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In 2023, ongoing economic and geopolitical developments continued to cause major changes to the world's energy system. Markets were tighter and
policy makers shifted their focus to ensuring security of supply. High inflation and cost of capital are inhibiting investment, particularly in developing
countries with high debt burdens, making development highly unequal across regions.

The good news is that many governments are adopting and promoting renewables as an affordable and secure source of energy to stabilise supply
and mitigate inflation. Significant momentum has already been building in the power sector, where renewable electricity is driving the shift in energy
supply. Renewables now account for over 30% of total final energy consumption in the power sector.

But we need to accelerate this trend with necessary targets and policies. Special attention must be paid to increasing renewable uptake in heat

and fuels as rates still hover at 10% and 3.5% respectively. The UNFCCC COP28 agreement to triple renewable energy capacity and double energy
efficiency improvements provides a real opportunity. With the Nationally Determined Contributions (NDCs) towards reducing greenhouse gas
emissions under the Paris Agreement, there is a window of opportunity to make clear commitments and raise ambition on renewable energy, but this
opportunity must be seized now.

The Renewables 2024 Global Status Report - Energy Supply Module delves into the intricacies of renewable energy progress, examining the
distribution of energy among carriers and outlining critical obstacles. It is the third of five modules released this year and represents the collaborative
efforts of hundreds of contributors who provide unbiased data and knowledge.

| hope that, in this module, you will find the essential elements and tools to support your work in enabling a swift transition to renewable energy.
Thank you to the REN21 team, authors, special advisor and contributors who have given their knowledge, time and effort to produce this report.
Their insights and commitment are core in producing these crowd-sourced and peer-reviewed reports. | am confident that this publication will serve
as a valuable resource for policy makers, industry leaders and stakeholders to inform decision making in support of a sustainable energy future.

RENEWABLES NOW

Sincerely,

%7 REN21
Rana Adib "
Executive Director, REN21
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RENEWABLE ENERGY POLICY NETWORK
FOR THE 21 CENTURY

REN21 is unique. It is the only global, multi-stakeholder network dedicated to renewables.

We create an enabling environment to support renewable uptake. Together, we build
knowledge, shape dialogue and debate, and communicate this information to strategically drive
the deep transformations needed to make renewables the norm.

Shifting to renewables is more than a fuel switch; it requires engaging with market players and
society at large. REN21 works in close co-operation with its community, providing a platform
for all stakeholders to engage and collaborate.

Through these collective efforts, REN21 builds bridges and amplifies positive and sustainable
energy solutions. Our goal: enable decision makers to make the shift to renewable energy
happen - now.
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20 YEARS OF REN21

// RENZ21 This year marks two decades since the inception of REN21 - an opportunity to celebrate 20 years of instrumental
contributions to the advancement, shaping and understanding of renewable energy worldwide.

Established in 2004, REN21 emerged from the collective vision of global pioneers who convened to call for accelerated
commitments towards renewable energy adoption. For two decades, REN21 has been pivotal in elevating renewables
to the forefront of global agendas for leaders and decision makers across all stakeholder groups, enabling knowledge
exchange, dialogue and debate about the global transition to renewables.

The 20th-anniversary celebration of REN21 is also the occasion to acknowledge REN21's flagship knowledge product,
the Renewables Global Status Report. Since the GSR's first release in 2005, REN21 has published 18 editions of the
report, crafted annually with the most up-to-date insights, facts and stories from thousands of contributors spanning
diverse regions and sectors. The GSR has been central to fulfilling REN21's mission, becoming a reference for many
and positioning REN21 as the global trusted voice on renewables.

20 YEARS OF CROWD-SOURCED, CROWD-OWNED KNOWLEDGE AND DATA

REN21's data and knowledge collection method Is unique, drawing upon the organisation’s global multi-stakeholder
community of experts. Contributors from across the globe are invited to submit data, insights and stories on annual
developments in renewable energy technologies, market trends, policies and local perspectives, resulting in a
comprehensive and diverse dataset.

REN21 performs rigorous data validation and fact-checking throughout the report's development, ensuring accuracy
and reliability. Validation of the data is a collaborative and transparent process conducted through open peer reviews.

Collectively, hundreds of experts contribute to making the GSR one of the most authoritative and comprehensive
publications in the field of renewables. Alongside its wealth of key facts and figures, the GSR is openly accessible,
fostering a shared language that shapes the sectoral, regional and global debate on the energy transition.


https://www.ren21.net/20-years-of-telling-the-renewable-energy-story/
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Supported by:

% Federal Ministry % Federal Ministry
for Economic Affairs for Economic Cooperation
and Climate Action and Development

on the basis of a decision
by the German Bundestag

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) and the German Federal Ministry for Economic
Affairs and Climate Action (BMWK).

A large share of the research for this report was conducted on a
voluntary basis.

Global Trends Market and Industry Trends Challenges and Opportunities

RENEWABLES GLOBAL STATUS REPORT
2024 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. Structured as a collection of
five publications, this year's 19th edition of the GSR reflects
key trends in global energy. In addition to presenting the latest
developments in renewable energy supply, the GSR also
provides a global overview of the renewables landscape and
dives into different energy demand sectors with dedicated
modules on buildings, industry, transport and agriculture.

The collection further includes a publication on renewable
energy systems and infrastructure as well as a publication

on renewables for economic and social value creation,
acknowledging the key benefits of renewables for economies
and societies. Collectively, these five publications offer readers a
systemic global overview of the current uptake of renewables.

% REN21
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KEY FACTS

Developments in renewable energy supply renewable power = Global investment in and deployment of renewables
are uneven across energy carriers, regions 5 3 6 GW capacity added reached an all-time high in 2023, despite high interest
and technologies. in 2023 rates and higher costs of raw materials.

= Globally, renewable energy supplied 30% of electricity,
10% of heat and 3.5% of fuel in 2023,

USD 6 23 investment in = Global renewable capacity additions need to reach

1 renewable power almost 1 terawatt (TW) per year to achieve the global
bl | | |On and fuels in 2023 target Of nNTWwW by 2030,

= Investment in renewable energy and enabling

technology manufacturing grew 70% in 2023, mainly in
solar PV and batteries.

2 COu ntries = In 2023, 24 countries updated their targets for the share
with renewable of renewables in the electricity supply.

1 8 energy targets
across all sectors

and technologies
in 2023
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Ongoing economic and geopolitical developments
spurred extensive transformations in the global energy
supply landscape in 2023, with tighter markets and an
increased focus on energy security. The post-pandemic
economic rebound sparked high energy demand,
which strained supply chains and caused price volatility,

while the Russian Federation's invasion of Ukraine
compounded these challenges and further destabilised
markets.! High inflation and cost of capital continued to
hamper investment, particularly in developing countries
with high debt burdens.?

Many governments have promoted renewables as
an affordable and secure source of energy to stabilise
supply and mitigate inflation. Policy packages such as
the US Inflation Reduction Act and the European Union's
(EU) REPowerEU are aimed at boosting domestic
manufacturing and deployment.

RENEWABLE ELECTRICITY IS DRIVING THE SHIFT IN
ENERGY SUPPLY

Between 2011 and 2021, total energy demand increased
by 39 exajoules (EJ); fossil fuels and traditional biomass
covered 53% of the increase while modern renewables
covered only 45%.° (- See Figure 1)

Direct subsidies to fossil fuels totalled around
USD 600 billion in 2023, still above 2021 levels but below
the all-time high of more than USD 1 trillion during the
global energy crisis in 2022.° Many countries have moved

In 2021, nearly half of the world's total final energy
consumption was in the form of direct heat, followed by
fuels (including liquid and gaseous fuels for transport),
with a 29% share.® (- See Figure 2))

?- FIGURE 1.

Increase in Energy Demand by Source, 2011-2021

Exajoules to phase out fossil-fuelled heating systems and internal
45 combustion engines, and there is increasing momentum
0.8¢, Nuclear Only to ban fossil fuels altogether and to redirect subsidies
_________________________ - power of the increase in energy towards renewables.*
_________________________ R _

demand between 2011
and 2021 was met by
renewables.

Modern
renewables

SO0

?- FIGURE 2.

Total Final Energy Consumption and Share of Modern Renewables, by Energy Carrier, 2021

23%

Electricity

21
E)
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fuels and

traditional
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10% 3.5% 30%
Renewable Biofuel Renewable
heat electricity

Source: See endnote 5 for this section. Source: Based on IEA. See endnote 6 for this section.

Total increase
(2011-2021)
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The proportion of electricity (also used for heat and
transport) in the global energy supply has been rising
consistently — reaching 23% in 2021, up from 19% in
2011 - with increasing dependence on electricity to meet
demand across all sectors.” The renewable share in

?- FIGURE 3.

electricity generation increased marginally from 29.4%
in 2022 to0 30.3% in 2023, although this mostly covered
the increase in electricity demand rather than replacing
fossil fuels.® (= See Figure 3.)

Electricity Generation by Energy Source, 2014-2023

30.3% Bioenergy
Terawatt-hours Renewable and geothermal
30 power power
e 2.7 %
21.7% 5.9%  Solar power
R bl :
25 pomer Wind power
Hydropower
20 D
Nuclear power
15 Fossil fuels
10 D
5 I

e e e
2020 2022 2023

2014 2016 2018

Source: Ember. See endnote 8 for this section.

Installed renewable power capacity continued to
grow, particularly wind and solar power, driven by policy
support and investment that reached a record high of
USD 622.5 billion in 2023 (up 8.1% from 2022).° The
majority (86%) of power capacity additions during the
year were renewable, with record additions in solar
photovoltaics (PV) (407 gigawatts, GW) and wind
power (1177 GW), which together accounted for 98% of
renewable capacity additions.® Capacity growth in 2023
was driven largely by China (solar PV and wind power),
as well as by the United States and the EU (solar PV),
and India and Brazil (solar PV and wind power)."

Progress in renewable heat has been comparatively
slower, with the share of modern renewables (excluding
traditional biomass') in the heat supply increasing

Renewable electrcity
generation has
grown an average of

per year over the
last decade.

moderately from 8.9% in 2011 to 11.6% in 20212 (- See
Figure 4.) Modern bioenergy remained the dominant
source of renewable heat, supplying 7.9%, while
solar thermal and geothermal direct heat contributed
1.4%, the remaining 2.4% was supplied by renewable
electricity.®

Biofuels accounted for almost all renewable fuels.
Renewable hydrogen has been seen as a potential
game-changer for decarbonising energy-intensive
sectors, and in 2023 the number of electrolysis plants
grew rapidly to total around 1.1 GW of capacity, up from
700 megawatts (MW) in 2022 However, more than
99% of current hydrogen production is still based on
fossil fuels.”

i Traditional biomass is solid biomass (including fuel wood, charcoal, agricultural and forest residues, and animal dung) that is used in rural
areas of developing countries with traditional technologies such as open fires and ovens for cooking and residential heating. Often the
traditional use of biomass leads to high pollution levels, forest degradation and deforestation.
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.?/’ FIGURE 4.

Share of Renewable Heat Production by Energy Source, 2011 and 2021
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Source: IEA. See endnote 12 for this section.

I Includes renewable-based hydrogen, nuclear-based hydrogen and fossil fuel-based hydrogen with carbon capture and storage.

REGIONAL DISPARITIES IN THE ENERGY TRANSITION

Regional developments in renewables remained highly
unequal in 2023, with technological advances and
investments occurring mainly in China, the EU and the
United States.”® These regions saw significant investments
in solar PV and wind power as well as energy storage,
backed by substantial policy support and financial
incentives. China maintained the global lead in renewable
energy investments, accounting for 44% of the total in
2023, followed by Europe (20.9%) and the United States
(15%).” Africa and the Middle East together represented
only 3.6% of investment in renewables.”

In the renewable heat sector, modern bioenergy
produced 1.3 EJ of derived heat in 2021, a 9% increase
from 2020; solid biomass (wood chips, pellets, etc.)
comprised more than half of the total, followed by
waste-to-energy (43%) and biogas (only 4%).° The solar
heat market contracted 7.2% globally, to reach a newly
installed capacity of an estimated 21 gigawatts-thermal
(GW4,).2° China accounted for around 65% of global
sales of solar water collectors (for heating), followed by
India, Brazil, Turkiye and the United States.?’ China was
the world's fastest growing market for geothermal heat,
with key markets also in Turkiye, Iceland and Japan;
together, these four countries accounted for nearly
90% of global geothermal direct use in 2023.22 A total of
0.1 GW of geothermal power capacity was added in 2023.%

For renewable fuels, the United States supplied 40%
of the world's biofuels in 2022 (latest available data),
followed by Brazil (21%) and Indonesia (6.2%).2* Germany
contributed 2.8% of the world's supply, ranking it among
the top five producers and as the European leader.?

Market and Industry Trends

Challenges and Opportunities

Europe, the Americas and Oceania have emerged as
leaders in low-carbon' hydrogen production, accounting
for more than 80% of the annual total of around 45 million
tonnes of announced volumes.?® China, India and the
Middle East showed the highest relative growth in
announced low-carbon hydrogen production to 2030.%’
Global growth in renewable hydrogen announcements
to 2030 (more than 6.5 million tonnes annually) greatly
outpaced low-carbon hydrogen announcements
(around 0.4 million tonnes annually).?® The stronger
growth in renewable hydrogen announcements is linked
to a greater regulatory focus on renewable hydrogen
and to the larger number of regions with attractive
resources for production.?®

Latin America and the Caribbean had the highest
regional share of renewables in the electricity mix
in 2023, at 62% (up from 52% a decade earlier).*®
(= See Figure 5.) Hydropower continued to dominate
the region’s electricity supply, contributing 43.2% of
total generation and 69.8% of renewable generation.®
Renewable electricity generation in Latin America and
the Caribbean grew 5%.%

led all regions

for investment in
renewables, accounting
for 44% of total global
investment in 2023.
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Shares of Renewable Electricity Generation by Region, 2013 and 2023

Share of Renewable Electricity (%)

<4

Source: Ember. See endnote 30 for this section.
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In Oceania, the share of renewables in the electricity
mix rose to 43% in 2023 (up from 23% in 2013), due
largely to developments in Australia, where renewable
electricity generation grew 9% in 2023 alone.®® This
increase is attributed mainly to growth in the combined
share of solar PV and wind energy, which rose from 5%
to 25% In the region during the decade.®

Overall, the global renewable power sector experienced
notable growth in 2023, marked by a 54% increase
in renewable power capacity additions, reaching
536 GW.*® Solar PV alone accounted for more than
three-quarters of the additions.*® (= see Figure 6.)
Significant contributions came from Europe, the United
States, Brazil and particularly China.*” (= see Figure 7)

Market and Industry Trends

Challenges and Opportunities

Despite advancements, the renewables sector faced
challenges from geopolitical conflicts, protectionism,
and rising greenhouse gas emissions, highlighting
the complexity and ongoing risks in the global energy
landscape.®® Europe and the United States have
sought to reduce reliance on China for renewable
energy components, while many countries continue to
prioritise fossil fuels for energy security.®*® The global
energy transition remains uneven, marked by persistent
inequality.®® (= See Table 1)

?- FIGURE 6.

Renewable Power Total Installed Capacity and Additions, by Technology, 2023
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Note: Data is for capacity that is grid-connected and in operation.

Source: See endnote 36 for this section.
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?- FIGURE 7.

Renewable Power Capacity Additions, by Region/Country, 2023
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%7 TABLE1.
/ Top 5 Countries for Renewable Energy Capacity and Additions, 2023
Total Renewable Power Capacity as of End-2023 Capacity Additions in 2023
1 2 3 4 5 1 2 3 4 5
POWER ANNUAL ADDITIONS BY TECHNOLOGY
Total renewable capacity China United States Brazil India Germany @ Bio-power China Japan Brazil Uruguay (+40) Turkiye
Total renewable capacity . . . . . United States | El Salvador
(excl. hydropower) China United States Germany India Japan @ Geothermal power Indonesia (+1) Kenya (-1) Chile (+3) 1) (+7)
Ig:j:,:;e(ggfvz%erocpaoﬁgr;ty per Sweden Denmark Austria (+1) Netherlands Iceland (-2) @ Hydropower Nigeria (+38) Colombia (+4) Lao PDR (-1) China (-3) Nepal (+8)
@ Bio-power China Brazil United States India Germany Solar PV China United States India Germany (+2) Brazil (-1)
@ Geothermal United States Indonesia Philippines Turkiye New Zealand CSP Un!ted Al - -~ -~ -
Emirates (+1)
. . . Russian : . . . .
@ Hydropower China Brazil Canada United States Federation Q Wind power China United States Brazil Germany India (+3)
. . . | heati . . . . .
Solar PV China United States India (+1) Japan (-1) Germany S(())Ilzrc}[/(\;fts;paegwg China India Brazil (+1) Turkiye (-1) United States
Concentrated solar . . United Arab .
thermal power (CSP) Spain United States Emirates (+4) China (-1) Morocco (-1)
€5 Wind China United States Germany India Spain
HEAT
Solar water heatin Notes: Per capita renewable power capacity (not including hydropower) ranking based on IRENA and IHA and on 2022 population data from
S China TUrkiye United States Brazil (+1) Germany (-1 the World Bank. Solar water heating collector ranking for total capacity is for year-end 2023 and is based on capacity of water (glazed and

collector capacity

unglazed) collectors only. Data from International Energy Agency Solar Heating and Cooling Programme. The number in brackets represents
the change from the 2022 ranking. Rankings for 2022 have been updated with the latest capacity data and may be different from the tables in

() Geothermal heat output China Turkiye lceland Japan New Zealand GSR 2023.
Source: See endnote 40 for this section.
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RENEWABLE ENERGY MANUFACTURING

Investment in global manufacturing of renewable energy
andenablingtechnologies grew 70%in 2023 toreach nearly

USD 200 billion.* Solar PV and battery manufacturing 7/ FIGURE 8.

installations dominated investments, together representing / Investment in Manufacturing of Renewable Energy and Enabling Technologies, 2022 and 2023
95% of the total.*> China accounted for three-quarters of

global investment in renewable and enabling technologies, Billion USD

down from 85% in 2022, as investments in the United
States and Europe grew strongly (especially for battery
manufacturing).®® (- See Figure 8.) Others

Investment in other clean energy technologies - wind, ) Bigi[‘)m évlj/rig‘gsegg%'oﬁ‘;saetrs)
heat pumps and electrolysers — accounted for a much 200 .

smaller fraction of total investment, at around 7% in
2022 and 4% in 2023 Investment in wind energy
manufacturing, including in nacelle, blade, and tower
production facilities, fell slightly in absolute terms in
2023.% China accounted for virtually all of the investment 2022 10 Bigign
in wind manufacturing facilities.*® For electrolyser and
heat pump manufacturing, the EU and the United States
together accounted for a larger share of investment than
China, with virtually no investments in manufacturing
for these technologies occurring elsewhere during the
year.*’

250

2023

150 —

Others

100 L billi 16%
11058

of Asia
Batteries
50 70 billion USD

United :
10 States and Batteries
Europe

Integrating industrial and energy policies is crucial
for advancing the renewable energy transition.

Strengthening local manufacturing is needed to reduce - 0
import reliance and support domestic industries. Better 4 3% 2022 o 2023
. D / +/0%
balancing between supply and demand can help ensure Rest of Asia
L . . Investment growth
more stable and efficient energy systems. This requires (2022-2023)
enhancements to grid infrastructure and the deployment
of storage technologies, as well as international and Note: Rest of Asia comprises India, Japan, the Republic of Korea and South-East Asia.
regional co-ordination.*® (= See Sidebar 1.) Source: See endnote 43 for this section.
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SIDEBAR 1. Grid Upgrades and Storage Solutions for a Renewables-based Power System

Renewable energy technologies have come a long way in just 20 years,
especially through the rapid growth of solar PV and wind power. However,
integrating and expanding renewables to achieve high shares in utility
grids remains a major challenge, especially as the share of variable
renewable energy (wind and solar power) exceeds 13% globally.

In 2023, several countries experienced much higher shares of variable
renewable generation than the global average. Denmark led with 67%
of gross electricity from variable renewables (57% wind, 10% solar), and
five other countries achieved shares above 40%: Lithuania (46% wind,
12% solar), Greece (22% wind, 19% solar), the Netherlands (24% wind,
17% solar), Spain (24% wind, 17% solar) and Portugal (29% wind, 10%
solar). The top countries with high shares of variable renewables are
mostly concentrated in Europe, with the notable exceptions of Uruguay
(36% wind, 3% solar), Chile (12% wind, 20% solar) and Australia (12%
wind, 17% solar).

Energy storage technologies can help tackle the variability of wind and
solar energy by storing surplus energy generated during times of high
output but low electricity demand, and then making it available during
times of lower output but high electricity demand. Integrating energy
storage systems (such as pumped storage and batteries) with variable
renewable energy can provide better balance to the overall system,
depending on the grid operator requirements.

In 2023, worldwide utility-scale battery storage capacity increased a
robust 65% to reach 29.2 GW. Investment in battery storage worldwide
continued to grow substantially, rising 76.8% to USD 36.3 billion in 2023.
China dominated with USD 14.5 billion (up 203% over 2022), followed
by the United States with USD 9.6 billion (up 18.8%) and Germany with
USD 3.3 billion (up 61.2%). Energy storage investments also surged in
ltaly (USD 2.2 billion) and Australia (USD 1.0 billion).

Pumped storage added 6.48 GW in 2023 - down 38% from the previous
year's additions - for a global total of 179 GW. Pumped storage remains
the most common and cost-effective solution for large-scale utility
storage, although new capacity often requires transmission extensions
due to the geographical distance from generation or load centres,

Grids remain a major bottleneck for implementing high shares of
renewables in the power system. Connection queues worldwide
amounted to an estimated 3 terawatts in 2023 (equivalent to six times
the capacity of solar PV and wind power added during the year). Grids
take longer to build and require careful planning to keep pace with the
growth of renewables. In 2023, global grid investment increased 5.3%
to an estimated USD 310.2 billion. More than half of this growth was in
the United States (up 27.9% to USD 86.5 billion) and China (up 25.4%
to USD 78.9 billion), and other top countries included Germany, Canada
and India. Investment in electricity networks in developing countries
has been impeded by the weak financial situation of some distribution
companies, the lack of adequate investment frameworks (such as
performance-based regulation), the lack of least-cost system plans, and
high operational and commercial losses.

Regional interconnection and market integration are essential to
increase grid reliability and security as well as quality of supply. Positive
developments emerged in Southeast Asia, where four countries (Lao
People's Democratic Republic, Thailand, Malaysia and Singapore) agreed
to a Power Integration Project during the 41st ASEAN Ministry of Energy
Meeting in August 2023. In Europe, work began in July 2023 on the
Celtic interconnector project to facilitate electricity exchange between
Ireland and France.

Source: See endnote 48 for this section.
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TRACKING PROGRESS TOWARDS THE GLOBAL TARGET

At the 2023 United Nations Climate Change Conference
(COP 28) in Dubai, United Arab Emirates, governments
agreed to triple renewable power capacity and double
energy efficiency improvements by 2030.4° At the current
rate of capacity additions, the world will not achieve
the tripling target, reaching 8,000 GW by 2030, short
of the 11,000 GW of the target®® (= See Figure 9.) As
countries prepare to update their Nationally Determined
Contributions (NDCs) towards reducing greenhouse gas
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emissions under the Paris Agreement, there Is a window
of opportunity to make clear commitments and raise
ambition.”” As of early 2023, only 14 countries had explicit
renewable capacity targets for 2030 in their NDCs, and
commitments across NDCs amounted to only around
1,300 GW.*?

Among major country commitments, the EU and the
United States aim to be climate neutral by 2050, China
by 2060 and India by 2070.°

Investment and Finance

FIGURE 9.

Market and Industry Trends

Challenges and Opportunities

Annual Additions of Renewable Power Capacity, by Technology, 2017-2023,
and Yearly Additions Needed to Achieve the International Energy Agency's Net Zero Scenario by 2030
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POLICY AND TARGETS

Many countries re-evaluated their renewable energy
targets during 2023. Policy measures to Integrate
renewables into existing energy supply systems range
from the promotion of renewable electricity to a focus
on renewable heating and fuels. Policies include state/
provincial and national targets, auctions and tendering,
fiscal and financial incentives, and mandates such as
renewable portfolio standards (RPS), feed-in tariffs (FITs),
building mandates requiring solar thermal collectors
and biofuel blending',

Policies enacted to support expanded renewable energy
supply for electricity, heat and fuels demonstrated several
notable trends during the year. Developed countries
continued to scale back mandates such as net metering
and FITs, having met their initial goals for the adoption
of renewables, while these measures are still popular in
developing countries. Meanwhile, competitive auctions
and tendering struggled to attract bidders in many
markets, prompting some countries to raise price caps
to entice more participants.

Most countries have in place some sort of renewable
energy legislation, although the supply of renewables is
concentrated strongly in North America, Europe, China
and India. Although policy support for renewable energy
continued to grow in 2023, policy support for fossil fuel
provision also continued.

By the end of 2023, 90 countries had in place economy-
wide targets for renewable energy, although only
7 countries had targets for 100% renewables, with most
of these aimed at distant time horizons.' (= See Table 2.)
Only three countries - Albania, Italy and Uganda - and
the European Union (EU) announced new or updated
targets in 2023.2 The EU's New Renewable Energy
Directive raised the 2030 target for renewables in total
final energy consumption from 32% to 42.5%.2 As EU
Member States updated their National Energy and
Climate Plans, some included targets for renewable
generation, or installed capacity by technology, as well
as thermal energy targets by 2030.*

At the 2023 United Nations Climate Change Conference
(COP 28) in Dubai, United Arab Emirates, more than
130 countries" pledged to triple the global installed
capacity of renewable energy by 2030, to reach at least
11terawatts, along with doubling the annual rate of global
energy efficiency improvement from 2% to 4%.° This
target was also included in the final conference text.®
During the event, the Latin American and Caribbean
Renewables Hub announced that it would raise its 2030
target for renewable energy in total electricity generation
from 70% to 80%.’

I This section covers a diverse array of policies enacted or revised in 2023, but it is not exhaustive.

il A list of signatories to the Global Renewable Energy and Energy Efficiency Pledge is available at
https://www.cop28.com/en/global-renewables-and-energy-efficiency-pledge.

TABLE 2.
Key Renewable Energy Policy and Investment Indicators, 2023
2023

INVESTMENT

New investment (annual) in renewable power and fuels' Billion USD 623

POLICIES®

Countries with renewable energy targets # 182
Countries with 100% renewable energy targets i 7
Countries with renewable energy policies # 101
Countries with 100% renewable heating and cooling targets # 2
Countries with 100% renewable transport targets # 2
Countries with 100% renewable electricity targets # 44
Countries with regulatory policies in buildings

(power, heating and cooling and transport) # 30
Countries with biofuel mandates® # 60
Countries with feed-in policies? i 63
Countries with net metering policies* i 92

Notes:

1 Data are from BloombergNEF and include investment in new capacity of all biomass, geothermal and wind power projects of
more than 1 MW; all hydropower projects of between 1 and 50 MW; all solar power projects, with those less than 1 MW estimated
separately; all ocean power projects; and all biofuel projects with an annual production capacity of 1 million litres or more.

Total investment values include estimates for undisclosed deals as well as company investment (venture capital, corporate and
government research and development, private equity and public market new equity).

2 A country is counted a single time if it has at least one national or state/provincial target or policy.

3 Biofuel policies include policies listed in the GSR 2024 Demand Module Data Pack (Figure 17), available at
https://www.ren21.net/gsr2024-data-pack/demand.

4 Data reflect all countries where the policies have been used at any time up through the year of focus at the national or state/
provincial level. See the GSR 2024 Supply Module Data Pack, available at https://www.ren21.net/gsr2024-data-pack/supply.

Source: See endnote 1 for this section.
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ELECTRICITY

In 2023, for the first time ever, renewables generated
30% of global electricity, up from 21.7% in 2013, with the
increased share driven mainly by growth in the installed
capacities of solar PV and wind power.? The increase
in renewable electricity requires strong policy ambition,
and countries have increasingly updated their targets
for renewable electricity supply. In 2023, 24 countries
updatedtheirtargetsforthe renewable share in electricity
generation or in installed capacity.® This brought the total
number of countries with a renewable electricity target
to 152 by year's end.® Some countries have technology-
specific targets as well" (- See Figure 10.)

In Africa, Egypt updated its Nationally Determined
Contribution (NDC) for renewables to reach 42% of
installed power capacity by 2030, instead of 2035.”
The energy ministry announced plans for renewables
to total 60% of power installed capacity by 2040, but
this target was not yet included in policy documents.”
Uganda’'s 2023 National Energy Policy included
expanding electricity consumption 14% annually, with
the goal of keeping the renewable share above 95%."
South Africa’'s new South African Renewable Energy
Master Plan included a target of 41% renewables in
electricity generation by 2030.%

In Latin America, Argentina updated its target to add
10 gigawatts (GW) of renewable energy capacity by 2030
and to reach 57% renewable electricity generation.’®
Chile set a target of 80% renewable energy in power
generation by 2030 in its latest Action Plan for Power
Sector Decarbonisation.” In Europe, France published
a national plan on greening the power sector, which
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targets 33% renewable generation by 2030."® Italy's new
National Climate and Energy Plan is aimed at reaching
72% renewable generation by 2030."

However, most countries risk falling short of their
ambitious renewable energy targets unless they update
their regulatory frameworks.?® As of December 2023,
China was the only country on track to meet its target of
an additional 1,200 GW of renewable capacity by 2030,
with the country already exceeding the annual capacity
addition required to meet this target.?
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Number of Targets for Installed Renewable Power Capacity, by Technology, 2022 and 2023
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Notes:

Data are not comparable to previous years due to improvements in methodology and
adding targets from previous years that were not previously found.

Ukraine's target for all renewables excludes hydropower.
Targets for solar PV installed capacity include targets for floating solar.

Some capacity targets include a combined target for multiple technologies; in these
cases the country with the target is counted once for each technology where a capacity
target exists. For example, Lao PDR has a target for 1 GW of installed capacity of solar
PV and wind power, but the breakdown of how much capacity each technology will
generate is unspecified.

Countries with multiple targets for the same technology are only counted once.

Source: See endnote 11 for this section.



Feed-in tariffs and premiums remained popular during
the year, with some countries announcing new FITs
for systems of various sizes.?? (= See Figure 11) Serbia
issued new rules for feed-in tariffs and premiums as
part of the organisation of renewable energy auctions.?®
France announced new FIT rates for rooftop solar PV,
raising the maximum size of eligible systems from 100
kilowatts (kW) to 500 kW.** Turkiye announced new
ten-year FITs for solar PV, wind, hydro, biomass, and
geothermal power, as well as energy storage, after the
previous scheme expired in 2021.%° Viet Nam set new
rules stipulating a mechanism for establishing annual
electricity pricing frameworks, and FITs for wind and
solar PV projects (including floating solar PV).?® To
attract investors, Ukraine is implementing a feed-in-
premium for renewable electricity projects.?” Poland
enacted its Renewable Energy Act in early 2024, which
also provides rules for FITs for small systems up to 10
kW, including hydropower, wind power, solar PV and
biogas.?® In early 2024, Japan updated its FITs for
residential and commercial solar PV.%®

Net metering received mixed policy attention in 2023,
with some countries announcing new schemes and
others turning away from these policies in an attempt to
incentivise the battery storage market. (- See Figure 11.)
Greece passed a law reducing the maximum capacity of
systems to be eligible for the net metering scheme from
3 megawatts (MW) to 10 kW for households and 100 kW
for commercial and industrial clients.*® Ukraine adopted
a net billing system for systems above 50 kW.3!
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In the United States, the state of Massachusetts
expanded its net metering scheme to apply to a broader
customer base, whereas Ildaho and California turned
away from net metering to embrace net billing'.*? North
Carolina scaled down its net metering policy, which
results in lower savings for customers33 Maine cut
back on its net billing scheme after experiencing higher
adoption than expected, which had an inflationary
effect on electricity prices.?*

I Under net billing, customers typically receive credit for excess electricity at a rate that is lower than the retail electricity price. Different

jurisdictions may apply these terms in different ways, however.

Global Trends

Market and Industry Trends

Policy and Targets

FIGURE 11.

Feed-in tariff (FIT)/
premium payment

" Net metering
B Both policies

No policies or no data

@  Revised policies in 2023

{I? New net billing policy
in 2023

Notes:

Data should not be compared with previous years
because of revisions due to adjusted data or
methodology.

All countries with round circles have removed FIT
policies except for the Netherlands, where the net
metering policy was removed after parliament voted
to end the measure.

Japan removed its FIT in 2022 (announced in 2021)
and transitioned to a feed-in premium.
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Malaysia discontinued its FIT policy in 2017 and
substituted it with a net metering scheme.

In May 2024, the Netherlands announced that the
net metering programme would phase out in 2027,

Poland replaced its net metering policy in 2022
and transitioned to net billing.

Serbia's previous FIT expired in 2020, but a new FIT
scheme opened to small projects (capacity below

Challenges and Opportunities

Renewable Energy Feed-in Tariffs and Net Metering Policies by Country/Region, as of 2023

500 kW and below 3 MW for wind power plants),
according to regulations approved in April 2021. In
2023, the government adopted several changes to
the auction procedure for market premiums.

Viet Nam's FIT expired for solar PV projects in 2020
and wind power projects in 2021, but in January
2023, the government provided new FITs for projects
that had missed these deadlines.

Source: See endnote 22 for this section.
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Auctions and tendering continued to be widely used for
large wind and solar PV and CSP power projects, as well
as for biomass and geothermal power. Chile announced
an auction for 5,400 gigawatt-hours of renewables and
storage.* Argentinaannouncedtheresultsofitsrenewable
energy generation tender (REnMI2), allocating 633 MW
of renewables, of which 501 MW was for solar PV.*¢ In
the United States, the Bureau of Ocean Management
offered several leases' for developing offshore wind power
through auctions, which resulted in the awarding of the
first wind auction in the Gulf of Mexico.*” Algeria launched
an auction for 2 GW of solar PV power capacity.*®

In Europe, Serbia launched its first renewable auction for
400 MW of wind power capacity and 50 MW of solar PV
power capacity, as part of a three-year plan to auction
a total of 1,300 MW of renewables.* Greece launched
several renewable energy auctions during 2023, including
a 200 MW cross-border auction' in Bulgaria and Italy for
wind and solar power capacity; Greece also announced
that 2024 would be the country’'s last year of holding
auctions.*® Albania announced the results of its first wind
auction, held in 20214 Ukraine passed a draft law that
includes provisions for renewable energy auctions.*

Some auctions continued to be undersubscribed in 2023,
either because price caps did not reflect the reality of
costs or due to lengthy and costly auction procedures.*
The Philippines witnessed low turnout at its renewable
energy auction, with only one-third of the capacity target
receiving bids** Colombia postponed for the second
time the deadline for its wind and solar auction, citing the
need for more bids.*® The United Kingdom announced
that it would increase the maximum auction price for the
next auction round for Contracts for Difference (CfD)"
following strong under-subscription from offshore wind
project developers.* The country raised the price cap for
offshore wind power or the next CfD auction round.*

Fiscal and financial policies for renewable electricity
supply, such as tax credits and rebates, grants, and
subsidies, continued to be widely used. In 2023,
20 countries introduced new or updated fiscal and
financial policies, bringing the total number of countries
with such policies in place to 324

In Europe, Switzerland announced that it would allocate
USD 712 million (CHF 600 million) in subsidies for
small- and large-scale solar PV*® Greece is providing
USD 220,000 million (EUR 200 million) in grants for rooftop

solar PV with storage, covering up to 75% of the total
installed system cost.?® France implemented new financial
incentives, including grants covering part the cost of
renewable energy systems and installation for individuals
and businesses, as well as tax credits for private research
and development of renewable energy technologies.”

In 2023, Brazil announced a new investment plan for the
country’s green energy transition and published a revised
10-year investment plan for the energy sector.®® The
Brazilian development bank BNDES is providing financing
for biogas plants and wind farms.®® In the Middle East,
Egypt secured a concessional loan of USD 100 million from
the European Bank for Reconstruction and Development
and the Green Climate Fund to finance part of a 500 MW
wind farm in the Gulf of Suez region.®* The Central Bank
of Irag launched a USD 750 million Renewable Energy
Financing Initiative that provides near-zero interest loans
for individuals and private companies installing solar PV.%®

India enacted several policies in early 2024 that provide
grants and financial aid for the purchase of small-scale
solar PV systems.®® Indonesia earmarked USD 6 million
(IDR 94.4 billion) in its 2023 budget for deploying rooftop
solar PV to increase electricity access.®” Canada’s 2023

I These leases are auctions for the right to develop up to a certain amount of capacity in a specific location, not auctions for the actual deployment of capacity or guarantee of generation that the government will later purchase.

i A cross-border renewable energy auction is a competitive bidding process where multiple countries jointly select and support renewable energy projects across their borders to optimise costs and resource use.

iii Contract for Difference is a pricing mechanism where energy producers receive payments if market prices fall below a certain level, and must pay back when prices exceed a certain level.

lv Clean technologies here refer to technologies that reduce greenhouse gas emissions, including renewable energy, the production of clean hydrogen (electrolysis, natural gas with carbon capture, utilisation and
storage), and the manufacturing of equipment related to renewable energy, zero-emission vehicles, energy storage and carbon capture.

v An RPS mandates that electric utilities and other retail electricity suppliers meet a defined minimum percentage (or specific quantity) of their customers’ demand through renewable electricity.

vi Clean electricity standards (CES) are regulatory policies aimed at increasing the use of renewable and low-carbon energy sources in electricity generation. These standards mandate that a specified percentage of
electricity sold by utilities must come from clean energy sources such as wind, solar, hydroelectric, nuclear, and carbon capture and storage technologies.

federal budget introduced a tax credit for investments in
clean technologies®, and extended accelerated capital
cost allowances for clean energy equipment.®

Renewable portfolio standards' (RPS) and clean
electricity standards'' (CES) have become firmly
established in the United States as a key component
of state-level energy policy. As of 2023, 39 US states
had established RPS or CES, with at least 17 states
targeting 100% clean or renewable electricity by 2050.%°
Connecticut aims for 48% renewable power by 2030,
and lllinois increased its target to 50% by 2040 and
100% by 2050.°° Also in 2023, Canada published the
first draft of its federal Clean Electricity Regulations,
which will limit the emissions intensity of the country’s
electricity system by 2035.°
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