermal market, annual
sales were up 11%, with an estimated 91,000 solar thermal systems
added, totalling 496 MW, (709,000 m?).# This was Germany's
third year of market stability or growth following several years
of contraction.*® The increase came despite supply bottlenecks
and weakened demand in construction and renovation caused
by economic uncertainty, and was due to rising fuel prices
and continued national funding for residential installations.*”
By the end of 2022, Germany reached an estimated 15.5 GW4,
(221 million m?) of capacity in operation.*

The second largest European market, Greece, added a record
293 MWy, (419,000 m?), up 17% over 2021, for a total of 3.8 GWi,
(5.4 million m?) in operation.** The Greek market was driven
mainly by high electricity prices and a desire to shift away from
fossil fuels.®® Greece's solar thermal industry is growing rapidly,
with annual production of collector area rising from 540,000 m?
in 2014 to 1.2 million m? in 2021.°" Domestic sales were up 33%
over this period while exports tripled, accounting for 70% of 2021
production.®? Production increased a further 19.4% in 2022, and
exports rose 21%.%°

Italy's market expanded 43% in 2022, to an estimated 225 MW;;,.>*
This followed a record 83% increase in 2021, the first positive
year after more than a decade of contraction.®® The increases
were driven mainly by the Superbonus’, a 110% tax reduction for
energy efficiency measures that include replacing fossil boilers
with renewable heating systems.®®

In Poland, additions increased 11% over 2021, to 147 MW,
(210,000 m?), with flat plate collectors accounting for more than
99%'" of the market.’” Increased public investment combined with
rising fossil fuel prices and the threat of fuel supply disruption
drove the market%® At year's end, Poland had an estimated
2.4 GWi, (3.4 million m?) in operation.®®

As in 2021, Spain was the only top-five European market where
additions fell during the year.t® The 12% decline in 2022 followed
a 24% decline over the period 2017-2021, with an estimated
102 MWy, (145,500 m?) added in 20225 Solar thermal has
struggled to compete with solar PV, which is widely publicised
and is the focus of most solar installers, making it difficult to find
installers for solar thermal systems.®? This is despite significant
government incentives, such as grants for industry and for up to
60% of some residential installations.®

DISTRICT HEATING

Although most solar thermal capacity installed globally
continued to be for water heating in individual buildings, the
use of solar thermal technology in district heating continued
to expand in 2022. The leading market was China, followed by
Germany.® Additional plants, or extensions of existing ones,
were commissioned in Austria, Denmark and Italy (where two
new plants came online).® By year's end, 325 large-scale' solar
thermal district heating systems with a total capacity of nearly
1.8 GW4, (2.56 million m?) were documented as operating around
the world, many of them with seasonal storage capacity.®®

China reported" commissioning a total of 119.7 MW, (171,068 m?)
in an estimated 25 solar district heating systems.®” By the end
of 2022, the country had around 67 solar district heating
systems totalling 400 MW4,,.58 Work continued on the 79.8 MW,
(114,000 m?) plant for a tourism resort in Handan Bay; the facility,
due to open in 2023, will use parabolic trough collectors to supply
water and space heating for the hotel and an indoor pool, as well
as ice and snow for an indoor ski slope.®®

Germany had a record year, with eight plants (totalling 30.8 MW,
or 44,000 m?) starting operations in 2022, compared with nine
plants (33 MW, in all of Europe during 20217° Large systems
for district heating remain a small segment (6%) of the German
market but saw the strongest growth in 2022, driven by solar
thermal’s potential to achieve climate protection goals while
making energy supply less susceptible to crises and stabilising
district heating prices.”

i The Superbonus entered into force in 2021, and in 2022 it was extended through 2025 (with rates decreasing over time).

i This represents a marked shift away from vacuum tube systems in Poland, where vacuum tube collectors account for 15% of total operating capacity.

See endnote 59 for this section.

i Solar district heating systems are considered to be large-scale if they are more than 350 kilowatts-thermal (500 m?).

iv China's national statistics do not distinguish between collector fields heating individual buildings and those heating multiple buildings via district networks.



Germany's largest new plants were a 13.1 MW, (18,732 m?) system
in Greifswald, on the Baltic Sea, and a 5.2 MWy, (9,118 m?) system
in the town of Lemgo, which is combined with natural gas-driven
combined heat and power plants and a heat pump.”? By the
end of 2022, 48 solar district heating plants totalling 99.8 MW,
(142,500 m?) were operating in Germany, with a further 9 plants
(21.8 MW4,) under construction or in advanced planning, and
around 50 plants (200 MW4,) in preparation.”® A growing number
of projects have been initiated by local energy co-operatives'.”

Only one solar district heating system began operating in
Denmark during 2022, a 1.9 MWy, (2,664 m?) project in the city
of Harsholm, following one new plant in 20217 Despite limited
additions in 2021 and 2022, Denmark remained the world leader
in solar district heating, with 123 systems totalling more than
11 GW4 (1.6 million m?) operating at the end of 2022.7¢ Despite the
spike in electricity prices, which helped highlight solar thermal's
potential to provide low-cost heat, there were no signs that
Denmark’s solar thermal market would return to its previous scale
under existing policies.”” The country has prioritised renewable
electricity (particularly wind energy), with policy support driving
a huge shift from solar thermal to heat pumps in district heating
starting in 2020.”® However, public funding expanded in 2022 to
include solar thermal.”®

Total solar collector sales in Austria fell 15% in 2022, despite
a significant extension to a large system for district heating in
Graz.8° However, high energy prices and a government campaign
to renovate buildings and move away from oil and natural gas
sparked new interest in solar thermal for district heating.®' In early
2023, 27 feasibility studies were under way for nearly 1 million m?
of solar collector area.®

MARKET DEVELOPMENTS

Elsewhere in Europe, rising concerns about energy security,
heightened by the Russian Federation's war on Ukraine,
overtook climate change and air quality concerns as the primary
motivator for new systems in the Western Balkan countries.®® The
European Bank for Reconstruction and Development (EBRD)
extended its solar district heating support to additional cities in
Albania, Bosnia and Herzegovina, Kosovo and Serbia in 20228
The European Commission, Germany's KfW bank and the EBRD,
together with a local contribution, will fund a 40.6 MW, collector
field with absorption heat pumps and a 408,000 m* seasonal
storage facility in Kosovo's capital, Pristina.®®

According to one estimate, solar thermal provides 3 times the
energy yield per area of solar PV and up to 43 times that of
biomass or ethanol for heat.®® Despite rising concerns about heat
costs and energy security in many countries, obstacles remain,
including a lack of awareness about the benefits of solar thermal
in district heating, competition with heat pumps, challenges
finding suitable sites for large installations close to urban areas
with heat networks, and lengthy permitting processes, which are
causing bottlenecks across Europe.®

Lack of awareness
about the benefits of

and competition with
solar PV and heat pumps
are slowing their adoption.

i In September, Germany introduced a federal subsidy for efficient heating networks that includes large-scale solar thermal projects and is available to
municipalities, energy suppliers and energy communities. See endnote 74 for this section.
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INDUSTRIAL HEAT

Solar thermal technologies provide emission-free heat for
numerous industrial processes' requiring low (below 150°C) or
medium (150-400°C) temperature heat.®® Industrial companies
aroundthe world are turning to renewable heat solutions, including
solar heat technologies, to meet social and environmental goals
and to achieve energy price stability".s®

More solar industrial heat plants (SHIPs) began operation in
2022 than in any other year since surveys began in 2017.%° At
least 114 SHIP projects with a total capacity of 30 MW, came
online during the year, up from 78 completed projects in 2021,
although the total capacity installed was lower (down from
36 MW,).2" By the end of 2022, at least 1,089 SHIP installations,
totalling more than 856 MW, were supplying process heat to
factories worldwide.®* Food and beverage industries had the
largest number of systems, and the mining sector had the largest
share (59%) of total operating capacity.®

Nine different technology types' for SHIP were installed in 2022.%4
Most systems in operation use flat plate collectors, followed by
parabolic trough collectors and vacuum tubes.*® At least in Europe,
the market is expanding for parabolic trough, linear Fresnel and
concentrating dish collectors, which can provide temperatures
above 100°C.%® As in other sectors, there is a growing interest in
combining solar thermal technologies with heat pumps.®”

The list of countries with the highest numbers of newly
commissioned SHIP projects" changed again in 2022, with the
Netherlands taking the lead over China and Mexico with 38
systems, followed by China (17), France (14), Mexico (13) and
Germany (9).°® The leading markets for new capacity installed
were the Netherlands (7.3 MW4,), China (7.2 MW,,) the United
States (5.4 MW,,) and Spain (2.8 MW,;,).#°

In China, completed projects used a variety of technologies for
applications in dairies, textiles, vehicle manufacturing, petroleum
refining, and other industries, with the largest facility having
3,570 m? of gross collector area.®® QOutside of China, the number
of annual installations nearly doubled from 55 systems in 2020
(totalling 22 MW4,) to 97 in 2022 (23 MW,)." The Netherlands
and France (1.8 MWy, led in Europe due to a large number of
subsidised agricultural systems.°2 After several years with little
activity, the United States brought online four new systems,
including its first solar steam boiler.*

In most major markets, demand for SHIP systems is driven by
policy incentives.® Despite high fossil fuel prices in 2022, SHIP
project developers faced significant obstacles to concluding
contracts.®® Even where SHIP is cost-competitive without public
support, the lack of awareness about the benefits of solar heat has
led to limited progress.°® Of the 114 systems completed in 2022,
only 20 did not receive government funding.” However, in Mexico
rising fossil fuel costs and interest in reducing carbon emissions
have boosted interest in SHIP projects without government
subsidies.'®® Latin America's first purchase agreement for solar-
generated steam was signed in Mexico in 2022.1%°

Such heat purchase agreements are increasingly common and
are moving SHIP into new markets."® Projects under development
in France (dairy), Spain (brewery) and Belgium (chemical
producer) all were realised under heat purchase agreements,
which minimise the market risk for investors"i"

In recent years, several suppliers have left the SHIP sector
while new ones have entered, with the share of those offering
concentrating solar thermal solutions increasing from 31% in 2017
to 41% in 2022."2 SHIP remains a challenging sector because
awareness of the options remains low, clients typically want short
payback periods, and projects require significant lead timeii""®
GlassPoint (United States), which built the world's largest SHIP
plant in Oman (33 MW,) in 2019, was liquidated in 2020 but
restarted operations in 2022, committing to develop a 1.5 GWj,
solar steam plant™ for a mining company in Saudi Arabia."™

i Industries include chemical (boiling, distilling), food and beverage (drying, boiling, pasteurising, sterilising), machinery (cleaning, drying), mining (copper
electrolytic refining, mineral drying, nitrate melting), textile (washing, bleaching, dying) and wood (e.g, steaming, compressing, drying).

Significant energy price volatility has increased interest in solar thermal solutions; however, those same price fluctuations have slowed decision processes as

industrial companies are uncertain about at what level it is most attractive to lock in a price. See endnote 89 for this section.

ii These included flat plate (39%), vacuum tube (24%), parabolic trough (12%), air collectors (11%), high-temperature flat plate (6%), linear Fresnel (4%), PVT (3%),
unglazed polymer (1%) and concentrating dish (0.4%). Concentrating collectors were mostly parabolic trough, but included three new linear Fresnel systems in
Spain and some concentrating dish capacity (making up 0.4% of total SHIP installations). See endnote 94 for this section.

iv In 2021, the rankings for number of systems installed were China first, followed by Mexico, the Netherlands and Austria. Note that China's numbers are likely
higher than reported and vary from year to year due to fluctuations in reporting. See endnote 98 for this section.

v In 2021, the top countries for capacity installed were France, China and Turkiye. See endnote 99 for this section.

Vi

Under the agreement, the client is charged per tonne of steam monthly, saving money compared to the previous fossil-based system.

vii However, even in countries where SHIP systems are competitive with fossil fuels, government incentives remain critical for increasing awareness and
encouraging clients to sign heat purchase contracts. See endnote 111 for this section.

viiiIn addition to project contracting, planning and construction, industry decisions have been slowed by as much as 6-12 months because many potential
consumers want to apply for government subsidies, even when solar thermal systems are offered at a competitive price. See endnote 113 for this section.

ix The plant will replace natural gas in the refining of bauxite into alumina, and is expected to reduce the company’s carbon footprint by an estimated 50%.

See endnote 114 for this section.



KEY FACTS
WIND POWER

An estimated 89 GW of wind power capacity
was mechanically installed in 2022, of which
more than 77 GW was added to the world's
grids, bringing the total grid-connected
capacity to an estimated 906 GW.

Global grid-connected additions fell more
than 17% due mainly to slowdowns in China
and the United States; Europe was the only
region where installations rose.

Countries around the world increased
their wind power targets, driven by climate
change, energy security, and economic
growth goals, as well as the cost-
competitiveness of wind energy.

While offshore installations declined relative
to 2021, due mainly to a temporary slowdown
in China, the global pipeline nearly doubled
in 2022 to nearly 1.2 terawatts across

38 countries.

The industry continued to innovate to
change the cost base of projects; to address
challenges associated with scaling up
production, transport and other logistical
issues; and to enhance the value of

wind energy while further improving its
environmental and social sustainability.

MARKET DEVELOPMENTS

More than 77 GW' of wind power capacity - including 68.4 GW
onshore and nearly 8.8 GW offshore - was added to the world’s
grids in 2022, increasing the total operating capacity 9% to an
estimated 906 GW.' (= See Figure 31) In total, an estimated 89 GW'
was mechanically installed around the world during 2022.2

The year 2022 was the third largest ever for new installations.®
However, relative to 2021, global grid-connected additions fell
more than 17% (5% onshore and 58% offshore) due mainly to
slowdowns in China and the United States; Europe was the only
region where installations rose in 20224 Investment in future
projects also dropped in all regions except Asia-Pacific, even as
many countries increased their ambitions for wind power and as
fossil fuel prices surged, making renewables more competitive.®

The top policy mechanisms supporting wind power installations
in 2022 were China's “grid parity” scheme, auctions in multiple
countries, and the US Production Tax Credit.* Countries around
the world increased wind power targets, driven by climate
change, energy security and economic growth goals, as well
as the cost-competitiveness of wind energy.” Private sector
power purchase agreements (PPAs) also played a key role in
driving demand for new capacity, with an estimated 10.9 GW of
contracts signed in 2022.°

Despite the competitiveness of wind energy and ambitious
national targets, new obstacles in 2022 compounded existing
challenges, affecting installations and investments, the health
of the wind industry and its ability to scale production to meet
future demand.® Pressured by policies that for years focused
almost exclusively on achieving the lowest possible price of wind
energy, manufacturers have raced to build ever-larger turbines -
at great expense - to compete on price.® Delayed permitting for
new projects has constrained deployment across much of the
world, as have protracted, complex and expensive grid planning
and long grid connection queues. The COVID-19 pandemic
disrupted supply chains, created logistics challenges, pushed
up costs for shipping and materials, and delayed projects' -
challenges that continued into 2022.%?

i Additions are gross (although only a few countries decommissioned
significant amounts of capacity in 2022). See endnote 1 for this section.

Global additions in 2022 were an estimated 89 GW, for a year-end total of
at least 934 GW mechanically installed, including capacity added in China
and Vietnam but not officially grid-connected at the end of 2022. Starting
with this edition of the GSR, only grid-connected additions are included in
text and figure data, unless otherwise noted. "Mechanically installed” refers
to capacity that is installed in place and ready to produce electricity but not
necessarily officially connected to the grid. See endnote 2 for this section.

i Project delays created additional challenges as many manufacturers were
bound by pre-existing contracts, resulting in sales at significant loss.
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/' FIGURE 31.

Wind Power Global Capacity and Annual Additions, 2012-2022
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and inflation - exacerbated western wind turbine

by the Rus&ah Federation's manufacturers all saw
war on Ukraine - pushed

energy and materials costs

higher, further impacting

the profitability of both

onshore and offshore!

wind energy.® Unfavour-

able policies and shifting

regulatory landscapes in

many countries increased market uncertainty, while developers
delayed projects due to rising costs and interest rates, thereby
reducing new turbine orders.* Western manufacturers also faced
increased competition from Chinese turbine makers, which have
pro-actively pursued sales overseas.”®

For the top European and US manufacturers, these trends
resulted in job cuts, shuttered facilities and underinvestment
in new manufacturing capacity, at a time when expansion of
production is needed to meet ambitious government targets.’®
The top western wind turbine manufacturers all saw heavy
financial losses in 2022, despite rising fossil fuel prices and
turmoil in natural gas markets, and even as fossil fuel companies
saw record profits.”

i Offshore wind power was long shielded from the challenges facing
onshore wind power because of the long time frame from planning to
completion. See endnote 13 for this section.




Large manufacturers in China have fared better in recent
years thanks to predictable policies and a large domestic steel
industry, but also have witnessed eroding profits.”® Following on
western manufacturers, which began raising turbine prices in
2021, China's Goldwind noted in early 2022 that, after years of
dramatic price reductions, there was no more room for prices

to fall.®
Against such challenges, the industry (at least outside of China)
has expressed the need for policy makers to address barriers
related to permitting and grid access and to take a more holistic
approach, prioritising the economic and societal benefits of
wind power rather than focusing solely on minimising price.?®
On a positive note, non-price criteria are increasingly being
included in policy design, at least for offshore wind auctions in
Europe.? In addition, strong community engagement and local
investment have helped reduce local resistance to projects and
speed the permitting process in many countries.?

MARKET DEVELOPMENTS

TOP MARKETS
New wind farms reached full commercial operation in at least
45 countries in 2022, down from 52 countries in 2021.% For
the 15th consecutive year, Asia (mostly China) was the largest
regional market, representing 55% of new grid-connected
capacity (down from 58% in 2021).>¢ Most of the remaining
installations were in Europe (23%), home to 6 of the top
10 countries worldwide; North America (12%); and Latin America
and the Caribbean (6.8%).%° By country, China was followed
distantly by the United States, which was well ahead of Brazil,
Germany and Finland; these five countries together accounted
for almost 72% of annual installations.?® Other countries in the
top 10' for total capacity additions were France, Sweden, India,
the United Kingdom and Spain.?’ (= See Figure 32.) The list of
the 10 leading countries for cumulative capacity remained the

same as in 2021.%8

i The top 10 markets in 2021 were China, the United States, Brazil, Vietnam, the United Kingdom, Sweden, Germany, Australia, India and Turkiye. To rank among
the top 10 in 2022, annual installations of more than 1.6 GW were required, up from 1.4 GW in 2021 and 11 GW in 2020. See endnote 27 for this section.

i The top 10 countries for cumulative capacity at the end of 2021 and 2022 were China, the United States, Germany, India, Spain, the United Kingdom, Brazil,

France, Canada and Sweden.

FIGURE 32.
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and Germany (2.5 GW) due to decommissioning. Totals may not add up due to rounding.
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China completed its shift to “grid parity” at the start of 2022 with
the expiration of the national feed-in tariff (FIT) for offshore projects,
meaning that all new wind projects receive the regulated price
for coal-fired generation in each province.?® Installers connected
37.6 GW' of wind capacity to the national grid (32.6 GW onshore
and more than 5 GW offshore), accounting for more than half of
global additions in 2022.%° Although land-based grid-tied additions
rose 6.2%, to 32.6 GW (net of 31.5 GW after decommissioning),
total grid-connected installations declined nearly 21% as new
offshore capacity fell more than 70% following the policy-driven
boom in 2021.3" Project commissioning late in the year also was
slowed significantly by pandemic-related restrictions.®

At the end of 2022, China's total grid-connected wind power
capacity was 365.4 GW, including 334 GW onshore and 314 GW
offshore.®* Wind generation rose 16.3% in 2022 and accounted for
8.8% of Chinese electricity production, up from 7.8% in 2021 and
6.1% in 20204 In late December, the government announced a
target to reach 430 GW of wind power capacity by the end of 2023.%

China continued to dominate wind turbine manufacturing as
well as the global supply chain for critical components (with a
market share of more than 70%) and raw materials.*® The country
accounts for some 60% of global turbine and component
manufacturing capacity.®” Although most Chinese-made turbines
continue to be installed domestically, declining demand and
fierce competition at home has triggered price wars and pushed
manufacturers to turn elsewhere, and the competitive pricing and
technological improvements of Chinese turbines have attracted
greater international interest.*® Six of the world's top 10 turbine
producers in 2022 were based in China; the remaining four were
Vestas (Denmark), which by some accounts was edged out for
first place by China's Goldwind, followed by Siemens Gamesa
(Spain), GE (US) and Nordex Group (Germany).*

Europe was the only region
where installations were up in
2022, with record additions of

The United States continued to rank second for capacity
additions and vyear-end total. However, US installations in
2022 were down 37% relative to 2021, totalling 8.6 GW' (gross
additions, all onshore), the country’s lowest annual additions
since 2018.° Both the nascent offshore sector and more than
10 GW of onshore capacity were delayed due to supply chain
constraints, grid interconnection issues and policy uncertainty.*
By year's end, the United States had 144.2 GW (including 42 MW
offshore) of wind power capacity in operation.* Wind energy
accounted for 10.2% of US utility-scale electricity generation in
2022, up from 9.2% in 2021.4%

The US pipeline of projects also declined (down 13%) in 2022;
at year's end, capacity in advanced development exceeded 26.7
GW, of which 16.7 GW was offshore.** Announcements for wind
PPAs rose 15% relative to 2021, although they were below those
for the period 2018-2020.% PPA prices also increased, by 27%
year-on-year, but fell late in 2022 for the first time since 2020 as
the US Inflation Reduction Act began to have some effect.*

The third ranking country for newly installed capacity was Brazil,
for the third year running. Wind represented almost half of the
country's new power capacity, with record additions of nearly
4.1 GW.“" Brazil accounted for almost 80% of installations in Latin
America and the Caribbean during 202248 The country's strong
growth was driven by public auctions and particularly by private
PPAs, with the shift towards corporate PPAs continuing.*® Wind
energy has achieved the country’'s lowest free market price for
electricity.®® At the end of 2022, Brazil had more than 25.6 GW of
operating wind power capacity.”’ Wind energy was the country’s
second largest source of electricity after hydropower, accounting
for 13.6% of the mix in 2022.%

i The Chinese Wind Energy Association reported that 44.7 GW was mechanically installed onshore, but more than 12 GW of this capacity was not grid-

connected by year's end. See endnote 30 for this section.

i As of the end of 2022, more than 4,000 Chinese turbines had been exported, representing a cumulative capacity of around 12 GW, or less than 3% of

non-Chinese capacity. See endnote 38 for this section.

iii In addition, 11 projects were partially repowered (1.8 GW) during the year and 6 completed full repowering (0.5 GW). See endnote 40 for this section.

iv The Production Tax Credit expired at the end of 2021 but was increased and extended in August 2022 with passage of the Inflation Reduction Act (IRA).
The IRA's impact on the wind industry was muted during 2022 by lack of guidance about how to access credits. See endnote 41 for this section.



MARKET DEVELOPMENTS

Europe placed second after Asia for regional share of new
global installations and accounted for all of the remaining top 10
countries, with the exception of India. It was the only region where
installations increased in 2022, up nearly 12%.% All of Europe added
a record 17.9 GW (net 17.4 GW') of capacity in 2022, most of which
was installed onshore (86.2%), for a year-end total of 242.4 GW
(2121 GW onshore and 30.3 GW offshore).* The EU accounted for
most of the installations, adding nearly 15.8 GW (14.5 GW onshore,
more than 1.2 GW offshore) to total 2041 GW (187.8 GW onshore
and nearly 16.3 GW offshore).>®

Despite the region's record installations in 2022, an estimated
80 GW of capacity was stuck in permitting procedures across
the EU and Norway at year's end.* Individual countries worked
to simplify planning procedures during the year, and in December
the EU formally agreed on emergency measures to address
permitting challenges.®”

Across the EU Member States, targets for wind power capacity
total around 423 GW by 2030.°® In 2022, however, Europe's
turbine orders fell 36% (to 10.7 GW), following a smaller decline in
2021.%° Investment in new projects reached the lowest level since
2009, due to high inflation and government market interventions
that undermined investor confidence.®®

The region's top installers were Germany, Finland, France,
Sweden, the United Kingdom (which lost the regional lead after
regaining it in 2021) and Spain.®' These six countries accounted
for nearly 60% of Europe's annual wind power installations and
were all among the global top 10.%? Except for Sweden and the

i The difference is due to decommissioning. See endnote 54 for this section.

United Kingdom, annual additions increased significantly in all of
these countries in 202252

Germany claimed Europe's top spot for new capacity in 2022
and ranked fourth globally. The country added more than 2.7 GW
(2.4 MW onshore, 0.3 GW offshore) and decommissioned nearly
0.3 GW, for a year-end total of more than 66.3 GW (almost
58.3 GW onshore, 81 GW offshore).® Net installations were up
sharply (46.5%) over 2021 but still well below the peak of 61 GW
in 2017, the last year in which new capacity qualified under
Germany's FIT system.®® Wind energy generation increased 9%
in 2022, t0 125.3 TWh.®®

To accelerate deployment, Germany committed to installing
10 GW of onshore wind power annually starting in 2025 and set
new targets for offshore capacity.” During 2022, however, all
wind-specific auctions in Germany were undersubscribed, and
at year's end investor confidence was down due to an impending
levy' on profits from generation.®® Such measures, intended
to help consumers deal with the energy crisis sparked by the
Russian Federation's war on Ukraine, have reportedly stifled
development in other European countries as well.®®

Following Germany for new wind power capacity was Finland,
which had a record year with 2.4 GW added (all onshore), to rank
second in Europe and fifth worldwide.”® Finland's total operating
wind power capacity rose more than 74%, to 5.7 GW, as the
country worked to achieve net zero emissions by 2035 and speed
its transition from imported fuels.” Finland met around 14% of its
electricity demand with wind energy in 2022.7

ii However, it was down relative to 2019 and 2020, due to low wind speeds for much of 2022. See endnote 66 for this section.

iii The levy would take 90% of wind (and solar) energy profits above EUR 130 (USD 138.8) per MWh, or above a benchmark based on the feed-in tariff assigned
to a specific project. Other EU Member States also began imposing limits on electricity prices, including at levels below those agreed by the EU in September

2022. See endnote 68 for this section.
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France also set a new record for annual installations, ranking
third in Europe and sixth worldwide.”® The country added nearly
2.1 GW in 2022, including the first commercial-scale wind project
off French shores, for a year-end total approaching 21.1 GW (almost
20.7 GW onshore and nearly 0.5 GW offshore).” Wind energy met
an estimated 8% of France's electricity demand during the year.’®

Annual installations in Sweden fell slightly, but 2022 was still
the country’s second strongest year ever, with nearly 21 GW
added (all onshore) for a total of 14.2 GW (including 0.2 GW
offshore).”® The country ranked fourth in Europe and seventh
globally for new capacity.”” Sweden does not use auctions to
support deployment of wind power capacity, but the domestic
industry is supported by a strong PPA market.”® Wind energy
generation made up for a 6% drop in hydropower output during
2022 and, in the first two months of 2023, it accounted for 27%
of Sweden'’s total generation.”

Despite a 36% decline in additions relative to 2021, the United
Kingdom continued to rank among the top countries in Europe
(fifth) and the world (ninth).2® Onshore additions rose slightly
(0.5 GW), while offshore installations fell nearly 50% (below
1.2 GW), following a record year in 2021.8" After several years
of low onshore installation rates, the UK government signalled
plans to relax restrictions on land-based construction set
in 2015.%2 At year's end, total capacity approached 28.5 GW
(14.6 GW onshore, 13.9 GW offshore).®® Thanks to increased
capacity and good winds, UK wind farms generated a record
74 TWh in 2022, enough to power more than 19 million British
homes and helping to reduce reliance on natural gas.®*

Spain added nearly 1.7 GW (all onshore), more than twice the
additions of 2021, bringing total capacity to 29.8 GW.8°> The
country ranked sixth in Europe and tenth globally for new
installations. Spain's only onshore wind power auction in 2022
saw poor results due to a very low secret-bidding price cap; on
the positive side, the country launched a scheme to support the
repowering of old turbines.®® Wind energy generation increased
slightly over 2021 to an estimated 61 TWh.%’

As of 2022, global
off-shore wind targets
aim to install

by 2030.

Over the past two decades, the EU has seen a consistent increase!
in wind energy's output and share of total electricity demand.®® In
2022, wind generation in the EU and United Kingdom combined
was up more than 9%, due to new installations and strong winds
in many countries, and met around 17.3% of electricity demand
(14.1% onshore, 3.2% offshore).?? Denmark (55%) and Ireland
(34%) had the highest wind energy shares in their electricity
mix, and shares exceeded 20% in the United Kingdom (28%),
Germany (26%), Portugal (26%), Spain and Sweden (both 25%).%°
At year's end, Germany continued to lead in Europe for total wind
power capacity, with 66.3 GW, followed by Spain (29.8 GW),
the United Kingdom (28.5 GW), France (211 GW) and Sweden
(14.2 GW).*" These five countries together accounted for nearly
66% of the regional total.®

India also ranked among the world's top 10 countries for
wind power additions in 2022, rising one spot to rank eighth.®
Although installations remained below the peak in 2017, when
India shifted from FITs to tendering via “reverse auctions', annual
installations were up 26.6% over 2021, to 1.8 GW, for a year-end
total exceeding 41.9 GW (all onshore).®* Despite this market
growth, India did not meet its national target of 60 GW by 2022.%

OFFSHORE WIND

In the offshore wind power segment, six countries in Europe and
three in Asia added nearly 8.8 GW of capacity in 2022, for a global
total of 64.3 GW.?® Wind turbines operating offshore accounted
for 11.4% of new grid-connected wind power capacity in 2022
and represented more than 7% of total capacity operating at
year's end.” Installations were down 59% from the record high
in 2021, due almost entirely to a decline in China, but 2022 was
still the second highest year for additions.®® China continued to
lead the sector for the fifth consecutive year, with nearly 58% of
new capacity, and Europe and Chinese Taipei installed nearly all
the rest.®®

China added 5.1 GW of offshore wind power capacity in 2022,
followed in Asia by Chinese Taipei (1.2 GW), where the country's
first offshore project began commercial operation, and Japan
(84 MW).%° (- See Snapshot: Japan) China's dramatic decline in
added capacity (down from 16.9 GW in 2021) was due mostly
to a slowdown after the rush to commission projects before the
national FIT expired at the end of 2021, as well as to pandemic-
related restrictions.®" In late 2022, China’s largest unsubsidised
offshore wind power project (0.9 GW) entered full operations
off the coast of Guangdong Province.®? In total, the country had
31.4 GW operating at year's end, widening its lead over the former
front runner (until 2021), the United Kingdom.'®

i The year 2021 was an exception, with output down relative to 2020 due to poor wind conditions.

i An auction in which suppliers that meet certain minimum criteria can submit non-negotiable price bids, and the buyer selects winners based on lowest-priced
bids first. The reverse auctions / bidding policy was halted in 2022. See endnote 94 for this section.
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SNAPSHOT

'» JAPAN

Japan's First Large-Scale Offshore
Wind Farm in Operation
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In December 2022, Japan's first large-scale offshore wind farm
began operation in Akita prefecture in the Tohoku region. This marks
a turning point for the country, which has been seen as lagging in
the energy transition. Japan aims to achieve carbon neutrality by
2050, and offshore wind power is expected to play a key role in this
effort, taking advantage of the country's long coastline and strong
wind resource. In 2020, Japan set ambitious targets for 10 GW of
offshore wind capacity by 2030 and 30-45 GW by 2040.

The new offshore farm is expected to be able to power the
equivalent of 150,000 households for 20 years. The electricity is
sold to Tohoku Electric Power Network Co., Inc. under a power
purchase agreement. Realisation of the plant was made possible
through stakeholder cooperation. Public universities in Akita and
the operating counties agreed on a scheme whereby students can
learn the basics of offshore wind energy. The regional government
provided funding for local companies to participate in operations
and maintenance. Following an auction held in 2021, more
Japanese offshore wind projects are scheduled for the coming
years. The government also held a public auction for offshore wind
in December 2022 under revised rules. Akita prefecture, one of
the country's most promising target areas, anticipates creating
40,000 jobs through the projects.

Source: See endnote 100 for this section.
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Europe connected 2.5 GW of new offshore capacity to the grid,
the region’s lowest additions since 2016.1° Nearly half of this new
capacity was operating in UK waters (1.2 GW), where the world's
largest offshore project, the Hornsea Two (totalling 1.4 GW), was
fully commissioned.®® In mid-2022, the United Kingdom held
the world's first commercial leasing round to support large-
scale floating wind power, and soon thereafter the government
approved a further 8 GW of offshore wind power deployment to
help achieve commitments for net zero emissions and energy
security.'0

Elsewhere in Europe, several firsts occurred: France brought
online its first commercial-scale offshore wind farm, adding nearly
0.5 GW; the Netherlands (0.4 GW) generated electricity from its
first "subsidy-free” wind farm, the 1.5 GW Hollandse Kust Zuid
project; Norway commissioned 60 MW of the Hywind Tampen
floating project (95 MW total), due for completion in 2023; and
ltaly brought online its first offshore project (30 MW) and the
first in the Mediterranean Sea.”” Germany also added capacity
(0.3 GW) during 2022.1°8

At year's end, Europe's total offshore capacity reached 30.3 GW
across 13 countries.® Several European countries accelerated
their offshore targets: by the close of 2022, EU Member States
were committed to a combined 111 GW by 2030, and the United
Kingdom alone aimed for 50 GW (including 10 GW of floating
wind) by 2030." However, offshore wind investments in Europe
during 2022 were the lowest since 2007, with final investment
decisions delayed for several projects due to inflation as well as
price and market uncertainty.™

As new investment in offshore wind power and related
infrastructure declined in Europe, it nearly tripled in the United
States, to USD 9.8 billion.™ More than 13 GW was awarded
through state and federal lease sales, including the first offshore
wind lease sale' in the Pacific Ocean (California).™ Although no
additional capacity came online during 2022, the United States
had nearly 16.7 GW of capacity in advanced development by
year's end™ In all, 10 US states had combined procurement
targets of more than 74 GW."®

At least 16 national and sub-national governments set new
or increased targets for offshore wind capacity in 2022 -
including Nova Scotia (Canada), Victoria State (Australia) and
the Philippines - with targets for offshore wind power by 2030
approaching 380 GW globally™® Australia declared the first
offshore wind energy zones, India issued a draft plan for the
country's first offshore wind tenders, and in Brazil proposals for
more than 170 GW of projects had been submitted for approval
by year's end."” Between early 2022 and early 2023, the global
offshore wind power pipeline increased by 508 GW, to 1,174 GW
across 38 countries, with the global pipeline for floating wind
power already exceeding 120 GW by mid-2022."8

By the end of 2022, 19 countries (13 in Europe, 5 in Asia and 1
in North America) had at least some offshore wind capacity
in operation, up from 18 countries in 2021 China led in total
capacity (31.4 GW), followed distantly by the United Kingdom
(13.9 GW), Germany (8.1 GW), the Netherlands (2.8 GW), Denmark
and Belgium (both around 2.3 GW).2% Asia (mostly China) was
home to nearly 53% of global offshore capacity, taking over the
lead long held by Europe.™

Floating wind power uses floating platforms that are anchored to the seabed with mooring chains, rather than fixed structures that lock turbines to the sea

floor. It enables the use of the best offshore locations for capturing energy from the wind. By one estimate, the use of floating turbines can triple the size of the

potential market. See endnote 106 for this section.

i It was also the first lease sale in the United States to support commercial-scale floating wind power.



TECHNOLOGY AND INNOVATION

The wind power industry has responded to the transition to
auctions as well as to rising material costs and other pressures
through consolidation among manufacturers and innovation.'??
In 2022, the industry continued to innovate to change the cost
base of projects; to address challenges associated with scaling
up production, transport and other logistical issues; and to
enhance the value of wind energy while further improving its
environmental and social sustainability.”® Chinese firms led in the
volume of new wind-related patent applications.”**

Turbine size continued to increase in order to optimise cost and
performance'? In 2022, the average size of turbines delivered
to market passed 4 MW, 15% larger than in 2021.?° The average
turbine size installed onshore was 3.9 MW, and the average
installed offshore exceeded 7.6 MW,

Western turbine manufacturers continued to invest in new models
even though they were not making enough profit to cover the
costs.””® For example, Vestas launched the world's tallest tower for
onshore turbines (199 metres) in 2022, and GE confirmed in early
2023 that it was developing a 17-18 MW version of its Haliade-X
offshore turbine.’”® Chinese firms also have been driven by price
pressures to innovate and are competing to outsize one another
in turbines® MingYang, for example, launched the world's
largest onshore turbine (8.5 MW) in 2022, only to be surpassed
by Envision Energy (near 10 MW) and then SANY (11 MW);
meanwhile, several Chinese manufacturers began marketing
offshore turbines in the 16-18 MW range during the year.™

—
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The rapid push to

In 2022, companies
were working a variety
of on technologies to

develop more powerful
machines has strained
manufacturing, making it
harder to reach the supply
chain efficiencies needed
to achieve economies of and to develop new

more-sustainable blade

materials.

scale; it also has provided
little opportunity to learn
from installed turbines
before moving to the
next size up; and, in some cases, has increased permitting
challenges.®> Some western manufacturers have begun shifting
their focus from upscaling turbines to standardising product lines
in order to reduce production costs and to manufacture turbines
more quickly and efficiently.”*3

Innovation in the industry continued to focus on making wind
energy fully sustainable in a way that is cost-effective in order to
remain competitive.** Initiatives to reduce emissions associated
with turbine production and installation have included redesigning
the logistics network and shifting to cleaner sources of energy
for production.”®® Substantial efforts also continued to focus on
reducing the life-cycle impacts of turbine blades, which typically
are made from fibreglass and carbon fibre and end up in landfill
sites when they are discarded.”® In 2022, companies were working
on a variety of technologies to recycle blades made from traditional
materials or to develop new more-sustainable blade materials.”*”

i Larger, higher-efficiency turbines mean that fewer turbines, foundations, converters and cables, and less labour and other resources, are required for the same
output, translating into faster project development, reduced risk, lower costs of grid connection and of operation and maintenance, and overall greater yield, all

important for the offshore sector in particular. See endnote 125 for this section.
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ECHALLENGES AND OPPORTUNITIES
for the Uptake of Renewables in Energy Supply

E § CHALLENGES

= In the short term, inflation and disrupted supply
chains have slowed the deployment of most
renewables and pushed up costs.

o —

~» Countries have struggled to adjust to price fluctuations
in materials and energy, resulting in undersubscribed
auctions and tenders due to their conditions not
matching the market reality.

~> Delayed permitting and unfavourable and/or
inconsistent policies have led to uncertainty, stalling
wind power deployment and slowing investment in
new manufacturing capability.

=» The global markets for CSP and ocean power have
slowed, as the historical market leaders have added

little new capacity in recent years.

-» The biggest challenges for renewable heat and
fuel markets are the low (sometimes subsidised)
prices of fossil fuels and the difficulties in accessing

affordable finance.

> Extreme drought has hampered hydropower
production across parts of Africa, Asia, Europe and

North America.
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- Renewables offer the potential to mitigate climate
change, improve energy security, create jobs and
boost local economies.

OPPORTUNITIES

-» Even accounting for rising costs, wind and solar power
continue to be cost-competitive with fossil fuels
and are cheaper than coal-fired generation in most
countries.

> The momentum around hydrogen is building, but
policies need to prioritise the use of renewable energy
to avoid simple displacement of emissions and to
harness hydrogen'’s huge potential to decarbonise
heavy industry, maritime transport and aviation.

- Heat pumps can provide a valuable source of energy
system flexibility, enabling greater integration of
variable renewable sources and lower energy bills for

consumers.
-» The rooftop solar PV market has increased steadily -> Bioenergy provides solutions for heating and
since 2018 and experienced record growth in fuels in heavy industry and transport, such as
2022 as the market became more attractive for both pharmaceuticals, cement, steel, food and beverages,
residential and commercial customers. aviation and maritime shipping.

87




% REN21

page 8:
page 11
page 12:
page 13:
page 14
page 14:
page 15:
page 17.
page 18:
page 18:

page 20:
page 20:

page 20:
page 23:
page 24:
page 25:

page 27:
page 30
page 30

page 31:
page 32

page 32
page 33

page 34
page 35

88

© crystal51; shutterstock

© Benoit Deschasaux; unsplash

© Etienne Girardet; unsplash

© Bohbeh; shutterstock

© Shaiith; shutterstock

© Casey Horner; unsplash

© Markus Spiske; unsplash

© Diyana Dimitrova; shutterstock

© Sharomka; shutterstock

Cousine Island, Seychelles; © Martin Harvey;
shutterstock

© IM Imagery; shutterstock

Production of gearboxes for wind turbines;
© industryviews; shutterstock

© Markus Spiske; unsplash

© anatoliy_gleb; shutterstock

© fokke baarssen; shutterstock

Almere city, the Netherlands; © Pavlo Glazkov;
shutterstock
© TimSiegert-batcam; shutterstock
: New Delhi, India; © PradeepGaurs; shutterstock
: Sugar cane harvesting in Queensland, Australia;
© Francesca Pianzola; shutterstock
© Animaflora PicsStock; shutterstock
. Algae production; Wageningen, Netherlands;
© INTREEGUE Photography; shutterstock

. Hydrogen fuel cell bus; Tokyo, Japan; © Ned Snowman;
shutterstock

: © Roman Zaiets; shutterstock
: © Snapshot freddy; shutterstock
: Biogas plant; Czech Republic; © Kletr; shutterstock

page 36:

page 38:
page 39:

page 41
page 42:

page 44:
page 45:

page 46:
page 48:

page 49:
page 50:
page 52:
page 53:
page 53:
page 54:
page 54:

page 55:

page 55:
page 56:

page 56:
page 57
page 58:

Sugarcane field; Santa Clara, Cuba; © possohh;
shutterstock

Kunduvillage, Senegal, Africa; © Agarianna76; shutterstock
Adkins Energy ethanol plant; Lena, llliois, US; © dvande;
shutterstock

© francesco de marco; shutterstock

Geothermal power station pipeline; © N.Minton;
shutterstock

Hebei, China; © James Jiao; shutterstock

Geothermal Power Plant; Sumatera, Indonesia;

© Harinnita Detta; shutterstock

Heat Pump Maintenance; © Virrage Images; shutterstock

Heat pump; Warsaw, Poland; © Grand Warszawski;
shutterstock

© guteksk?7; shutterstock

© FOTOGRIN; shutterstock

© Audio und werbung; shutterstock
© Free Wind 2014; shutterstock

© Scharfsinn; shutterstock

© Jose Luis Stephens; shutterstock

Hydroelectric powerplant; © Andrey Shchekalev;
shutterstock

Englebright Dam; Yuba River, California, US;
© Gary Saxe; shutterstock

© Dejan Dosenovic; shutterstock

Baihetan Dam Construction; Yangtze River, China;
© burakyalcin; shutterstock

© Pierre Jean Durieu; shutterstock

© Cosmin Sava; shutterstock

Kiew Lom Dam, Lampang, Thailand; © Aedka Studio;
shutterstock




page 59: © SIMEC Atlantis Energy page 77: © LIUSHENGFILM; shutterstock

page 60: © Minesto page 78: © sdf_gwe; shutterstock

page 60: Sihwa Lake Tidal Power Plant; Ansan-si, Gyeonggi-do, page 80: Tramandai, Rio Grande do Sul, Brazil; © Viagens e
South Korea; © Stock for you; shutterstock Caminhos; shutterstock

page 61: ©02; Orbital Marie Power's O2 turbine page 81: © Vladimka production; shutterstock

page 62: © Tukio; shutterstock page 83: © MUNGKHOOD STUDIO; shutterstock

page 62: © BiniClick; shutterstock

page 64: © anatoliy_gleb; shutterstock

page 65: © kik muthita; shutterstock

page 66: Miagao, lloilo, Philippines; © MDV Edwards;
shutterstock

page 67: © salajean; shutterstock

page 68: © Tsetso Photo; shutterstock

page 69: © Sopotnicki; shutterstock

page 71: © RussieseO; shutterstock

page 83: © Lance Bellers; shutterstock

page 84: © Michael Brian Shannon; shutterstock

page 85: Saint Nazaire, France; © MC MEDIASTUDIO;
shutterstock

page 85: © Henrik A. Jonsson; shutterstock

page 86: © lJirapong Manustrong; shutterstock

page 86: Colorado river upstream of the Hoover Dam; US;
© Milan Rademakers; shutterstock

page 73: © John_T; shutterstock page 86: © Mabeline72; shutterstock

page 74: Underground district heating pipes; © Zigmunds page 87: © Industrial Donut Picks; shutterstock
Dizgalvis; shutterstock page 87: © Bohbeh; shutterstock

page 75: © Kenneth Bagge Jorgensen; shutterstock page 87: © NavinTar; shutterstock

page 76: © FMonkey Photo; shutterstock page 88: © fokke baarssen; shutterstock

COPYRIGHT & IMPRINT

Renewable Energy Policy Network REN21 Secretariat ? o R E N 21
for the 21st Century c/o UN Environment Programme .//
1 rue Miollis, Building VII ¢ RENEWABLES NOwW
75015 Paris
France

89



ENDNOTES - RENEWABLES IN ENERGY SUPPLY 2023

ENDNOTES - MODULE OVERVIEW

1

20
21

22

23
24
25

26

International Energy Agency (IEA), “Global Energy Crisis", https://
www.iea.org/topics/global-energy-crisis, accessed March 8, 2023.

Ibid.

V. Romei and A. Smith, “Global Inflation Tracker:

See How Your Country Compares on Rising Prices”,
Financial Times, March 6, 2022, https://www.ft.com/
content/088d3368-bb8b-4ff3-9df7-a7680d4d81b2.

IEA, "Renewable Power's Growth Is Being Turbocharged as
Countries Seek to Strengthen Energy Security”, December 6, 2022,
https://www.iea.org/news/renewable-power-s-growth-is-being-
turbocharged-as-countries-seek-to-strengthen-energy-security.

McKinsey, “The Inflation Reduction Act: Here's What's in It",
October 24, 2022, https://www.mckinsey.com/industries/public-
and-social-sector/our-insights/the-inflation-reduction-act-heres-
whats-in-it; European Commission, "REPowerEU: Affordable,
Secure and Sustainable Energy for Europe”, https://commission.
europa.eu/strategy-and-policy/priorities-2019-2024/european-
green-deal/repowereu-affordable-secure-and-sustainable-
energy-europe_en, accessed March 1, 2023,

International Energy Agency (IEA), “World Energy Balances 2020:
Extended Energy Balances”, https://www.iea.org/data-and-
statistics/data-product/world-energy-balances; 2022. Figure 1
from IEA, op. cit. note 6.

Ibid.

Ibid. Figure 2 from Ember, "Global Electricity Review 2023",
April 12, 2023, https://ember-climate.org/insights/research/
global-electricity-review- 2023/.

Figure 3 from IEA, op. cit. note 6.
Ibid.
Ibid.
Ibid.

P. Day, "Hydrogen as a backup for renewables remains a distant
proposition”, Reuters, February 1, 2023, https://www.reuters.com/
business/energy/hydrogen-backup-renewables-remains-distant-
proposition-2023-02-01; IEA, “Global Hydrogen Review 2022",
2022, https://www.iea.org/reports/global-hydrogen-review-2022.

REN21 Policy Database. See GSR 2023 Data Pack, available at
www.ren21.net/gsr2023-data-pack/supply.

BloombergNEF, "Energy Transition Investment Trends:
Executive Summary”, 2023, https://about.bnef.com/
energy-transition-investment.

Ibid.
Ibid.

IEA, "World Energy Balances 2021", https://www.iea.org/
data-and-statistics/data-product/world-energy-balances.

Global market based on data from W. Weiss and M. Spork-Dir,
“Solar Heat Worldwide, Global Market Development and Trends
2022, Detailed Market Figures 2021, 2023 Edition”, International
Energy Agency (IEA) Solar Heating and Cooling Programme
(SHC), 2023, pp. 6, 58, 60, https://www.iea-shc.org/solar-heat-
worldwide, and from M. Spork-Dir, AEE - Institute for Sustainable
Technologies (AEE INTEC), personal communication with REN21,
May 2023 and IEA, op. cit. note 1.

Ibid.

Calculation based on Lund and Toth, 2023. Growth of 14.2 TWh in
2022 based on differentiated five-year compound annual growth
rate across nine end-use categories from 2014 through 2019
(total output having grown from 265,790 TJ in 2014 to 420,906

TJ in 2019); power capacity data from sources in the Geothermal
power and heat section; capacity data for other countries from
International Renewable Energy Agency (IRENA), "Renewable
Capacity Statistics 2023", March 2023, https://www.irena.org/
Publications/2023/Mar/Renewable-capacity-statistics-2023;
estimated electricity generation in 2022 based on International
Energy Agency (IEA), "Renewables 2022 Data Explorer”,
December 6, 2022, https://www.iea.org/data-and-statistics/
data-tools/renewables-data-explorer.

IEA, "World Energy Balances 2021: Extended Energy Balances”,
op. cit. note 1.

Ibid.

Ibid.

Government of Australia, Department of Climate Change,
Energy, the Environment and Water, “State of Hydrogen 2022",
2022, https://www.dcceew.gov.au/energy/publications/
state-of-hydrogen-2022.

Ember, op. cit. note 8.

27
28
29
30
31

32
33
34
35
36
37
38
39
40
41

42
43
44
45
46

47

48
49
50

51

52
53
54
55
56
57

58

59
60
61

% REN21

Figure 4 from Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.

Figure 5 from International Hydropower Association, personal
communication with REN21, May 11 2023 ; IEA Photovoltaic
Power Systems Programme, "Snapshot 2023"; https://iea-pvps.
org/snapshot-reports/snapshot-2023/; Global Wind Energy
Council, “Global Wind Report 2023", 2023, https://gwec.net/
globalwindreport2023/; International Renewable Energy Agency,
"2023 Renewable Capacity Statistics”, 2023, https://www.
irena.org/-/media/Files/IRENA/Agency/Publication/2022/
Jul/IRENA_Renewable_energy_statistics_2022.
pdf?rev=8e3c22a36f964fa2ad8a50e0b4437870 (Other
Renewable Power: Bioenergy, Geothermal, Concentrated Solar
Power, Marine).

Figure 6 from IEA, “Net Zero by 2050", 2021, https://iea.blob.core.
windows.net/assets/deebef5d-0c34-4539-9d0c-10b13d840027/
NetZeroby2050-ARoadmapfortheGlobalEnergySector_ CORR.pdf
Ibid.

Ibid.

IEA, "The State of Clean Technology Manufacturing”, May 2023,
https://www.iea.org/reports/the-state-of-clean-technology-
manufacturing.

Ibid.

IEA, op. cit. note 47.

IEA, op. cit. note 50.

Ibid.

Ibid.

Ibid.

IEA, "Special Report on Solar PV Global Supply Chains”, July
2022, https://www.iea.org/reports/solar-pv-global-supply-chains.
South China Morning Post, “Chinese Wind Turbine Makers

Eye Asia, Europe for Growth as Climate Change, Energy

Security Take Centrestage”, August 29, 2022, https://www.
scmp.com/business/china-business/article/3190585/
chinese-wind-turbine-makers-eye-asia-europe-growth-climate.
IEA, op. cit. note 51.

Ibid.

Ibid.

ENDNOTES | MODULE OVERVIEW

90


https://www.iea.org/topics/global-energy-crisis
https://www.iea.org/topics/global-energy-crisis
https://www.ft.com/content/088d3368-bb8b-4ff3-9df7-a7680d4d81b2
https://www.ft.com/content/088d3368-bb8b-4ff3-9df7-a7680d4d81b2
https://www.iea.org/news/renewable-power-s-growth-is-being-turbocharged-as-countries-seek-to-strengthen-energy-security
https://www.iea.org/news/renewable-power-s-growth-is-being-turbocharged-as-countries-seek-to-strengthen-energy-security
https://www.mckinsey.com/industries/public-and-social-sector/our-insights/the-inflation-reduction-act-heres-whats-in-it
https://www.mckinsey.com/industries/public-and-social-sector/our-insights/the-inflation-reduction-act-heres-whats-in-it
https://www.mckinsey.com/industries/public-and-social-sector/our-insights/the-inflation-reduction-act-heres-whats-in-it
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal/repowereu-affordable-secure-and-sustainable-energy-europe_en
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal/repowereu-affordable-secure-and-sustainable-energy-europe_en
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal/repowereu-affordable-secure-and-sustainable-energy-europe_en
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal/repowereu-affordable-secure-and-sustainable-energy-europe_en
https://www.iea.org/data-and-statistics/data-product/world-energy-balances
https://www.iea.org/data-and-statistics/data-product/world-energy-balances
https://ember-climate.org/insights/research/global-electricity-review- 2023/
https://ember-climate.org/insights/research/global-electricity-review- 2023/
https://www.reuters.com/business/energy/hydrogen-backup-renewables-remains-distant-proposition-2023-02-01
https://www.reuters.com/business/energy/hydrogen-backup-renewables-remains-distant-proposition-2023-02-01
https://www.reuters.com/business/energy/hydrogen-backup-renewables-remains-distant-proposition-2023-02-01
https://www.iea.org/reports/global-hydrogen-review-2022
http://www.ren21.net/gsr2023-data-pack/supply
https://about.bnef.com/energy-transition-investment
https://about.bnef.com/energy-transition-investment
https://www.iea.org/data-and-statistics/data-product/world-energy-balances
https://www.iea.org/data-and-statistics/data-product/world-energy-balances
https://www.iea-shc.org/solar-heat-worldwide
https://www.iea-shc.org/solar-heat-worldwide
https://www.irena.org/Publications/2023/Mar/Renewable-capacity-statistics-2023
https://www.irena.org/Publications/2023/Mar/Renewable-capacity-statistics-2023
https://www.iea.org/data-and-statistics/ data-tools/renewables-data-explorer
https://www.iea.org/data-and-statistics/ data-tools/renewables-data-explorer
https://www.dcceew.gov.au/energy/publications/state-of-hydrogen-2022
https://www.dcceew.gov.au/energy/publications/state-of-hydrogen-2022
https://iea-pvps.org/snapshot-reports/snapshot-2023/
https://iea-pvps.org/snapshot-reports/snapshot-2023/
https://gwec.net/globalwindreport2023/
https://gwec.net/globalwindreport2023/
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Jul/IRENA_Renewable_energy_statist
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Jul/IRENA_Renewable_energy_statist
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Jul/IRENA_Renewable_energy_statist
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Jul/IRENA_Renewable_energy_statist
https://iea.blob.core.windows.net/assets/deebef5d-0c34-4539-9d0c-10b13d840027/NetZeroby2050-ARoadmapfortheGlobalEnergySector_CORR.pdf

https://iea.blob.core.windows.net/assets/deebef5d-0c34-4539-9d0c-10b13d840027/NetZeroby2050-ARoadmapfortheGlobalEnergySector_CORR.pdf

https://iea.blob.core.windows.net/assets/deebef5d-0c34-4539-9d0c-10b13d840027/NetZeroby2050-ARoadmapfortheGlobalEnergySector_CORR.pdf

https://www.iea.org/reports/the-state-of-clean-technology-manufacturing.
https://www.iea.org/reports/the-state-of-clean-technology-manufacturing.
https://www.iea.org/reports/solar-pv-global-supply-chains
https://www.scmp.com/business/china-business/article/3190585/chinese-wind-turbine-makers-eye-asia-europe-growth-climate
https://www.scmp.com/business/china-business/article/3190585/chinese-wind-turbine-makers-eye-asia-europe-growth-climate
https://www.scmp.com/business/china-business/article/3190585/chinese-wind-turbine-makers-eye-asia-europe-growth-climate

ENDNOTES - RENEWABLES IN ENERGY SUPPLY 2023

ENDNOTES - POLICY

1

20

21

22

23

24

25
26

27

28

29

International Energy Agency (IEA), “Global Energy Crisis -
Topics”, https://www.iea.org/topics/global-energy-crisis,
accessed April 13, 2023,

IEA, "World Energy Outlook 2022 Shows the Global Energy Crisis
Can Be a Historic Turning Point Towards a Cleaner and More Secure
Future”, October 27, 2022, https://www.iea.org/news/world-energy-
outlook-2022-shows-the-global-energy-crisis-can-be-a-historic-
turning-point-towards-a-cleaner-and-more-secure-future.

Ibid.

IEA, “"Global Government Spending on Clean Energy Transitions
Rises to USD 1.2 Trillion Since the Start of the Pandemic, Spurred
by Energy Security Concerns”, December 9, 2022, https://www.
iea.org/news/global-government-spending-on-clean-energy-
transitions-rises-to-usd-1-2-trillion-since-the-start-of-the-
pandemic-spurred-by-energy-security-concerns.

REN21 Policy Database. See GSR 2023 Data Pack, available at
www.ren21.net/gsr2023-data-pack/supply.

Ibid.
Ibid.
Figure 7 from Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Figure 8 from ibid.
Ibid.
Ibid.
Ibid.

M. Madden, "FTC Announces New Rates for Power

Sold to National Grid", Barbados Today, January

10, 2023, https://barbadostoday.bb/2023/01/10/
ftc-announces-new-rates-for-power-sold-to-national-grid.

M. Willuhn, "Germany Raises Feed-in Tariffs for Solar up to 750 KW”,
pv magazine, July 7, 2022, https://www.pv-magazine.com/2022/07/07/
germany-raises-feed-in-tariffs-for-solar-up-to-750-kw.

DLA Piper, "Africa Energy Futures Mauritius”, 2022, https://
www.dlapiper.com/en/insights/publications/2022/11/
africa-energy-futures/africa-energy-futures-mauritius.

E. Bellini, “"South Africa to Introduce Feed-in

Tariffs for Rooftop PV", pv magazine, July 26, 2022,
https://www.pv-magazine.com/2022/07/26/
south-africa-to-introduce-feed-in-tariffs-for-rooftop-pv.

B. Santos, “Thailand Introduces FIT Scheme for Solar, Storage”,
pv magazine, October 31, 2022, https://www.pv-magazine.
com/2022/10/31/thailand-introduces-fit-scheme-for-solar-
storage; Enerdata, "Japan Sets Feed-in Tariff Levels for
Renewable Projects in 2022-2023", February 25, 2022, https://
www.enerdata.net/publications/daily-energy-news/japan-sets-
feed-tariff-levels-renewable-projects-2022-2023.html.

REN21 Policy Database, op. cit. note 5.

E. Bellini, “Dutch Parliament Approves Proposal to Phase Out Net
Metering", pv magazine, February 9, 2023, https://www.pv-magazine.
com/2023/02/09/dutch-parliament-approves-proposal-to-phase-
out-net-metering.

Ibid.

I. Tsagas, "Cyprus Expands Funding for Solar Net Metering", pv
magazine, August 26, 2022, https://www.pv-magazine.com/
2022/08/26/cyprus-expands-funding-for-solar-net-metering.

B. Santos, “Finland to Extend Net Metering to All PV Systems in
2023", pv magazine, October 26, 2022, https://www.pv-magazine.
com/2022/10/26/finland-to-extend-net-metering-to-all-pv-
systems-in-2023.

F. Salah, "Ahead of COP27 - Egypt Relaxes the Restrictions on Net
Metering and Self Consumption Solar Plants”, Riad-Riad.com, March
9, 2022, https://riad-riad.com/ahead-of-cop27-egypt-relaxes-the-
restrictions-on-net-metering-and-self-consumption-solar-plants.

S. Sundar, "Ghana Aims to Become a Regional Manufacturing

Hub for Solar Value Chains”, Zawya, November 29, 2022, https://
www.zawya.com/en/projects/industry/ghana-aims-to-become-
a-regional-manufacturing-hub-for-solar-value-chains-cfpvti2g;

E. Bellini, “Philippines Increases Net-Metering Size Limit for
Renewables to 1 MW", pv magazine Australia, November 30,

2022, https://www.pv-magazine-australia.com/2022/11/30/
philippines-increases-net-metering-size-limit-for-renewables-to-1-mw.

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44
45

46

% REN21

E. Bellini, "Dutch Parliament Approves Proposal to Phase Out
Net Metering”, pv magazine, February 9, 2023, https://www.pv-
magazine.com/2023/02/09/dutch-parliament-approves-proposal-
to-phase-out-net-metering.

M.R. Lown, "Poland'’s Transition from Net Metering to Net Billing”",
pv magazine, July 13, 2022, https://www.pv-magazine.com/2022/
07/13/polands-transition-from-net-metering-to-net-billing.

R. Kennedy, "Community Solar Up, Net Metering Down in US
This Year", pv magazine, February 1, 2023, https://www.pv-
magazine.com/2023/02/01/community-solar-up-net-metering-
down-in-us-this-year.

S. Wasson, “NEM 3.0: Why April 2023 Will Change the Solar
Game in CA", Today's Homeowner, January 17, 2023, https://
todayshomeowner.com/solar/guides/nem-3-0-why-april-
2023-will-change-the-solar-game-in-ca.

IEA, "Renewable Electricity - Renewables 2022 - Analysis”,
2022, https://www.iea.org/reports/renewables-2022/
renewable-electricity.

U. Gupta, "Renewable Energy Auctions Not in Tandem with
Government Targets"”, pv magazine India, February 21, 2023,
https://www.pv-magazine-india.com/2023/02/21/renewable-
energy-auctions-not-in-tandem-with-government-targets; C.
Akkaravoranun et al,, “Thailand: The Wait Is Over! New Round
of Renewable Energy Auctions Have Officially Been Launched
- Bidding Ends in November 2022", Global Compliance News,
November 9, 2022, https://www.globalcompliancenews.
com/2022/11/09/https-insightplus-bakermckenzie-com-bm-
energy-mining-infrastructure_1-here_11022022.

Enerdata, "The Philippines Will Auction 11.6 GW of Renewable
Capacity in June 2023", March 22, 2023, https://www.enerdata.
net/publications/daily-energy-news/philippines-will-auction-116-
gw-renewable-capacity-june-2023.html.

Willuhn, op. cit. note 19; I. Tsagas, "Greece's Renewables

Tender Awards 372 MW of PV at Average of €47.98/MWh",

pv magazine, September 13, 2022, https://www.pv-magazine.
com/2022/09/13/greeces-renewables-tender-awards-372-
mw-of-pv-at-average-of-e47-98-mwh; W. Norman, “Poland
Awards 486MW of Solar PV in Latest Renewables Auction”,

PV Tech, December 21, 2022, https://www.pv-tech.org/
poland-awards-486mw-of-solar-pv-in-latest-renewables-auction.
E. Bellini, “South Africa’s Sixth Renewables Auction Concludes with
Lowest Bid of $0.02689/KWh", pv magazine, December 12, 2022,
https://www.pv-magazine.com/2022/12/12/south-africas-sixth-
renewables-auction-concludes-with-lowest-bid-of-0-02689-kwh.

ENDNOTES | POLICY

J. Tourifio Jacobo, "New South Wales Launches Renewables
Auction, Targets 12GW of Deployment by 2030", PV Tech, October
4, 2022, https://www.pv-tech.org/new-south-wales-launches-
renewables-auction-targets-12gw-of-deployment-by-2030.

WindEurope, "Increasing Cost Pressures and Design Flaws
Undermine Spanish Auction”, November 25, 2022, https://
windeurope.org/newsroom/press-releases/increasing-cost-
pressures-and-design-flaws-undermine-spanish-auction;
reNEWS, “France Secures 339MW in Undersubscribed Solar
Auction”, August 9, 2022, https://renews.biz/79717/france-
secures-339mw-in-undersubscribed-solar-auction;

B. Radowitz, “"Few Bidders in German Clean Energy Tender

as Macroeconomics Hit Wind and Solar Build-Out”, Recharge
News, December 20, 2022, https://www.rechargenews.com/
energy-transition/few-bidders-in-german-clean-energy-tender-
as-macroeconomics-hit-wind-and-solar-build-out/2-1-1377668.

WindEurope, "Messy Permitting Leads to yet Another
Undersubscribed Wind Auction in Italy”, February 1, 2022, https://
windeurope.org/newsroom/press-releases/messy-permitting-
leads-to-yet-another-undersubscribed-wind-auction-in-italy.

B. Radowitz, “'Better Starting Position’ - German Regulator
Raises Price Cap for Wind and Solar Tenders”, Recharge News,
December 29, 2022, https://www.rechargenews.com/energy-
transition/better-starting-position-german-regulator-raises-
price-cap-for-wind-and-solar-tenders/2-1-1381200.

S.A. Qadir et al,, “Incentives and Strategies for Financing the
Renewable Energy Transition: A Review", Energy Report, Vol.

7 (November 2021), pp. 3590-36086, https://doi.org/10.1016/].
egyr.2021.06.041.

REN21 Policy Database, op. cit. note 5.

M. Barbanell, "A Brief Summary of the Climate and Energy
Provisions of the Inflation Reduction Act of 2022", World
Resources Institute, October 28, 2022, https://www.wri.org/
update/brief-summary-climate-and-energy-provisions-inflation-
reduction-act-2022.

Ibid.

91


https://www.iea.org/topics/global-energy-crisis
https://www.iea.org/news/world-energy-outlook-2022-shows-the-global-energy-crisis-can-be-a-historic-turning-point-towards-a-cleaner-and-more-secure-future
https://www.iea.org/news/world-energy-outlook-2022-shows-the-global-energy-crisis-can-be-a-historic-turning-point-towards-a-cleaner-and-more-secure-future
https://www.iea.org/news/world-energy-outlook-2022-shows-the-global-energy-crisis-can-be-a-historic-turning-point-towards-a-cleaner-and-more-secure-future
https://www.iea.org/news/global-government-spending-on-clean-energy-transitions-rises-to-usd-1-2-trillion-since-the-start-of-the-pandemic-spurred-by-energy-security-concerns
https://www.iea.org/news/global-government-spending-on-clean-energy-transitions-rises-to-usd-1-2-trillion-since-the-start-of-the-pandemic-spurred-by-energy-security-concerns
https://www.iea.org/news/global-government-spending-on-clean-energy-transitions-rises-to-usd-1-2-trillion-since-the-start-of-the-pandemic-spurred-by-energy-security-concerns
https://www.iea.org/news/global-government-spending-on-clean-energy-transitions-rises-to-usd-1-2-trillion-since-the-start-of-the-pandemic-spurred-by-energy-security-concerns
http://www.ren21.net/gsr2023-data-pack/supply
https://barbadostoday.bb/2023/01/10/ftc-announces-new-rates-for-power-sold-to-national-grid
https://barbadostoday.bb/2023/01/10/ftc-announces-new-rates-for-power-sold-to-national-grid
https://www.pv-magazine.com/2022/07/07/germany-raises-feed-in-tariffs-for-solar-up-to-750-kw
https://www.pv-magazine.com/2022/07/07/germany-raises-feed-in-tariffs-for-solar-up-to-750-kw
https://www.dlapiper.com/en/insights/publications/2022/11/africa-energy-futures/africa-energy-futures-mauritius
https://www.dlapiper.com/en/insights/publications/2022/11/africa-energy-futures/africa-energy-futures-mauritius
https://www.dlapiper.com/en/insights/publications/2022/11/africa-energy-futures/africa-energy-futures-mauritius
https://www.pv-magazine.com/2022/07/26/south-africa-to-introduce-feed-in-tariffs-for-rooftop-pv
https://www.pv-magazine.com/2022/07/26/south-africa-to-introduce-feed-in-tariffs-for-rooftop-pv
https://www.pv-magazine.com/2022/10/31/thailand-introduces-fit-scheme-for-solar-storage
https://www.pv-magazine.com/2022/10/31/thailand-introduces-fit-scheme-for-solar-storage
https://www.pv-magazine.com/2022/10/31/thailand-introduces-fit-scheme-for-solar-storage
https://www.enerdata.net/publications/daily-energy-news/japan-sets-feed-tariff-levels-renewable-projects-2022-2023.html
https://www.enerdata.net/publications/daily-energy-news/japan-sets-feed-tariff-levels-renewable-projects-2022-2023.html
https://www.enerdata.net/publications/daily-energy-news/japan-sets-feed-tariff-levels-renewable-projects-2022-2023.html
https://www.pv-magazine.com/2023/02/09/dutch-parliament-approves-proposal-to-phase-out-net-metering
https://www.pv-magazine.com/2023/02/09/dutch-parliament-approves-proposal-to-phase-out-net-metering
https://www.pv-magazine.com/2023/02/09/dutch-parliament-approves-proposal-to-phase-out-net-metering
https://www.pv-magazine.com/2022/08/26/cyprus-expands-funding-for-solar-net-metering
https://www.pv-magazine.com/2022/08/26/cyprus-expands-funding-for-solar-net-metering
https://www.pv-magazine.com/2022/10/26/finland-to-extend-net-metering-to-all-pv-systems-in-2023
https://www.pv-magazine.com/2022/10/26/finland-to-extend-net-metering-to-all-pv-systems-in-2023
https://www.pv-magazine.com/2022/10/26/finland-to-extend-net-metering-to-all-pv-systems-in-2023
https://riad-riad.com/ahead-of-cop27-egypt-relaxes-the-restrictions-on-net-metering-and-self-consumption-solar-plants
https://riad-riad.com/ahead-of-cop27-egypt-relaxes-the-restrictions-on-net-metering-and-self-consumption-solar-plants
https://www.zawya.com/en/projects/industry/ghana-aims-to-become-a-regional-manufacturing-hub-for-solar-value-chains-cfpvtl2q
https://www.zawya.com/en/projects/industry/ghana-aims-to-become-a-regional-manufacturing-hub-for-solar-value-chains-cfpvtl2q
https://www.zawya.com/en/projects/industry/ghana-aims-to-become-a-regional-manufacturing-hub-for-solar-value-chains-cfpvtl2q
https://www.pv-magazine-australia.com/2022/11/30/philippines-increases-net-metering-size-limit-for-renewables-to-1-mw
https://www.pv-magazine-australia.com/2022/11/30/philippines-increases-net-metering-size-limit-for-renewables-to-1-mw
https://www.pv-magazine.com/2023/02/09/dutch-parliament-approves-proposal-to-phase-out-net-metering
https://www.pv-magazine.com/2023/02/09/dutch-parliament-approves-proposal-to-phase-out-net-metering
https://www.pv-magazine.com/2023/02/09/dutch-parliament-approves-proposal-to-phase-out-net-metering
https://www.pv-magazine.com/2022/07/13/polands-transition-from-net-metering-to-net-billing
https://www.pv-magazine.com/2022/07/13/polands-transition-from-net-metering-to-net-billing
https://www.pv-magazine.com/2023/02/01/community-solar-up-net-metering-down-in-us-this-year
https://www.pv-magazine.com/2023/02/01/community-solar-up-net-metering-down-in-us-this-year
https://www.pv-magazine.com/2023/02/01/community-solar-up-net-metering-down-in-us-this-year
https://todayshomeowner.com/solar/guides/nem-3-0-why-april-2023-will-change-the-solar-game-in-ca
https://todayshomeowner.com/solar/guides/nem-3-0-why-april-2023-will-change-the-solar-game-in-ca
https://todayshomeowner.com/solar/guides/nem-3-0-why-april-2023-will-change-the-solar-game-in-ca
https://www.iea.org/reports/renewables-2022/renewable-electricity
https://www.iea.org/reports/renewables-2022/renewable-electricity
https://www.pv-magazine-india.com/2023/02/21/renewable-energy-auctions-not-in-tandem-with-government-targets
https://www.pv-magazine-india.com/2023/02/21/renewable-energy-auctions-not-in-tandem-with-government-targets
https://www.globalcompliancenews.com/2022/11/09/https-insightplus-bakermckenzie-com-bm-energy-mining-infrastructure_1-here_11022022
https://www.globalcompliancenews.com/2022/11/09/https-insightplus-bakermckenzie-com-bm-energy-mining-infrastructure_1-here_11022022
https://www.globalcompliancenews.com/2022/11/09/https-insightplus-bakermckenzie-com-bm-energy-mining-infrastructure_1-here_11022022
https://www.enerdata.net/publications/daily-energy-news/philippines-will-auction-116-gw-renewable-capacity-june-2023.html
https://www.enerdata.net/publications/daily-energy-news/philippines-will-auction-116-gw-renewable-capacity-june-2023.html
https://www.enerdata.net/publications/daily-energy-news/philippines-will-auction-116-gw-renewable-capacity-june-2023.html
https://www.pv-magazine.com/2022/09/13/greeces-renewables-tender-awards-372-mw-of-pv-at-average-of-e47-98-mwh
https://www.pv-magazine.com/2022/09/13/greeces-renewables-tender-awards-372-mw-of-pv-at-average-of-e47-98-mwh
https://www.pv-magazine.com/2022/09/13/greeces-renewables-tender-awards-372-mw-of-pv-at-average-of-e47-98-mwh
https://www.pv-tech.org/poland-awards-486mw-of-solar-pv-in-latest-renewables-auction
https://www.pv-tech.org/poland-awards-486mw-of-solar-pv-in-latest-renewables-auction
https://www.pv-magazine.com/2022/12/12/south-africas-sixth-renewables-auction-concludes-with-lowest-bid-of-0-02689-kwh
https://www.pv-magazine.com/2022/12/12/south-africas-sixth-renewables-auction-concludes-with-lowest-bid-of-0-02689-kwh
https://www.pv-tech.org/new-south-wales-launches-renewables-auction-targets-12gw-of-deployment-by-2030
https://www.pv-tech.org/new-south-wales-launches-renewables-auction-targets-12gw-of-deployment-by-2030
https://windeurope.org/newsroom/press-releases/increasing-cost-pressures-and-design-flaws-undermine-spanish-auction
https://windeurope.org/newsroom/press-releases/increasing-cost-pressures-and-design-flaws-undermine-spanish-auction
https://windeurope.org/newsroom/press-releases/increasing-cost-pressures-and-design-flaws-undermine-spanish-auction
https://renews.biz/79717/france-secures-339mw-in-undersubscribed-solar-auction
https://renews.biz/79717/france-secures-339mw-in-undersubscribed-solar-auction
https://www.rechargenews.com/energy-transition/few-bidders-in-german-clean-energy-tender-as-macroeconomics-hit-wind-and-solar-build-out/2-1-1377668
https://www.rechargenews.com/energy-transition/few-bidders-in-german-clean-energy-tender-as-macroeconomics-hit-wind-and-solar-build-out/2-1-1377668
https://www.rechargenews.com/energy-transition/few-bidders-in-german-clean-energy-tender-as-macroeconomics-hit-wind-and-solar-build-out/2-1-1377668
https://windeurope.org/newsroom/press-releases/messy-permitting-leads-to-yet-another-undersubscribed-wind-auction-in-italy
https://windeurope.org/newsroom/press-releases/messy-permitting-leads-to-yet-another-undersubscribed-wind-auction-in-italy
https://windeurope.org/newsroom/press-releases/messy-permitting-leads-to-yet-another-undersubscribed-wind-auction-in-italy
https://www.rechargenews.com/energy-transition/better-starting-position-german-regulator-raises-price-cap-for-wind-and-solar-tenders/2-1-1381200
https://www.rechargenews.com/energy-transition/better-starting-position-german-regulator-raises-price-cap-for-wind-and-solar-tenders/2-1-1381200
https://www.rechargenews.com/energy-transition/better-starting-position-german-regulator-raises-price-cap-for-wind-and-solar-tenders/2-1-1381200
https://doi.org/10.1016/j.egyr.2021.06.041
https://doi.org/10.1016/j.egyr.2021.06.041
https://www.wri.org/update/brief-summary-climate-and-energy-provisions-inflation-reduction-act-2022
https://www.wri.org/update/brief-summary-climate-and-energy-provisions-inflation-reduction-act-2022
https://www.wri.org/update/brief-summary-climate-and-energy-provisions-inflation-reduction-act-2022

ENDNOTES - RENEWABLES IN ENERGY SUPPLY 2023

47

48

49

50

51

52

53

54

55

56
57

58

59

60
61

62
63
64

65

66

67

J. Espinoza et al., “"EU Plans to Relax Curbs on Tax
Credits in Response to ‘Toxic' US Subsidies”, Financial
Times, January 30, 2023, https://www.ft.com/
content/53eb769b-6cel-4f50-9703-f2463¢c465001.

J.L,, “Canadian Gov't Sets out $83B for Clean Investment Tax
Credits"”, Carbon Credits, March 29, 2023, https://carboncredits.
com/canadian-govt-sets-out-83b-for-clean-investment-tax-credits.

Zawya, "Renewable Energy, Solar Tax Incentive Introduced

for Businesses, Individuals”, February 23, 2023, https://www.
zawya.com/en/economy/africa/renewable-energy-solar-tax-
incentive-introduced-for-businesses-individuals-egjqo046;

K. Whyte Subban Virusha, "South Africa: ESG Windfall with the
Expanded Renewable Energy Tax Incentive”, Global Compliance
News, March 15, 2023, https://www.globalcompliancenews.
com/2023/03/15/https-insightplus-bakermckenzie-com-bm-tax-
south-africa-two-birds-with-one-sunbeam-esg-windfall-with-
the-expanded-renewable-energy-tax-incentive_02282023.

I. Todorovi¢, "Bulgaria Prepares EUR 102 Million in Grants for Green
Energy in Tourism Sector”, Balkan Green Energy News, October 18,
2022, https://balkangreenenergynews.com/bulgaria-prepares-eur-
102-million-in-grants-for-green-energy-in-tourism-sector.

C. Munda, "Mini-Grids Get Tax Cut to Take on Kenya Power", Business
Daily, January 3, 2022, https://www.businessdailyafrica.com/bd/
economy/mini-grids-get-tax-cut-take-on-kenya-power-3671380.

H. Alcoseba Fernandez, "Philippines Raises Minimum Renewable
Energy Capacity to 2.5% in Power Mix", Eco-Business, October 3,
2022, https://www.eco-business.com/news/philippines-raises-
minimum-renewable-energy-capacity-to-25-in-power-mix.

US Energy Information Administration (EIA), “Renewable

Energy Explained - Portfolio Standards”, https://www.eia.gov/
energyexplained/renewable-sources/portfolio-standards.php,
accessed May 8, 2023.

Food & Water Watch, “MD Legislators Announce Bill to Clean Up
Renewable Portfolio Standard”, January 31, 2023, https://www.
foodandwaterwatch.org/2023/01/31/md-legislators-announce-
bill-to-clean-up-renewable-portfolio-standard.

B. Santos, “"EU Wants Rooftop PV Mandate for Public, Commercial
Buildings by 2027, Residential by 2029", pv magazine, May 18,
2022, https://www.pv-magazine.com/2022/05/18/eu-wants-
rooftop-pv-mandate-for-public-commercial-buildings-by-2025-
residential-by-2029.

REN21 Policy Database, op. cit. note 5.

S. Rai-Roche, “"EU Solar Plan Sets 2030 Target at 740GWdc as
Rooftop PV Mandates, Permitting Plans Are Unveiled”, PV Tech,
May 18, 2022, https://www.pv-tech.org/eu-solar-plan-sets-2030-
target-at-600gw-as-rooftop-pv-mandates-permitting-plans-are-
unveiled; Santos, op. cit. note 55.

Public Senat, “L'obligation de pose de panneaux photovoltaiques sur
les grands parkings extérieurs adoptée au Sénat”, November 4, 2022,
https://www.publicsenat.fr/article/parlementaire/I-obligation-de-
pose-de-panneaux-photovoltaiques-sur-les-grands-parkings.

SolarPower Europe, “Solar Mandates in Europe”, https://api.
solarpowereurope.org/uploads/SPE_Note_Solar_Mandates_in_
Europe_4103dcc90d.pdf, accessed May 15, 2023.

Ibid.

Yale Environment 360, “Tokyo to Mandate Rooftop Solar Panels
on New Homes", https://e360.yale.edu/digest/tokyo-rooftop-
solar; H. Takahashi, "Kawasaki to Become 2nd City in Japan to
Require Solar Panels on New Buildings”, The Mainichi, February
10, 2023, https://mainichijp/english/articles/20230209/
p2a/00m/0sc/004000c.

Kennedy, op. cit. note 32.
Ibid.

R. Kennedy, "US Targets 5 Million Community

Solar Households by 2025", pv magazine, March 3,

2022, https://www.pv-magazine.com/2022/03/03/
us-targets-5-million-community-solar-households-by-2025.

Australian Government, Department of Climate Change, Energy,
the Environment and Water, “Powering Australia”, https://www.
energy.gov.au/government-priorities/australias-energy-strategies-
and-frameworks/powering-australia, accessed May 8, 2023.

S. Jacobsen, "Four Countries Pledge Tenfold Rise in EU Offshore
Wind Power Capacity”, Reuters, May 18, 2022, https://www.
reuters.com/business/energy/four-eu-countries-increase-
offshore-wind-power-capacity-tenfold-2022-05-17.

reNEWS, “"EU Approves German Offshore Wind Policy
Changes”, December 22, 2022, https://renews.biz/82706/
eu-approves-german-offshore-wind-policy-changes.

68

69

70

71

72

73
74
75

76

77

78

79

80

81

82

83

84

85

86
87

88

89

90

91

92

93

% REN21

NOPSEMA, “Offshore Electricity Infrastructure Regulations Now
Available”, November 2, 2022, https://www.nopsema.gov.au/blogs/
offshore-electricity-infrastructure-regulations-now-available.

H. Dung, “New Power Development Plan Needs Quality More
than Speed: PM", The Investor, February 4, 2023, https://
theinvestorvn/new-power-development-plan-needs-quality-
more-than-speed-pm-d3579.html.

G. Rajgor, "Leaders Pledge Support to Deliver Meshed Offshore
Grids for Europe”, Windpower Monthly, May 4, 2023, https://
www.windpowermonthly.com/article/1821712.

Euractiv, “Polish Parliament Votes 700 Metre Rule
for Wind Turbines”, March 10, 2023, https://www.
euractiv.com/section/energy-environment/news/
polish-parliament-votes-700-metre-rule-for-wind-turbines.

P. Tisheva, "Ireland Presents Policy for Second Phase of Offshore
Wind", Renewables Now, March 10, 2023, https://renewablesnow.
com/news/ireland-presents-policy-for-second-phase-of-
offshore-wind-817069.

REN21 Policy Database, op. cit. note 5.
Ibid.

Government of the Netherlands, “Joint statement of Chile and
The Netherlands on collaboration in the field of green hydrogen
import and export”, July 1, 2021, https://www.government.nl/
documents/diplomatic-statements/2021/07/01/joint-statement-
of-chile-and-the-netherlands-on-collaboration-in-the-field-of-
green-hydrogen-import-and-export.

IEA, "Hydrogen - Analysis”, 2022, https://www.iea.org/reports/
hydrogen.

Green Hydrogen Organisation, "Argentina”, https://gh2.org/
countries/Argentina, accessed April 7, 2023.

FuelCellsWorks, “South Africa Launches Hydrogen Society
Roadmap”, February 21, 2022, https://fuelcellsworks.com/news/
south-africa-launches-hydrogen-society-roadmap.

A. Gupta, "Austria Targets 4 TWh Green Hydrogen Production
Annually Under Hydrogen Strategy by 2030", EQ Mag Pro, June 7,
2022, https://www.egmagpro.com/austria-targets-4-twh-green-
hydrogen-production-annually-under-hydrogen-strategy-by-
2030-eg-mag-pro.

Ministerio de Industria, Energia y Mineria, "Hidrégeno Verde”,
https://www.gub.uy/ministerio-industria-energia-mineria/
hidrogenoverde, accessed May 8, 2023.

C. Clifford, “The Clean Hydrogen Energy Economy Was a Dream. The
Climate Bill Could Make It a Reality This Decade”, CNBC, September
8, 2022, https://www.cnbc.com/2022/09/08/clean-hydrogen-
industry-got-huge-boost-from-inflation-reduction-act.html.

Climate Champions, “Africa Green Hydrogen Alliance”, https://
climatechampions.unfccc.int/africa-green-hydrogen-alliance,
accessed April 7,2023.

European Heat Pump Association, “Shaping Europe’s Energy
Landscape: A Deep Dive into ‘Fit for 55’ and Renewable Heating
and Cooling”, May 19, 2023 https://www.ehpa.org/2023/05/19/
ehpa_news/shaping-europes-energy-landscape-a-deep-dive-
into-fit-for-55-and-renewable-heating.

Ibid.

European Commission, “The Green Deal Industrial Plan: Putting
Europe’s Net-zero Industry in the Lead”, February 1, 2023, https://
ec.europa.eu/commission/presscorner/detail/en/ip_23_510.
Ibid.

European Commission, “Strategic Energy Technology Plan”,
https://energy.ec.europa.eu/topics/research-and-technology/
strategic-energy-technology-plan_env, accessed May 2023.
IEA, "District Heating - Analysis”, 2022, https://www.iea.org/
reports/district-heating.

B. Epp, “Fund of EUR 3 Billion for Decarbonising

German District Heating", Solar Thermal World,

April 6, 2023, https://solarthermalworld.org/news/
fund-of-eur-3-billion-for-decarbonising-german-district-heating.
C. Cariaga, "Danish Parliament Adopts New

Rules to Support Geothermal”, Think GeoEnergy,

March 2, 2023, https://www.thinkgeoenergy.com/
danish-parliament-adopts-new-rules-to-support-geothermal.
IEA, “Net Zero Strategy - Heat and Buildings -

Policies”, October 27, 2021, https://www.iea.org/
policies/14334-net-zero-strategy-heat-and-buildings.

IEA, "The Future of Heat Pumps - Analysis”, 2022, https://www.
iea.org/reports/the-future-of-heat-pumps.

REN21 Policy Database, op. cit. note 5.

ENDNOTES | POLICY

92


https://www.ft.com/content/53eb769b-6ce1-4f50-9703-f2463c465001
https://www.ft.com/content/53eb769b-6ce1-4f50-9703-f2463c465001
https://carboncredits.com/canadian-govt-sets-out-83b-for-clean-investment-tax-credits
https://carboncredits.com/canadian-govt-sets-out-83b-for-clean-investment-tax-credits
https://www.zawya.com/en/economy/africa/renewable-energy-solar-tax-incentive-introduced-for-businesses-individuals-egjqo046
https://www.zawya.com/en/economy/africa/renewable-energy-solar-tax-incentive-introduced-for-businesses-individuals-egjqo046
https://www.zawya.com/en/economy/africa/renewable-energy-solar-tax-incentive-introduced-for-businesses-individuals-egjqo046
https://www.globalcompliancenews.com/2023/03/15/https-insightplus-bakermckenzie-com-bm-tax-south-africa-two-birds-with-one-sunbeam-esg-windfall-with-the-expanded-renewable-energy-tax-incentive_02282023
https://www.globalcompliancenews.com/2023/03/15/https-insightplus-bakermckenzie-com-bm-tax-south-africa-two-birds-with-one-sunbeam-esg-windfall-with-the-expanded-renewable-energy-tax-incentive_02282023
https://www.globalcompliancenews.com/2023/03/15/https-insightplus-bakermckenzie-com-bm-tax-south-africa-two-birds-with-one-sunbeam-esg-windfall-with-the-expanded-renewable-energy-tax-incentive_02282023
https://www.globalcompliancenews.com/2023/03/15/https-insightplus-bakermckenzie-com-bm-tax-south-africa-two-birds-with-one-sunbeam-esg-windfall-with-the-expanded-renewable-energy-tax-incentive_02282023
https://balkangreenenergynews.com/bulgaria-prepares-eur-102-million-in-grants-for-green-energy-in-tourism-sector
https://balkangreenenergynews.com/bulgaria-prepares-eur-102-million-in-grants-for-green-energy-in-tourism-sector
https://www.businessdailyafrica.com/bd/economy/mini-grids-get-tax-cut-take-on-kenya-power-3671380
https://www.businessdailyafrica.com/bd/economy/mini-grids-get-tax-cut-take-on-kenya-power-3671380
https://www.eco-business.com/news/philippines-raises-minimum-renewable-energy-capacity-to-25-in-power-mix
https://www.eco-business.com/news/philippines-raises-minimum-renewable-energy-capacity-to-25-in-power-mix
https://www.eia.gov/energyexplained/renewable-sources/portfolio-standards.php
https://www.eia.gov/energyexplained/renewable-sources/portfolio-standards.php
https://www.foodandwaterwatch.org/2023/01/31/md-legislators-announce-bill-to-clean-up-renewable-portfolio-standard
https://www.foodandwaterwatch.org/2023/01/31/md-legislators-announce-bill-to-clean-up-renewable-portfolio-standard
https://www.foodandwaterwatch.org/2023/01/31/md-legislators-announce-bill-to-clean-up-renewable-portfolio-standard
https://www.pv-magazine.com/2022/05/18/eu-wants-rooftop-pv-mandate-for-public-commercial-buildings-by-2025-residential-by-2029
https://www.pv-magazine.com/2022/05/18/eu-wants-rooftop-pv-mandate-for-public-commercial-buildings-by-2025-residential-by-2029
https://www.pv-magazine.com/2022/05/18/eu-wants-rooftop-pv-mandate-for-public-commercial-buildings-by-2025-residential-by-2029
https://www.pv-tech.org/eu-solar-plan-sets-2030-target-at-600gw-as-rooftop-pv-mandates-permitting-plans-are-unveiled
https://www.pv-tech.org/eu-solar-plan-sets-2030-target-at-600gw-as-rooftop-pv-mandates-permitting-plans-are-unveiled
https://www.pv-tech.org/eu-solar-plan-sets-2030-target-at-600gw-as-rooftop-pv-mandates-permitting-plans-are-unveiled
https://www.publicsenat.fr/article/parlementaire/l-obligation-de-pose-de-panneaux-photovoltaiques-sur-les-grands-parkings
https://www.publicsenat.fr/article/parlementaire/l-obligation-de-pose-de-panneaux-photovoltaiques-sur-les-grands-parkings
https://api.solarpowereurope.org/uploads/SPE_Note_Solar_Mandates_in_Europe_4103dcc90d.pdf
https://api.solarpowereurope.org/uploads/SPE_Note_Solar_Mandates_in_Europe_4103dcc90d.pdf
https://api.solarpowereurope.org/uploads/SPE_Note_Solar_Mandates_in_Europe_4103dcc90d.pdf
https://e360.yale.edu/digest/tokyo-rooftop-solar
https://e360.yale.edu/digest/tokyo-rooftop-solar
https://mainichi.jp/english/articles/20230209/p2a/00m/0sc/004000c
https://mainichi.jp/english/articles/20230209/p2a/00m/0sc/004000c
https://www.pv-magazine.com/2022/03/03/us-targets-5-million-community-solar-households-by-2025
https://www.pv-magazine.com/2022/03/03/us-targets-5-million-community-solar-households-by-2025
https://www.energy.gov.au/government-priorities/australias-energy-strategies-and-frameworks/powering-australia
https://www.energy.gov.au/government-priorities/australias-energy-strategies-and-frameworks/powering-australia
https://www.energy.gov.au/government-priorities/australias-energy-strategies-and-frameworks/powering-australia
https://www.reuters.com/business/energy/four-eu-countries-increase-offshore-wind-power-capacity-tenfold-2022-05-17
https://www.reuters.com/business/energy/four-eu-countries-increase-offshore-wind-power-capacity-tenfold-2022-05-17
https://www.reuters.com/business/energy/four-eu-countries-increase-offshore-wind-power-capacity-tenfold-2022-05-17
https://renews.biz/82706/eu-approves-german-offshore-wind-policy-changes
https://renews.biz/82706/eu-approves-german-offshore-wind-policy-changes
https://www.nopsema.gov.au/blogs/offshore-electricity-infrastructure-regulations-now-available
https://www.nopsema.gov.au/blogs/offshore-electricity-infrastructure-regulations-now-available
https://theinvestor.vn/new-power-development-plan-needs-quality-more-than-speed-pm-d3579.html
https://theinvestor.vn/new-power-development-plan-needs-quality-more-than-speed-pm-d3579.html
https://theinvestor.vn/new-power-development-plan-needs-quality-more-than-speed-pm-d3579.html
https://www.windpowermonthly.com/article/1821712
https://www.windpowermonthly.com/article/1821712
https://www.euractiv.com/section/energy-environment/news/polish-parliament-votes-700-metre-rule-for-wind-turbines
https://www.euractiv.com/section/energy-environment/news/polish-parliament-votes-700-metre-rule-for-wind-turbines
https://www.euractiv.com/section/energy-environment/news/polish-parliament-votes-700-metre-rule-for-wind-turbines
https://renewablesnow.com/news/ireland-presents-policy-for-second-phase-of-offshore-wind-817069
https://renewablesnow.com/news/ireland-presents-policy-for-second-phase-of-offshore-wind-817069
https://renewablesnow.com/news/ireland-presents-policy-for-second-phase-of-offshore-wind-817069
https://www.government.nl/documents/diplomatic-statements/2021/07/01/joint-statement-of-chile-and-the-netherlands-on-collaboration-in-the-field-of-green-hydrogen-import-and-export
https://www.government.nl/documents/diplomatic-statements/2021/07/01/joint-statement-of-chile-and-the-netherlands-on-collaboration-in-the-field-of-green-hydrogen-import-and-export
https://www.government.nl/documents/diplomatic-statements/2021/07/01/joint-statement-of-chile-and-the-netherlands-on-collaboration-in-the-field-of-green-hydrogen-import-and-export
https://www.government.nl/documents/diplomatic-statements/2021/07/01/joint-statement-of-chile-and-the-netherlands-on-collaboration-in-the-field-of-green-hydrogen-import-and-export
https://www.iea.org/reports/hydrogen
https://www.iea.org/reports/hydrogen
https://gh2.org/countries/Argentina
https://gh2.org/countries/Argentina
https://fuelcellsworks.com/news/south-africa-launches-hydrogen-society-roadmap
https://fuelcellsworks.com/news/south-africa-launches-hydrogen-society-roadmap
https://www.eqmagpro.com/austria-targets-4-twh-green-hydrogen-production-annually-under-hydrogen-strategy-by-2030-eq-mag-pro
https://www.eqmagpro.com/austria-targets-4-twh-green-hydrogen-production-annually-under-hydrogen-strategy-by-2030-eq-mag-pro
https://www.eqmagpro.com/austria-targets-4-twh-green-hydrogen-production-annually-under-hydrogen-strategy-by-2030-eq-mag-pro
https://www.gub.uy/ministerio-industria-energia-mineria/hidrogenoverde
https://www.gub.uy/ministerio-industria-energia-mineria/hidrogenoverde
https://www.cnbc.com/2022/09/08/clean-hydrogen-industry-got-huge-boost-from-inflation-reduction-act.html
https://www.cnbc.com/2022/09/08/clean-hydrogen-industry-got-huge-boost-from-inflation-reduction-act.html
https://climatechampions.unfccc.int/africa-green-hydrogen-alliance
https://climatechampions.unfccc.int/africa-green-hydrogen-alliance
https://www.ehpa.org/2023/05/19/ehpa_news/shaping-europes-energy-landscape-a-deep-dive-into-fit-for-55-and-renewable-heating
https://www.ehpa.org/2023/05/19/ehpa_news/shaping-europes-energy-landscape-a-deep-dive-into-fit-for-55-and-renewable-heating
https://www.ehpa.org/2023/05/19/ehpa_news/shaping-europes-energy-landscape-a-deep-dive-into-fit-for-55-and-renewable-heating
https://ec.europa.eu/commission/presscorner/detail/en/ip_23_510
https://ec.europa.eu/commission/presscorner/detail/en/ip_23_510
https://energy.ec.europa.eu/topics/research-and-technology/strategic-energy-technology-plan_env
https://energy.ec.europa.eu/topics/research-and-technology/strategic-energy-technology-plan_env
https://www.iea.org/reports/district-heating
https://www.iea.org/reports/district-heating
https://solarthermalworld.org/news/fund-of-eur-3-billion-for-decarbonising-german-district-heating
https://solarthermalworld.org/news/fund-of-eur-3-billion-for-decarbonising-german-district-heating
https://www.thinkgeoenergy.com/danish-parliament-adopts-new-rules-to-support-geothermal
https://www.thinkgeoenergy.com/danish-parliament-adopts-new-rules-to-support-geothermal
https://www.iea.org/policies/14334-net-zero-strategy-heat-and-buildings
https://www.iea.org/policies/14334-net-zero-strategy-heat-and-buildings
https://www.iea.org/reports/the-future-of-heat-pumps
https://www.iea.org/reports/the-future-of-heat-pumps

ENDNOTES - RENEWABLES IN ENERGY SUPPLY 2023

94

95

96

97

98

99

100

101

European Heat Pump Association, "REPowerEU: Heat

Pump Strategy Required to Help Sector Deliver”, June 12,

2022, https://www.ehpa.org/2022/06/12/ehpa_news/
repowereu-heat-pump-strategy-required-to-help-sector-deliver.
N.J. Kurmayer, "Brussels Prepares 'Strategy’ to Boost

Deployment of Heat Pumps”, Euractiv, March 10, 2023, https://
www.euractiv.com/section/energy-environment/news/

brussels-prepares-strategy-to-boost-deployment-of-heat-pumps.

Connexion France, "Recap: 12 Changes in France - Eye Tests,
Covid Rules, Heat Pumps, Fuel”, February 23, 2023, https://www.
connexionfrance.com/article/French-news/Recap-12-changes-
in-France-eye-tests-Covid-rules-heat-pumps-fuel.

M. Willuhn, “Germany's New Rebate Program for Residential
Heat Pumps Has Come Into Effect”, pv magazine, January
5,2023, https://www.pv-magazine.com/2023/01/05/
germany-launches-rebate-program-for-residential-heat-pumps.

R. Desmornes, “The Inflation Reduction Act
‘Pumps Up' Heat Pumps”, Hvac, November 4, 2022,
https://live-hvac-ci.pantheonsite.io/resources/
inflation-reduction-act-heat-pump-rebates.

Ministry of Housing and Urban-Rural Development of China,
“Notice of the Ministry of Housing and Urban-Rural Development
on Printing and Distributing the "14th Five-Year Plan’ Building Energy
Conservation and Green Building Development Plan”, March 1,
2022, http://www.gov.cn/zhengce/zhengceku/2022-03/12/
content_5678698.htm (using Google Translate).

Natural Resources Canada, "Making Home Heating More
Affordable for Canadians While Fighting Climate Change”,
November 21, 2022, https://www.canada.ca/en/natural-resources-
canada/news/2022/11/making-home-heating-more-affordable-
for-canadians-while-fighting-climate-change.html; EnergyTech,
“New York Investing $70M for 30,000 Heat Pumps for Electrifying
Public Housing", August 4, 2022, https://www.energytech.com/
energy-efficiency/article/21248084/new-york-investing-70m-for-
30000-heat-pumps-for-electrifying-public-housing.

IEA, op. cit. note 92, p. 23.

% REN21

ENDNOTES | POLICY

93



https://www.ehpa.org/2022/06/12/ehpa_news/repowereu-heat-pump-strategy-required-to-help-sector-deliver
https://www.ehpa.org/2022/06/12/ehpa_news/repowereu-heat-pump-strategy-required-to-help-sector-deliver
https://www.euractiv.com/section/energy-environment/news/brussels-prepares-strategy-to-boost-deployment-of-heat-pumps
https://www.euractiv.com/section/energy-environment/news/brussels-prepares-strategy-to-boost-deployment-of-heat-pumps
https://www.euractiv.com/section/energy-environment/news/brussels-prepares-strategy-to-boost-deployment-of-heat-pumps
https://www.connexionfrance.com/article/French-news/Recap-12-changes-in-France-eye-tests-Covid-rules-heat-pumps-fuel
https://www.connexionfrance.com/article/French-news/Recap-12-changes-in-France-eye-tests-Covid-rules-heat-pumps-fuel
https://www.connexionfrance.com/article/French-news/Recap-12-changes-in-France-eye-tests-Covid-rules-heat-pumps-fuel
https://www.pv-magazine.com/2023/01/05/germany-launches-rebate-program-for-residential-heat-pumps
https://www.pv-magazine.com/2023/01/05/germany-launches-rebate-program-for-residential-heat-pumps
https://live-hvac-ci.pantheonsite.io/resources/inflation-reduction-act-heat-pump-rebates
https://live-hvac-ci.pantheonsite.io/resources/inflation-reduction-act-heat-pump-rebates
http://www.gov.cn/zhengce/zhengceku/2022-03/12/content_5678698.htm
http://www.gov.cn/zhengce/zhengceku/2022-03/12/content_5678698.htm
https://www.canada.ca/en/natural-resources-canada/news/2022/11/making-home-heating-more-affordable-for-canadians-while-fighting-climate-change.html
https://www.canada.ca/en/natural-resources-canada/news/2022/11/making-home-heating-more-affordable-for-canadians-while-fighting-climate-change.html
https://www.canada.ca/en/natural-resources-canada/news/2022/11/making-home-heating-more-affordable-for-canadians-while-fighting-climate-change.html
https://www.energytech.com/energy-efficiency/article/21248084/new-york-investing-70m-for-30000-heat-pumps-for-electrifying-public-housing
https://www.energytech.com/energy-efficiency/article/21248084/new-york-investing-70m-for-30000-heat-pumps-for-electrifying-public-housing
https://www.energytech.com/energy-efficiency/article/21248084/new-york-investing-70m-for-30000-heat-pumps-for-electrifying-public-housing

ENDNOTES - RENEWABLES IN ENERGY SUPPLY 2023

ENDNOTES - INVESTMENT AND FINANCE

1

26
27
28
29

30
31

32
33

34
35
36
37
38

BloombergNEF, “Energy Transition Investment Trends 2023”,
2023, https://about.bnef.com/energy-transition-investment.
Ibid.

Ibid.

International Renewable Energy Agency (IRENA) and Climate
Policy Initiative (CPI), "Global Landscape of Renewable Energy
Finance 2023", 2023, https://mc-cd8320d4-36a1-40ac-83cc-
3389-cdn-endpoint.azureedge.net/-/media/Files/IRENA/
Agency/Publication/2023/Feb/IRENA_CPI_Global _RE_
finance_2023.pdf.

International Energy Agency (IEA), “Russia’s War on Ukraine

- Topics”, https://www.iea.org/topics/russias-war-on-ukraine,
accessed March 29, 2023.

Ibid.

N. Bullard, “Clean Energy Sets $1.1 Trillion Record That's
Bound to Be Broken", Bloomberg, January 26, 2023,
https://www.bloomberg.com/news/articles/2023-01-26/
clean-energy-fossil-fuel-investment-tied-for-first-time-in-2022.
Ibid.

IRENA and CPI, op. cit. note 4.

Ibid.

Figure 9 from BloombergNEF, op. cit. note 1.

Ibid.

Ibid.; IEA, “Renewable Power Is Set to Break Another Global
Record in 2022 Despite Headwinds from Higher Costs and
Supply Chain Bottlenecks”, May 11, 2022, https://www.iea.org/
news/renewable-power-is-set-to-break-another-global-record-
in-2022-despite-headwinds-from-higher-costs-and-supply-
chain-bottlenecks; WindEurope, "Wind Energy in Europe 2022
Statistics and the Outlook for 2023-2027", February 2023,
https://windeurope.org/intelligence-platform/product/wind-
energy-in-europe-2022-statistics-and-the-outlook-for-2023-
2027/#downloads.

A. Joshi, “Investments in Renewables Reach New

High in 2022 But Need Massive Increase”, Mercom

India, March 16, 2023, https://mercomindia.com/
investments-renewables-2022-need-increase.

IRENA and CPI, op. cit. note 4.

Joshi, op. cit. note 14; IRENA and CPI, op. cit. note 4.

IRENA and CPI, op. cit. note 4.

BloombergNEF, op. cit. note 1.

Ibid.

Ibid.

Ibid.

Ibid.

Ibid.

Ibid.

A. Izadi-Najafabadi, BloombergNEF, personal communication
with REN21, April 10, 2023.

Ibid..

Ibid.

BloombergNEF, op. cit. note 1.

WindEurope, “Investments in Wind Energy Are Down - Europe
Must Get Market Design and Green Industrial Policy Right”,
January 31, 2023, https://windeurope.org/newsroom/press-
releases/investments-in-wind-energy-are-down-europe-must-
get-market-design-and-green-industrial-policy-right.
BloombergNEF, op. cit. note 1.

Ibid.

Ibid.

F. Harvey, "UK Investment in Clean Energy Transition Falls 10%,
Bucking Global Trend", The Guardian, April 27, 2023, https://
www.theguardian.com/environment/2023/apr/27/uk-investment-
in-clean-energy-transition-falls-10-bucking-global-trend; H.
Horton, “De Facto Ban on Solar Farms in England to Continue,
Coffey Signals”, The Guardian, November 17, 2022, https://www.
theguardian.com/environment/2022/nov/17/de-facto-ban-on-
solar-farms-in-england-to-continue-therese-coffey-signals.
BloombergNEF, op. cit. note 1.

Ibid.

Ibid.

Ibid.

Izadi-Najafabadi, op. cit. note 25.

39
40
41

42
43
44

45
46
47
48
49
50
51

52

53
54
55
56
57
58
59
60
61

62
63
64
65

66
67

68

69
70

7

72

73
74

% REN21

Ibid.

BloombergNEF, op. cit. note 1.
Izadi-Najafabadi, op. cit. note 25.
BloombergNEF, op. cit. note 1.
Ibid.

R. Wiser, Lawrence Berkeley National Laboratory, personal
communication with REN21, February 23, 2023.

BloombergNEF, op. cit. note 1.
Ibid.

Ibid.

Izadi-Najafabadi, op. cit. note 25.
Ibid.

BloombergNEF, op. cit. note 1.
Ibid.

J. Ellis, BloombergNEF, personal communication with REN21,
March 29, 2023.

Ibid.

Ibid.

Ibid.

BloombergNEF, op. cit. note 1.
Ibid.

Ibid.

Ellis, op. cit. note 52.

Ibid.

Ibid.

Ibid.

BloombergNEF, op. cit. note 1.
Ibid.

European Commission, “South Africa Just Energy Transition
Investment Plan”, November 7, 2022, https://ec.europa.eu/
commission/presscorner/detail/en/statement_22_6664.

Ibid.

B. Ireri and R. Shirley, "Powering Growth", IMF, Finance &
Development, Vol. 58, No. 3 (September 2021), https://www.imf.
org/en/Publications/fandd/issues/2021/09/fighting-climate-
change-in-Africa-ireri; IEA, “Financing Clean Energy Transitions
in Emerging and Developing Economies”, 2021, https://iea.
blob.core.windows.net/assets/6756ccd2-0772-4ffd-85e4-
b73428ff9c72/FinancingCleanEnergyTransitionsinEMDEs_
WorldEnergylnvestment2021SpecialReport.pdf.

ENDNOTES | INVESTMENT AND FINANCE

IEA, “The Cost of Capital in Clean Energy Transitions -
Analysis", December 17, 2021, https://www.iea.org/articles/
the-cost-of-capital-in-clean-energy-transitions.

Ibid.

Figure 11 from IEA. World Energy Investment 2022, https://
iea.blob.core.windows.net/assets/bObeda65-8ald-46ae-87a2-
f95947ec2714/WorldEnergylnvestment2022.pdf.

IRENA and CPI, op. cit. note 4.

P.R. Shukla et al., "Summary for Policymakers. Climate Change
2022: Mitigation of Climate Change. Contribution of Working Group
11l to the Sixth Assessment Report of the Intergovernmental Panel
on Climate Change", 2022, https://www.ipcc.ch/report/ar6/wg3/
downloads/report/IPCC_AR6_WGIII_SPM.pdf.

Ibid.

IRENA and CPI, op. cit. note 4; BloombergNEF, “Wind and Solar
Propel Net-Zero Power Supply Investment”, January 19, 2023,
https://about.bnef.com/blog/wind-and-solar-propel-net-zero-
power-supply-investment. Figure 12 from BloombergNEF,
"Energy Transition Investment Trends 2023", 2023, https://assets.
bbhub.io/professional/sites/24/energy-transition-investment-
trends-2023.pdf; IRENA, "Global Landscape of Renewable
Energy Finance 2023", 2023, https://mc-cd8320d4-36al-
40ac-83cc-3389-cdn-endpoint.azureedge.net/-/media/Files/
IRENA/Agency/Publication/2023/Feb/IRENA_CPI_Global _RE_
finance_2023.pdf, BloombergNEF, “Wind and Solar Propel...",
op. cit. this note.; Teske et. al., "One Earth Climate Model", 2022,
https://doi.org/10.1007/978-3-030-99177-7.

94


https://about.bnef.com/energy-transition-investment
https://mc-cd8320d4-36a1-40ac-83cc-3389-cdn-endpoint.azureedge.net/-/media/Files/IRENA/Agency/Publication/2023/Feb/IRENA_CPI_Global_RE_finance_2023.pdf
https://mc-cd8320d4-36a1-40ac-83cc-3389-cdn-endpoint.azureedge.net/-/media/Files/IRENA/Agency/Publication/2023/Feb/IRENA_CPI_Global_RE_finance_2023.pdf
https://mc-cd8320d4-36a1-40ac-83cc-3389-cdn-endpoint.azureedge.net/-/media/Files/IRENA/Agency/Publication/2023/Feb/IRENA_CPI_Global_RE_finance_2023.pdf
https://mc-cd8320d4-36a1-40ac-83cc-3389-cdn-endpoint.azureedge.net/-/media/Files/IRENA/Agency/Publication/2023/Feb/IRENA_CPI_Global_RE_finance_2023.pdf
https://www.iea.org/topics/russias-war-on-ukraine
https://www.bloomberg.com/news/articles/2023-01-26/clean-energy-fossil-fuel-investment-tied-for-first-time-in-2022
https://www.bloomberg.com/news/articles/2023-01-26/clean-energy-fossil-fuel-investment-tied-for-first-time-in-2022
https://www.iea.org/news/renewable-power-is-set-to-break-another-global-record-in-2022-despite-headwinds-from-higher-costs-and-supply-chain-bottlenecks
https://www.iea.org/news/renewable-power-is-set-to-break-another-global-record-in-2022-despite-headwinds-from-higher-costs-and-supply-chain-bottlenecks
https://www.iea.org/news/renewable-power-is-set-to-break-another-global-record-in-2022-despite-headwinds-from-higher-costs-and-supply-chain-bottlenecks
https://www.iea.org/news/renewable-power-is-set-to-break-another-global-record-in-2022-despite-headwinds-from-higher-costs-and-supply-chain-bottlenecks
https://windeurope.org/intelligence-platform/product/wind-energy-in-europe-2022-statistics-and-the-outlook-for-2023-2027/#downloads
https://windeurope.org/intelligence-platform/product/wind-energy-in-europe-2022-statistics-and-the-outlook-for-2023-2027/#downloads
https://windeurope.org/intelligence-platform/product/wind-energy-in-europe-2022-statistics-and-the-outlook-for-2023-2027/#downloads
https://mercomindia.com/investments-renewables-2022-need-increase
https://mercomindia.com/investments-renewables-2022-need-increase
https://windeurope.org/newsroom/press-releases/investments-in-wind-energy-are-down-europe-must-get-market-design-and-green-industrial-policy-right
https://windeurope.org/newsroom/press-releases/investments-in-wind-energy-are-down-europe-must-get-market-design-and-green-industrial-policy-right
https://windeurope.org/newsroom/press-releases/investments-in-wind-energy-are-down-europe-must-get-market-design-and-green-industrial-policy-right
https://www.theguardian.com/environment/2023/apr/27/uk-investment-in-clean-energy-transition-falls-10-bucking-global-trend
https://www.theguardian.com/environment/2023/apr/27/uk-investment-in-clean-energy-transition-falls-10-bucking-global-trend
https://www.theguardian.com/environment/2023/apr/27/uk-investment-in-clean-energy-transition-falls-10-bucking-global-trend
https://www.theguardian.com/environment/2022/nov/17/de-facto-ban-on-solar-farms-in-england-to-continue-therese-coffey-signals
https://www.theguardian.com/environment/2022/nov/17/de-facto-ban-on-solar-farms-in-england-to-continue-therese-coffey-signals
https://www.theguardian.com/environment/2022/nov/17/de-facto-ban-on-solar-farms-in-england-to-continue-therese-coffey-signals
https://ec.europa.eu/commission/presscorner/detail/en/statement_22_6664
https://ec.europa.eu/commission/presscorner/detail/en/statement_22_6664
https://www.imf.org/en/Publications/fandd/issues/2021/09/fighting-climate-change-in-Africa-ireri
https://www.imf.org/en/Publications/fandd/issues/2021/09/fighting-climate-change-in-Africa-ireri
https://www.imf.org/en/Publications/fandd/issues/2021/09/fighting-climate-change-in-Africa-ireri
https://iea.blob.core.windows.net/assets/6756ccd2-0772-4ffd-85e4-b73428ff9c72/FinancingCleanEnergyTransitionsinEMDEs_WorldEnergyInvestment2021SpecialReport.pdf
https://iea.blob.core.windows.net/assets/6756ccd2-0772-4ffd-85e4-b73428ff9c72/FinancingCleanEnergyTransitionsinEMDEs_WorldEnergyInvestment2021SpecialReport.pdf
https://iea.blob.core.windows.net/assets/6756ccd2-0772-4ffd-85e4-b73428ff9c72/FinancingCleanEnergyTransitionsinEMDEs_WorldEnergyInvestment2021SpecialReport.pdf
https://iea.blob.core.windows.net/assets/6756ccd2-0772-4ffd-85e4-b73428ff9c72/FinancingCleanEnergyTransitionsinEMDEs_WorldEnergyInvestment2021SpecialReport.pdf
https://www.iea.org/articles/the-cost-of-capital-in-clean-energy-transitions
https://www.iea.org/articles/the-cost-of-capital-in-clean-energy-transitions
https://iea.blob.core.windows.net/assets/b0beda65-8a1d-46ae-87a2-f95947ec2714/WorldEnergyInvestment2022.pdf
https://iea.blob.core.windows.net/assets/b0beda65-8a1d-46ae-87a2-f95947ec2714/WorldEnergyInvestment2022.pdf
https://iea.blob.core.windows.net/assets/b0beda65-8a1d-46ae-87a2-f95947ec2714/WorldEnergyInvestment2022.pdf
https://www.ipcc.ch/report/ar6/wg3/downloads/report/IPCC_AR6_WGIII_SPM.pdf
https://www.ipcc.ch/report/ar6/wg3/downloads/report/IPCC_AR6_WGIII_SPM.pdf
https://about.bnef.com/blog/wind-and-solar-propel-net-zero-power-supply-investment
https://about.bnef.com/blog/wind-and-solar-propel-net-zero-power-supply-investment
https://assets.bbhub.io/professional/sites/24/energy-transition-investment-trends-2023.pdf
https://assets.bbhub.io/professional/sites/24/energy-transition-investment-trends-2023.pdf
https://assets.bbhub.io/professional/sites/24/energy-transition-investment-trends-2023.pdf
https://mc-cd8320d4-36a1-40ac-83cc-3389-cdn-endpoint.azureedge.net/-/media/Files/IRENA/Agency/Public
https://mc-cd8320d4-36a1-40ac-83cc-3389-cdn-endpoint.azureedge.net/-/media/Files/IRENA/Agency/Public
https://mc-cd8320d4-36a1-40ac-83cc-3389-cdn-endpoint.azureedge.net/-/media/Files/IRENA/Agency/Public
https://mc-cd8320d4-36a1-40ac-83cc-3389-cdn-endpoint.azureedge.net/-/media/Files/IRENA/Agency/Public
https://doi.org/10.1007/978-3-030-99177-7

ENDNOTES - RENEWABLES IN ENERGY SUPPLY 2023

75

Sidebar 1 based on the following sources: I. Robertson,
“Cleaner Is Cheaper”, Innovators, June 2, 2020, https://www.
innovatorsmag.com/cleaner-is-cheaper; IRENA, “Record Growth
in Renewables Achieved Despite Energy Crisis”, March 21, 2023,
https://www.irena.org/News/pressreleases/2023/Mar/Record-9-
point-6-Percentage-Growth-in-Renewables-Achieved-Despite-
Energy-Crisis; 900 GW from S. Osaka, “This Little-Known
Bottleneck Is Blocking Clean Energy for Millions”, Washington
Post, December 21, 2022, https://www.washingtonpost.com/
climate-environment/2022/12/20/clean-energy-bottleneck-
transmission-lines; C. Clifford, “Wind and Solar Power Generators
Wait in Yearslong Lines to Put Clean Electricity on the Grid, Then
Face Huge Interconnection Fees They Can't Afford”, CNBC,

April 6, 2023, https://www.cnbc.com/2023/04/06/outdated-us-
energy-grid-tons-of-clean-energy-stuck-waiting-in-line.html;
8,100 projects from B. Plumer, “The U.S. Has Billions for Wind and
Solar Projects. Good Luck Plugging Them In.”, New York Times,
February 23, 2023, https://www.nytimes.com/2023/02/23/
climate/renewable-energy-us-electrical-grid.html; Reuters,
"Greek Renewables Fully Cover Power Demand for First Time on
Record”, October 10, 2022, https://www.reuters.com/business/
sustainable-business/greek-renewables-fully-cover-power-
demand-first-time-record-2022-10-10; H. Aposporis, “Greek
Government Adopts Stricter Rules for Renewables Connection”,
Balkan Green Energy News, October 13, 2022, https://
balkangreenenergynews.com/greek-government-adopts-stricter-
rules-for-connecting-renewables-to-grid; S. O'Farrell, "Australia
Invests Billions to Upgrade Grid Infrastructure”, FDI Intelligence,
January 17, 2023, https://www.fdiintelligence.com/content/news/
australia-invests-billions-to-upgrade-grid-infrastructure-81907;
H. Dempsey and G. Plimmer, “Renewables Groups Sound Alarm
over UK Grid Connection Delays”, Financial Times, February 6,
2023, https://www.ft.com/content/bc200569-cb85-4842-a59a-
f04d342805fc; North Carolina from Clifford, op. cit. this note; N.J.
Kurmayer, “German Electricity Grid Upgrade ‘Will Be Expensive',
Experts Warn - EU-SysFlex", EU-SysFlex, February 21, 2022,
https://eu-sysflex.com/german-electricity-grid-upgrade-will-
be-expensive-experts-warn; BloombergNEF, “Global Net Zero
Will Require $21 Trillion Investment In Power Grids”, March 2,
2023, https://about.bnef.com/blog/global-net-zero-will-require-
21-trillion-investment-in-power-grids; Thunder Said Energy,
"Renewables: How Much Time to Connect to the Grid?" https://
thundersaidenergy.com/downloads/renewables-how-much-
time-to-connect-to-the-grid, accessed May 2, 2023; Germany
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pnbp-lampaui-target-menteri-esdm-sampaikan-rincian-torehan-
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industrial-heat-with-pvt-collectors-and-heat-pumps; Weiss and
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of choice, from Epp, op. cit. this note; in Australia, heat pumps
are challenging solar thermal for both the residential hot water
market and for pool heating, from D. Ferrari, Exemplary Energy,
personal communication with REN21, May 5, 2023. For additional
examples, see text and sources throughout this section.

Weiss and Spork-Dir, op. cit. note 1, p. 15. Note that China’s small
retail market declined in 2022, but the space heating market
increased.

B. Epp, solrico, personal communication with REN21, May 10,
2023. For example, see B. Epp, “Construction imminent on 77
MW solar heat plant for leisure resort”, Solar Thermal World,
April 30, 2022, https://solarthermalworld.org/news/construction-
imminent-on-77-mw-solar-heat-plant-for-leisure-resort; B.

Epp, “37 MW solar district heating plant in the Netherlands

with outstanding features”,Solar Thermal World, November 11,
2022, https://solarthermalworld.org/news/37-mw-solar-district-
heating-plant-in-the-netherlands-with-outstanding-features;

B. Epp, “Welcome to a new year and another chance for solar
heat to get big", Solar Thermal World, January 17, 2023, https://
solarthermalworld.org/news/welcome-to-a-new-year-and-
another-chance-for-solar-heat-to-get-big.

See text and sources throughout this section.

Solarthermalworld.org reported on solar thermal sales activities
in more than 150 countries worldwide during 2008-2022, based
on search of website, accessed April 7, 2023.

Based on 542 GW,, at the end of 2022, from Weiss and Spork-
Dir, op. cit. note 1, and on 523 GW,, at end-2021, from Spork-Diir,
op. cit. note 1. Figure 29 from the following: global solar thermal
capacity for glazed and unglazed water collectors is based on
historical data from W. Weiss and M. Spork-Dir, “Solar Heat
Worldwide, Global Market Development and Trends, Detailed
Market Figures”, multiple editions, IEA SHC, https://www.iea-shc.
org/solar-heat-worldwide, and on REN21, "Renewables Global
Status Report 2022", data for Figure 40, p. 138, https://www.

ren21.net/reports/global-status-report; data for 2022 are from
Weiss and Spork-Dir, op. cit. note 1, and are based on the latest
market data from the following solar thermal markets - Australia,
Austria, Brazil, China, Cyprus, Denmark, Germany, Greece, India,
Italy, Mexico, State of Palestine, Poland, South Africa, Spain,
Turkiye and the United States - which represented 96% of the
cumulative installed capacity in operation in 2021, from Spork-
Dr, op. cit. note 1. Note that the difference between annually
installed capacity and net annual additions for most countries is
the capacity subtracted each year to account for the assumed
collector lifetime (generally 25 years), all from Weiss and Spork-
Dur, op. cit. note 1.

Figure of 442 TWh from Weiss and Spork-Diir, op. cit.
note 1, pp. 4, 84. Equivalence of 442 TWh and 260 million
barrels of oil equivalent from Kyle's Converter, https://
www.kylesconverter.com/energy,-work,-and-heat/
terawatt-hours-to-barrels-of-oil-equivalent.

Figure of 73% for China based on data from Weiss and Spork-
Dur, op. cit. note 1, and from Spork-Ddir, op. cit. note 1; top five
countries and ranking based on data from Ibid. and on additions
and cumulative data for top 20 countries from sources cited
throughout this section.

Top 20 countries and Figure 30 based on the latest market

data available for gross additions of glazed and unglazed water
collectors (not including concentrating, photovoltaic-thermal

and air collectors), at the time of publication, for countries that
together represent around 97% of the world total. Data from
original country sources include gross national additions and

were provided to REN21 during February-May 2023 from the
following sources: Australia from D. Ferrari, Sustainability Victoria;
Austria, China, Italy, Mexico and South Africa from Spork-Ddir, op.
cit. note 1, and from Weiss and Spork-Diir, op. cit. note 1; Brazil

from D. Johann, Associag&o Brasileira de Energia Solar Térmica
(ABRASOL); Cyprus from P. Kastanias, Cyprus Union of Solar
Thermal Industrialists (EBHEK); France from Spork-Ddr, op. cit.
note 1, and based on data from Uniclima, “Dossier de Presse: Bilan
2022 et perspectives 2023 des industries thermiques, aérauliques
et frigorifiques”, February 2, 2023, p. 9, and from Agence de la
transition écologique (ADEME); Germany from BSW Solar and
Federation of German Heating Industry (BDH), cited in J.P. Meyer,
"The German solar thermal market only grew slightly in the energy
crisis year 2022", February 14, 2023, https://solarthermalworld.org/
news/the-german-solar-thermal-market-only-grew-slightly-in-the-
energy-crisis-year-2022, and from A, Liesen, BSW Solar; Greece
from C. Travasaros, EBHE; India from J. Malaviya, STFI; Israel data
are for 2021 and from E. Shilton, Elsol; A. Fadlallah, Lebanese
Center for Energy Conservation; for Morocco a 13% decrease

in additions in 2022 was estimated based on the import value

in million USD for the months January to September 2022, from
Trademap, https://www.trademap.org, and provided by Epp, solrico
(the share of vacuum tube and flat plate collectors for Morocco was
not available); Poland from Weiss and Spérk-Dlr, op. cit. note 1, and
from J. Staroscik, SPIUG; Portugal from P. Dias, Solar Heat Europe;
Spain from P. Polo, ASIT; Turkiye from K. Ulke, Bural Solar, and from
Weiss and Spork-Dir, op. cit. note 1, Tables 11 and 12; United States
from B. Heavner, California Solar & Storage Association (CALSSA),
personal communication with REN21, May 2023. For Mexico, data
are 2021 installations because 2022 statistics were not available at
time of publication.

Installations in Lebanon were up 385% in 2022 based on data for
2021 additions from Weiss and Spork-Diir, op. cit. note 1, Table
13, and on a total of 86.3 MW, (123,329.8 m?) added during 2022,
from A. Fadlallah, Lebanese Center for Energy Conservation,
personal communication with REN21, May 12, 2023. The
Lebanese government removed subsidies for fuel and electricity,
causing prices to rise and triggering a drastic increase in solar
thermal system installations relative to previous years. Almost all
systems are used for domestic hot water in single-family homes,
from Fadlallah, op. cit. this note. Data are not yet available for
Tunisia, which was included among the top 20 for 2021in REN21,
op. cit. note 10, Figure 31; however, it is likely that this country
was not among the top 20 installers in 2022,

Sun Realm Think Tank, “2022 China Solar Thermal Industry
Operation Status Report’ officially released”, March 16, 2023, https://
mp.weixin.gg.com/s/1jXYS-8iMpstP2-3ddSerw (using Google
Translate); H. Cheng, Shandong SunVision Management Consulting,
personal communication with B. Epp, solrico, May 2023.

Based on data from Weiss and Spork-Dir, op. cit. note 1, and from
Spork-Dr, op. cit. note 1.

Weiss and Spork-Ddr, op. cit. note 1; Spork-Ddr, op. cit. note 1,
May 16, 2023. Installation data are slightly higher (using a different
methodology), but still estimated market decline of 12.3%, from
Sun Realm Think Tank, op. cit. note 15. Total installed capacity
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reflects an improvement in the quality of most brands of household
solar heating systems, with lifespans exceeding 15 years and, in
some cases, lasting for more than 20 years, from idem.

Sun Realm Think Tank, op. cit. note 15. Energy savings amount
to an estimated 1,001.66 million tonnes of standard coal, or the
equivalent of 27,846 GWh of electricity, from idem.

Based on data from Weiss and Spork-Diir, op. cit. note 1, and
from Spork-Dir, op. cit. note 1. Vacuum tube sales in 2022
totalled 17.968 million m? and flat plate collector sales were

5.757 million m?, with vacuum tubes accounting for 75.7% of total
sales, based on data from Sun Realm Think Tank, op. cit. note 15.

Sun Realm Think Tank, op. cit. note 15. The shares are based on a
sample survey of enterprises in several provinces and key regions
of China, from idem.

Ibid.
Ibid.

ABRASOL, “Pesquisa de producao e Vendas de Sistemas de
Aquecimento Solar 2023, Base 2022", April 2023, p. 2, https://
abrasol.org.br/wp-content/uploads/2023/04/Pesquisa-
de-Producao-e-Vendas-de-2023-ano-base-2022.pdf; E.
Engelniederhammer, “Hotel sector is important sales channel for
solar industry in Brazil”, Solar Thermal World, April 21, 2023, https://
solarthermalworld.org/news/hotel-sector-is-important-sales-
channel-for-solar-industry-in-brazil. Sales rose 28% in 2021, driven
by the energy crisis and rising electric rates, which encouraged
people to invest in their homes and, as of early 2022, the expectation
was that Brazil's market would see an increase of 30% for the year,
from ABRASOL, "Produg&o de aquecedor solar de dgua cresce 28%
em 2021", Boletim 24, February 2022, https://abrasol.org.br/boletim-
i-fevereiro-i-no24-2022-2 (using Google Translate).

ABRASOL, "Pesquisa de produgao...”, op. cit. note 23, p. 6.

D. Johann, ABRASOL, personal communication with REN21,
March 2023. Brazil added 920,463 m? of unglazed collector
area, 821,248 m? of glazed collectors and 38,124 m? of vacuum
tube collectors (bringing total additions to 1,779,835 m?), from
idem. The residential sector remained the primary market (73%),
followed by the commercial sector (19%); the industrial sector
represented 6% and social projects only 2%, from ABRASOL,
“Pesquisa de produgao...”, op. cit. note 23, p. 2.

The residential sector remained the primary market (73%),
followed by the commercial sector (19%); the industrial sector
represented 6% and social projects only 2%, from ABRASOL,
“Pesquisa de produgao...”, op. cit. note 23, p. 2. Use in hotels and
2-4 year payback, from L.A. dos Santos Pinto, ABRASOL and
Solis, cited in Engelniederhammer, op. cit. note 23.

Figure of 8.5% from ABRASOL, "Pesquisa de produgao...”, op. cit.
note 23, p. 4; cumulative capacity based on 9,066 MW,, from Spork-
Dir, op. cit. note 1, and from Weiss and Spork-Dir, op. cit. note 1.

Based on data from J. Malaviya, Malaviya Solar Energy
Consultancy, personal communication with REN21, March 2023.

Additions in 2022 based on data from J. Malaviya, Malaviya Solar
Energy Consultancy, cited in Epp, op. cit. note 5; year-end totals
(water collectors only) based on 19,827,079 m? (15,246,893 m?

of vacuum tube collector area and 4,580,186 m? of flat plate
collector area), from Weiss and Spork-Dir, op. cit. note 1. The
third phase of the Jawaharlal Nehru National Solar Mission
required 20 million m? of solar thermal collector area to be in
operation at the end of 2022, from B. Epp, “India close to the Solar
Mission target of 20 million m? collector area”, Solar Thermal
World, February 22, 2022, https://solarthermalworld.org/news/
india-close-to-the-solar-mission-target-of-20-million-m2.

Based on data from Malaviya, cited in Epp, op. cit. note 5. A little
over 75,000 m? of flat plate collector area was installed during
2022, from idem.

Epp, op. cit. note 5.
Ibid.

Importance of small-scale from Y. Akay, Solimpeks Solar Corp,
personal communication with B. Epp, solrico, February 2022; second
after China for large systems from Weiss and Spork-Ddr, op. cit. note

1. Turkiye had 18 large-scale systems (>350 kW,,; 500 m?) with a total
installed capacity of 14.2 MW,,,, from Weiss and Spork-Ddr, op. cit. note
1. India’s main solar thermal application continued to be thermosiphon
systems for single-family houses, from Epp, op. cit. note 5.

Akay, op. cit. note 33.

The parabolic trough system has a cooling capacity of 3.5 MW,
and is operating at a packaging factory in Izmir, from Weiss
and Spork-Dir, op. cit. note 1. See also B. Epp, “Solar steam

to cool production halls in southern Turkey”, Solar Thermal
World, July 5, 2022, https://solarthermalworld.org/news/
solar-steam-to-cool-production-halls-in-southern-turkey.

36
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44
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47

48
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52

Estimated additions in 2022 from K. Ulke, Bural Solar, personal
communication with REN21, May 16, 2023; estimated market
decline based on 2021 additions from Weiss and Spork-Dlir, op.
cit. note 1, Tables 11 and 12; end-2022 capacity from Spork-Diir,
op. cit. note 1, and from Weiss and Spork-Dlir, op. cit. note 1.

Ulke, op. cit. note 36.

Additions based on data from Heavner, op. cit. note 13 (US new
additions of vacuum tube collectors were not available); estimated
total capacity from Spork-Ddr, op. cit. note 1.

Brazil from information and sources in this section; Australia from
Ferrari, op. cit. note 5; United States from Heavner, op. cit. note 13.

US unglazed based on 839,122 m? of collector area installed in
2022, accounting for nearly 95% of additions, based on data

from Heavner, op. cit. note 13; Australia based on an estimated
350,000 m? of unglazed collector area installed in 2022, accounting
for 71.5% of the year's installations, from Ferrari, op. cit. note 5.

B. Epp, solrico, personal communication with REN21,

April 2022 and May 2023. For Italy, for example,

see R. Battisti, “Conto Termico: Good incentive but

with room for improvement”, Solar Thermal World,

April 25, 2023, https://solarthermalworld.org/news/
conto-termico-good-incentive-but-with-room-for-improvement.

Based on preliminary data from L. Mico, Solar Heat Europe

/ European Solar Thermal Industry Federation, personal
communication with REN21, May 5, 2023. The preliminary data
show a slight increase in Spain relative to 2021.

Based on P. Dias, Solar Heat Europe, personal communication
with B. Epp, solrico, April 2022. In Germany, more than half of new
installations in 2022 were water heating systems on rooftops, with
single family houses accounting for the largest share of demand,
based on data from A. Liesen, BSW Solar, personal communication
with REN21, February 28 and March 2, 2023; estimate by D. Lange,
cited in Meyer, op. cit. note 13; and data from German industry
associations BSW Solar and BDH, cited in Meyer, op. cit. note 13.
In Greece, the market is mostly hot water systems for single-family
homes, from C. Travasaros, EBHE, personal communication with
REN21, April 11,2023. In Italy, as of 2020, 76% of solar thermal heat
was used by residential customers, from Battisti, op. cit. note 41,
and 90% of new collector area in 2021 was to provide hot water,
from R. Battisti, "Superbonus has pushed solar heat in Italy”, Solar
Thermal World, March 9, 2022, https://solarthermalworld.org/
news/superbonus-has-pushed-solar-heat-in-italy. In Poland, the
majority of systems installed in 2022 were for domestic hot water,
with 64% for single-family and 20% for multi-family residences,
from Weiss and Spork-Diir, op. cit. note 1. In Spain, most 2022
installations were flat plate collectors (almost 94%) and used by
households, from P. Polo, ASIT, personal communication with
REN21, March 3, 2023. Flat plate collectors were followed in Spain
by vacuum tube collectors (4.8%) and unglazed collectors for
swimming pool heating (1.4 %); multi-family houses accounted for
almost half of demand (45%), with single family houses accounting
for 35%, all from Polo, op. cit. this note.

Based on data and sources throughout this section.

Data from German industry associations BSW Solar and BDH,
cited in Meyer, op. cit. note 13, and from Liesen, op. cit. note 43.
The 2022 additions were up from 448 MW, in 2021, from Meyer,
op. cit. note 13.

Data from German industry associations BSW Solar and BDH,
cited in Meyer, op. cit. note 13. Germany'’s annual market held
even in 2021 relative to 2020, in which the market expanded 26%
over 2019, from idem.

D. Lange, cited in Meyer, op. cit. note 13; Liesen, op. cit. note

43. The government continued to fund residential installations
through the Federal Office for Economic Affairs and Export
Control (BAFA), from idem. Note that growth was due primarily
to the energy crisis because subsidies enacted in 2021 did not
have much effect on market in 2022, from Lange, op. cit. this note.
Germany saw nearly 77,000 applications for federal funding that
included a solar thermal system in 2022, up 75% over 2021; the
greatest increase in applications submitted was for heat pumps
(up 429%), from Meyer, op. cit. note 13.

Total capacity in operation at end-2022, from Liesen, op. cit. note
43,

C. Travasaros, op. cit. note 43, January 29, 2023.

C. Travasaros, op. cit. note 43, April 11, 2023.

E. Engelniederhammer, “Greek factories: a new

collector every 72 seconds”, Solar Thermal World,

May 31, 2022, https://solarthermalworld.org/news/
greek-factories-a-new-collector-every-72-seconds.

Ibid.
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Travasaros, op. cit. note 43, January 29, 2023.
Weiss and Spork-Dlir, op. cit. note 1, and from Spork-Dir, op. cit. note 1.
Battisti, op. cit. note 43.

Battisti, op. cit. note 41; R. Battisti, “National Round Table
discusses market development and policies in Italy”, Solar
Thermal World, November 2022, https://solarthermalworld.org/
news/national-round-table-discusses-market-development-and-
policies-in-italy; Battisti, op. cit. note 43. The market in 2021 also
was driven by construction, with 2021 being a record year for the
building industry, from idem. The Superbonus was extended in
2022 to be in effect until the end of 2025, with rates decreasing
over time, from ANIMA Confindustria Meccanica Varia, "Guida

al nuovo Superbonus”, https://www.anima.it/media/news/
superbonus/superbonus-anima.kl, accessed May 8, 2023 (using
Google Translate). However, the Superbonus does not cover solar
thermal district heating systems, from Battisti, op. cit. this note.

J. Staroscik, SPIUG, personal communication with REN21,
February 1, 2023; Weiss and Spork-Dir, op. cit. note 1. The
210,000 m? of solar water collectors included 208,500 m? of
glazed collectors and 1,500 m? of vacuum tube collectors, from
idem, both sources.

Weiss and Spork-Dir, op. cit. note 1.

Ibid. Of the total in operation at the end of 2022, 85% were flat
plate and the remainder vacuum tube collectors, from idem.

Confirmed by P. Polo, ASIT, peer review comment, April 2023.

Figure of 12% and estimated 2022 additions, from Polo, op. cit.
note 43; decline for period 2017-2021, from P. Polo, ASIT, cited

in A.D. Rosell, "More than EUR 1 billion of incentives available

in Spain”, Solar Thermal World, October 12, 2022, https://
solarthermalworld.org/news/more-than-eur-1-billion-of-
incentives-available-in-spain. Flat plate collectors were followed
by vacuum tube collectors (4.8%) and unglazed collectors for
swimming pool heating (1.4 %); multi-family houses accounted
for almost half of demand (45%), with single family houses
accounting for 35%, all from Polo, op. cit. note 43.

Polo, op. cit. note 43.

Ibid. Spain has five subsidy schemes that support solar thermal
(and other renewable technologies and heat pumps), and that
were implemented between late 2021 and the end of 2022, with
funds available through 2023, from Rosell, op. cit. note 61.

Weiss and Spork-Diir, op. cit. note 1.

Austria extended a large-scale system in Graz, from Weiss and
Spork-Dir, op. cit. note 1; Denmark from D. Trier, PlanEnergi,
personal communication with REN21, February 27, 2023; Italy
commissioned two solar thermal plants, in the district heating
networks of Turin and Verona, from Battisti, op. cit. note 41.

Weiss and Spork-Diir, op. cit. note 1, p. 17. Year-end total
installations of concentrating collector technologies (linear
Fresnel, parabolic trough and dish) were reported by aperture
area and converted into solar thermal capacity using the
internationally accepted convention for stationary collectors,
1 million m? = 0.7 GW,,.

Weiss and Spork-Ddr, op. cit. note 1. The figure of 25 is based on
an average reported size of 4.86 MW,, (6,945 m?) per facility, from
idem. In 2021, China commissioned around 20 large-scale solar
heating systems in total, including solar thermal district heating
systems; by the end of 2022, 571 large-scale solar thermal systems
(>350 kW,,, 500 m?) were in operation (totalling 2,148 MW,

3.1 million m?), including district heating systems and those for
individual buildings. The total installed capacity of these systems
equaled 2,148 MW, corresponding to 3.1 million m? collector
area, from idem, pp. 4, 17. Note that China's national statistics
do not distinguish between the two different uses of large-scale
systems, from Sun Realm Think Tank, “2021 Solar Heating
Market Yearbook”, April 7, 2022, https://mp.weixin.qg.com/s/
066GAR8KQMK?7I17DB_yapPQ.

Based on data in Figure 9, from Weiss and Spork-Dir, op. cit. note 1.

Weiss and Spork-Ddr, op. cit. note 1. See also B. Epp,
“Concentrating solar heat capacity quadruples in 2022", Solar
Thermal World, August 29, 2022, https://solarthermalworld.org/
news/concentrating-solar-heat-capacity-quadruples-in-2022.

Record year based on data from Steinbeis Research Institute
Solites, cited in Solar Warme Netze, "2022 Rekordjahr fiir solare
Warmenetze in Deutschland”, March 28, 2023, https://www.
solare-waermenetze.de/2023/03/28/solare-waermenetze-in-
betrieb-2023 (using Google Translate); data for Germany in 2022
from Meyer, op. cit. note 13, and from Liesen, op. cit. note 43; all
Europe in 2021 from Spoérk-Diir, op. cit. note 1, April 2022.

Data from Liesen, op. cit. note 43; and from German industry
associations BSW Solar and BDH, cited in Meyer, op. cit. note 13.
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Drivers from H. Huther, district heating association AGFW, cited in
Solar Warme Netze, op. cit. note 70. A growing number of district
heating systems in Germany and increased interest among home
owners has led to a rapid increase in demand for vacuum tube
collectors in recent years, rising from 15% of newly installed collector
area in 2020 to 26% in 2022 (130 MW,,, 185,000 m?). Around

130 MW,, (185,000 m?) of vacuum tube collectors were added in
2022 and nearly 367 MW, (524,000 m?) of flat plate collectors, from
Liesen, op. cit. note 43.

Liesen, op. cit. note 43; E. Augsten, "Will smart district heating
bring solar thermal back into focus in Germany?" Solar Thermal
World, October 11, 2022, https://solarthermalworld.org/news/
will-smart-district-heating-bring-solar-thermal-back-into-focus-
in-germany. Other systems that came into operation in 2022
were in Lemgo (9,118 m?), Aschersleben (3,717 m?), Schonwald
(2,860 m?), Horb am Neckar (2,416 m?), Markt Erlbach (2,400 m?),
and Dettenhausen and Sigmaringen (both 2,312 m?), from Liesen,
op. cit. note 43. Lemgo also from Augsten, op. cit. this note.

M. Berberich, Solites, cited in B. Epp, “Solar district heating
solutions providing higher temperatures”, Solar Thermal World,
December 4, 2022, https://solarthermalworld.org/news/
solar-district-heating-solutions-providing-higher-temperatures.
Capacity of further 9 plants under construction or in advanced
planning is based on gross collector area of 31,200 m? and of
the 50 plants in preparation is based on gross collector area of
286,400 m? and sourced from idem. Note that the total collector
area for district heating in Germany grew by 30% relative to 2021,
from Solites, cited in Weiss and Spork-Dlir, op. cit. note 1.

F. Stier, "Successful operator models for solar district heating

in Germany”, Solar Thermal World, January 5, 2023, https://
solarthermalworld.org/news/operator-models-for-solar-district-
heating; F. Stier, "From LECs to TECs - citizen energy in focus”,
Solar Thermal World, May 28, 2022, https://solarthermalworld.
org/news/from-lecs-to-tecs-citizen-energy-in-focus; policy
information from Augsten, op. cit. note 72; B. Epp, "Fund of EUR 3
billion for decarbonising German district heating”, Solar Thermal
World, August 30, 2022, https://solarthermalworld.org/news/
fund-of-eur-3-billion-for-decarbonising-german-district-heating.
Trier, op. cit. note 65, February 27, 2023. The plant that began
operations in 2021 was a 5.6 MW, (8,013 m?) project in Przestg,
from idem.

World leader in terms of number and installed area of systems and
figure of 123, from Weiss and Spork-Diir, op. cit. note 1. Capacity

in operation, from Trier, op. cit. note 65, February 2023. By the end
of 2022, Denmark had installed a total of 1,128 MW,, (1,611,065

m?); accounting for decommissioning, a total of 1,125 MW,
(1,607,015 m?) was in operation; in addition, another three projects
totalling 8.3 MW, (11,910 m?) were under construction with plans to
come online in 2023, from Trier, op. cit. note 65, February 2023.

Trier, op. cit. note 65, March 2, 2023.

A.D. Rosell, "Heat pumps: Competition or complement

in district heating?"” Solar Thermal World, September

13, 2022, https://solarthermalworld.org/news/
heat-pumps-competition-or-complement-in-district-heating.
Ibid.

Weiss and Spork-Dir, op. cit. note 1, p. 13. The Graz extension
increased the collector area by 2,134 m?, bringing the total to
6,134 m?, from idem. Note that another estimate puts the decline
in 2022 at 25%, from F. Stier, "Feasibility studies for large solar
heat plants totalling almost 1 million m? underway”, Solar Thermal
World, April 6, 2023, https://solarthermalworld.org/news/
feasibility-studies-for-large-solar-heat-plants-totalling-almost-1-
million-m2-underway.

Stier, op. cit. note 80.

Ibid. The studies were support by the national Climate and Energy
Fund, and the plants are to supply heat to energy suppliers and
industrial companies, from idem.

B. Bogdanovic, European Bank for Reconstruction and
Development, cited in B. Epp, "EUR 65 million provided

for solar district heating in Kosovo”, Solar Thermal

World, July 7, 2022, https://solarthermalworld.org/news/
eur-65-million-provided-for-solar-district-heating-in-kosovo.
Epp, op. cit. note 83. Note that two solar thermal district heating
plants were planned for Serbia as of early 2023. The feasibility
study for a plant in the city of Pancevo (24.5 MW,,/35,000 m?
of collector area) was completed, and a plant in the range of
45-136 MW,, was planned for Novi Sad, all from Weiss and
Spork-Dir, op. cit. note 1.
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B. Epp, "Big Solar in Kosovo replaces coal-based electric heating”,
Solar Thermal World, January 25, 2023, https://solarthermalworld.
org/news/big-solar-in-kosovo-replaces-coal-based-electric-
heating; Epp, op. cit. note 83. Planned funds amount to EUR 80
million (USD 85 million); the project will replace a coal-fired heat
and power plant, and the heat pumps and storage should enable
the network to reach high solar shares, from Epp, op. cit. this note.

Fraunhofer ISE, PlanEnergi and Chalmers University, cited in
“Solar Thermal Shows Highest Energy Yield Per Square Metre”,
Solar Thermal World, July 31, 2017, https://solarthermalworld.org/
news/solar-thermal-shows-highest-energy-yield-square-metre.
Another sources says up to four times solar PV and 50 times
biomass, from Augsten, op. cit. note 72.

Challenges competing from Augsten, op. cit. note 72; lack

of awareness from, for example, Stier, op. cit. note 80, and

from B. Epp, “Solar district heating solutions providing higher
temperatures”, Solar Thermal World, December 4, 2022, https://
solarthermalworld.org/news/solar-district-heating-solutions-
providing-higher-temperatures; permitting processes and suitable
sites from F. Stier, "Access to land is one of the key bottlenecks for
rolling out renewables”, Solar Thermal World, November 22, 2022,
https://solarthermalworld.org/news/access-to-land-is-one-of-
the-key-bottlenecks-for-rolling-out-renewables, and from B. Epp,
“Fund of EUR 3 billion for decarbonising German district heating",
Solar Thermal World, August 30, 2022, https://solarthermalworld.
org/news/fund-of-eur-3-billion-for-decarbonising-german-
district-heating; bottlenecks also from M. Berberich, Solites, cited
Epp, “Solar district heating solutions...”, op. cit. this note.

Temperature ranges from Solar Payback, “Suppliers of Turnkey
Solar Process Heat Systems”, https://www.solar-payback.com/
suppliers, accessed 31 January 2023.

J. Bystrom, Absolicon Solar Collector, personal communication
with B. Epp, solrico, February 2022; B. Epp, "Concentrating solar
heat capacity quadruples in 2022", Solar Thermal World, August
29, 2022, https://solarthermalworld.org/news/concentrating-
solar-heat-capacity-quadruples-in-2022 (updated in November
2022); energy price stability and volatility from S. Papa, Solar Heat
Europe, personal communication with REN21, May 2, 2023.

Data assessed by a survey among the companies listed in Solar
Payback, op. cit. note 88, and cited in B. Epp, “High level of
dynamism on the SHIP world market in 2022", Solar Thermal
World, March 27, 2023, https://solarthermalworld.org/news/
high-level-of-dynamism-on-the-ship-world-market-in-2022.
Ibid. Capacity was calculated by Epp using the factor 0.7 kW/m?
for all collector types. Figure of 78 in 2021 from Weiss and Spork-
Dir, op. cit. note 1.

Epp, op. cit. note 90. Capacity was calculated by Epp using the
factor 0.7 kW/m? for all collector types.

Weiss and Spork-Dir, op. cit. note 1.

Epp, op. cit. note 90. The nine types include flat plate, which
accounted for 39% of newly installed collector area, followed by
vacuum tube (24%), parabolic trough (12%), air collectors (11%),
high temperature flat plate (6%), linear Fresnel (4%), photovoltaic-
thermal (3%), unglazed polymer (1%) and concentrating dish
(0.4%); concentrating collectors represented a combined 16% in
nine projects; the substantial share of air collectors was due mainly
to generous funding in Austria, Germany and Spain, all from idem.

Weiss and Spork-Dir, op. cit. note 1. Parabolic trough collectors
account for the highest installed area, but due primarily to the
330 MW,, Miraah plant in Oman, which was commissioned in
2017, from idem.

Epp, op. cit. note 89.

See, for example, “Two concentrating solar industrial heat plants
in operation in Barcelona”, Solar Thermal World, June 19, 2022,
https://solarthermalworld.org/news/two-concentrating-solar-
industrial-heat-plants-in-operation-in-barcelona. A linear Fresnel
collector field for Givaudan, a Spanish company that produces
flavours and fragrances, includes hybrid heat pumps (with electric
and thermal compressors), from idem.

Data assessed by a survey among the companies listed in Solar
Payback, op. cit. note 88, and cited in Epp, op. cit. note 90. Leading
markets for number of systems installed in 2022 are based on data
assessed by a survey among the companies listed on the SHIP
Supplier World Map in March/April 2022, from Solar Payback, “SHIP
Supplier Map of Turnkey Solar Process Heat Systems”, April 2022,
https://www.solar-payback.com/suppliers. China possibly under-
reported from Epp, op. cit. note 90, and from Weiss and Spork-Dir,
op. cit. note 1. The China Academy of Building Research reported
that, in 2021 alone, a total of 359 SHIP systems (256,000 m?) were
added; because detailed data are not available, the systems are not
included in data from Weiss and Spork-Dir, op. cit. note 1, p. 26.
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Epp, op. cit. note 90; B. Epp, “Mood on the SHIP market: High
interest but slow decision making”, Solar Thermal World, March
28, 2023, https://solarthermalworld.org/news/mood-on-the-ship-
market-high-interest-but-slow-decision-making.

Solar Thermal Plants Database, http://ship-plants.info/solar-
thermal-plants, accessed April 13, 2023.

Data assessed by a survey among the companies listed in Solar
Payback, op. cit. note 88, and cited in Epp, op. cit. note 90.

Ibid. A key driver in the Netherlands is a national support scheme
for solar thermal systems up to 200 m?, with a targeted natural
gas phase-out also playing a role, from Epp, op. cit. note 99.

Four new systems from Epp, op. cit. note 90. The country’s

first solar steam boiler (170 °C) a 2.3 MW,, (4,000 m?) parabolic
trough plant for pasteurisation at an almond processing facility,
meets 100% of the factory's demand during the daytime, from

B. Epp, "2.3 MW solar steam boiler for almond pasteurization

in California”, Solar Thermal World, March 3, 2022, https://
solarthermalworld.org/news/2-3-mw-solar-steam-boiler-for-
almond-pasteurization-in-california.

Epp, op. cit. note 89.

Epp, op. cit. note 99.

A.D. Rosell, "Heat purchase agreements on the rise in Spain”,
Solar Thermal World, August 10, 2022, https://solarthermalworld.
org/news/heat-purchase-agreements-on-the-rise-in-spain.
Epp, op. cit. note 99.

Fossil fuel costs from A.D. Rosell, "Zero CAPEX solar heat for
Mexican industry”, Solar Thermal World, March 18, 2022, https://
solarthermalworld.org/news/zero-capex-solar-heat-for-mexican-
industry; carbon emissions from Epp, op. cit. note 99. The relative
decline in the number of systems completed in Mexico in 2022
was due to implementation delays stemming from supply chain
issues and delays in payments by clients. A total of 13 projects
were completed in 2022, compared with 18 projects in 2021 and
16 in 2020, all from Epp, idem.

Rosell, op. cit. note 108.

See, for example: B. Epp, "Welcome to a new year...", op. cit.
note 7; Rosell, op. cit. note 108; Rosell, op. cit. note 106.

Epp, “Welcome to a new year...", op. cit. note 7. Internal

decarbonisation targets also have been important factors, from idem.

Even where SHIP systems are very competitive with fossil fuels,

such as in southern Spain, the lack of awareness about the benefits
of solar heat remains a challenge. One company in southern Spain

offers heat for EUR 15-20 per MWh, which compares to gas at EUR
80-90 per MWHh, from Rosell, op. cit. note 106.

B. Epp, “Structural changes in solar industrial heat supply
industry”, Solar Thermal World, July 6, 2022, https://
solarthermalworld.org/news/structural-changes-in-solar-
industrial-heat-supply-industry. A survey of developers showed
25 companies reporting at least one project completed in 2022,
up from 19 in 2021, from Epp, op. cit. note 90.

Epp, op. cit. note 112. Applying for government subsidies slowing
rollout of projects, from S. Papa and P. Dias, Solar Heat Europe,
personal communication with REN21, May 2023.

B. Epp, “New Glasspoint announces first 1.5 GW parabolic
trough field”, Solar Thermal World, June 10, 2022, https://
solarthermalworld.org/news/new-glasspoint-announces-first-
1-5-gw-parabolic-trough-field; GlassPoint, “"MA'ADEN and
GlassPoint sign a Memorandum of Understanding ("MOU") to
develop the world's largest solar process steam plant”, June 2,
2022, https://www.glasspoint.com/maaden-press-release. The
plant is the Ma'aden facility in Ras al Khair, and the SHIP project
will be a parabolic trough field, from Epp, op. cit. this note.
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ENDNOTES - RENEWABLES IN ENERGY SUPPLY 2023

ENDNOTES - WIND POWER

1 Global additions in 2022 are gross (not accounting for
decommissioned capacity), and all data are based on the
following: Global Wind Energy Council (GWEC), "Global
Wind Report 2023", March 27, 2023, p. 10, https://gwec.net/
globalwindreport2023; GWEC, "Global Wind Report 2023", March
2023, unpublished document; American Clean Power (ACP),
“Clean Power Quarterly 2022 Q4 - Market Report”, February
2023, p. 5, https://cleanpower.org/resources/clean-power-
quarterly-market-report-q4-2022; WindEurope, “Wind Energy in
Europe: 2022 Statistics and the Outlook for 2023-2027", February
2023, pp. 10, 11, https://windeurope.org/intelligence-platform/
product/wind-energy-in-europe-2022-statistics-and-the-
outlook-for-2023-2027; G. Costanzo, WindEurope, Brussels,
personal communication with REN21, March 13, 2023. Note
that GWEC reports installations with turbines larger than 200
kW; projects with smaller turbines are not included. In addition,
GWEC data include installed and fully commissioned capacity.
During 2022, 1,860 MW was decommissioned, up from 1,132
MW decommissioned in 2021, from GWEC, "Global Wind Report
2023", March 2023, op. cit. this note. Annual installations reported
in this section are gross additions unless otherwise noted (but
most countries did not decommission capacity during the year),
and year-end totals account for decommissioned capacity. Also,
net global additions in 2022 were 74,653 MW for a year-end total
of 898,824 MW, based on data from International Renewable
Energy Agency (IRENA), “Renewable Capacity Statistics 2023",
March 2023, p. 14, https://www.irena.org/Publications/2023/Mar/
Renewable-capacity-statistics-2023; global additions were 88,631
MW for a year-end total of 934,443 MW (representing the first
market decline since 2016), including capacity installed in China
but not yet grid-connected by end-2022, from World Wind Energy
Association (WWEA), “WWEA Annual Report 2022: Wind power
installations 2022 stay below expectations”, March 23, 2023,
https://wwindea.org/wp-content/uploads/2023/03/WWEA _
WPR2022WEB.pdf; annual installations were down 15%, following
two record years, to 86 GW (with offshore installations down 46%
t0 9.1 GW), from BloombergNEF, "Goldwind and Vestas in Photo
Finish for Top Spot as Global Wind Power Additions Fall”, March
23,2023, https://about.bnef.com/blog/goldwind-and-vestas-in-
photo-finish-for-top-spot-as-global-wind-power-additions-fall.
Figure 31 based on historical data from GWEC, "Global Wind
Report 2023", March 27, 2023, op. cit. this note, pp. 100-102, and
from GWEC, "Global Wind Report 2023", March 2023, op. cit. this
note; data for 2022 based on sources provided in this note.

2 Capacity installed during the year was 88,631 MW, including
capacity installed in China but not officially grid-connected by
the end of 2022, for a total of 934,443 MW, from WWEA, op. cit.
note 1. Capacity that was mechanically installed during 2022
was 90.3 GW for a total of nearly 940 GW, including 13 GW of
new installations in (mostly) China and Vietnam that were not
grid-connected by year's end, from GWEC, "Global Wind Report
2023", March 27,2023, op. cit. note 1, p. 92, and adjusting for lower
installations in Sweden, from Costanzo, op. cit. note 1. The higher
global capacity numbers from both WWEA and GWEC include
44.7 GW mechanically installed onshore in China, from Chinese
Wind Energy Association (CWEA), cited in GWEC, "Global Wind
Report 2023", March 27, 2023, op. cit. note 1, p. 98; this number is
12.1 GW higher than the 32.6 GW of grid-connected capacity as
reported by China’s National Energy Agency (NEA), per GWEC,
idem. Previous editions of the Renewables Global Status Report
used the CWEA data (including mechanically installed and
officially grid-connected capacity in China) for China as well as
global totals. The CWEA believed these numbers to best reflect
the state of the industry in China. See endnotes in previous
editions of this section in past GSRs for more details. Starting
with the GSR 2023, only NEA data for China are included, except
where otherwise noted. The change reflects the fact that many
other organisations, including IRENA and now GWEC, report
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in wind energy...", op. cit. note 14. Goldwind from Bloomberg
News, “China’s wind turbine prices have hit bottom, Goldwind
says”, April 8, 2022, https://www.bloomberg.com/news/
articles/2022-04-08/china-s-wind-turbine-prices-have-hit-
bottom-goldwind-says. According to BloombergNEF, turbine
prices in China have fallen from about USD 700,000 per MW in
early 2020 to about USD 470,000 per MW at the end of 2021, with
bids for new projects averaging about USD 370,000 per MW in
early 2022, from idem.

See, for example: GWEC, "Global Wind Report 2023", March 27,
2023, op. cit. note 1, pp. 11, 22; A. Frangoul, “The energy transition
will fail unless industry fixes wind power issues, Siemens Energy
CEO says", CNBC, November 17, 2022, https://www.cnbc.
com/2022/11/17/energy-transition-will-fail-unless-wind-power-
fixes-problems-ceo.html; Ferris, op. cit. note 16; Siemens Gamesa,
op. cit. note 13; GWEC, “Global wind industry unites to address
climate and energy crises ahead of COP27", July 15, 2022, https://
gwec.net/global-wind-industry-unites-to-address-climate-and-
energy-crises-ahead-of-cop27.

In 2022, all successful auctions for offshore wind power in
Europe included non-price criteria as part of the evaluation,
from GWEC, "Global Wind Report 2023", March 27, 2023,
op. cit. note 1, p. 77. See also WindEurope, “WindEurope
position on non-price criteria in auctions”, April 13,

2022, https://windeurope.org/policy/position-papers/
windeurope-position-on-non-price-criteria-in-auctions.

S. Gsénger, WWEA, personal communication with REN21,
May 2, 2023.

Based on data from GWEC, "Global Wind Report 2023", March
2023, op. cit. note 1.

Ibid.; ACP, op. cit. note 1, p. 5; WindEurope, op. cit. note 1, pp. 10,
11; Costanzo, op. cit. note 1; WWEA, op. cit. note 1.

Regional shares based on data from GWEC, “Global Wind Report
2023", March 2023, op. cit. note 1, from ACP, op. cit. note 1, p. 5,
from WindEurope, op. cit. note 1, pp. 10, 11, and from Costanzo, op.
cit. note 1. Numbers in text are based on regional groupings that
include Tlrkiye as part of Asia, rather than Europe; other regional
shares include Pacific with just over 2% of the total added in
2022, and Africa and the Middle East with 1.9%, based on data
from idem, all sources.

The top five markets accounted for 71.9% of global installations
in 2022, based on data from GWEC, "Global Wind Report 2023",
March 2023, op. cit. note 1, from ACP, op. cit. note 1, p. 5, from
WindEurope, op. cit. note 1, pp. 10, 11, and from Costanzo, op. cit.
note 1.

Based on data from GWEC, "Global Wind Report 2023",

March 2023, op. cit. note 1, from ACP, op. cit. note 1, p. 5, from
WindEurope, op. cit. note 1, pp. 10, 11, and from Costanzo, op. cit.
note 1. Figure of 1.6 GW to rank among top 10 is based on data
from idem, all sources. Figure of 1.4 GW in 2021 (and 11 GW in
2020) based on data from GWEC, “Global Wind Report 2022",
April 4, 2022, https://gwec.net/global-wind-report-2022, p.

112, and from GWEC, “Global Wind Report 2022", April 2022,
unpublished document. Figure 32 based on country-specific
data and sources provided throughout this section, and drawn
largely from the following: GWEC, "Global Wind Report 2023",
March 27,2023, op. cit. note 1, GWEC, "Global Wind Report 2023",
March 2023, op. cit. note 1; WindEurope, op. cit. note 1, pp. 10, 11;
Costanzo, op. cit. note 1; WWEA, op. cit. note 1; ACP, op. cit. note 1.

Based on data from GWEC, “Global Wind Report 2023", March
2023, op. cit. note 1, from ACP, op. cit. note 1, p. 5 https://
cleanpower.org/resources/clean-power-quarterly-market-
report-q4-2022/, from WindEurope, op. cit. note 1, pp. 10, 11, and
from Costanzo, op. cit. note 1.

GWEC, "Global Wind Report 2023", March 27, 2023, op. cit.
note 1, p. 52.

A gross total of 37,631 MW (including 32,579 MW onshore and
5,052 MW offshore) was installed and grid connected in 2022,
with 1,1214 MW of onshore capacity decommissioned during the
year, from GWEC, "Global Wind Report 2023", March 27, 2023,

op. cit. note 1, pp. 52, 106, from China’s NEA, "National Energy
Administration Press Conference”, February 13, 2023, http://www.
nea.gov.cn/xwfb/202301zb/index.htm (using Google Translate),
and from China Daily, “Solar, wind projects to accelerate”,
February 21, 2023, http://english.www.gov.cn/statecouncil/
ministries/202302/21/content_WS63f41dafc6d0a757729e6fc7.
html. The CWEA reported the installation of 44.7 GW onshore,

but China's NEA announced that 32.6 GW was grid-connected

in 2022, meaning that 12.1 GW installed were not yet grid-tied

at the end of the year, from idem, p. 93, and from NEA, cited in
Mathis and Saul, op. cit. note 18. Note that WWEA continues to
report data for total mechanically installed capacity, reporting that
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48,960 MW was added for a year-end total of 395.6 GW, based
on data from the CWEA, cited in WWEA, op. cit. note 1; also note
that about 50 GW was added (43.8 GW onshore and 5.16 GW
offshore) for year-end total of about 400 GW, from F. Guo, CWEA,
participant in WWEA, op. cit. note 11.

GWEC, "Global Wind Report 2023", March 27, 2023, op. cit. note
1, pp. 52, 106, and from GWEC, "Global Wind Report 2023", March
2023, op. cit. note 1.

Zhao, op. cit. note 6.

Based on data from GWEC, “"Global Wind Report 2023", March 27,
2023, op. cit. note 1, p. 102, and from GWEC, “Global Wind Report
2023", March 2023, op. cit. note 1. Also see E. Ng, “Climate
change: China sets another solar power installation record while
putting the brakes on fossil fuel capacity”, South China Morning
Post, January 18, 2023, https://www.scmp.com/business/
article/3207250/climate-change-china-sets-another-solar-
power-installation-record-while-putting-brakes-fossil-fuel.

Figure of 16.3% based on 762,400 GWh in 2022, and 655,600
GWh

in 2021, from China Electricity Council, provided by Zhao, op. cit.
note 6. Wind penetration was 8.8% by the end of 2022, up from
7.8% in 2021 and 6.1% in 2020; it passed nuclear power in 2018
to become China's third largest source of electricity, after coal
and hydropower, all from F. Guo, CWEA, in WWEA, op. cit. note
11. Wind energy accounted for 9.3% of China's electricity mix in
2022, from Ember, cited in SR Bhandari, “China leads, as wind
and solar reach record power generation in 2022", Radio Free
Asia, April 12, 2023, https://www.globalsecurity.org/wmd/library/
news/china/2023/04/china-230412-rfa03.htm.

Ng, op. cit. note 33.

GWEC, "Global Wind Report 2023", March 27, 2023, op. cit. note 1,
pp. 11-12, 24.

Ibid., pp. 25, 54; Ng, op. cit. note 15. More than 15 manufacturers
are active in China, and China (including capacity from three
western turbine manufacturers) represents 60% of wind turbine
manufacturing capacity (nacelle assembly capability) as of early
2023; most of the rest is in in Europe (19%), the United States
(9%), India (7%) and Latin America (4%), all from GWEC Market
Intelligence, February 2023, cited in GWEC, "Global Wind Report
2023", March 27, 2023, op. cit. note 1.

GWEC, "Global Wind Report 2023", op. cit. note 1, pp. 25, 54;

Ng, op. cit. note 15. Fierce competition driving down prices

also from Mathis and Saul, op. cit. note 18. As of January 2022,
the average price of an onshore wind turbine in China was

about half that outside of China, while Chinese-made offshore
turbines available in the market also cost less than those made
elsewhere, from BloombergNEF, “Wind Turbine Price Index”, cited
in BloombergNEF, “Wind - 10 predictions for 2022", January 28,
2022, https://about.bnef.com/blog/wind-10-predictions-for-2022.
An estimated 4,224 turbines had been exported from China as

of end-2022, for a cumulative capacity of 12 GW, from F. Guo,
CWEA, in WWEA, op. cit. note 11. Less than 3% of capacity
outside of China based on 12 GW and estimate of 540,392 MW
installed globally outside of China, based on data from GWEC,
"Global Wind Report 2023", March 2023, unpublished document.

Six of top 10 from BloombergNEF, "Goldwind and Vestas in Photo
Finish for Top Spot as Global Wind Power Additions Fall”, March
23, 2023, https://about.bnef.com/blog/goldwind-and-vestas-in-
photo-finish-for-top-spot-as-global-wind-power-additions-fall,
and from GWEC, "Global Wind Market Development: Supply
Side Data 2022", p. 7, unpublished document. Estimates from
BloombergNEF are based on 49 GW of new wind capacity added
in China during 2022; not all of this capacity was grid-connected
by year's end. Goldwind supplied 12.7 GW of turbines for projects
in 2022, followed closely by Vestas (12.3 GW), and then GE
(United States, with 9.3 GW), Envision (China, 8.3 GW), Siemens
Gamesa (Spain, 6.8 GW) tied with MingYang (China, 6.8),
followed by Windey (China, 6.4 GW), Nordex (Germany, 4.7), Sany
(China, 4 GW) and CRRC (China,

3.2 GW), from BloombergNEF, op. cit. this note. GWEC estimates
based on total of 89,890 MW installed in 2022 (but not all grid
connected by year's end), with Vestas still in the lead with 12.6
GW, followed by Goldwind (11.8 GW), Siemens Gamesa (9.3 GW),
GE Renewable Energy (8.8 GW), Envision (8.4 GW), MingYang
(6.5 GW), Windey (6.3 GW), Nordex Group (4.9 GW), SANY (4.5
GW) and CRRC (3.9 GW), from GWEC, op. cit. this note, pp. 3, 7.

Figure of 3.1 GW from J. Hensley, ACP, Washington, DC, personal
communication with REN21, April 20, 2023; other data from
ACP, op. cit. note 1, pp. 5, 7. Partial and full repowering from R.
Davidson, “American Clean Power Association: Policy vacuum
feeds five-year low for US onshore wind", Windpower Monthly,
February 17, 2023, https://www.windpowermonthly.com/
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article/1813784/american-clean-power-association-policy-
vacuum-feeds-five-year-low-us-onshore-wind.

GWEC, "Global Wind Report 2023", March 27, 2023, op. cit. note
1, p. 93, from ACP, op. cit. note 1, pp. 5, 7, and from Davidson, op.
cit. note 40. Note that the Production Tax Credit was extended
and increased for projects that begin construction by the end

of December 2024; in 2025, the wind credits will be replaced by
technology-neutral credits for low-carbon electricity generation,
which will phase out in 2032 (or when US power sector
greenhouse gas emissions fall to one-quarter of 2022 levels), from
GWEC, "Global Wind Report 2023", March 27, 2023, op. cit. note 1,
p. 108. However, as of early 2023, the US Internal Revenue Service
had not issued guidance on how companies can access the tax
credits, from Davidson, op. cit. note 40.

ACP, op. cit. note 1, p. 7.

Figure of 10.2% based on preliminary data of 434,812 GWh of
utility-scale wind generation and 4,243,136 GWh generation

from all utility-scale sources during 2022; up from 9.2% based on
378,197 GWh of utility-scale wind generation and 4,108,303 GWh
generation from all utility-scale sources during 2021, all from US
Energy Information Administration (EIA), “Electric Power Monthly
with Data for December 2022", February 2023, Table ES1.B,
https://www.eia.gov/electricity/monthly/archive/february2023.
pdf.

Down 13%, from ACP, op. cit. note 1, p. 13; advanced development
pipeline from Davidson, op. cit. note 40

Davidson, op. cit. note 40.

Increased 27% from Ibid.; fell late 2022, from Reuters Events, "EU
leaders agree 'targeted’ support for clean tech; U.S. wind power
prices fall”, February 15, 2023, https://www.reutersevents.com/
renewables/wind/eu-leaders-agree-targeted-support-clean-
tech-us-wind-power-prices-fall. Capital expenditure requirements
for developing wind farms onshore in the United States also
increased, by more than 16% between 2020 and 2022, from Saul,
Mathis and Morison, op. cit. note 10.

Almost half is based on the following: Brazil added around 8.5
GW of new generating capacity in 2022, from S. Djunisic, "Brazil
expects 10.3 GW of new capacity in 2023, mainly wind and solar”,
Renewables Now, January 23, 2023, https://renewablesnow.com/
news/brazil-expects-103-gw-of-new-capacity-in-2023-mainly-
wind-and-solar-812111, and added 8.2 GW from reve, "Brazil
hopes to have 10 GW installed in wind power and solar energy

by 2023", January 20, 2023, https://www.evwind.es/2023/01/20/
brazil-hopes-to-have-10-gw-installed-in-wind-power-and-solar-
energy-by-2023/89813. Figure of 4.1 GW based on GWEC, “Global
Wind Report 2023", March 27, 2023, op. cit. note 1, p. 98, and

on figure of 4,065 MW (all onshore), from GWEC, "Global Wind
Report 2023", March 2023, op. cit. note 1.

GWEC, "Global Wind Report 2023", March 27, 2023, op. cit. note
1, p. 109.

Ibid., pp. 85, 109. Auctions for the regulated electricity market
have been declining in recent years, so PPAs have become the
dominant market for wind power, from E. Feitosa, Eolica, Brazil,
in WWEA, "WWEA Webinar: Wind Power Markets Around the
World 2023", Part 2, April 27, 2023, https://www.youtube.com/
watch?v=-QR-ijAgg9Y.

Feitosa, op. cit. note 49.

GWEC, "Global Wind Report 2023", March 27, 2023, op. cit. note
1, p. 102, and from GWEC, "Global Wind Report 2023", March
2023, op. cit. note 1. Total year-end capacity was 25,632 MW, from
Feitosa, op. cit. note 49.

Second largest from GWEC, "Global Wind Report 2023", March
27,2023, op. cit. note 1, p. 84; share of electricity mix from
Associagdo Brasileira de Energia Edlica (ABEEGlica), provided by
Zhao, op. cit. note 6. This was up from 72.3 TWh, or 11.4% of the
mix, in 2021, from EPE, "Brazilian Energy Balance 2022, Base Year
2021/ Empresa de Pesquisa Energética - Rio de Janeiro"”, 2022,
provided by A.R.J. Esparta, peer review comment, undated.

Based on data for capacity added in 2022, from WindEurope, op.
cit. note 1, pp. 10, 11, 13, and from Costanzo, op. cit. note 1; figure
of 16 GW added in 2021 based on data from WindEurope, "Wind
Energy in Europe: 2021 Statistics and the Outlook for 2022-2026,"
February 24, 2022, p. 11, https://windeurope.org/intelligence-
platform/product/wind-energy-in-europe-2021-statistics-and-
the-outlook-for-2022-2026, and from I. Komusanac, WindEurope,
Brussels, personal communication with REN21, April 2022. Note
that the GSR does not include Tirkiye as part of Europe, so the
country’s data are not included in these numbers.

Based on data from WindEurope, op. cit. note 1, pp. 10, 11,13,
14,17, and from Costanzo, op. cit. note 1. All of Europe installed
17,874 MW (15,414 MW onshore and 2,460 MW offshore) in 2022,
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and decommissioned 454 MW, for a year-end total of 242,432
MW (212,165 MW onshore and 30,267 MW offshore), from idem,
both sources. Note that these data do not include Turkiye,
which this GSR includes with Asia; they assume pre-2022
capacity for Ukraine and the Russian Federation; and they
account for updated statistics for Sweden. Note that Germany
was responsible for most decommissioned capacity (266 MW),
followed by the Netherlands (80 MW), Austria (39 MW) and
Denmark (27 MW), from idem, p. 17.

Based on data from WindEurope, op. cit. note 1, p. 10, and from
Costanzo, op. cit. note 1. EU Member States added 15,761 MW
(14,540 MW onshore and 1,221 MW offshore) in 2022 for a year-
end total of 204,112 MW (187,829 MW onshore and 16,283 MW
offshore), from idem, both sources.

WindEurope, op. cit. note 1, pp. 8, 9, 44.
Ibid.,, pp. 8, 9, 44.
Ibid., p. 53.

Figures of 36% and 10.7 GW based on orders of 16.9 GW (less
322 MW in Tlrkiye) in 2021 and 10.9 GW (less 155 MW in Trkiye)
in 2022, from WindEurope, "Wind Turbine Orders Monitoring,
2022 Statistics”, January 2023, unpublished document (for
members only); WindEurope, “Wind Turbine Orders Monitoring,
2021 statistics”, January 2022, unpublished document (for
members only); and from Costanzo, op. cit. note 1, May 3 and
4,2023. Note that there were undisclosed orders totalling

21 GW in 2021 and 2.6 GW in 2022, and some of that capacity
could have been for Turkiye (which the GSR does not include
with Europe), from Costanzo, op. cit. this note. Decline in order
capacity also in 2021, from WindEurope, “Wind Turbine Orders
Monitoring, 2021 Statistics”, op. cit. this note. Investment from
WindEurope, op. cit. note 1, p. 8, and from WindEurope, "Europe
invested €17bn...", op. cit. note 14. Note that the EUR 17 billion
investment reported by WindEurope includes EUR 1 billion in
Tulrkiye and EUR 0.3 billion in Azerbaijan, which this report does
not classify as being part of Europe; 87% of the EUR 17 billion
were in the EU, from WindEurope, “Financing and Investment
Trends: The European Wind Industry in 2022", March 2023, pp.
8, 24, https://windeurope.org/intelligence-platform/product/
financing-and-investment-trends-2022.

Figures of 36% and 10.7 GW based on orders of 16.9 GW (less
322 MW in Turkiye) in 2021 and 10.9 GW (less 155 MW in Tlrkiye)
in 2022, from WindEurope, "Wind Turbine Orders Monitoring,
2022 Statistics", January 2023, unpublished document (for
members only); WindEurope, "Wind Turbine Orders Monitoring,
2021 Statistics", January 2022, unpublished document (for
members only); and from G. Costanzo, WindEurope, personal
communications with REN21, May 3 and 4, 2023. Note that there
were undisclosed orders totalling 2.1 GW in 2021 and 2.6 GW

in 2022, and some of that capacity could have been for Tirkiye
(which the GSR does not include with Europe), from Costanzo,
op. cit. this note. Decline in order capacity also in 2021, from
WindEurope, "Wind Turbine Orders Monitoring, 2021 Statistics",
op. cit. this note. Investment from WindEurope, op. cit. note 1,

p. 8, and from WindEurope, "Europe invested €17bn...", op. cit.
note 14. Note that the EUR 17 billion investment reported by
WindEurope includes EUR 1 billion in Tirkiye and EUR 0.3 billion
in Azerbaijan, which this report does not classify as being part of
Europe; 87% of the EUR 17 billion were in the European Union,
from WindEurope, “Financing and Investment Trends...”, op. cit.
note 59, pp. 8, 24.

WindEurope, op. cit. note 1, p. 7, and from Costanzo, op. cit. note

1. The leaders were Finland (added 2.4 GW), the United Kingdom
and Germany (both 2.3 GW), Sweden (2 GW), Spain (1.7 GW), and
France and Poland (both 1.5 GW), from WWEA, op. cit. note 1.

Based on data from WindEurope, op. cit. note 1, pp. 10-11, and
from Costanzo, op. cit. note 1.

Based on data from GWEC, “Global Wind Report 2023", March
2023, op. cit. note 1, from WindEurope, op. cit. note 1, pp. 10-11, and
from Costanzo, op. cit. note 1.

WindEurope, op. cit. note 1, pp. 10, 14. Germany added 2,403
MW onshore and 342 MW offshore (and decommissioned 266
MW) for a year-end total of 66,322 MW (including 58,267 MW
onshore and 8,055 MW offshore), from idem, pp. 10, 17. Germany
added 2,318 MW for a total of 66,242 MW, from WWEA, op. cit.
note 1. Germany installed 2.4 GW in 2022, up from 1.9 GW in
2021, with 266 MW decommissioned, resulting in 2.1 GW of net
additions and total year-end capacity of 58.1 GW, from Deutsche
WindGuard, cited in B. Radowitz, “German wind sector urges to
‘overcome permit bottlenecks’ despite rise in onshore additions”,
REcharge News, January 18, 2023, https://www.rechargenews.
com/wind/german-wind-sector-urges-to-overcome-permit-
bottlenecks-despite-rise-in-onshore-additions/2-1-1389722.
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https://www.windpowermonthly.com/article/1813784/american-clean-power-association-policy-vacuum-feeds-five-year-low-us-onshore-wind
https://www.windpowermonthly.com/article/1813784/american-clean-power-association-policy-vacuum-feeds-five-year-low-us-onshore-wind
https://www.eia.gov/electricity/monthly/archive/february2023.pdf
https://www.eia.gov/electricity/monthly/archive/february2023.pdf
https://www.reutersevents.com/renewables/wind/eu-leaders-agree-targeted-support-clean-tech-us-wind-power-prices-fall
https://www.reutersevents.com/renewables/wind/eu-leaders-agree-targeted-support-clean-tech-us-wind-power-prices-fall
https://www.reutersevents.com/renewables/wind/eu-leaders-agree-targeted-support-clean-tech-us-wind-power-prices-fall
https://renewablesnow.com/news/brazil-expects-103-gw-of-new-capacity-in-2023-mainly-wind-and-solar-812111
https://renewablesnow.com/news/brazil-expects-103-gw-of-new-capacity-in-2023-mainly-wind-and-solar-812111
https://renewablesnow.com/news/brazil-expects-103-gw-of-new-capacity-in-2023-mainly-wind-and-solar-812111
https://www.evwind.es/2023/01/20/brazil-hopes-to-have-10-gw-installed-in-wind-power-and-solar-energy-by-2023/89813
https://www.evwind.es/2023/01/20/brazil-hopes-to-have-10-gw-installed-in-wind-power-and-solar-energy-by-2023/89813
https://www.evwind.es/2023/01/20/brazil-hopes-to-have-10-gw-installed-in-wind-power-and-solar-energy-by-2023/89813
https://www.youtube.com/watch?v=-QR-ijAgg9Y
https://www.youtube.com/watch?v=-QR-ijAgg9Y
https://windeurope.org/intelligence-platform/product/wind-energy-in-europe-2021-statistics-and-the-outlook-for-2022-2026
https://windeurope.org/intelligence-platform/product/wind-energy-in-europe-2021-statistics-and-the-outlook-for-2022-2026
https://windeurope.org/intelligence-platform/product/wind-energy-in-europe-2021-statistics-and-the-outlook-for-2022-2026
https://windeurope.org/intelligence-platform/product/financing-and-investment-trends-2022
https://windeurope.org/intelligence-platform/product/financing-and-investment-trends-2022
https://www.rechargenews.com/wind/german-wind-sector-urges-to-overcome-permit-bottlenecks-despite-rise-in-onshore-additions/2-1-1389722
https://www.rechargenews.com/wind/german-wind-sector-urges-to-overcome-permit-bottlenecks-despite-rise-in-onshore-additions/2-1-1389722
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The country also repowered 423 MW, from Bundesverband
WindEnergie (BWE), cited in Radowitz, idem.

Based on data from GWEC, "Global Wind Report 2023", March 78
2023, op. cit. note 1. Last year of FIT from WindEurope, “Wind 79
in Power 2017: Annual Combined Onshore and Offshore Wind

Statistics”, February 2018, p. 18, https://windeurope.org/
wp-content/uploads/files/about-wind/statistics/WindEurope-
Annual-Statistics-2017.pdf; EurObserv'ER, “Wind Energy

Barometer”, February 2018, p. 10, https://www.eurobserv-er.org/
wind-energy-barometer-2018.

Generation from wind energy was 100.164 TWh onshore and

25.123 TWh offshore, accounting for 18.2% and 4.6% respectively 80
of Germany's gross electricity consumption, from Geschaftsstelle
der Arbeitsgruppe Erneuerbare Energien-Statistik (AGEE-Stat)
and Umweltbundesamt, “Erneuerbare Energien in Deutschland
Daten zur Entwicklung im Jahr 2022", February 2023, pp. 9, 19,
https://www.umweltbundesamt.de/publikationen/erneuerbare-
energien-in-deutschland-2022. Germany's generation from wind
energy in 2021 was 114.6 TWh, from idem. Generation in 2022
was down relative to 2019 and 2020, from Umweltbundesamt,
"Erneuerbare Energien in Zahlen", March 17, 2023, https://www.
umweltbundesamt.de/themen/klima-energie/erneuerbare-
energien/erneuerbare-energien-in-zahlen#uberblick, viewed
April 3,2023; and this relative decline was due to low wind
speeds for much of the year, from G. Maguire, “Column: Wind set
to ease Germany's power crunch, for now”, Reuters, December
13, 2022, https://www.reuters.com/markets/commodities/
wind-set-ease-germanys-power-crunch-now-2022-12-13.

G. Rajgor, "Onshore wind breakthrough as Germany green lights

10GW a year from 2025", Windpower Monthly, July 11, 2022, 82
https://www.windpowermonthly.com/article/1792723/onshore-
wind-breakthrough-germany-green-lights-10gw-year-2025. The

new law aims to double onshore capacity to 115 GW by 2030, calls

on German states to set aside 2% of land for onshore wind, and

sets offshore targets of 30 GW in operation by 2030, 40 GW by

2035 and 70 GW by 2045), from idem. Also see DW, “Germany

presents new Ukraine-accelerated renewables plan”, April 6, 83
2022, https://www.dw.com/en/germany-presents-new-ukraine-
accelerated-renewables-plan/a-61383714.

Undersubscribed from Saul, Mathis and Morison, op. cit. note 10.

During 2022, 3.2 GW of onshore capacity was secured from a

total available capacity of 4.6 GW, through technology-specific

auctions in Germany with feed-in premiums, from WindEurope,

op. cit. note 1, pp. 24, 26. The German levy would take 90% of

wind (and solar) power profits above EUR 130/MWh, or above

a benchmark based on the FIT assigned to a specific project, 84
from N. Ford, "Germany's windfall tax curtails short-term wind

growth”, Reuters, December 14, 2022, https://www.reutersevents.
com/renewables/wind/germanys-windfall-tax-curtails-short-
term-wind-growth. Also see Reuters Events, "EU caps wind 85
revenues above costs but national limits could bite”, October

5,2022, https://www.reutersevents.com/renewables/wind/
eu-caps-wind-revenues-above-costs-national-limits-could-bite.

Saul, Mathis and Morison, op. cit. note 10.

Finland added 2,430 MW, all onshore, for a year-end total of 5,678

MW (including 5,607 MW onshore and the rest offshore), from 86
WindEurope, op. cit. note 1, pp. 10, 14; rankings based on data 87
from idem, and from GWEC, "Global Wind Report 2023", March

2023, op. cit. note 1. Finland added 2,421 MW for a total of 5,677

MW, from WWEA, op. cit. note 1.

Increase over 2021 based on data from GWEC, “Global

Wind Report 2023", March 2023, op. cit. note 1; 5.7 GW from 88
WindEurope, op. cit. note 1, pp. 10, 14; net zero and invasion from
Symons, op. cit. note 7.

WindEurope, op. cit. note 1, p. 10.

Ibid., pp. 10, 14. Record also based on historical data from GWEC,
“Global Wind Report 2023", March 2023, op. cit. note 1.

France added 1,590 MW onshore and 480 MW offshore for a
year-end total of 21,135 MW (including 20,653 MW onshore and
482 MW offshore), WindEurope, op. cit. note 1, pp. 10, 14. France
added 1,516 MW for a total of 20,600 MW, from WWEA, op. cit.
note 1.

81

89

Based on data from ENTSO-E, from WindEurope, op. cit. note 1,
p. 19.

Based on data from WindEurope, op. cit. note 1, p. 10, and on
historical data from GWEC, “Global Wind Report 2023", March
2023, op. cit. note 1. Sweden added 2,054 MW for a total of 14,227
MW, from WWEA, op. cit. note 1, and from A. Wickmann, Swedish
Wind Power Association, in WWEA, op. cit. note 11.

Rankings based on data from WindEurope, op. cit. note 1, pp. 10,
11, from GWEC, "Global Wind Report 2023", March 27, 2023, op.
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cit. note 1, and from GWEC, "Global Wind Report 2023", March
2023, op. cit. note 1.

WindEurope, op. cit. note 1, p. 38.

F. Jones, "Sweden sets new record for wind energy”, Power
Technology, March 29, 2023, https://www.power-technology.
com/news/sweden-wind-energy-record. Sweden’s wind
generation in 2022 was about 33,000 GWh (up from about 27,100
GWh in 2021), and wind energy accounts for about one-third of
the country’s electricity generation, or about the same share as
hydro- and nuclear power, from A. Wickmann, Swedish Wind
Power Association, in WWEA, op. cit. note 11.

Based on data from WindEurope, op. cit. note 1, p. 11, and from
GWEC, "Global Wind Report 2023", March 2023, op. cit. note 1.

GWEC, "Global Wind Report 2023", March 2023, op. cit. note 1.
In 2022, the United Kingdom added 1,682 MW, of which 502 MW
was onshore and 1,179 MW was offshore, and decommissioned

1 MW; this is up from 2021 additions of 328 MW onshore (and

2.9 MW decommissioned) and down from 2,316.5 MW offshore,
totaling 2,641.6 MW net. The end-2022 total was 28,292.8 MW
(including 14,574.9 MW onshore and 13,917.9 MW offshore), all
from GWEC, op. cit. this note. The United Kingdom added 2,339
MW for a total of 28,087 MW, from WWEA, op. cit. note 1. The
decline in offshore capacity brought online was due to the gap
between execution of projects under rounds 2 and 3 of the UK
Contracts for Difference, from Zhao, op. cit. note 6. In addition,
offshore wind is more cyclical than onshore, with fewer but larger
projects, resulting in fluctuations in installations, from Costanzo,
op. cit. note 1, May 3, 2023.

BBC News, "Onshore wind rules to be relaxed after Tory

revolt”, December 6, 2022, https://www.bbc.com/news/
uk-politics-63880999; A. Lee, "UK wind power breaks records in
2022 as pressure grows to lift onshore ban”, REcharge, January
6, 2023, https://www.rechargenews.com/wind/uk-wind-power-
breaks-records-in-2022-as-pressure-grows-to-lift-onshore-
ban/2-1-1384290.

Based on data from WindEurope, op. cit. note 1, p. 11, and from
GWEC, "Global Wind Report 2023", March 2023, op. cit. note 1.

In 2022, the United Kingdom added 1,682 MW, of which 502 MW
was onshore and 1,179 MW was offshore, and decommissioned 1
MW; this is up from 2021 additions of 328 MW onshore (and 2.9
MW decommissioned) and 2,316.5 MW offshore, totalling 2,641.6
MW net. The end-2022 total was 14,574.9 MW onshore and
13,917.9 MW offshore, all from GWEC, "Global Wind Report 2023",
March 2023, op. cit. note 1.

W. Mathis, “The UK produced a record amount of wind power
in 2022, easing gas crisis”, Bloomberg, December 22, 2022,
https://www.bloomberg.com/news/articles/2022-12-22/
record-wind-power-spares-uk-even-worse-energy-crisis.

Spain added 1,659 MW in 2022, up from 750 MW in 2021, for

an end-2022 total of 29,803 MW (all onshore except for 10 MW
offshore), from WindEurope, op. cit. note 1, p. 14, and from GWEC,
"Global Wind Report 2023", March 2023, op. cit. note 1. Spain
added 1,670 MW for a total of 29,813 MW, from WWEA, op. cit.
note 1.
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Costanzo, op. cit. note 1, May 3, 2023,

Preliminary estimates from Red Eléctrica, “La edlicay la
fotovoltaica baten récord de generacién eléctrica en Espafa en
2022", December 22, 2022, https://www.ree.es/sites/default/
files/paragraph/2022/12/file/Sistema_Electrico_Pevision_2022.
pdf (using Google Translate).

Ember, "European Electricity Review 2023", January 31,2023, p.
53.

WindEurope, op. cit. note 1, pp. 9, 18, 34. For all of Europe, output
in 2022 was up over 2021 due to better wind conditions, especially
in northern regions and strong installations in some countries;

by country, output was up except in Estonia, Hungary, Italy, the
Slovak Republic, Slovenia and Spain, all of which generated more
electricity from the wind in 2021 than in 2022. Wind energy'’s
share of demand also rose in Europe because demand was down
due to high electricity prices and government measures to reduce
demand in response to the Russian Federation's invasion of
Ukraine. All from idem, pp. 18, 20. Electricity generation from wind
energy across the EU and United Kingdom has increased from
370 TWh in 2018 to 489 TWh in 2022, while electricity demand
has fallen (from 2,960 TWh in 2018 to 2,830 TWh in 2022) due to
the pandemic and the war in Ukraine. The one anomalous year
was 2021, when generation fell relative to 2020, from WindEurope,
op. cit. note 1, p. 34. Note that wind energy generated an
estimated 420 TWh, or 15%, of EU electricity during 2022, and
Lithuania met 38% of its demand with wind energy, from Ember,
op. cit. note 88, p. 50.
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WindEurope, op. cit. note 1, pp. 9, 19. Note that WindEurope data
for national shares of electricity mix in each country represent the
average of the share of wind in final electricity demand, captured
hourly from ENTSO-E and corrected with data from national
transmission system operators and governments, from idem, p.
19. Note that share of wind energy in Britain's electricity mix was
26.8% in 2022, up from 21.8% in 2021, from National Grid, cited
in S. Twidale, "Britain produced record amount of wind power in
2022, National Grid says", January 6, 2023, https://www.reuters.
com/business/energy/britain-produced-record-amount-wind-
power-2022-national-grid-2023-01-06.

Germany ended the year with 66,322 MW, followed by Spain
(29,798 MW), the United Kingdom (28,493 MW), France (21,135
MW) and Sweden (14,198 MW), based on data from WindEurope,
op. cit. note 1, pp. 10, 11, and from Costanzo, op. cit. note 1.

Based on total combined capacity in top five countries of
159,946 MW and total regional capacity of 242,432 MW, from
WindEurope, op. cit. note 1, pp. 10, 11, and from Costanzo, op. cit.
note 1.

Based on data from GWEC, "Global Wind Report 2023", March 27,
2023, op. cit. note 1, p. 102, and from GWEC, "Global Wind Report
2023", March 2023, op. cit. note 1.

India added 1,458.6 MW in 2021 and added 1,847 MW in 2022

for a total of 41,929.8 MW, all onshore, from GWEC, "Global

Wind Report 2023", March 27, 2023, op. cit. note 1, p. 102, and
from GWEC, "Global Wind Report 2023", March 2023, op. cit.
note 1. Note that India added 1,846.71 MW in 2021 based on the
country’s year-end 2020 total of 40,083 MW, from Government of
India, Ministry of Power, "Power Sector at a Glance ALL INDIA",
February 11, 2022, https://powermin.gov.in/en/content/power-
sector-glance-all-india, and on year-end 2020 total of 40,082.7
MW from Government of India, Ministry of New and Renewable
Resources (MNRE), cited in Central Electricity Authority, “All India
installed capacity (in MW) of power stations (as on 31.12.2021)",
https://cea.nic.in/wp-content/uploads/installed/2021/12/
installed_capacity.pdf. Note that India added 2,183 MW in 2022
for a total of 41,983 MW, from WWEA, op. cit. note 1. AlImost 10
GW of wind power capacity has been added since auctions were
initiated in 2017, from J. Hossain, WWEA, India, in WWEA, op.

cit. note 11. India’s reverse bidding policy was halted in 2022; it
was considered a reason for the decline in installations because
aggressive bidding encouraged by the policy made projects
unviable for developers, from G. Mishra, “India’s wind installations
increased 8% YoY to 229 MW in Q4 2022", January 23, 2023,
https://mercomindia.com//india-wind-installations-increased-
8-yoy-q4-2022. The decline in installations was driven primarily
by the cancellation of projects that became unviable as a result
of high inflation and delays resulting from lack of grid availability
and timeline extensions in scheduled commissioning dates, from
Zhao, op. cit. note 6.

A. Joshi, “India missed 2022 renewables target as rooftop solar
and wind fell short”, Mercom India, March 24, 2023, https://www.
mercomindia.com/india-missed-2022-renewables-target.

Offshore installations were 8,771 MW for an end-2022 total of
64,320 MW, from GWEC, "Global Wind Report 2023", March 27,
2023, op. cit. note 1, pp. 92, 95, 102, and from GWEC, “Global Wind
Report 2023", March 2023, op. cit. note 1.

Based on data from GWEC, “Global Wind Report 2023", March 27,
2023, op. cit. note 1, pp. 92, 102, from GWEC, "Global Wind Report
2023", March 2023, op. cit. note 1, WindEurope, op. cit. note 1, pp.
10, 11, and from Costanzo, op. cit. note 1.

Global additions in 2021 amounted to nearly 21.5 GW, with 16.9 GW
of that capacity installed in China alone, from GWEC, “Global Wind
Report 2023", March 27, 2023, op. cit. note 1, pp. 92, 102, and from
GWEC, "Global Wind Report 2023", March 2023, op. cit. note 1.

Figure of 58% based on global 2022 installations of 8,771 MW and
installations in China of 5,052 MW; the rest was installed in the
United Kingdom (added 1,179 MW), Chinese Taipei (1,175 MW),
France (480 MW), the Netherlands (369 MW), Germany (342
MW), Japan (84 MW), Norway (60 MW) and Italy (30 MW), all
from GWEC, “Global Wind Report 2023", March 27, 2023, op. cit.
note 1, p. 102, and from GWEC, "Global Wind Report 2023", March
2023, op. cit. note 1.

China added 5,052 MW, followed in the region by Chinese Taipei
(1175 MW) and Japan (84 MW), from GWEC, "Global Wind Report
2023", March 27, 2023, op. cit. note 1,p. 102, and from GWEC,
“Global Wind Report 2023", March 2023, op. cit. note 1. First to
achieve commercial operations in Chinese Taipei from C. Hsu,
"Offshore wind power leaping forward: officials”, Taipei Times,
October 18, 2022, https://www.taipeitimes.com/News/biz/
archives/2022/10/18/2003787220. Snapshot Japan based on the
following sources: M. Lewis, "Japan’s First Large-Scale Offshore
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Wind Farm Just Came Online”, Electrek, December 27, 2022,
https://electrek.co/2022/12/27/japan-first-large-scale-offshore-
wind-farm; A. Memija, “Japan'’s First Commercial-Scale Offshore
Wind Farm Fully Up and Running"”, Offshore Wind, January 31,
2023, https://www.offshorewind.biz/2023/01/31/japans-first-
commercial-scale-offshore-wind-farm-fully-up-and-running;
Ministry of Economy, Trade and Industry, “Japan’s Roadmap

to '‘Beyond-Zero' Carbon”, https://www.meti.go.jp/english/
policy/energy_environment/global_warming/roadmap/index.
html, accessed April 28, 2023; EU-Japan Centre for Industrial
Cooperation, "Japanese Government Announces Results for
First Large-Scale Offshore Windpark Auctions”, December 24,
2021, https://www.eu-japan.eu/news/japanese-government-
announces-results-first-large-scale-offshore-windpark-auctions;
Infolink, “Market Analysis: Japan to Reach 10 GW Offshore

Wind Capacity by 2030", November 17, 2021, https://www.
infolink-group.com/energy-article/Market-analysis-Japan-to-
reach-10-GW-offshore-wind-capacity-by-2030; Japan Wind
Development Co. Ltd,, "Concluded a cooperation agreement
with Akita University regarding local contribution and human
resource development through offshore wind power generation
business”, February 9, 2023, https://www.jwd.co.jp/info (using
Google Translate); Akita Prefecture, "FY2020 Akita Prefecture
Wind Power Generation Related Industry Entry Support Project
Subsidy Announcement of Recruitment of Eligible Projects”,
April 5, 2023, https://www.pref.akita.lg.jp/pages/archive/71956
(using Google Translate); Kahoku, "Offshore wind power

will create 37,000 jobs. Akita Prefecture estimate economic
effect is 382 billion yen", March 9, 2022, https://kahoku.news/
articles/20220308khn000025.html (using Google Translate).

GWEC, "Global Wind Report 2023", March 27, 2023, op. cit. note
1, pp. 8, 95, and from GWEC, "Global Offshore Wind Report
2022", op. cit. note 5, p. 7. Rush to commission in 2021 also from
F. Guo, CWEA, in WWEA, op. cit. note 11, and from N. Weekes,
"Bumper Year-End for Chinese Offshore Wind as Feed-in Tariff
Expires”, Windpower Monthly, January 5, 2022, https://www.
windpowermonthly.com/article/1736674/bumper-year-end-
chinese-offshore-wind-feed-in-tariff-expires. Pandemic-related
restrictions from GWEC, "Global Wind Report 2023", March 27,
2023, op. cit. note 1, pp. 52, 106; other sources blame the end of
government subsidies for the decline offshore. For example, see
Ng, op. cit. note 33. Provincial-level subsidies (although small
compared to the expired federal incentives) may have played a
role in ongoing development in 2022, from B. Lepic, “Chinese
offshore wind capacity boom driven by state subsidies”, Rigzone,
November 23, 2022, https://www.rigzone.com/news/chinese_
offshore_wind_capacity_boom_driven_by_state_subsidies-23-
nov-2022-171136-article.

Global Times, “China’s largest unsubsidized offshore wind power
project completed”, December 21, 2022, https://www.globaltimes.
cn/page/202212/1282301.shtml.

GWEC, "Global Wind Report 2023", March 27, 2023, op. cit. note
1, p. 102; GWEC, "Global Wind Report 2023", March 2023, op. cit.
note 1.

WindEurope, op. cit. note 1, pp. 10, 11; lowest since 2016 from
WindEurope, "Offshore Wind Energy 2022 Statistics”, March
2023, p. 4.

The United Kingdom added 1,179 MW in 2022, from WindEurope,
op. cit. note 1, p. 13. The UK commissioned 924 MW at Hornsea
Two in 2022; the total project is 1,386 MW, from idem, p. 18.

J. Timperley, "Floating offshore wind prepares to go commercial”,
Energy Monitor, May 16, 2022, https://www.energymonitor.
ai/tech/renewables/floating-offshore-wind-prepares-to-go-
commercial; The Crown Estate, “Government approves 8GW of
offshore wind in major milestone for renewable energy”, July 19,
2022, https://www.thecrownestate.co.uk/en-gb/media-and-
insights/news/2022-government-approves-8gw-of-offshore-
wind-in-major-milestone-for-renewable-energy; floating wind can
triple the size from GWEC, "Global Offshore Wind Report 2021,
2021, p. 6, https://gwec.net/global-offshore-wind-report-2021.

France from WindEurope, op. cit. note 1, p. 14. This was the 480
MW Saint Nazaire project, from idem; The Netherlands from A.
Durakovic, “Subsidy-Free Offshore Wind Power Starts Flowing
into Dutch Grid", Offshore Wind Biz, August 2, 2022, https://
www.offshorewind.biz/2022/08/02/subsidy-free-offshore-wind-
power-starts-flowing-into-dutch-grid; Norway from GWEC,
"Global Wind Report 2023", March 27, 2023, op. cit. note 1, p. 9.
The Hywind Tampen project produced its first power in 2022,
from A. Frangoul, “The ‘world's largest floating wind farm’
produces its first power”, CNBC, November 14, 2022, https://
www.cnbc.com/2022/11/14/the-worlds-largest-floating-wind-
farm-produces-its-first-power.html. When completed, it will be
the world largest floating offshore wind project, from WindEurope,
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"Offshore Wind Energy 2022 Statistics”, op. cit. note 104, p. 47.
It was not completed in 2022 due to supply chain issues, from
GWEC, "Global Wind Report 2023", March 27, 2023, op. cit.
note 1, p. 95; Italy from WindEurope, op. cit. note 1, p. 13, and
from Maritime Executive, “Italy Inaugurates the First Offshore
Wind Farm in the Mediterranean”, April 25, 2022, https://
www.maritime-executive.com/article/italy-inaugurates-the-
first-offshore-wind-farm-in-the-mediterranean. New offshore
capacities commissioned in 2022 totaled 1,179 MW in the United
Kingdom, followed by France (480 MW), the Netherlands (369
MW), Germany (342 MW), Norway (60 MW) and Italy (30 MW),
from WindEurope, op. cit. note 1.

108 Germany added 342 MW in 2022, following a year in which
no new offshore capacity came online, based on data from
WindEurope, op. cit. note 1, p. 10, and from GWEC, "Global Wind
Report 2023", March 2023, op. cit. note 1.

109 WindEurope, op. cit. note 1, p. 10-11, 14; WindEurope, "Offshore
Wind Energy 2022 Statistics”, op. cit. note 104, pp. 4, 10.

110 WindEurope, op. cit. note 1, pp. 51, 53; WindEurope, "Offshore
Wind Energy 2022 Statistics”, op. cit. note 104, p. 40. UK floating
wind target was increased in 10 GW in 2022, from GWEC,
"Global Offshore Wind Report 2022", op. cit. note 5, p. 3. For
more on offshore wind targets in Europe and developments
in 2022, see, for example: Institute for Energy Economics
and Financial Analysis, “Netherlands targets 70 gigawatts of
offshore wind energy by 2050", September 19, 2022, https://
ieefa.org/articles/netherlands-targets-70-gigawatts-offshore-
wind-energy-2050; REnews, “North Sea countries set 260GW
offshore wind target North Sea countries set 260GW offshore
wind target”, September 12, 2022, https://renews.biz/80395/
north-sea-countries-set-260gw-offshore-wind-target; A. Fine,
“New Greek Law Focuses on Reaching 2 GW of Offshore Wind
Development by 2030", North American Windpower, August 4,
2022, https://nawindpower.com/new-greek-law-focuses-on-
reaching-2-gw-of-offshore-wind-development-by-2030; Maritime
Executive, "Sweden targets 120 TWh from accelerated offshore
wind farm development”, February 15, 2022, https://www.
maritime-executive.com/article/sweden-targets-120-twh-from-
accelerated-offshore-wind-farm-development.

111 WindEurope, "Offshore Wind Energy 2022 Statistics”, op. cit. note
104, pp. 4, 35. Not one project reached final investment decision
in 2022, from WindEurope, “The EU built only 16 GW new wind
in 2022: must restore investor confidence and ramp up supply
chain”, February 28, 2023, https://windeurope.org/newsroom/
press-releases/the-eu-built-only-16-gw-new-wind-in-2022-must-
restore-investor-confidence-and-ramp-up-supply-chain.

112  reNEWS Biz, "US offshore wind demand doubles in 2022",
February 21, 2023, https://renews.biz/83969/us-offshore-wind-
demand-doubles-in-2022; R. Davidson, “US ‘tripled offshore wind
investment’ to $10bn in 2022", Windpower Monthly, February
22,2023, https://www.windpowermonthly.com/article/1814179/
us-tripled-offshore-wind-investment-10bn-2022. This included
USD 4.4 billion for port infrastructure, supply chain development
and transmission infrastructure, from reNEWS Biz, op. cit. this note.

113 More than 13 GW, from GWEC, "Global Wind Report 2023", March
27,2023, op. cit. note 1, p. 96. Also see: R. Davidson, “Rhode
Island utility issues RfP for up to 1IGW offshore wind", Windpower
Monthly, October 17, 2022, https://www.windpowermonthly.
com/article/1802233/rhode-island-utility-issues-rfp-1gw-
offshore-wind; Renewable Energy World, “The 5 clean energy
stories that defined 2022", December 28, 2022, https://www.
renewableenergyworld.com/solar/the-5-clean-energy-stories-
that-defined-2022; D. Kovaleski, “New York Bight offshore wind
sale nets largest haul in U.S. history”, Daily Energy Insider, March
1, 2022, https://dailyenergyinsider.com/news/34036-new-york-
bight-offshore-wind-sale-nets-largest-haul-in-u-s-history; A.
Fine, "BNOW: U.S. Offshore Wind Industry Finished 2022 on a
Strong Note”, North American Wind Power, January 12, 2023,
https://nawindpower.com/bnow-reports-u-s-offshore-wind-
industry-finished-2022-on-a-strong-note. In addition, the US
government designated areas for offshore wind in the Gulf of
Mexico, from OE Digital, "U.S. Designates Offshore Wind Farm
Development Areas in Gulf of Mexico”, October 31, 2022, https://
www.oedigital.com/news/500593-u-s-designates-offshore-
wind-farm-development-areas-in-gulf-of-mexico.

14 ACP, op. cit. note 1, pp. 5, 16. The advanced development pipeline
at end-2022 was 16,696 MW, and the first commercial-scale
project (806 MW Vineyard Wind) began installing offshore
cabling during the year, from idem.

115 ACP, op. cit. note 1, p. 29. States included California (25 GW),
New Jersey (11 GW), New York (9 GW), North Carolina (8 GW),
Massachusetts (5.6 GW), Virginia (5.2 GW), Louisiana (5 GW),
Connecticut (2.3 GW), Maryland (1.6 GW) and Rhode Island (1.4
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GW), from idem. US offshore official targets increased 79% in
2022, due to a California target (25 GW), Louisiana, New Jersey
and Rhode Island all announcing new state level goals, from
REnews Biz, op. cit. note 112. California also has floating wind
power targets of 3 GW by 2030, 15 GW by 2045, and possibly

20 GW by 2050, from reNEWS Biz, “California sets 3GW floater
goal for 2030", May 9, 2022, https://renews.biz/77679/california-
sets-3gw-floater-goal-for-2030. In addition to state procurement
targets, the Biden administration targets having 30 GW offshore
wind online in the United States by 2030, from H.J. Mai, “Biden’s
offshore wind plan could create thousands of jobs but challenges
remain”, Oregon Public Broadcasting, January 24, 2023, https://
www.opb.org/article/2023/01/24/offshore-wind-energy-jobs-
biden; on top of this target, the Administration targets 15 GW of
floating wind capacity by 2035, from A. Frangoul, “The U.S. looks
to rival Europe and Asia with massive floating offshore wind plan”,
CNBC, September 16, 2022, https://www.cnbc.com/2022/09/16/
the-us-looks-to-rival-europe-and-asia-with-massive-floating-
offshore-wind-plan.html.

Figure of 16 governments from GWEC, “Global Wind Report
2023", March 27, 2023, op. cit. note 1, p. 70. Governments with
new or increased targets were the Republic of Korea, China,
Victoria (Australia), Nova Scotia (Canada), Belgium, Denmark,
France, Germany, Ireland, Luxembourg, the Netherlands, Norway,
Sweden, Portugal, New Jersey and Louisiana (United States),
from idem. Nova Scotia set a target to offer leases for 5 GW of
offshore wind power by 2030 to address climate change and
create local jobs, from A. Fine, “Nova Scotia Sets Offshore Wind
Lease Goal of 5 GW”, North American Windpower, September 22,
2022, https://nawindpower.com/nova-scotia-sets-offshore-wind-
lease-goal-of-5-gw. Australia's Victoria State set a target of 9 GW
by 2030, from GWEC, "Global Offshore Wind Report 2022", op.
cit. note 5, p. 3. The Philippines set a target for 21 GW offshore by
2040, from Pinsent Masons, “Philippines targets 21GW offshore
wind by 2040", April 29, 2022, https://www.pinsentmasons.com/
out-law/news/philippines-targets-21gw-offshore-wind-by-2040.
Global targets approaching 380 GW from GWEC, “Global
Offshore Wind Report 2022", op. cit. note 5, p. 4.

Australia from B. Symons, “Federal government declares
Australia’s first six offshore wind energy zones”, ABC Gippsland,
August 5, 2022, https://www.abc.net.au/news/2022-
08-05/0offshore-windfarms-climate-renewable-energy-
turbines/101303944; India from reNEWS Biz, “India unveils 4GW
offshore wind tender plan”, November 15, 2022, https://renews.
biz/81829/india-unveils-4gw-offshore-wind-tender-plan, and
from Mercom India, “Bids for 12 GW of Offshore Wind Energy

to be Issued in Tamil Nadu and Gujarat in Three Years", June

10, 2022, https://mercomindia.com/bids-for-12-gw-of-offshore-
wind-energy; Brazil from E. Gannoum, President of ABEEdlica,
Forward, in GWEC, "Global Wind Report 2023", March 27, 2023,
op. cit. note 1, p. 5, and from reve, "Abeedlica: Brazil will enter
2023 with regulated offshore wind energy”, February 17, 2023,
https://www.evwind.es/2023/02/17/abeeolica-brazil-will-
enter-2023-with-regulated-offshore-wind-energy/90271. As of
mid-2022, Brazil had a pipeline of 97.4 GW of offshore capacity
under development, from C. Richard, “Corio Generation unveils
5GW offshore wind pipeline off Brazil", Windpower Monthly, June
13, 2022, https://www.windpowermonthly.com/article/1789527/
corio-generation-unveils-5gw-offshore-wind-pipeline-off-brazil.
In Australia, construction started in 2022 on the Macintyre

Wind Precinct (1,026 MW), which was expected to come online
in 2024, from M. Lewis, "Construction officially starts on the
largest wind farm in Australia”, Electrek, June 2, 2022, https://
electrek.co/2022/06/02/largest-wind-farm-in-australia. And yet,
Australia’s Star of the South (2.2 GW) was still on track to become
the country's first operating offshore wind farm, with the first
power expected in 2028, from A. Durakovic, "Australia Putting
Wind Projects Offshore Victoria on Fast Track"”, Offshore Wind
Biz, October 21, 2022, https://www.offshorewind.biz/2022/10/21/
australia-putting-wind-projects-offshore-victoria-on-fast-track.

Global offshore pipeline from renewableUK, "UK offshore wind
pipeline reaches nearly 100 gigawatts - while global pipeline hits
over 1,J00GW", February 15, 2023, https://www.renewableuk.
com/news/632004/UK-offshore-wind-pipeline-reaches-nearly-
100-gigawatts---while-global-pipeline-hits-over-1100GW-.htm;
floating wind from GWEC, “Global Offshore Wind Report 2022,
op. cit. note 5, p. 96.

Total of 19 in 2022 includes China, Japan, the Republic of Korea,
Chinese Taipei and Vietnam in Asia; Germany, Spain, the

United Kingdom, France, Italy, Sweden, Portugal, Denmark, the
Netherlands, Ireland, Belgium, Norway and Finland in Europe; and
the United States. Same countries in 2021 except for Italy; also,
note that France had only 2 MW of capacity and Norway only 5.9
MW at the end of 2021. All based on data from WindEurope, op.
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cit. note 1, p. 10-11, 14, from WindEurope, “Offshore Wind Energy
2022 Statistics”, op. cit. note 104, pp. 4, 10, and from GWEC,
“Global Wind Report 2023", March 2023, op. cit. note 1.

Based on data from WindEurope, op. cit. note 1, p. 10-11, 14, from
WindEurope, "Offshore Wind Energy 2022 Statistics”, op. cit. note
104, pp. 4,10, and from GWEC, "Global Wind Report 2023", March
2023, op. cit. note 1.

Shares at the end of 2022 and 2021 based on data from GWEC,
“Global Wind Report 2023", March 27, 2023, op. cit. note 1, p. 102.
At the end of 2021, Europe had slightly more than 50% of global
installed offshore wind power capacity; this fell to just over 47% in
2022, based on data from idem.

GWEC, "Global Offshore Wind Report 2022", op. cit. note 5, p. 14.

Challenges associated with scaling up from T. Casey,

“"Wooden towers to help cut the cost of wind turbines, even

more”, CleanTechnica, May 31, 2022, https://cleantechnica.
com/2022/05/31/wooden-towers-to-help-cut-the-cost-of-wind-
turbines-even-more; I. Griggs, “Firms to produce wooden turbine
blades to give wind industry 'sustainable future™, Windpower
Monthly, November 15, 2022, https://www.windpowermonthly.
com/article/1805271/firms-produce-wooden-turbine-blades-
give-wind-industry-sustainable-future; T. Casey, “No more
excuses: spiral welding can bring taller wind turbines to US
southeast”, CleanTechnica, May 16, 2022, https://cleantechnica.
com/2022/05/16/no-more-excuses-spiral-welding-can-bring-
taller-wind-turbines-to-us-southeast; H. Everett, "New GE facility
focuses on R&D of 3D printed wind turbine towers”, 3D Printing
Industry, April 25, 2022, https://3dprintingindustry.com/news/
new-ge-facility-focuses-on-rd-of-3d-printed-wind-turbine-
towers-208125; T. Casey, "Taller wind turbines to get TLC from

3D printing"”, CleanTechnica, April 21, 2022, https://cleantechnica.
com/2022/04/21/taller-wind-turbines-to-get-tlc-from-3d-printing;
C. Richard and I. Griggs, “2022: Innovations that could shape the
wind industry”, Windpower Monthly, December 22, 2022, https://
www.windpowermonthly.com/article/1808918/2022-innovations-
shape-wind-industry. For offshore, see also, for example, GWEC,
“Global Offshore Wind Report 2022", op. cit. note 5, p. 14. For China
specifically, see, for example: D. Snieckus, “New global milestone’
| China's CSSC Haizhuang rolls out world's largest wind turbine”,
REcharge News, January 9, 2023, https://www.rechargenews.
com/wind/new-global-milestone-chinas-cssc-haizhuang-rolls-
out-worlds-largest-wind-turbine/2-1-1384424. Also, see sources for
information provided in endnotes below.

Reddie & Groseg, cited in M. Ahmad, “China leads global increase in
wind power generation patents”, Energy Digital, January 18, 2023,
https://energydigital.com/renewable-energy/china-leads-global-
increase-in-wind-power-generation-patents. Over the past decade,
Chinese firms have filed for far more patents than have those

in any other region; Chinese firms accounted for 23,737 patent
filings, followed by Europe (16,396), the United States (16,074), the
Republic of Korea (6,611) and Japan (3,809), from idem.

See, for example, US Department of Energy (US DOE), “"Land-
Based Wind Market Report: 2022 Edition”, August 2022, p.

viii, https://www.energy.gov/sites/default/files/2022-08/
land_based_wind_market_report_2202.pdf, and Lepic, op.

cit. note 101; M. Lewis, "GE is developing a massive 18 MW
offshore wind turbine”, Electrek, March 13, 2023, https://electrek.
€0/2023/03/13/ge-is-developing-a-massive-18-mw-offshore-
wind-turbine. Benefits of Larger, higher-efficiency turbines
from, for example, B. Backwell, GWEC, "Taking offshore wind
global”, March 4, 2020, slide 10, https://www.renewable-ei.org/
pdfdownload/activities/11_BenBackwell.pdf; US DOE, “Land-
Based Wind Market Report...", op. cit. this note, p. 43; US DOE,
"Wind turbines: the bigger, the better”, August 16, 2022, https://
www.energy.gov/eere/articles/wind-turbines-bigger-better.

Preliminary data from GWEC, “"Global Wind Market Development:
Supply Side Data 2022", p. 25, unpublished document, provided
by Zhao, op. cit. note 6.

Ibid. The regions with the largest average turbine sizes were Latin
America (4,482 MW), followed by Asia Pacific (4,343 MW), with
both regions passing Europe (4,313 MW); the region with the
lowest average was North America (3,140 MW), from idem, p. 26.
Zaremba, op. cit. note 12.

A. Frangoul, “Vestas launches ‘'world's tallest onshore tower

for wind turbines’, CNBC, September 29, 2022, https://
www.cnbc.com/2022/09/29/vestas-launches-worlds-
tallest-onshore-tower-for-wind-turbines.html; M. Lewis,

"GE is developing a massive 18 MW offshore wind turbine”,
Electrek, March 13, 2023, https://electrek.co/2023/03/13/
ge-is-developing-a-massive-18-mw-offshore-wind-turbine.
Pressures to innovate from GWEC, “Global Wind Report 2023", March
27,2023, op. cit. note 1, p. 54. See also Snieckus, op. cit. note 123.
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Onshore, MingYang's 8.5 MW turbine, from A. Lee, “China raises
wind power stakes again as ‘world's biggest onshore turbine’
busts 8MW", REcharge News, January 4, 2023, https://www.
rechargenews.com/wind/china-raises-wind-power-stakes-again-
as-worlds-biggest-onshore-turbine-busts-8mw/2-1-1383010;

it was quickly surpassed by Envison Energy (10 MW), from

J.S. Hill, "World's largest onshore wind turbine, and the first to
reach 10MW, debuts in China", RenewEconomy, February 14,
2023, https://reneweconomy.com.au/worlds-largest-onshore-
wind-turbine-and-the-first-to-reach-10mw-debuts-in-china;

two weeks later, SANY’s 11 MW prototype was rolled out, from
GWEC, "Global Wind Report 2023", March 27, 2023, op. cit.

note 1, p. 54. Offshore, China’s Three Gorges Corporation and
Xinjiang Goldwind produced the world's first 16-MW turbine in

late 2022, from Xinhua, “World's largest offshore wind turbine

off assembly line in China", November 23, 2022, https://english.
news.cn/20221123/89eea57690ea4d4083ee365e0d1af2cf/c.html;
Goldwind announced the production of a 13.6 MW turbine with

a record 252-metre rotor diameter, from M. Lewis, “China debuts
an offshore wind turbine with the world's largest rotor diameter”,
Electrek, October 17, 2022, https://electrek.co/2022/10/17/offshore-
wind-turbine-worlds-largest-rotor-diameter; also in late 2022,
China State Shipbuilding Corp (CSSC) Haizhuang began marketing
a turbine with an 18 GW rating, from Snieckus, op. cit. note 123;
Windpower Monthly, “The world's largest and most powerful
offshore wind turbine unveiled - and more”, March 7, 2023, https://
www.windpowermonthly.com/article/1815513/worlds-largest-
powerful-offshore-wind-turbine-unveiled--; and MingYang unveiled
an 18 MW turbine in early 2023, from Bloomberg, “China Clean
Energy Giants Unveil World's Largest Wind Turbines”, January 10,
2023, https://www.bloomberg.com/news/articles/2023-01-11/
china-clean-energy-giants-unveil-world-s-largest-wind-turbines.
See also D. Proctor, "New 18-MW Model Takes Over as World's
Largest Offshore Wind Turbine”, Power Magazine, January 6, 2023,
https://www.powermag.com/new-18-mw-model-takes-over-as-
worlds-largest-offshore-wind-turbine.

Little opportunity to learn from H. Richards, “"Offshore wind
turbines are growing larger. How big is too big?” EE News,

March 2, 2023, https://www.eenews.net/articles/offshore-wind-
turbines-are-growing-larger-how-big-is-too-big; R. Beene and J.
Saul, "Wind Turbines Taller Than the Statue of Liberty Are Falling
Over”, Bloomberg, January 23, 2023, https://www.bloomberg.
com/news/articles/2023-01-23/wind-turbine-collapses-
punctuate-green-power-growing-pains; R. Morison, “Wind
turbines are big enough for now, Vestas CEO says”, Bloomberg,
January 16, 2023, https://www.bloomberg.com/news/
articles/2023-01-16/wind-turbines-are-big-enough-for-now-
vestas-ceo-says. Permitting challenges from A. Lee, "China raises
wind power stakes again as ‘world's biggest onshore turbine’
busts 8MW", REcharge News, January 4, 2023, https://www.
rechargenews.com/wind/china-raises-wind-power-stakes-again-
as-worlds-biggest-onshore-turbine-busts-8mw/2-1-1383010. See
also Hill, op. cit. note 131. For the offshore sector, the trend could
discourage investment in new installation vessels that might be
too small once completed, from Richards, op. cit. this note.

Morison, op. cit. note 132; Mathis, Beene and Saul, op. cit. note 10;
Beene and Saul, op. cit. note 132. Chinese manufacturers also are
focusing on reducing manufacturing costs and expecting smaller
profits due to grid parity conditions, from Lepic, op. cit. note 101.

L.M. Lombrana and T. Gualtieri, “Making Wind Turbines Greener
Could Also Make Them More Expensive”, Bloomberg, November
2,2021, https://www.bloomberg.com/news/articles/2021-02-11/
making-wind-turbines-greener-could-also-make-them-more-
expensive; Dyrholm in GWEC, "Global Wind Report 2023",
March 27,2023, op. cit. note 1, p. 2. See also Global Alliance for
Sustainable Energy, https://sustainable-energy.eco, accessed
April 12, 2023, and Global Alliance for Sustainable Energy,
"Reducing Raw Materials’ Environmental and Social impacts

in Electrical Energy Technologies”, Circular Design Criteria
Working Group Position Paper, undated, https://energycentral.
com/c/enelfoundation/global-alliance-sustainable-energy-
%E2%80%93-position-paper-release.

See, for example, the following: GE, "Environmental, social

and governance: Sustainability at core”, https://www.ge.com/
sustainability, accessed April 12, 2023; Vestas, "Our sustainability
strategy: Sustainability in everything we do”, https://www.vestas.
com/en/sustainability/sustainability-strategy, accessed April 12,
2023; Siemens Gamesa, "Siemens Gamesa puts decarbonization,
recyclability and technological education at heart of ambitious new
sustainability strategy”, July 21, 2021, https://www.siemensgamesa.
com/newsroom/2021/07/210721-siemens-gamesa-press-release-
launches-new-sustainability-strategy; Nordex Acciona Windpower,
"Sustainability report published”, April 6, 2023, https://www.nordex-
online.com/en/2023/04/sustainability-report-2022-published;
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reve, "Goldwind releases its 2021 sustainability report”,
May 10, 2022, https://www.evwind.es/2022/05/10/
goldwind-releases-its-2021-sustainability-report/86034.

American Chemical Society, “Wind turbine blades could someday
be recycled into sweet treats”, Science Daily, August 23, 2022,
https://www.sciencedaily.com/releases/2022/08/220823095518.
htm.

For examples of recycling from traditional materials, see the
following: M. Gallucci, "Vestas has a new way to keep wind
turbine blades out of the dump”, Canary Media, February 16,
2023, https://www.canarymedia.com/articles/wind/vestas-has-
a-new-way-to-keep-wind-turbine-blades-out-of-the-dump; M.
Lewis, “This company turns wind turbine blades into concrete”,
Electrek, January 12, 2023, https://electrek.co/2023/01/12/this-
company-turns-wind-turbine-blades-into-concrete; Goldwind,
“Goldwind recycles turbine blades into 3D printing materials”,
July 28, 2022, https://www.goldwind.com/en/news/focus-
article/?id=737300515733524480; A. Lee, "Golden ratio’ | China's
Goldwind claims breakthrough using old turbine blades for 3D
printing”, REcharge, July 28, 2022, https://www.rechargenews.
com/wind/golden-ratio-chinas-goldwind-claims-breakthrough-
using-old-turbine-blades-for-3d-printing/2-1-1267998; A.
Frangoul, "GE, Orsted and now Iberdrola: The competition to
recycle wind turbine blades heats up”, CNBC, June 6, 2022,
https://www.cnbc.com/2022/06/06/iberdrola-sets-up-firm-
focused-on-recycling-wind-turbine-blades.html; Richard and
Griggs, op. cit. note 123. For examples of new materials, see also:
idem; N. Weekes, “"LM Wind Power launches fully recyclable
thermoplastic wind turbine blade”, Windpower Monthly, March
17,2022, https://www.windpowermonthly.com/article/1749931/
Im-wind-power-launches-fully-recyclable-thermoplastic-wind-
turbine-blade, A. Paleja, “The world’s first turbine with recyclable
blades is now operational”, Interesting Engineering, August 3,
2022, https://interestingengineering.com/innovation/the-worlds-
first-turbine-with-recyclable-blades-is-now-operational; Griggs,
op. cit. note 123.
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