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The transition to renewable energy in buildings, industry, transport, and agriculture is falling dangerously behind, with a mere 12.7% of energy in
these sectors coming from renewables. Despite the urgent need for targeted policies, progress is notably slow: by 2023, only 13 countries had
comprehensive renewable energy policies across all key sectors.

This report, the second module in REN21'sRenewables 2024 Global Status Report (GSR) collection, sounds the alarm on the disconnect between
energy supply and demand that is currently derailing the energy transition. The message is clear: accelerating the adoption of renewables in critical
sectors such as buildings, industry, transport, and agriculture is essential for emissions reduction and economic prosperity. Without significant
demand-side advancements, a shift to a renewable-based energy system and economy remains out of reach.

Post-pandemic recovery efforts, such as the U.S. Inflation Reduction Act and the EU’'s REPowerEU plan, have spurred renewable investments, but
momentum is waning. Only 17 of the 69 countries with demand-side policies for renewables have set or renewed their renewable energy targets for
these sectors beyond 2024, and there are worrying indications that governments may be tempted to water down measures in the face of economic
and political pressure. Meanwhile, fossil fuels continue to receive subsidies, totalling USD 7 trillion in 2022,

At COP28, a landmark commitment was made to triple renewable energy capacity and double energy efficiency by 2030. Achieving this target
requires immediate and comprehensive action to electrify operations across all sectors and feed them with renewable power. Governments must lead
by implementing ambitious policies to mandate renewables, developing the necessary infrastructure, and promoting energy efficiency. Supporting
renewable heat and fuels, expected to meet around 50% of energy demand by 2050, is also crucial. Embracing renewable solutions is not just
necessary; it is essential for a decarbonised, resilient and prosperous global energy system.

This crowd-sourced and peer-reviewed report, crafted by hundreds of dedicated contributors, offers evidence-based knowledge and data to propel
a swift transition to renewable energy. The REN21 team, authors, special advisors and contributors have poured their expertise and passion into this
publication. | am confident this report will be an invaluable resource for policymakers, industry leaders and stakeholders, guiding their decisions and
driving the global shift towards a sustainable energy future for all.

77 REN21

RENEWABLES NOW

Rana Adib "
Executive Director, REN21
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AND DEBATE
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THE SWEET SPOT FOR
CHANGING NORMS

Renewables Renewables Renewables

Global Trends , . . :
in Industry in Buildings in Transport

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 energy 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 cooperation 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.

Renewables
in Agriculture
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20 YEARS OF REN21

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.

Renewables
in Transport

Renewables
in Agriculture



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

Renewables Renewables Renewables Renewables
Global Trends

/).
// RE N 21 RENEWABLES 2024 GLOBAL STATUS REPORT - RENEWABLES IN ENERGY DEMAND in Industry in Buildings in Transport in Agriculture

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 % REN21
trends in global energy.

% REN21

GLOBAL STATUS REPORT
In addition to diving into different energy demand sectors ENERGY DEMAND
with dedicated modules on buildings, industry, transport

and agriculture, the GSR also provides a global overview of
the renewables landscape and presents developments in
renewable energy supply. 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

Supported by: for economies and societies.

% Federal Ministry % Federal Ministry Collectively, these five publications offer readers a systemic
for Economic Affairs for Economic Cooperation ,
and Climate Action and Development global overview of the current uptake of renewables.

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.
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REN21 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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Despite a notable decline in the prices of fossil fuels and other energy commodities in
the first half of 2023, wholesale electricity prices remained high in many countries,
negatively affecting energy-consuming sectors.! Inflation and high interest rates
continued to hamper investment, particularly in emerging markets that face debt burdens
and a higher cost of capital.> Meanwhile, massive subsidies to fossil fuels remain
prevalent and have distorted the market, placing renewables at a disadvantage.®

Renewables nonetheless continued to prove attractive as an affordable and secure
energy source in 2023, with investments rising to a record USD 623 billion and corporate
power purchase agreements reaching a record 46 gigawatts (GW).* (= See Sidebar 1))

nm =
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// Corporate Renewable Energy Power Purchase Agreements, Global Capacity
and Annual Additions, 2015-2023
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7/ FIGURE 2. The post-crisis recovery packages of 2022 sparked Further action is needed to speed the electrification of

/ Renewable Share of Total Final Energy Consumption, by Sector, 2021 a surge Iin renewable energy deployment; however, end-use sectors (= see Sidebar 2) and to transition to
progress has since stalled, and more ambitious renewable heat and fuels.®
structural and integrated reforms are needed to maintain

3 % the momentum.® In 2023, there were indications that policy

measures supporting the uptake of renewables may

be revoked or weakened in the face of multi-faceted

economic and political pressures.®

34% 33% 30%

Industry Buildings Transport Agriculture

Disparities in renewable

deployment across the
By demand sector, the share of renewables in total final sectors highlight the

energy consumption (TFEC) ranged from as high as need for
16.8% In industry to as low as 3.9% In transport in 2021
(latest data available).” (= See Figure 2,) These disparities

16_ 8% 1 5_ 9 % 3. 9 % 1 5.4% reflect not only the differing characteristics of sectors, but

also a lack of integrated policies aimed at increasing the
Renewable Renewable Renewable Renewable renewable energy share both within and across sectors.
energy energy energy energy

Note: Total final energy consumption in the above figure does not account to military activty and energy use not elsewhere specified.

Source: See endnote 7 for this section.
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SIDEBAR 2. Electrification of End-Use Sectors

Electrification of demand sectors allows major energy least 18 countries announced new policies during the / FIGURE 3.
consumers to tap into the rising share of renewables in  year supporting the uptake of electric vehicles. /.7 Electrification and Renewable Electricity Shares of Total Final Energy Consumption,
by End-Use Sector, 2021
the power supply. In buildings, heat pump Installations increased 10% y
Agriculture maintained the highest electrification in 2023, mostly in Europe. However, electrification of Percent of total (%)
rate among all sectors in 2021 (latest data available),  buildings increased only 2 percentage points, and of 0 10 20 30
reaching 27%, up from 20.1% in 2011, (- See Figure 3.) transport just 0.2 percentage points, between 2011 and
This was enabled by cost savings, technological 2021, (» See Figure 3.) Buildings 2011 [—— 21.8%
| i P - 2021 3.8¢
advan'cements and improved performance of electric Industry electrification has been limited due to the | 23.8%
. (o)

machinery. challenges of high-temperature processes such as 201 (N 6.5 % )
In transport, electric vehicles accounted for 18% of all steelmaking or cement production, with wide variation 2021 ‘ 9.9%
car sales in 2023, with 35% year-on-year growth. At among industrial sub-sectors. 2011 | 29 19,

2021 26.0%

|
2011 [N 5.4%
2021 .89%
. 201 (e 20.1%
Agrlculture 2021 269‘%

2011 | /. O %

iz 9.1%

2011 1.1%

2021 1.3%

201 o

2021 |I (O)%o/o Electricity Q Renewable

4% share electricity share

B 20Mm B 2011
2021 0 2021
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Electrification has stalled in most regions except China, 2011 and 2021 in buildings (up 12 percentage points),

/. FIGURE 4 where it grew 10 percentage points between 2011 transport (up 1.1 percentage points) and industry
[ | % ; | . . | I | I |

/ Share of Electricity in Total Final Energy Consumption by Major Country/Region, 2011-2021 and 2021. (= See Figure 4.) The shares of electricity  (up 10.2 percentage points). The United States led in

in total final energy consumption in the United States buildings electrification during this period, with a 12.2
- and the European Union (EU) remained stagnant In percentage points increase.
Share of Electricity in TFEC (%) 2021, at around 23.7% and 23.4%, respectively. China

30% China saw the largest growth in electrification rates between Source: See endnote 8 for this section.

25%
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EU-27
Brazil
20% = "
World
India
15%
10%
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POLICY TRENDS

As of 2023, only 13 countries had in place renewable
energy policies for all four demand sectors (power,
buildings, industry and transport).® A further 20 countries
had policies for three demand sectors, and 84 countries
had no demand-sector policies in place.® (- See Figure 5.)
Of the 69 countries that set renewable energy targets
for end-use sectors between 2010 and 2020, only 17 had
renewed or set new targets beyond 2024."

Countries announced around 21 new renewable energy
regulatory policies in demand sectors in 2023, bringing
the total number to 111.2 Transport has seen regulatory
action in 64 countries, followed by buildings (30), industry
(12) and agriculture (5).® (= See Figure 6.) Various fiscal
and financial incentives - including grants, rebates, and
tax reductions or exemptions — have been implemented
to boost the adoption of renewables across different
sectors."

In 2023, progress on renewable energy use in buildings
continued to be driven by net metering, incentives for
rooftop solar, and targets for energy use and retrofitting.”
Buillding energy codes have become Increasingly
widespread globally. As of 2023, the number of building
codes worldwide totalled 81 for residential structures and
77 for non-residential structures, with 80% of the codes
being mandatory.™

In industry, nine countries introduced or updated fiscal
and financial policies supporting the uptake of renewables
during 2023, and three countries introduced regulatory

RENEWABLES 2024 GLOBAL STATUS REPORT - RENEWABLES IN ENERGY DEMAND

incentives or mandates.” Countries also continued to
craft broader national renewable energy strategies
relevant to industry, such as the United Kingdom's plan
for net zero emissions and the EU’'s Carbon Border
Adjustment Mechanism.”® Most new policies in industry
target renewable hydrogen, particularly in heavy
industry.”

Atleast49 countries had specificrenewable energytargets
for transport as of 2023.2° Ten countries introduced or
revised biofuel blending mandates (with some reducing
their mandates).?’ At least 18 countries announced
new electric vehicle policies, with a range of financial
incentives such as subsidies, grants and tax benefits
aiming to encourage adoption of the vehicles and related
infrastructure.?? Renewable hydrogen policies and green
shipping corridors continued to emerge, whereas efforts
to integrate renewables into aviation, rail, and shipping
advanced only slowly, with a few new mandates for
sustainable aviation fuel, sustainable marine fuels and
hydrogen-powered rail development.?

Policies related to energy use in agriculture often lack
coherence and can send mixed signals: for example,
subsidies or tax reductions for agricultural diesel have
led to reluctance among farmers to consider renewable
energy Investments.?* A major advancement in 2023
was the EU's Common Agricultural Policy, which targets
1.5 GW of renewable energy capacity on farms by 2027,
with a focus on biogas and solar power.?

Renewables Renewables

in Transport

Renewables
in Buildings

Renewables

Global Trends .
in Industry

in Agriculture

./' FIGURE 5.

Countries with Renewable Energy Policies for End-Use Sectors, as of 2023

2 sectors . 3 sectors . 4 sectors Hh h ~ a

End use sectors with policies None 1 sector
Number of countries
End use sectors with policies None 1 sector

Source: See endnote 10 for this section.
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FIGURE 6.
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Number of Countries with Renewable Energy Regulatory Policies, by Demand Sector, 2013-2023
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Source: See endnote 13 for this section.

In 2023,

in EVs and charging
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MARKET DEVELOPMENTS

Illt AND INVESTMENT TRENDS

In buildings and industry, concerns about volatile energy
prices and supply disruptions have highlighted the role
of renewables as reliable and affordable alternatives to
fossil fuels. In 2023, significant investments were made
in solar thermal technologies for buildings and industry,
while heat pumps continued to attract funding (despite
a 4% decline in investment, to USD 631 billion).2®

Bioenergy has remained the leading source of renewable
heat in buildings, although renewable electricity is
the fastest growing heat solution.?” Rooftop solar PV
systems continued to see strong growth in 2023, while
heat pump installations increased 10% (with a 38%
increase in Europe alone).?

Industry relies heavily on heat, which accounts for around
three-quarters of the sector's energy use.?® Renewable
energy projects for heavy industry have focused on
electric arc furnaces, hydrogen and bioenergy.®® Light
industries are deploying industrial-scale heat pumps
and solar thermal systems.®' Bioenergy use in industry
is on the rise, increasing 46% between 2011 and 2021,

Progress in the transport sector was driven mainly by
electric vehicles and related charging infrastructure,
which have become key recipients of energy transition
financing, with investment reaching USD 634 billion in
2023.23 Biofuels continued to be the dominant renewable
fuelintransport, supplying 90% of the sector's renewable
energy use in 2021 (biofuel consumption increased
3% in 2021 but remained slightly below pre-pandemic
levels).®*

Renewables
in Buildings

Renewables
in Agriculture

Renewables
in Transport

The share of renewable energy adoption in agriculture
increased from 10.2% in 2010 to 15.4% in 2021, driven
by cost reductions and food preservation benefits.®®
Solar PV led the way, with agrivoltaics gaining traction
in Europe and India.** PV-powered mini-grids and
water pumps boosted rural electrification and irrigation
in countries across the globe.*” Geothermal energy and
micro-hydropower also saw increased use, particularly
in the United States.®
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Industry is the largest energy consuming
sector and the sector with the highest share
of renewables. Renewable heat, fuels and
electricity are all playing key roles in industrial
decarbonisation efforts.
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RENEWABLES
IN INDUSTRY

34 %
16.8%

12

of energy consumption
in 2021 was in the
industrial sector

of energy
consumption in
industry came from
renewables in 2021

countries

had regulatory policies
supporting renewable
energy uptake
specifically in industry
in 2023, three more
than in 2022

i Energy use in industry includes energy used for mining,
construction, manufacturing of machinery, pesticides and
fertilisers and food packaging, processing and transport.

KEY FACTS

= Despite a 5% absolute increase in renewable energy use
in 2021, the share of renewables in industrial energy
consumption remained relatively steady in 2020 and
2021 as overall energy use also increased.

= The share of direct energy use for heat in industry was
74% in 2021, of which 12.1% was renewable energy.

= Due to the diverse processes and temperature
requirements of industrial sub-sectors, the share of
renewables in energy use varies from 7% in the chemical and
petrochemical industry to 44% in paper, pulp and printing.

= Renewable hydrogen policies for heavy industry
expanded In 2023, especially in Europe, with the EU’s
New Renewable Energy Directive stating that at least 42%
of the hydrogen in industry should come from renewable
fuels of non-biological origin by 2030.

18
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Industry I1s the largest energy-consuming sector,
accounting for 34% of the energy consumption in end-use
sectors in 2022 Energy demand in industry stagnated in
2022 after increasing rapidly in 2021 to surpass the pre-
pandemic level by 5%.? Two key industries - iron and
steel (17.2%) and chemicals (16.7%) - together accounted
for more than one-third (34%) of the industrial energy
demand in 2021, followed by non-metallic minerals (13.2%,
including cement and concrete), food and tobacco (6.4%),
non-ferrous metals (5.5%), pulp and paper (5.2%) and
mining (2.7%).2

Industrial enterprises generated 28% of global GDP in
2022 and 23% of total employment* Globally, industrial
production underwent significant disruptions in 2022 as a
result of the Russian Federation's invasion of Ukraine and
a slowdown of the construction sector in China.® Industrial
activity produced around 9.37 gigatonnes of CO, in 2023,
up 4.3% from 2022.° Around 71% of direct'industrial CO,
emissions came from three sectors: cement and concrete,
iron and steel, and chemicals and petrochemicals.’

CO, emissions from industry show a contrast between
high- and low-income regions.® In the European Union (EU),
industrial production slowed in 2023 due to high energy
prices and interest rates, weak domestic demand and
strong international competition.® Industrial CO, emissions
fell by 34 million tonnes in the EU and 26 million tonnes
in the United States.® In contrast, CO, emissions from the
sector rose by 32 million tonnes in China, 44 million tonnes
in India and 39 million tonnes in Indonesia in 2023."

Since 2010, the energy mix of the industry sector has
remained relatively stable, with a heavy reliance on fossil
fuels. The share offossilfuel useinindustry declinedslightly
from 87.2% in 2011 to 82.7% in 2021 (= see Figure 7),
due mainly to the ongoing electrification of industrial heat
combined with the rise of renewable electricity use, which
more than doubled during the decade.” The renewable
energy share in industry in 2021 was 16.8%, split nearly
evenly between modern bioenergy and renewable
electricity.® Despite a 5% absolute increase in renewable
energy use in 2021, the share of renewables in industrial
energy consumption remained steady in 2020 and 2021
because overall energy use also rose.™
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Renewable Energy Share in Final Energy Consumption in Industry, 2011 and 2021
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Source: See endnote 12 for this section.

i Emissions from energy combustion and industrial processes excluding flaring.
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The share of electricity in the industrial sector reached
26% in 2021, up from 22% in 20115 Electricity can provide
heating across a wide range of temperature levels,
including through heat pumps for low-temperature
applications and electric arc furnaces for high-temperature
applications (such as steel making). Electrical heat also
can be provided through resistance, infrared, induction,
microwave and plasma heating.'® Electricity is used
to power a range of industrial processes, including
alumina electrolysis for aluminium production, and
electrowinning’, which produces copper and nickel.”

The share of energy use for heat applications in the
industrial sector was 74% in 2021, down from 78% in
2011.® Renewable energy represented 12.1% of the direct
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-
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use of process heat in 2021 The majority of this was
modern bioheat (89%), followed by renewable electricity
(10%) and direct solar thermal and geothermal heat (less
than 1%).2° Bioenergy use is most common in biomass-
based industries that generate energy from their own
waste. In the pulp and paper industry, bioenergy (mainly
black liguor from pulping) contributed 40% of the total
final energy consumption in 2022.2" Additional ways to
replace fossil fuels for process heat include alternative
renewable fuels such as renewable-based hydrogen,
which is gaining momentum in steel, ammonia and glass
making (= see Market Developments section). Other
renewable heat sources, such as geothermal and solar
thermal, are used in the food and chemicals industries.
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I Electrochemical process used to extract metal ions from water-based solutions.
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POLICY AND TARGETS

Geopolitical considerations are increasingly influencing
industrial policies across the globe, reflecting the
complex interplay between national security, economic
development and environmental sustainability.?> The
diverse nature of industries presents a challenge in
crafting renewable energy policies that accommodate
the needs and characteristics across different sectors.

Energy-related policies in industry have been driven by the
need to decarbonise and have focused mainly on energy
efficiency rather than renewable energy requirements.?
Policy makers also have explored the use of hydrogen
in heavy industry sectors (such as the steel and cement
industries) and have pushed for the electrification of
industrial processes where possible. Some countries,
such as Germany and Poland, continued to subsidise the
energy costs of diverse industries in the wake of energy
price increases in 2023.%

Renewable energy targets for heat in the industry
sector continued to gain momentum. The EU's New
Renewable Energy Directive includes a provision to
increase the use of renewables in the total final energy
consumption of industry by 1.6% annually.® As EU
Member States continued to update their National
Energy and Climate Plans, they set targets for renewable
energy shares in heating and cooling for industry by
2030, including In Latvia (64%), Slovenia (30%) and ltaly
(27%).%° Spain set a target to increase the renewable
energy share in industry by 5.1% annually.?’

Renewables
in Buildings

Renewables
in Agriculture

Renewables
in Transport

As of 2023, a total of 10 countries had fiscal and
financial policies supporting renewable energy uptake
in industry, with 9 countries introducing new or updated
policies during the year.?® To accelerate decarbonisation,
Germany announced funding for energy-intensive
industries through carbon ‘“contracts for difference’,
which will cover the additional costs for decarbonising
industrial production, including through renewable
energy technologies.?® Estonia is providing grants to
manufacturers to improve the security of their energy
supply, including through the purchase and installation
of thermal energy storage systems and connections to
district heating systems.*

Countries continued to publish national strategies or
roadmaps for renewables in the industrial sector. The
United Kingdom released its Net Zero Growth Plan,
which includes strategies to deliver on commitments to
net zero emissions through investments in renewables
in industry.®' In the EU, the Carbon Border Adjustment
Mechanism enacted in late 2023, which puts a carbon
price on certain products sold in the region, has
already spurred industries worldwide to decarbonise
their production.® (= See Sidebar 3.) Japan amended
its Energy Conservation Act to require large energy
consumers to submit plans for transitioning to non-fossil
fuel sources by 2030.3% In early 2024, Brazil launched its
new industrial policy, Nova Industria Brasil, with a pillar
focused on decarbonising the industrial sector through
the deployment of renewables.*
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SIDEBAR 3. The Effects of Europe's Carbon Border Adjustment Mechanism on Global Industry

The EU's Carbon Border Adjustment Mechanism (CBAM) started its transition
(reporting-only) period in October 2023 and will enter into full force in January
2026. Under the CBAM, the region is placing a CO, tax (equal to the EU's
carbon price) on imports of certain manufactured goods from non-EU
countries - including cement, fertilisers, electricity, iron and steel, aluminium
and hydrogen. The mechanism is intended to ensure the competitiveness of
EU and other exporters that engage in “cleaner” practices, and thereby to
incentivise manufacturers to increase their use of renewable energy.

The CBAM will have a direct impact on the competitiveness of countries that
are large exporters of these goods to the EU. For example, India and Zimbabwe
are both leading exporters of iron and steel to Europe (with 23.5% and 91.7%
of these countries’ exports going to the EU, respectively) and could be highly

affected. Ukraine could be one of the countries most affected by the CBAM,
as the EU is the destination for 34% of Ukraine’s iron and steel exports, 36%
of its fertilisers, 100% of its electricity exports and 90% of its cement.

The CBAM is intended to prevent the offshoring of greenhouse gas emissions
to non-EU countries. The EU wants to ensure that investments in emissions
reduction efforts by European steel making companies will not be undercut
by low-cost competitors that use dirtier energy sources. The EU’s decision
could prompt countries to enforce similar measures, and on a wider variety of
products. In December 2023, the United Kingdom announced that it would
introduce its own carbon import tax by 2027.

Source: See endnote 32 for this section.

Renewable hydrogen policies for the industry sector
increased in 2023. The steel, cement and chemicals
industries - deemed "hard-to-abate” due to their high
emissions and energy intensity - are exploring the
use of renewable hydrogen as a potential pathway to
decarbonisation. The EU's New Renewable Energy
Directive states that at least 42% of the hydrogen used
in industry should come from renewable fuels of non-
biological origin by 2030, and 60% by 2035.*°* The EU
Clean Hydrogen Partnership issued a call for proposals
to stimulate the use of renewable hydrogen in energy-
intensive industries and other hard-to-abate sectors.®
Estonia allocated subsidies for renewable hydrogen use
in the chemical industry.®” In the United States and as
part of the Inflation Reduction Act (IRA), tax credits of
up to USD 3 per kilogram of hydrogen are offered to
projects with low life-cycle greenhouse gas emissions.*®
The US Department of Energy's Clean Energy Hubs is
set to invest USD 7 billion aiming to catalyse a total of
USD 50 billion in hydrogen investment.**

Energy efficiency measures in the industry sector are
sometimes paired with renewable energy solutions to
enhance the overall efficiency. Hungary extended its
grant programmes to cover up to 15% of the investment
in energy efficiency for energy-intensive small and
medium-sized manufacturers.®® Austria enacted a
new financial package that includes provisions for
decarbonising energy-intensive industries.*’ Under the
New Energy Efficiency Directive, the EU has nearly
doubled the energy savings obligations for Member
States, driving energy savings in end-use sectors such
as industry.*
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. INVESTMENT AND FINANCE

Data on renewable energy investment in industry remain
imited. Many of the efforts to decarbonise the sector have
concentrated on energy efficiency and on carbon capture,
utilisation and storage. Although no comprehensive
datasets are available summarising investment in
renewables in industry, examples of specific investments
exist. They include investments in solar thermal heating,
geothermal heat, and biomass technologies for industrial
uses in the agro-food, pulp and paper, mining and steel
industries.

In the food and tobacco industry, several noteworthy
investments were made in solar thermal systems for
process heat in 2023. In Spain, Europe’s largest industrial
heat plant - a 30 megawatts-thermal (MW,,) parabolic
trough solar thermal plant, with a total investment of
USD 22.5 million (EUR 21 million) - was inaugurated in
Seville in September.*® The plant is the result of a 20-year
heat purchase agreement between the Dutch beer
company Heineken and the French energy giant Engie
and was financed through a public-private partnership
with the European Regional Development Fund, which
provided a subsidy of USD 14.3 million (EUR 13.4 million).**

France'slargestsolarthermal plantforindustrial processes,
with a total investment of USD 6.4 million (EUR 6 million),
was inaugurated in late 2023 with a 55% subsidy from
the environment agency ADEME and additional financing
from the Public Interest Group Objectif Meuse and the
Grand Est Region Climaxio programme.*® The plant will
provide the dairy company Lactalis Ingredients with heat
for a drying tower.*
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Also in the food industry, Sdo Martinho in Brazil
invested USD 50 million (BRL 250 million) to build
its first biomethane plant, which will use the vinasse
residue produced at an adjacent sugarcane facility to
produce biogas that will be used to replace fossil diesel
in the company’s trucking fleet.*

In the pulp and paper industry, a paper and packaging
manufacturer in  Belgium commissioned a new
concentrated solar thermal system combined with a
thermal storage unit in Turnhout - the largest such facility
in Europe - financed by Campina Energy, with support
from the EU's Horizon programme and the Green Heat
scheme®® In New Zealand, the Government Investment
in Decarbonising Industry Fund contributed part of the
USD 9.8 million (AUD 15 million) in total funding to help
the tissue manufacturer Sorbent purchase geothermal
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steam from a local supplier for use in paper drying.*
In Kenya, early steps were taken to develop a geothermal
field that will supply energy for industrial uses such as
fertilisers, iron and steel, plastics, and pulp and paper.*®

In the mining industry, Saudi Arabia’s leading mining
company, Ma'aden, announced plans to begin building
the first gigawatt-scale solar heat plant in early 2024,
which will provide steam for refining bauxite ore at
an alumina refinery in the city of Ras al Khair.®' In the
United States, the mining company Rio Tinto partnered
with Neste to transition all of the heavy machinery at its
mine in Boron, California from fossil diesel to renewable
diesel, although information on the total investment was
unavailable.*

Rio Tinto also announced that it would replace its
entire fossil diesel consumption at its Kennecott copper
operation in Salt Lake City with renewable diesel starting
in 2024.% In Chile, the Chilean power utility Gasco Is
investing USD 71 million in industrial solar heat plants, in
the framework of a 20-year heat purchase agreement to
cover more than 80% of the heat demand of two copper
mines, Minera Escondida and Spence, the remaining
heat will be delivered by electric boilers powered by
renewable electricity.*

In several sub-Saharan African countries, as of 2023,
a number of mines had announced plans to transition
towards solar PV-powered microgrids to enhance energy
security and reduce costs.*® (= See Snapshot: Sub-
Saharan Africa.)
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In the steel industry, a surge of investments in net zero
technologies, which may include renewable energy use,
have been announced in recent years.®® The Swedish
company H2 Green Steel allocated an initial USD 3 billion
for a new plant, set to begin production in 2024, that will
use renewable hydrogen.®” In 2023, several wind-powered
hydrogen projects were postponed. In Canada the World
Energy GH2 project was delayed due to lagging hydrogen
infrastructure, and projects in Europe were delayed
due to regulatory restrictions.®® With a focus on India’s
steel industry, an innovative financing instrument titled
Financing Steel Decarbonization was developed in 2022
to mobilise private finance for low-carbon technologies
for decarbonising steel, which includes using renewables
to meet the electricity requirements of steel production
facilities, or to produce renewable hydrogen.*® Because
investing in decarbonised steel neither lowers costs nor
increases product quality, it is often motivated by the
opportunity to capture incipient green steel markets and
to avoid stranded assets in anticipation of more stringent
climate policies.®

Additional investment in renewables occurred outside
of these primary industries targeted for decarbonisation.
In  Cuernavaca, Mexico, Unilever announced a
USD 446,000 (EUR 417,000) industrial solar steam
project to support the manufacture of personal hygiene
products, with construction to begin in 2024.°" In the
United Kingdom, the clean-tech company Sonichem
secured USD 1.49 (EUR 1.4 million) to convert low-value
forestry by-products (such as sugars, cellulose and
lignin) to renewable biochemicals.®
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HARNESSING SOLAR POWER TO TRANSITION THE REGION'S MINING SECTOR

The mining sector is a leading economic driver in Sub-
Saharan Africa, valued at more than USD 108 billion in
2023. For the region’s 15 most mineral-rich countries,
the sector accounted for 10% of GDP on average

in 2021. In most of these countries, mining is the
main source of foreign direct investment, accounting
for up to half of all exports. However, it is also the
most energy-intensive sector, consuming half of
Sub-Saharan Africa's total electricity in 2022 (and
even higher shares in countries such as Guinea,
Mozambique and Sierra Leone),

In many Sub-Saharan African countries, the
electricity sector faces challenges due to fluctuating
world oll prices and persistent droughts, resulting in
insufficient generation capacity, rising energy tariffs
and unreliable service. Rising energy prices greatly
impact mining projects because energy accounts
for a significant portion of mining projects’ budgets,
reaching 10-35% of mining expenses in the region in
2023. Furthermore, power shortages and disruptions
impact the mining sector, which requires continuous
energy supply for efficient operations, in several
detrimental ways, including damaged equipment,
reduced output and large financial losses.

Some mines in Sub-Saharan Africa are located in
remote areas and must rely on diesel-generated
power rather than being connected to national or
regional electricity grids. This presents challenges
due to volatile global diesel prices and the high cost
of transporting this energy to remote locations.

As an alternative, mines are increasingly
implementing hybrid microgrids, which combine
solar PV with energy storage and operate
independently from the state grid. This reduces
their reliance on fossil fuels and limits their use

of generators running on diesel or heavy fuel oll

to supplying only back-up power. This reflects a
larger trend across Sub-Saharan Africa of installing
solar PV microgrids to reduce reliance on unstable
national and regional grids and to avoid the high
cost of diesel.

In 2023, the Tasiast gold mine in Mauritania installed
a 34 MW solar PV plant with an 18 MW battery
system to supply 20% of total power needs. The
project is operated by the Canadian-based mining
company Kinross, while the renewable energy
producer Voltalia collaborated with ABB for the
systems integration and value chain support.
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Over the lifespan of the mineg, the system will avoid
an estimated 530,000 tonnes of greenhouse gas
emissions and save 180 million litres of fuel.

Since 2018, the Essakane gold mine in Burkina
Faso has been powered by Africa’s largest solar PV
hybrid power plant, a 15 MW system comprising
some 130,000 PV panels developed by the Finnish
company, Wartsila. By optimising solar PV power,
the mine has reduced its annual fuel consumption
by 6 million litres and its CO, emissions by 18,500
tonnes per year.

In 2023, NextSource Materials announced the
commissioning of a 2.69 MW solar plant at the
Molo mine in Madagascar. The plant, which covers
1.3 hectares and comprises 4,902 PV panels, is
accompanied by a 1.37 MWh battery and supported
by a 3.1 MW back-up diesel generator. This hybrid
set-up is designed to meet 100% of the mine's
power needs during peak hours, with the solar PV
supplying 35% of the overall electricity demand.
The project will boost the mine's energy security by
providing uninterrupted power, while cutting carbon
emissions by 2,275 tonnes annually and contributing
to national climate goals.
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As of 2023, mining companies in South Africa
had plans to spend a collective USD 3.8 billion
on several major solar PV installations, with an
estimated maximum total capacity of 3,900 MW,
These installations include Sibanye-Stillwater's
combined 175 MW of solar plants across multiple
platinum mining sites, Anglo American Platinum’s
100 MW project at its Mogalakwena mine, Gold
Fields' 50 MW plant at South Deep Khanyisa gold
mine, Harmony Gold's phased roll-out of 167 MW
of solar plants (including three 10 MW plants) and
Impala Platinum's 10 MW project at the Marula
Platinum mine. As of 2023, only the solar plant at
South Deep Khanyisa was operational, and all other
projects were under construction, with planned
completion dates during 2024-2025.

Source: See endnote 55 for this section.
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Illt MARKET DEVELOPMENTS

Heat dominates energy consumption in industry. It is used
for washing, cooking, sterilising, drying, preheating boiler
feed water and other uses and is essential in refining raw
materials, smelting metals and producing chemicals.®®
The share of heat in industrial energy use varies by sub-
sector, ranging from 32% in machinery production, to 41%
in transport equipment manufacturing, to 85% in glass
and cement industries and the share of electrification
and renewable energy share varies broadly across sub-
sectors.®* (= See Figure 8.

As of 2021, only 12.1% of heat consumption in the industry
sector was renewable, and solutions are emerging to
increase this share across specific sub-sectors, depending
on the required process temperature.®® Process heat
over 750°C remains dependent on fossil fuels, but in
some cases resistance, infrared, induction, microwave
and plasma heating can provide electric-based solutions
up to 1500°C, with renewable hydrogen and biomass
also positioned as strong alternatives.®® Electrothermal
energy storage (ETES)' technologies have commercially
available solutions for heat processes that require
temperatures up to 400°C.%" For processes below 200°C,
direct electrification through renewable electricity has
gained momentum, with heat pump technology evolving
to provide medium-temperature heat®® Heat purchase
agreements (HPAs) also are on the rise, especially In
industries withlow and mediumtemperature requirements
(= see Investment: Food industry and Mining).

The use of modern bioenergy in industry increased
46% between 2011 and 2021, rising from 8 exajoules (EJ)

RENEWABLES 2024 GLOBAL STATUS REPORT - RENEWABLES IN ENERGY DEMAND

to 10.1 EJ.%° However, the share of bioenergy use relative
to total final energy consumption in industry increased
only slightly during the decade, from 7% to 8%.”

Solar thermal can be an efficient means of providing
zero-carbon heat and a cost-effective alternative to the
electrification of heat. Although it has been used mainly for
low-temperature applications, new solar thermal designs
serve applications with temperature requirements of
up to 400°C."" High initial capital costs, long lead times,
and low client awareness have led to limited uptake,
even in sectors with significant technical and economic
potential, such as textiles and food.”> However, in 2023
the Dutch packaging and materials manufacturer Avery
Dennison commissioned Europe's largest concentrated
solar thermal platform and storage unit, with a peak
energy vield of 27 gigawatt-hours (GWh) of thermal
power.”® By the end of 2023, at least 1,209 solar heat for
industrial processes (SHIP) installations, totalling more
than 951 MW,,, were supplying process heat to factories
worldwide.* At least 116 projects came online in 2023
alone.”® Projects are getting bigger, and the proportion
of systems with temperatures above 100°C is increasing
rapidly.”®

High-temperature geothermal energy can be used directly
to generate electricity, heat, or both. Direct geothermal use
accounted for less than 1% of the total thermal energy use
in industry in 2021, mainly in food processing, packaging
and transport, and mining.”” Barriers to wider adoption
include resource availability and high upfront costs.”

Renewables
in Agriculture

Renewables
in Transport

Renewables
in Buildings

Renewables

in Industry
|

Global Trends

y/ FIGURE 8.

Renewable Energy Share and Electrification Rate by Industry Sub-Sector, 2021
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Source: See endnote 64 for this section.

I ETES technologies use electricity to produce heat and then store it in a heat storage medium such as bricks.
The systems can charge when electricity is cheapest or when there is excess renewable electricity production.
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Electrification via renewables continued to develop
in 2023. Industries have invested in on-site renewable
electricity plants or are using power purchase agreements
(PPAs) to procure renewable electricity for their operations.
However, the cost of electrified operations is not equal
across the globe. Electricity prices for energy-intensive
industries in the EU were almost double those in China
and the United States in 2023, potentially increasing the
attractiveness of on-site renewable energy production for
European industries.”

Heat pumps, although not technically a renewable energy
technology, are an energy-efficient alternative to traditional
heating and cooling systems and a key technology for
electrifying industry and increasing the renewable share of
industrial energy use.?® Energy security risks and fluctuating
fossil fuel prices, along with a growing focus on efficiency,
is driving market uptake among the three main industrial
users of heat pumps: pulp and paper, food and beverage,
and chemicals.®' Large-scale heat pumps are a rapidly
expanding solution for meeting industrial heat demand.®

Renewable hydrogen has been discussed mainly in
the context of decarbonising energy-intensive processes,
in particular in the petrochemical and steel industries.
Despite growing momentum for renewable hydrogen
in 2023, development remained limited due to high
production costs, lack of demand-side subsidies, lack of
offtake agreements, high risk perception from the finance
sector, lack of consistent green hydrogen standards and
the need for related infrastructure.®?

Globally, the number of eco-industrial parks that pool
renewable energy generation, use, and sometimes
research and development has grown rapidly, with the aim

of creating resource-efficientindustrial parks thatare more
competitive, risk resilient and attractive for investment. In
2023, in the framework of the World Economic Forum'’s
(WEF) "Transitioning industrial clusters towards net zero"
initiative, Dunkerke in France launched the DKarbonation
project, which aims to create a zero-emission industrial
cluster by 2050, including for steel, aluminium, cement, gas,
low-carbon hydrogen and battery production.®* China's
Tianjin  Economic and Technological Development
Area (TEDA), which joined the WEF initiative in 2023,
has introduced resource recycling in the automotive
and electronics industries.®® The industrial park also
implemented energy and environmental infrastructure
projects - such as geothermal, reclaimed water plants
and waste heat utilisation development - to improve the
park’s system efficiency and circularity.®

Due to a lack of financing, the adoption of renewable
electricity by small and medium-sized industries
represents a largely untapped solution area for low-carbon
industrialisation, particularly in developing countries.?’
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FOCUS ON HEAVY INDUSTRY

Heavy industries are the most energy-intensive users in
the industry sector. Four main sub-sectors account for
more than 47% of industrial energy use: iron and steel,
non-ferrous metals, chemicals and petrochemicals, and
non-metallic minerals.®® The renewable energy share in
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in Transport

heavy industry continues to be lower than the average
industrial sector, with renewables representing 8.7% of
energy consumption in the aforementioned sectors in
2021 as compared to 16.8% across all industries.® (- See
Figure 9.)

y‘ FIGURE 9.

Share of Renewable Energy in TFEC by Heavy Industry Sub-Sector, 2011 to 2021
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Source: See endnote 89 for this section.

25



7 REN21

Iron and Steel and Non-Ferrous Metals
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Traditionally, the iron and steel industry has relied heavily
on blast furnaces that use a high-carbon form of coal
known as coke. Increasingly, electric arc furnaces are
being adopted that enable the direct use of renewable
electricity, mainly to produce secondary steel made from
recycled or scrap steel®® So far, secondary steel has not
been able to satisfy high-grade or specialty requirements,
and the volume is insufficient to meet global steel demand.®
Direct reduced iron, produced with renewable hydrogen
and linked with renewable-powered electric furnaces, is a
solution to renewables in primary steelmaking.®? Of the
steelmaking capacity added since 2021, 43% is based
on electric arc furnace technology and 57% uses coal-
based blast furnace-basic oxygen furnaces.®
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A,

Non-ferrous metals

5.95%
P

03%
199%
O%

In Europe, the price of carbon under the EU Emission
Trading Scheme (EU-ETS) has made investment in
‘green” steelmaking increasingly attractive.®* In Belgium,
the wind turbine manufacturer Vestas partnered with
steel manufacturer ArcelorMittal in early 2024 to produce
a turbine tower based on low-emission steel, using 100%
steel scrap melted in an electric furnace powered by
100% wind energy.®

In the United States, the steel industry has been buying
more renewable energy. In 2022, Ohio-based Cleveland
Cliffs, North America’s largest producer of flat-rolled
steel, agreed to a 15-year PPA with EDP Renewables to
consume electricity generated by a 180 MW wind farm
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in Indiana.®® The firm also has made progress in lowering
its emissions through energy efficiency improvements: in
2020, it opened a "direct reduction” plant, which reduces
the temperature requirements and the amount of coke
needed in blast furnaces.”

In India, steel manufacturer Tata Steel trialled the use of
hydrogen in blast furnaces for steel making in 2023, using
a hydrogen injection of up to 40%, which confirms the
potential of green hydrogen use for for steel production.®®
Globally, 14 green steel projects were announced during
the year, 8 of which involve renewable hydrogen.®
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Chemicals and Petrochemicals
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Source: See endnote 100 for this section.

The chemical industry faces the dual challenge of
phasing out fossil fuel use both as an energy source
and for non-energy purposes, such as the use of carbon
feedstock to produce organic chemicals.©

In process heat, renewable electricity (through heat
pumps for low-temperature heat), solar thermal heat
(boosted by heat pumps) and renewable hydrogen (for
higher-temperature processes) are well positioned to
provide a stable and secure energy supply.®? In Belgium,
the plastics manufacturer INEOS Inovyn signed a 15-year
PPA to purchase renewable electricity produced on-site
via a 60 MW solar PV installation financed and owned by
GreendPower® In Germany, the chemical manufacturer
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BASF plans to use an industrial heat pump for steam
production with a capacity of 129 MW at what Iis set to
be the world's largest chemical plant'® For chemical
feedstocks, renewable hydrogen can replace fossil-
based hydrogen in the production of ammonia and other
products, such as methanol, when combined with modern
biomass.®® In 2023, LEGO, the world's largest toy company,
and Novo Nordisk, a leading health-care company, agreed
on a project to replace fossil fuel use in plastic production,
using e-methanol produced by renewable electricity.°®

The chemical industry also is well suited to efficiently
use a wide range of residual and waste biomass, or
biomassthatis currently burned for energy.””’ In Thailand,
Braskem and SCG Chemicals signed a joint venture to
advance the use of ethanol from sugar cane for plastic
production.®® In the United States, New Energy Blue
announced a long-term supply agreement with Dow to
create bio-based ethylene from renewable agricultural
residues for plastic production.’®®
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Cement and concrete are the second most-used
substance in the world (after water) and also the second
largest source of direct CO, emissions from industry.™
Fossil fuels remain the dominant energy source (90% in
2022) for production processes that require temperatures
of up to 1500°C, followed by bioenergy and renewable
waste (4%) and non-renewable waste (4%)."> Emissions
in this industry come mainly from chemical reactions in
the cement production process (50%), with 40% coming
from burning fossil fuels and the rest from electricity use
for machinery operation, mining and transport of raw
materials.™ Cement production fell 5% in 2022, due mainly
to a slowdown in China, and stayed at that level in 2023

Renewables
Global Trends ]
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In 2023, several cement manufacturers installed solar
plants. ARGOS, present in several Latin American
countries, inaugurated a 20 MW solar PV plant in
Honduras™ In Kenya, Bamburi Cement Plc signed a
land lease agreement for a 20 MW solar PV plant, and
HOLCIM was set to generate 75% of its on-site electricity
consumption with a 25 MW solar PV plant In Spain,
the cement manufacturer Cemey, in partnership with the
Swiss-based concentrated solar company Synhelion,
achieved industrial production of clinker (the most energy-
intensive part of cement manufacturing) in Madrid using
only solar heat.”
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Fossil fuels provide

of energy consumption
in cement and concrete
production, which
requires temperatures
of up to 1,500°C.

Electricity use accounts for around 5% of the
greenhouse gas emissions from cement making, and
various efforts emerged in 2023 to decarbonise this
electricity use through renewables.™ In the Philippines,
Filinvest-Engie Renewable Energy Enterprise (FREE)
announced a 25-year PPA for 13 MW of solar power to
supply the Cemex manufacturing plant.™ Electrification
of kilns is a further avenue for integrating renewables
in cement production. Coolbrook, a Finnish company,
developed a RotoDynamic Heater in 2023 that can be
retrofitted to existing plants to provide electric process
heat for high-temperature industrial applications.?
Another option for electrifying cement making s
thermal “batteries”. In Thailand, Siam Cement Group
has the capacity as of mid-2023 to produce 2.4 GWh
annually of heat "batteries”, which use an insulated
refractory brick to store renewable electricity in the
form of high-temperature heat™ Over 30 companies
are providing high-temperature thermal storage for
iIndustrial applications.'??
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FOCUS ON LIGHT INDUSTRY

The lower temperature requirements of light industry 7/ FIGURE 10.
enable easier integration of renewables. However, v Share of Renewable Energy in TFEC by Light Industry Sub-Sector, 2011 to 2021
manufacturing sites are more diverse and widely

spread, which makes the scale-up of technologies more Share of renewable energy in TFEC (%)
complex.”® The highest energy consumers among light 509

A .
industries are paper, pulp, and printing, as well as food and

tobacco, which use a combined 11.6% share of the total ﬁ Paper, pulp .
energy consumption in industry.® The share of renewable 40% 449, and printing
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energy in these sectors, has remained relatively stable in 40,
the last decade®' (= See Figure 10.)
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Forglass production, up to 85% ofthe energy requirement
is for heating raw materials in a furnace with a constant
temperature of around 1500°C.? The industry relies on
fossil gas for three-quarters of its total energy use, as a
stable energy source, and a supply disruption would cause
irreversible damage to glass production infrastructure.*
Alternatives to fossil gas include fully electric resistance
heaters and oxy-hybrid furnaces that combine electricity,
hydrogen and oxygen to reach the needed temperatures.?

10% |

20M 2013 2015 2017 2019 2021
In early 2023, the French company Saint-Gobain became Source: See endnote 131 for this section.
the world's first glass manufacturer to pilot the use of
more than 30% hydrogen in energy (60% in volume)
to produce flat glass, which would open the possibility
of using renewable hydrogen in glass production.'?®
In Luxembourg, Plug Power developed 5 MW electrolysers
that will enable Ardagh Glass to produce renewable

hydrogen to replace fossil gas use™ However, concerns | S |
about changes in the glass quality when using high : _:”‘%"
shares of hydrogen remain, highlighting the need for 1'" )

further research and development,'?8 NOEEE i,

Bioenergy represents over

of renewable energy
consumed in the food
and paper industries.
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The pulp and paper industry relies heavily on its own
waste to produce large amounts of heat and electricity.”
More than two-thirds of the energy used in paper making
is in the form of heat for drying pulp and paper, with
bioenergy providing more than half'®® To cover the heat
requirements beyond what waste provides, renewable-
powered large heat pumps that repurpose residual heat
are being explored as an alternative to fossil fuels, and
to fossil gas in particular™
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In 2023, the Italilan company Turboden announced the
developmentofalarge heat pump specifically forthe pulp
and paper industry that can generate mid-temperature
steam of more than 200°C."* In Spain, ACCIONA Energia
signed a 10-year PPA to supply renewable electricity to
tissue paper manufacturer Sofidel, providing more than
90 GWh per year In Finland, Doosan Skoda Power
and Metsa Fibre commissioned a 270 MW steam
turbine that will help replace fossil fuels with renewable
bioenergy for paper production.™
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The food and tobacco industries require process
heat temperatures mainly between 60°C and 200°C, with
most food and beverage processing occurring below
130°C (for pasteurisation, cleaning and drying)." In this
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context, several renewable energy technologies have the
potential to quickly replace fossil fuels.

Solar thermal heating is another existing solution that is
well adapted to low and medium-temperature processes
(- see Industry Investment Section).

Examples of biogas use in industry are found mainly in
the food sector, where several leading manufacturers
operate anaerobic digestion facilities to generate heat and
electricity for factories. In Germany, sugar manufacturer
Pfeifer & Langen transitioned from coal-fired boilers to
biomass, which will enable the company to use discards
from the sugar process for heat production.'®

Technologies for electrifying low-process heat are
increasingly common, particularly heat pumps powered
by renewable electricity”' In Israel, developer Tigi
Solar deployed a 780 kilowatt (kW) heat pump for
the food industry firm Of Galil Ltd., using waste heat
as input The Mars chocolate factory in Veghel, the
Netherlands installed a 1,400 kW heat pump that harvests
waste heat to maintain molten chocolate and syrup
storage.® To increase its energy self-sufficiency, Madi,
a meat processing
company in Bosnia
and Herzegovina,
deployed solar PV
panelsthatwill provide
1147 megawatt-hours
of electricity annually
to cover the plant's
operations,*

The food and tobacco and
paper and pulp industries
heavily rely on their

for electricity generation
and for heating processes
of up to 200°C.
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"Y' CHALLENGES ©

W
The diverse nature of industries presents a challenge in crafting The EU's Carbon Border Adjustment Mechanism (CBAM),
renewable energy policies that accommodate the needs and set in motion in 2023, covers the worldwide exports of cement,
characteristics across different sub-sectors. fertilisers, electricity, iron and steel, aluminium and hydrogen,
Heating needs vary widely across sectors from around 100°C potentially leading to higher use of renewables in industry to
for drying in paper and food industries to over 1,500°C for cement comply with EU standards.
kilns or iron furnaces. Increasing electrification of industrial sectors opens the
Several industries such as the glass industry require an opportunity to increase the use of renewable electricity.
uninterrupted heat supply, which is currently mainly covered » For processes below 200°C, large-scale heat pumps , G Nl o - a2 |
using fossil gas. are advancing to the capacity needed to achieve higher __ ST NS iy v
Electricity prices for energy-intensive industries in the EU were T PEELEs. Joos 0 ol T —
almost double those in China and the United States in 2023, - In high-temperature industrial applications, electric arc — o B e
Solar heat for industrial processes remains a challenging sector furnace§ powered by renewable electricity can replace A LN~
because of low awareness, projects requiring significant lead time coke-reliant blast furnaces. ,
and long payback periods. Heat purchase agreements are on the rise, especially in
Renewable hydrogen development in industry remained limited industries with low and medium temperature requirements.
due to high production costs, lack of demand-side subsidies, Total installed capacity additions of solar heat for industrial
lack of offtake agreements, high risk perception from the finance processes tripled in 2023. At the same time, projects are
sector, lack of consistent green hydrogen standards and the need getting bigger and the proportion of systems with temperatures
for related infrastructure. above 100°C is increasing rapidly.
Data on renewable energy investment in industry remain limited. In the chemical industry, renewable hydrogen

can replace fossil-based hydrogen as feedstock
to produce ammonia and other products, such as
methanol, when combined with modern biomass.
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RENEWABLES
IN BUILDINGS

KEY FACTS

The buildings sector is a significant energy = The share of renewables in the energy demand of
consumer, and the adoption of renewable energy of total energy buildings increased to 15.9% in 2021, up from 11.3%
sources such as solar panels and energy-efficient 3 O O/ consumed is in the in 2011. Renewable energy provided 11.5% of the heat
systems is contributing to the reduction of O buildings sector consumed in buildings, showing an increase of 0.5%.

carbon emissions. = The share of electricity in total final energy demand

of energy used in buildings has risen from 30% in 2010 to 35% in 2022.

in the buildings = Estonia, Ireland, and Poland have launched various
O/ sector comes from subsidy schemes to encourage the adoption of
| O renewables renewable energy heating systems, including heat

pumps.

countries

had regulatory
policies for the use of
renewables in buildings
by the end of 2023
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Buildings account for around one-third of global energy
demand and carbon emissions, with direct energy
consumption’ in buildings representing 30% of global
final energy consumption in 2022" As of 2021, around
15.9% of the energy demand in buildings was met by
modern renewable sources' (= see Figure 17), up from
11.3%in 2011.2Renewable energy share of heat consumed
in buildings stood at 11.5% in 2021, an increase of 0.5%.3

The share of

in the total final energy
demand of buildings has
increased from 30% in
2010 to 35% in 2022,
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?- FIGURE 11.
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Renewable Share of Total Final Energy Consumption in Buildings, 2011 and 2021

Energy consumption in buildings varies greatly around
the world, including among the top energy-consuming
countries.* (= See Figure 12) Energy is consumed in _ _
buildings mainly for space and water heating, space ~ - —
cooling, cooking, lighting, and powering of appliances |
and electronics", This use takes various forms, such as
electricity, fuels and direct thermal renewable energy.

Thermal applications accounted for around three-quarters
of the final energy consumption in buildings in 2021, with
the remaining quarter being electricity used to power
appliances'® The share of electricity in the total final energy
demand of buildings has increased from 30% in 2010 to
35% in 2022, in parallel with a shift towards renewables.®
Space cooling is the largest growth sector among energy
end-uses in buildings, rising more than 5% in 2022

I Around one-third of the primary energy supply is dissipated through conversion inefficiencies, losses, and various processes, notably in
electricity generation. The section does not cover the embodied energy in building materials and construction.

i This excludes the traditional use of biomass - that is, the burning of woody biomass or charcoal as well as dung and other agricultural
residues - in simple and inefficient devices to provide energy for residential cooking and heating in developing and emerging economies.

iii The two main energy end-uses in buildings are thermal and electrical. Thermal end-uses refer to space heating and cooling, water heating
and cooking (including the electricity used to provide heating and cooling).

iv Appliances include lighting and other electricity-based services (cooking appliances, electronics and charging devices), excluding those
used for heating and cooling.
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Source: See endnote 2 for this section.
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Energy Consumption in Buildings by Major Country/Region, 2021
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The deployment of heat pumps (= see Box 1), electric
boilers and other electric heating systems has helped drive
a shift towards renewable electricity to heat buildings.®
(= See Figure 13.) This has boosted the use of renewables
in the heat sector in China, the European Union (EU),
and the United States, although the transition has been
gradual.®

Improvements in the efficiency of building envelopes and
of end-uses within buildings are helping to improve the
economics of renewable energy applications, supporting

the deployment of adjacent technologies such as heat
pumps. Solar PV, wind power and other renewable energy
technologies are increasingly competitive with fossil fuels
owing to falling technology costs, increased efficiency,
and the impetus for strengthening energy security and
independence.® Innovations in generation technologies
and energy storage continue to enhance efficiency
and reliability while also bringing down costs, making
renewables suitable for a wide range of applications in
the built environment.”

I :
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Source: See endnote 4 for this section.
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Energy Consumption for Heating in Buildings, by Source, 2011 and 2021
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BOX 1. Heat Pumps

Heat pumps are highly efficient devices, using three to five times less electricity than traditional
heaters and boilers to produce the same heat output. Although heat pumps accounted for less
than 15% of the electricity used to heat buildings globally in 2022, deployment is increasing
rapidly. From 2023 to 2028, heat pumps are expected to account for one-third of the increase
in global electricity consumption and for nearly one-quarter of the rise in renewable electricity
use. Heat pumps achieve high efficiencies not only by using electricity, but also by harnessing
ambient heat, thereby driving a global increase in renewable heat use in buildings.

Existing heat pump installations are found mainly in new buildings and single-family homes,
whereas deployment has lagged in multi-storey apartment buildings and commercial spaces.
Retrofitting existing buildings and building district-scale energy systems is essential for unlocking
progress towards decarbonisation.,

In 2023, 8 countries announced new policies for
heat pumps. Estonia launched a subsidy scheme
for building retrofits that covers renewables
for heating - which includes covering the
replacement of furnaces, gas or electrical
heating by renewable energy heating systems
or district heating as well as rooftop solar (PV
and thermal). Ireland extended its grants for
renewable heat to cover heat pump installations,
and Poland expanded its clean air programme
to include grants for replacing solid fuel heating
sources with heat pumps. The Slovak Republic is
providing grants totalling USD 169 million (EUR
156 million) to support up to half of the system
and installation cost for solar thermal collectors,
solar PV systems and heat pumps.

Source: See endnote 8 for this section.
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POLICY AND TARGETS

Policy action to boost the uptake of renewable heating
and cooling In buildings typically includes national
targets (such as pursuing a defined share of renewable
heating and cooling by a certain date) or specific support
policies, such as financial incentives or regulations.”?
At the international level, the Buildings Breakthrough
Initiative was launched in 2023 to catalyse action on the
decarbonisation of buildings.”® (= See Box 2.)

In 2023, 5 countries (mainly in the EU) adopted new or
updated renewable energy targets in the buildings
sector, bringing the total number of countries with such
targets to 16.* The EU's new Renewable Energy Directive
includes an indicative target for at least 49% of energy

consumption in buildings to come from renewable sources
by 2030.° Portugal set a target for 97-98% renewables in
the total final energy consumption of the buildings sector
by 2050 (depending on the building type), with interim
2030 targets of 57% for residential buildings and 78% for
non-residential buildings.”® Latvia and Slovenia set targets
for 68% and 66% renewables in buildings, respectively.”

In China, the government has set a target of 8% renewables
in the total energy consumption of urban buildings by
2025.® In 2023, the Chinese National Energy Administration
issued a call for rural counties to participate in an energy
transition programme that sets a target of 30% renewables
in the total final energy consumption of rural buildings.”

BOX 2. The Buildings Breakthrough Initiative

Launched in December 2023 at the United Nations Climate Change Conference in Dubai (COP 28), the
Buildings Breakthrough initiative aims to achieve near-zero emissions and climate resilience in the buildings
sector by 2030. The initiative focuses on expanding access to sustainable solutions and clean technologies
globally and is led by France, Morocco, and the United Nations Environment Programme, with co-ordination
by the Global Alliance for Buildings and Construction. As of February 2024, 28 countries had committed
to the initiative, which emphasises the need for accelerated action, stakeholder co-ordination, harmonised
standards, procurement commitments, funding for net-zero construction, knowledge sharing, and alignment

of research with policy goals.

Source: See endnote 13 for this section.
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.//' FIGURE 14.

Regulatory Policies in Buildings, by Building Type, as of End-2022
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Source: See endnote 26 for this section.

I The initiative has produced detailed reports for countries including Austria, Belgium, the Czech Republic, Finland, France, Germany,
Hungary, Italy, the Netherlands, Poland, Romania, Spain, Sweden and the United Kingdom. These roadmaps are based on scenario analyses
and offer insights into the potential for energy efficiency improvements and the adoption of district energy systems, among other solutions.
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With regard to renewable energy targets for heating,
the EU aims to increase the share of renewables used in
heating and cooling by 0.8% annually to 2026 and 1.1%
annually to 2030.2° In 2023, several EU Member States
submitted draft updates of their energy and climate
plans, adopting new 2030 targets for the renewable
share of heating in the buildings sector - including Latvia
(68%), Cyprus (47.9%), Slovenia (66%) and Italy (42.5%).”
A few countries have targeted the uptake of renewables
in district heating, including Denmark (85% by 2030) and
Croatia (1.3% annual increase to 2030).2

Heat roadmaps are increasingly being developed
to analyse current energy sources, infrastructure, and
emissions, and to chart a course to decarbonisation
through renewables. These plans aim to guide policy
development, foster collaboration and encourage
investments.?® Key strategies in heat roadmaps include
promoting the uptake of renewables, such as geothermal,
solar thermal and biomass; promoting efficiency;
encouraging the deployment of heat pumps; using waste
heat; building and improving district heating networks;
and developing smart grids that can flexibly combine heat
and power infrastructure.®* The Heat Roadmap Europe
initiative has developed strategies for 14 countries'.?

By the end of 2023, at least 30 countries had
regulatory policies for the use of renewables in
buildings.?® (= See Figure 14.) These include policies
that set building performance standards, mandate clean
technology deployment or electrification, and restrict
the use of fossil fuels.
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Fiscal and financial incentives have remained popular
policies to advance renewable energy uptake in the
buildings sector. These can include tax incentives - such
as credits and deductions for the installation of renewable
energy technologies - as well as grants, rebates, and direct
subsidies, which lower the upfront costs and increase
the attractiveness of renewable energy projects. As of
2023, 18 countries had fiscal and financial incentives in
place for the deployment of renewables in the buildings
sector.?” For example, Japan launched a new mortgage
scheme in 2023, Flat35, to provide lower interest rates for
sustainable homes.?

District heating continued to receive policy attention.
District heating policies can lead to the increased
adoption of renewables - including geothermal, solar
thermal and biogas - in heating systems.?® The United
Kingdom issued an Energy Security Bill that includes
regulations and zoning for heat networks, with a focus
on decarbonising the existing network through the use
of renewables.*® The country awarded USD 488 million
(GBP 388 million) for a Green Heat Network fund, which
disbursed its first allocations in early 2023.*" Denmark
put in place subsidies totalling USD 3.5 million (DKK 24
million) for decarbonising district heating.* The EU s
funding a USD 1.3 billion (EUR 1.2 billion) scheme in the
Czech Republic to promote green district heating, with
an emphasis on renewables.*® Although no new district
cooling policies were enacted in 2023, such policies have
been in place for a few years, including in the Persian
Gulf countries and Southeast Asia.*
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Policies for increasing on-site and distributed
renewable energy generation in buildings also
continued to develop, especially for rooftop solar
systems (PV and thermal). Turkiye introduced new
incentives for rooftop solar power, including net
metering for homeowners.*® Greece is providing grants
for households to purchase and install rooftop PV
systems at up to 76% of the cost.*® Bulgaria launched
a household solar rebate scheme for PV and thermal
systems, totalling USD 133 million (BGN 240 million).%
India announced a new rooftop PV subsidy scheme for
10 million households and extended its previous solar
subsidy scheme to 2026.% Kenya updated its draft
regulations for solar water heaters, making it mandatory
to install the units on all residential and commercial
buildings, schools and health centres.®®

Building energy codes and net zero energy codes
typically include provisions for the uptake of renewables
in buildings. As of 2023, the number of building codes
globally totalled 81 for residential structures and 77 for
non-residential structures, with 80% of the codes being
mandatory.** However, building codes can be challenging
to implement due to complex regulations and ineffective
enforcement (whether due to lack of capacity or
corruption). Around one-third of existing codes have not
been updated since 2015 and may fall short of current
best practices and standards.* Nonetheless, in 2022, a
3.5% improvement in the energy intensity of buildings
per square metre was attributed to better building codes
and fabric' performance.*®

In 2023, Turkiye introduced regulations targeting a
minimum 5% renewable energy share for all new
buildings above 2,000 square metres.** Under the
Inflation Reduction Act, the United States announced
an additional USD 530 million in technical assistance
competitive grants for the adoption and implementation
of the latest energy codes and standards, including
zero energy codes that promote decarbonisation in
buildings.*® Since January 2023, Denmark’s new building
regulation has mandated an annual cap on greenhouse
gas emissions per unit area for new construction.®
Germany has implemented policies to ensure that
new buildings meet standards for nearly zero-energy
buildings (NZEBs), focusing on high energy performance
and significant use of renewables.* France is aligning
with EU directives to transition new buildings to NZEBs,
with earlier adoption required for public buildings
than for private ones; this includes integrating energy
performance and the use of renewables into building
regulations.*®

In Canada, the federal government has committed to
developing a model building code on net zero emissions
by 20244 At the sub-national level, the province of
Nova Scotia announced stronger energy requirements
in its updated building energy codes for the residential
sector, and the city of Victoria mandates that all new
buildings comply with the new Zero Carbon Building
Code.*® The Canada Green Building Council leads in
promoting net zero energy buildings through specific
certification programmes.®’

I The building fabric is the components and materials that the building itself is made of, such as the walls, floors, roof, windows and doors.

Energy efficiency policies in the buildings sector
complement renewable energy policies by helping
to reduce overall energy use. The more efficiently that
energy services are delivered, the faster renewables
can become an effective and significant contributor to
buildings' final energy consumption.®® Energy efficiency
policies are widely used globally and can focus both on
the building envelope itself and on the appliances used
in the building.

By the end of 2023,
at least 30 countries had

for the use of renewables
in buildings.




In 2023, Ireland allocated grants for home insulation for
households living in energy poverty'.?® France established
a green fund for the clean energy transition that supports
energy efficiency measures in public buildings.5* Bosnia
and Herzegovina released an energy efficiency strategy
that earmarks USD 7 million (BAM 12.6 million) for public
sector buildings, and Croatia allocated USD 43 million
(EUR 40 million) for energy efficiency renovations of
public buildings.®® The EU Energy Performance of
Buildings Directive mandates zero-emission standards
for new buildings by 2030, with an emphasis on deep
renovations, sustainable materials and the integration of
renewables.*®

Minimum energy performance standards (MEPS)
for appliances were in place in more than 110 countries
as of 20235 These covered around 90% of the global
demand for space cooling and refrigeration and around
half the global demand for space and water heating.®®
The United States strengthened its MEPS for central air
conditioners and heat pumps.®®

In 2023, the United Kingdom and Ireland adopted
policies supporting a shift away from fossil fuel use
for heating in buildings.®® Germany enacted legislation
mandating that all new heating systems use at least 65%
renewable energy starting in January 2024, and that all
fossil fuel heating systems be replaced by 2045.%!
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Switzerland’'s new 2050 Heat Strategy focuses on
eliminating all fossil fuel use to heat buildings and
replacing it with renewables by 2050.°? Austria banned
gas boilers in new buildings.®® France banned oil and coal
heaters starting in 2022, and gas boilers starting in 2024,
although it later backpedalled on gas boilers - again
allowing them, but removing related subsidies.®* At the
sub-national level, New York became the first US state
to ban gas stoves and furnaces for most new buildings.®
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. INVESTMENT AND FINANCE

Data on investment in renewables specifically for
the buildings sector remain limited, both for power and
for heat. Global investment in solar thermal heating'
totalled an estimated USD 19.1 billion in 2021.°® More
than two-thirds of this occurred in China (around 69%,
or roughly USD 13.2 billion), followed by Europe (11.6%,
or roughly USD 2.3 billion).*’

Investments in energy efficiency in buildings' rose
14% in 2022 to reach USD 285 billion.®® However,
preliminary indications suggest that growth will slow
in 2023 due to inflation in project costs and to rising
interest rates.®® The increased spending was the result
of policy-driven investment in the United States as
well as a continued effort, led by Europe, to respond
to the energy crisis triggered by the Russian invasion
of Ukraine.”®

Europe led energy efficiency investments in 2022,
with increased spending in Germany (USD 51 billion)
and ltaly (USD 57 billion); however, other countries in
the region (such as France and the United Kingdom)
experienced declines due to slowdowns in the
construction sector.”" Spending in the United States,
which ranked second globally in energy efficiency
investment, exceeded USD 33 billion in 2022, supported

i Energy poverty is defined as the lack of access to modern and efficient energy services, including clean technologies and fuels for cooking and electricity, which are crucial for a healthy and sustainable quality of life.

ii Solar thermal heating investment numbers are calculated based on the collector areas/systems installed in the respective year and on the average costs of the system.
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mainly through public funding from Department
of Energy efficiency programmes (such as federal
EnergySTAR residential tax credits) coupled with utility
demand-side management.”? In China, investment in
real estate development fell 10% in 2022, impacting
energy efficiency investment in the country.”

lii Because most energy efficiency investments in buildings are components of larger projects, they are difficult to extract from the overall project cost. Energy efficiency investments lead to a decrease in energy use compared to a baseline and are thereby incremental in nature.
A lack of clear definitions, standards and benchmarks for assessing the energy efficiency performance in buildings makes tracking energy efficiency investments challenging. See endnote 68 for this section.
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ENERGY DEMAND BY REGION

In 2023, the G20 countries with the highest shares of
renewable energy use in buildings were Iceland (where
more than 90% of space heating is from geothermal),
Brazil (where hydropower supplies a high share of
electricity,and bioenergy is used for heating and cooking)
and Canada (which relies heavily on electric heat and
hydropower).” The lowest shares of renewables in
buildings (less than 5% each) in the G20 countries were
in Indonesia, the Russian Federation, the Republic of
Korea, Saudi Arabia and South Africa.”

In Europe, France, ltaly and Germany had above-
average renewable energy shares in buildings, due
largely to the use of biomass for heat’® In Germany,
biomass (solid, liquid and gaseous) remained the leading
energy source for heating and cooling, providing 78%
of renewable heat in 202277 In France, solid biomass
supplied 62% of renewable heat and cooling in 2022,
while heat pumps accounted for around 27%.1®

In Asia, China's large population and energy demand
continued to drive renewable heat development in
the buildings sector in 2023, including significant

RENEWABLES 2024 GLOBAL STATUS REPORT - RENEWABLES IN ENERGY DEMAND

deployments of electric heating equipment, solar
thermal and geothermal energy.”

In Africa, South Africa, along with Egypt, Kenya, Morocco,
and Nigeria, have been at the forefront of integrating
renewables such as solar, wind, and geothermal into
their national energy mixes, with several projects aimed
specifically atimproving energy efficiency and renewable
energy use in buildings.®

In North America, policies such as the US Inflation
Reduction Act helped set new records for solar PV
deployment in 2023, with a large increase in residential
installations.®’

In Latin America and the Caribbean, notable focus
was given to geothermal energy in the Caribbean,
with countries such as Dominica and Saint Lucia
making significant investments to explore and develop
geothermal resources, with the aim of achieving energy
self-sufficiency.®?

Among developments in Oceania, Australia revised its
National Construction Code to include updated efficiency
standards for new buildings and major renovations, in a

| Of this solid biomass, 63% comes from domestic wood consumption. This category also includes “renewable municipal waste".

i Note that not all heat pump output is powered by renewable electricity, as the French grid is only partially renewable (28%).
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key shift towards energy-efficient buildings.®® The revision
supports the expansion of the home energy rating scheme
to include the energy used by appliances, not just the
home's thermal shell.#* Australia's emphasis on improving
energy productivity in residential buildings Is part of a
broader strategy under the National Energy Productivity
Plan, which aims for a 40% improvement by 2030 and
includes initiatives to increase the efficiency of appliances
and building materials through labelling and standards.®

New Zealand's energy strategy, still under development as
of 2023, focuses greatly on leveraging the country's high
share of renewable electricity for building applications.
This includes increasing electricity use for heating to
expand the penetration of renewables for thermal needs
and further reduce the carbon footprint of residential and
commercial buildings.®®

In the Middle East and North Africa region, countries
including Bahrain, Kuwait, Oman, Saudi Arabia and the
United Arab Emirates have embraced net zero emission
targets, some of them specific to buildings.?’

lii A prosumer is 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.
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TRENDS BY SECTOR AND TECHNOLOGY

Power

In 2023, consumers continued to adopt distributed
solar PV systems in response to higher grid electricity
prices and favourable policy support.®® Rooftop solar PV
has become mainstream in many countries, driven by
innovative business models such as net metering and
net billing that combine self-consumption and feed-in
tariffs for prosumers' . Rooftop solar systems accounted
for around 45% of solar PV additions in 2023, with up to
446 gigawatts (GW) of capacity being commissioned.®
Notable growth occurred in Brazil, Italy and Spain.®' In
Germany, the city of Hamburg set a pioneering standard
for climate protection in the buildings sector by mandating
solar PV systems on all new buildings and advancing
similar requirements for existing buildings undergoing
roof renovations.®? (- See Snapshot: Germany.)

Building-integrated PV (BIPV) and rooftop wind turbines
have the potential to complement traditional solar electric
panels to power buildings in the urban environment;
however, these remain niche uses, and data on these
markets are limited.®®
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SNAPSHOT GERMANY

HAMBURG PIONEERING RENEWABLE ENERGY LEGISLATION WITH MANDATORY SOLAR PANELS ON BUILDINGS

Hamburg, a German city and federal state, is pioneering renewable energy legislation in the buildings sector,
including by mandating the installation of solar panels on new buildings from 2023 and on roof renovations _ . _ | | _ _
from 2024. The amendment of Hamburg's Climate Protection Act reinforces the city's commitment to el Yl Yl ¥y R Pt N R Y R N e R ¥y
promoting renewable energy and tackling carbon emissions, targeting a 70% reduction by 2030 compared MEN U Em U Em Sy
with 1990 levels and climate-neutrality by 2045.

Two-thirds of electricity demand in Hamburg's buildings could be met by solar power and energy storage,
with a potential capacity of 9.4 GW. This would require a deployment area of approximately 60 km? (8%
of Hamburg's relatively small territory). While roofs only cover around 10% of Hamburg's land area, at least
80% of the potential solar power supply would come from rooftops, with the remaining 20% deployed in
agriculture (agrivoltaics) and on car parks. The largest potential is found in single-family houses, followed by
multi-family houses and commercial and industrial buildings. A small-scale solar PV system (up to 10 kW)
generally costs between €1,500 and €1,700 per kW, implying a payback period of under 20 years.

At the national level, the German government aims to boost the portion of renewable electricity to 80% of
total consumption by 2030, as outlined in the revised Renewable Energy Sources Act of 2023,

The recently implemented Solar Package |, adopted in April 2024, sets a target of 215 GW of solar capacity
in Germany by 2030, while new regulations will simplify and expedite the installation of balcony PV systems,
increasing accessibility and affordability. The package introduces a 'shared building supply’ model, streamlining
the supply of solar power within residential buildings and reducing bureaucratic barriers.

Source: See endnote 92 for this section.
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Heat

Bioenergy continues to be the largest source of
renewable heat in buildings globally.** However, the
fastest growing renewable heat source in the sector in
2023 was renewable electricity.®®

Solar thermal systems are a prominent source of hot
water for individual buildings and contributed around 6%
of renewable heat in 2022.°° An estimated 250 million
dwellings were using solar thermal technologies for
water heating as of 2020.% Large-scale solar thermal
deployments have also increased. in 2022, an estimated
571 large-scale solar thermal plants were operational
(mostly to provide district heating), with a combined
capacity of 2.2 gigawatts-thermal.®® China continued to
lead in global solar thermal developments in 2023.

In 2022, China was responsible for nearly 90% of
global direct geothermal heat consumption, with the
EU accounting for most of the rest.® Other leaders in
geothermal direct use for heating and cooling were the
United States, Sweden, Turkiye and Japan; on a per capita
basis, the top countries were Iceland, Sweden, Finland
and Norway.!%

District heating systems, which provide heat for
residential and commercial buildings from a centralised
location, have large potential to meet building heat
demands efficiently! They can effectively integrate
renewables — such as geothermal, solar thermal and
bioenergy - and can incorporate thermal storage to bring
flexibility to the entire energy system.'©? As of 2023, most
of the world's district heating (around 90%) continued to
rely on fossil fuels, particularly in China and the Russian
Federation.®® In the EU, countries such as France, Austria,

and Germany still rely on fossil-based cogeneration, while
Iceland meets nearly all its heating demand in buildings
through geothermal district heating systems.'*

In Germany, nine solar district heating systems were
under construction or in advanced planning stages as
of early 2024.°° These included the country's largest
solar district heating plant, which is expected to supply
2% of the network's total annual heat requirements (up
to 20% in summer) and is slated for commissioning
in Leipzig in 2025.°° In the Netherlands, a large-scale
solar thermal plant neared completion in Groningen In
2023 and will connect to the local district heating grid."”’
Three companies - Solarfields, K3 and TVP Solar -
came together to found a special purpose vehicle for
the project, ultimately reducing the risk for financial
institutions associated with the required USD 25 million
(EUR 23 million) in capital expenditure.'®® Solar district
heating plants in Kosovo and Serbia were also in
planning stages.!%

Cooling

Renewables are increasingly being used to cool buildings.
Renewable energy, heat pumps, novel air conditioning
technologies and passive building designs are increasingly
being used to efficiently cool buildings and reduce energy
consumption. Nascent solar thermal cooling systems
can use natural refrigerants such as water and ammonia,
offering a way to meet rapidly growing demand for air
conditioners."®

In Southeast Asia, as incomes rise and populations grow,
the demand for air conditioning has boomed, and the
region has set ambitious milestones for upgrading cooling
technologies™ Cambodia — where heat stress leads to an

annual lossinthe gross domestic product (GDP) of at least
USD 1.12 billion - has increased its attention to cooling
needs; in 2023, it launched a new National Cooling Action
Plan focused on five areas: building space cooling, the
food and healthcare cold chains, mobile air conditioning
and process cooling.? South Africa launched its National
Cooling Action Plan in early 2023, showing a pro-active
approach to enhancing energy efficiency and reducing
emissions from space cooling.™

District cooling can provide substantial energy savings
by reducing reliance on air conditioners or fans. Although
markets for district cooling are growing in many regions,
data are not systematically collected on investments that
incorporate renewables into such systems.™ In the health-
care sector, renewables are enhancing health services in
hospitals in rural Africa by providing sustainable cooling,
heating, and clean water solutions through solar-powered
technologies, greatly improving health outcomes and
advancing sustainable development goals™ (= See
Snapshot. Africa.)

As of 2023, most of the

(around 90%) continued
to rely on fossil fuels,

particularly in China and
the Russian Federation.
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SNAPSHOT AFRICA

COOLING RURAL HOSPITALS THROUGH SOLAR PV: THE SOPHIA PROJECT

Rural communities in Africa often lack access to health care, clean water and
infrastructure, exacerbating rural-urban health disparities across the continent.
Unreliable electricity and water supply makes it challenging to maintain proper
cooling and heating, essential for adequate storage of medicine and blood
plasma. Demand for cooling and refrigeration in Africa is expected to grow
significantly until 2030 owing to population growth, rising living standards and
increasing temperatures. Access to cooling is key to achieving various Sustainable
Development Goals (SDGs) by 2030, including those concerning health and well-
being (SDG3) and poverty (SDG1).

The Sustainable Off-grid Solutions for Pharmacies and Hospitals in Africa (SophiA)
project, funded by the European Commission, aims to improve cooling and
heating systems in remote hospitals in African countries. This four-year initiative
(2020-2024) brings together 13 African and European partners to develop cooling
facilities and technologies for water processing and electricity generation, thereby
elevating working conditions and treatment standards in remote hospitals. The
first facility was installed at the Léo Hospital in Burkina Faso in May 2024, with
three more planned in Uganda, Cameroon and Malawi.

The cooling systems are built into a 40-foot container and powered by integrated
solar panels (24-27 kW capacity). Two containers have been developed: the
Solar Cooling Container addresses cooling requirements across three different
temperature ranges and the Solar Water Container produces clean and cooled
drinking water, sterilised water and hot steam for the autoclaves and sustainable
cooking.

i Natural refrigerants, used in refrigerant systems, are substances that occur directly in nature, such as carbon dioxide and hydrocarbons like propane, and have a low global warming potential while being cost-effective.

The cooling container uses natural refrigerants' (ethane, CO,, and propane) to provide
storage at three temperature levels: -30°C for blood plasma, -70°C for vaccines and
sensitive drugs, and +5°C for medicines and food. Each container has a dedicated
water-ice thermal energy storage based on refrigerant condensation that can store
up to 1,500 kg of ice — enough to provide two full days of refrigeration. During the day,
electricity generated by the PV panels feeds into this thermal storage system, while
surplus electricity is used to power devices outside the container, such as washing
machines, autoclaves and clean cooking facilities. Around 90% of the containers’
electricity demand is met by solar PV, and the system also includes a 70 kW battery
and a diesel generator to ensure uninterrupted supply and provide flexibility. At night,
the energy-intensive propane processor is switched off to reduce reliance on batteries.

The systems are manufactured in South Africa and local companies are involved
in installation. Skills are being developed with local universities and communities
based on a train-the-trainer model.

The cooling systems developed by SophiA could be deployed to serve a range of
functions in decentralised systems and remote areas, including providing relief in
first aid situations, preserving food and supporting natural disaster response. These
technologies can also be used to provide clean water and cooling to households.

Overall, the SophiA project signifies a major step in advancing healthcare infrastructure
and renewable energy in remote areas in Africa, while fostering sustainable
development pathways through low-carbon and climate-resilient trajectories,
leapfrogging fossil fuels and high global warming potential refrigerant technologies.

Source: See endnote 115 for this section.
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"*Y' CHALLENGES

High initial costs: Despite the long-term savings, the initial costs
associated with retrofitting buildings with renewable energy
systems or constructing new buildings with these systems remain
a significant barrier for many stakeholders.

Regulatory and policy hurdles: While many countries have
supportive policies, others still face regulatory hurdles that slow
'the adoption of renewables in buildings. Inconsistencies in
regulations across regions and insufficient governmental support
can impede progress.

Slow growth in renewable heating: While renewable electricity
has seen rapid integration in buildings, renewable thermal
technologies such as bioenergy, solar thermal and geothermal
have grown more slowly.
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Government incentives and policy support: Enhanced
government policies, such as subsidies and tax incentives,
have greatly bolstered the adoption of renewable technologies
in the buildings sector. Policies are also incorporating specific
requirements for the integration of renewables and energy
efficiency into new building codes and standards.

Growing market for net zero buildings: The market demand for
net zero energy buildings is strong and growing, driven by both
environmental concerns and long-term economic benefits. This
trend is supported by significant increases in certifications and
interest in high-performance buildings.

Global collaborations and agreements: International initiatives,
such as the Buildings Breakthrough Initiative launched at COP 28,
aim to make near-zero emissions and climate-resilient buildings
the norm by 2030, highlighting a strong commitment to global
standards and practices.
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RENEWABLES

KEY FACTS

Despite progress in vehicle electrification and had been invested = The volume of freight transported globally already
increasing policy attention to renewables, gllobal_ly inh_ | surpassed pre-pandemic levels by 2021, and passenger
transport is the sector with the highest share Z:é: g;\ca\r/ginlg ©s transport volumes were expected to return to pre-

of fossil fuel use in final energy consumption. pandemic levels in 2023.

T infrastruct
billion USD of202s

= Biofuel mandates remain an important instrument
to promote renewables in transport, and 64 countries
had them in place in 2023. Many countries raised their

cou nt”es mandates during the year, although some reduced them
announced new or in response to ongoing inflation.

revised targets for the : T .

share of renewables = The strong focus on vehicle electrification continued,

in transport in 2023 with many countries supporting this transition through
policy instruments — mostly fiscal and financial
incentives, but also support for local manufacturing and
direct investments in charging infrastructure and public

countries vehicles.
announced new

policies supporting

electric vehicle

uptake in 2023
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0 ECTOR OVERVIEW %/,» FIGURE 15.
\ SECTOR O / 5

Renewable Share of Total Final Energy Consumption in Transport, 2011 and 2021
Transport represented 30.2% of total final energy consumption globally in 2021

Energy use in transport increased 7.3% that year, returning to a growth rate higher
than before the COVID-19 pandemic in 2020, when transport activity plummeted,

however, transport energy use in 2021 was still below pre-pandemic levels.? Total Final Energy Consumption (Terajoules) - ‘@‘@‘0‘0
Global transport energy consumption dropped 13.2% in 2020, due mostly to sharp 120,000 3.9 Qﬁgng;ab'e
declines in fossil fuel consumption.® In contrast, biofuel use in the sector fell only ., Renewable I 3.5%
4.4% that year, and renewable electricity use' grew 4.5%, owing to rising shares 2.6% energy o Biofuels
of renewables in power generation and to increasing use of electricity.* 100,000 = _R:fv}afle_
In 2021, renewables accounted for 3.9% of total transport energy consumption, with energy
the bulk of this being biofuels (3.5%) and the rest renewable electricity (0.4%).° 80,000 —
(= See Figure 15.) Absolute use of renewables in transport increased 3% globally 97-4% 96 1%
in 2021, with biofuels rebounding to near-2019 levels and renewable electricity Non-renewable Non-renewable
growing moderately at 1.4%.° However, this could not compensate for the overall 60,000 — SRS =SSy
growth in energy use in the sector, which led the share of renewables in transport
to decline from 4.1% in 2020 to 3.9% in 20217 20000 Rgllf:eec\giacbilf/
Road transport continued to dominate energy consumption in transport in 2021, +/%
Transport has the lowest representing 77.2% of the total energy used, (= See Figure 16.) with 4.6% of this Non'erﬁgreg";/’able
share of renewables coming from renewable sources, mainly biofuels.® Marine transport was the second 20,000 —

among end-use sectors, largest consumer, accounting for 9.7% of total energy use in the sector, almost
at only all of it from fossil fuels.® Both sub-sectors reduced their share in energy use by
0.3 percentage points in 2021, while aviation increased its share by 0.5 percentage 0 o
points.® In 2021, aviation used 8.2% of total final energy consumption in transport +9%
. o . I Growth 2012-2021
and had no significant contribution from renewables." Only rail transport!, which

consumed 2.1% of total energy in the transport sector, had a significant share of
renewable energy at 15%, with 91% of this from renewable electricity.”? Source: See endnote 5 for this section,

I The renewable electricity share is estimated by applying the global share of renewables in electricity generation to the amount of electricity
consumed in the transport sector.

il Here, the focus is on energy use per sub-sector rather than greenhouse gas emissions per sub-sector because the emission data on energy
use do not include emissions from electricity use in the sector, thus under-representing rail and increasingly road transport.



After the severe drop in greenhouse gas emissions from
transport during the pandemic, the sector's emissions
continued to increase in 2022.° Driven mostly by growth
in aviation, transport emissions grew another 3% to reach
nearly 8 gigatonnes of carbon dioxide (CO,), still 4%
below pre-pandemic levels® The movement of freight
contributed just over half of transport emissions in 2022,
a share that is projected to reach 60% by 2050 under
current policies, driven mainly by rising demand for freight
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transport due to economic growth, and to limited policies
for decarbonising freight.”®

Measures to address greenhouse gas emissions and
to reduce oil dependence in the transport sector are
generally described within the "avoid-shift-improve”
framework.® This multi-dimensional approach aims to 1)
avoid unnecessary motorised trips, for example through
improved spatial planning; 2) shift to less carbon-intensive
modes, for example through promoting walking, cycling,

Renewables

Global Trends .
in Industry

public transport and freight transport by rail or ship; and
3) improve vehicle design, energy efficiency and fuel
sources. Renewable fuels are key in this framework, but
achieving high levels of renewables will be easier if total
energy demand is reduced through the other elements
described. Such measures provide multiple co-benefits
including reducing congestion and improving air quality
and health.”

Renewables
in Buildings

-y/. FIGURE 16.

Shares of Total Final Energy Consumption and Renewable Energy in Transport, by Sub-Sector, 2021

Share of TFEC by transport sub-sector

9.7%
/7%

Marine
Road

8.2%

Aviation

2.5%

Source: See endnote 8 for this section. Pipelines

‘ Road

=M Pipelines

& Rail

Others

0.3%

Others

Share of renewable energy by transport sub-sector

Rail has the highest
share of renewables in
transport, at

i In this report, greenhouse gas emissions for transport refer to tank-to-wheel emissions only and do not include upstream emissions associated with the production of energy or fuel sources, including electricity generation.
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Rising demand for transport is a key driver of energy
use in the sector (= see Market Developments section).
Avoiding unnecessary motorised trips and shifting to less
carbon-intensive modes (including zero-carbon options
such as walking and cycling) can help slow this growth.
Yet not all transport modes are equally efficient. Freight
trains use one-tenth the energy per tonne-kilometre
as trucks, whereas passenger trains use around 18%
and buses 41% of the energy per passenger-kilometre
compared to cars.® Shifting to more efficient transport
modes can enable drastic reductions in energy demand.
Improvements in vehicle efficiency can similarly reduce
energy demand. Between 2000 and 2021, the average
energy intensity of trucks improved 14.3% and the average
energy intensity of cars improved 1119,

A range of renewable fuels are available for use in the
transport sector, including electricity and hydrogen
produced from renewable sources, as well as biofuels,
biogas and various synthetic fuels based on biomass or
hydrogen. Some renewable fuels - such as liquid biofuels,
synthetic fuels and upgraded biomethane - can be used in
conventional internal combustion engines, either directly
or with small adjustments to the motor. Other fuels, such
as renewable electricity and hydrogen, require changes
in vehicle technology.?® Ammonia, currently used mainly
in fertiliser production, is a potential fuel for marine
applications. It can be produced from green hydrogen,
making production renewable, although emissions of
nitrogen oxides and nitrogen dioxide may occur during
combustion.? Some of the technologies for renewable
transport fuels are commercially available, while others
are under development.??
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I I I I POLICIES AND TARGETS

Governments worldwide are implementing diverse
policies to bolster the integration of renewables across
the transport sector, aiming to reduce carbon emissions
and dependency on fossil fuels. Initiatives include
the promotion of electric vehicles (EVs) powered by
renewable sources, and the encouragement of biofuel use,
including ethanol and biodiesel, in conventional internal
combustion engines. Standards and certifications for the
environmental sustainability of biofuels also are getting
policy attention.

Governments have employed a variety of policy
instruments - including targets, fiscal incentives such as
tax rebates and grants, financial support mechanisms
and blending mandates - to encourage the use of
renewables In transport. However, rail, aviation and
shipping have seen less policy-driven support.

As of 2023, 49 countries had enacted renewable energy
targets specffically for the transport sector.?® The European
Union's (EU) New Renewable Energy Directive, adopted
in October 2023, includes the choice for Member States
between a binding target of a 14.5% reduction in greenhouse
gas intensity in transport from the use of renewables by
2030, or a binding share of at least 29% renewables in
the sector's final energy consumption by 2030.%*

As EU Member States updated their National Energy
and Climate Plans, they also revised their targets for
the renewable share in transport for 2030. The highest
targeted shares are in Spain (78%), Denmark (41%),
and Finland (51%), followed by ltaly (30.7%), Germany
(30%), Hungary (30%), Romania (29.8%), Greece (29%),

RENEWABLES 2024 GLOBAL STATUS REPORT - RENEWABLES IN ENERGY DEMAND

the Netherlands (28%), Slovenia (26%), Portugal (23%),
Croatia (21.6%), the Czech Republic (19%), Luxembourg
(18%), Lithuania (15%), Ireland (14.9%), the Slovak Republic
(14.7%), Cyprus (14.6%) and Estonia (14%).%°

ROAD TRANSPORT

Governments around the world are actively shaping the
renewable energy policy landscape for road transport.
This includes a substantial focus on biofuel blending
mandates, which have experienced varying levels of
adjustment across countries. Concurrently, electric
vehicles benefit from increasingly robust policies that
encourage their uptake. These efforts are complemented
by various strategies such as vehicle-to-grid projects and
financial incentives aimed at boosting EV infrastructure
and adoption. Other policies, such as bans on fossil fuel
cars, indirectly support the uptake of renewables.

In 2023, 10 countries introduced new or revised biofuel
blending mandates, bringing the total to 60, with trends
moving in different directions depending on the country
(= See Figure 17).2° The United States slightly raised its
biofuel mandates for a three-year period.?” South Africa
increased Iits requirement to 5% biodiesel blended with
low-sulphur diesel.?® In Asia, Indonesia upped its biofuel
blending mandate for 2030 from 30% to 35%, Malaysia
increased its 2030 blending mandate from 20% to 30%,
and India announced a phased mandatory blending of
biogas with compressed natural gas for transport.?® Brazil
increased its mandatory biodiesel blend from 13% to 14%
as of March 2024.3°
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/' FIGURE 17.

National and Sub-National Renewable Biofuel Mandates and Targets, as of End-2023

i

National biofuel blend
mandate, 10% or above

National biofuel blend
mandate, below 10%

Sub-national biofuel
blend mandate only

No policy

|:| Countries with existing
advanced biofuel mandates

Countries with new and revised
biofuel targets in 2023

]

Notes: Advanced biofuels or second-generation biofuels are fuels that can be manufactured from various types of non-food biomass. Shading
shows countries, and states/provinces with mandates for either biodiesel, ethanol or both. Some countries have temporarily reduced or
removed their biofuel mandates in 2022. Countries with temporarily suspended mandates are excluded from this figure. The number of
countries with targets is not comparable to previous years because of improved methodology. Countries with target years prior to 2023 are
excluded from this figure as they are considered expired.

Source: REN21 Policy Database. See endnote 26 for this section.
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%7 FIGURE 18. Sweden, in contrast, continued a countertrend from 2022,
/ National and Sub-National Targets for Renewable Power and Electric Vehicles, as of End-2023 reducing its blending mandate in response to the ongoing
cost-of-living crisis.® During the G20 meeting in India in
2023, Argentina, Brazil, Canada, India, Italy, South Africa and
the United States became the first members of the newly
created Global Biofuel Alliance, whose objective is to promote
the use and development of biofuels globally.*

Targets promoting electric vehicles continued to lead in
road transport, with a total of 74 countries with such targets
rEUbanon by the end of 2023 (= See Figure 18). Additionally, at least
engine vehicles 18 countries announced new policies supporting EV uptake
in 2023.** The global surge in EV adoption marked a
pivotal shift in the sector, driven by comprehensive policies
implemented in recent years. This upward trend is assisted
by the recognition that electrifying transport is a key strategy
for integrating more renewables into the economy. Although
Renewable power share

targeted for jurisdictions most policies focus on passenger cars, many national, state
with electric vehicle targets

and local governments also support the adoption of electric
$¥ B 00-100% buses, bikes and commercial vehicles.
B c0-00% To effectively expand the penetration of renewables in transport,
8 30-60% EV policies need to be analysed conjointly with nationwide
1009% electric vehicle target or targeted ban 0-30% renewable energy targets and policies. For example, many
on internal combustion engine vehicles W Sub-national renewable power target countries are experimenting with Vehie|e_to_grid projects,
@ New electric vehicle target in 2023 No renewable power target which are especially relevant to renewable energy uptake when

the national grid includes high shares of renewables. China
announced new rules to integrate EVs with the grid, including

Note: Renewable power targets include only targets for a specific share of electricity generation by a future year. Where a jurisdiction has multiple targets, the highest target is shown. Clean power and incentives to charge the vehicles during off-peak hours and
non-official EV and power targets are not included in this figure. For example, Costa Rica has an aspirational power target of 100% renewable power by 2030, Canada an unofficial target of 90% by 2030 then sell the stored power back to the arid during times of
and Brazil an intended renewable power target of 23% by 2030 excluding hydropower. The United States does not have a national renewable electricity target. De facto state-level targets have been set P g g

through renewable portfolio standard (RPS) policies. Some countries have targeted bans on internal combustion engine vehicles for public transport or a target of 100% EV buses in their fleet; these are h|gher demand.®* South Australia is tnallmg a similar vehicle-
considered full bans in the scope of this figure and are marked to differentiate from other full bans. Hungary has a target for 90% carbon-neutral power generation by 2030. Nepal and Quebec do not - - 35 ST -

have renewable power targets; the values in the table are actual renewable power shares (close to 100%). Iceland and Norway have already achieved 100% renewable power. The Russian Federation’s to grlld effort with EV owners.® However, p0||C|eS in this area
power target includes large hydropower; the target excluding large power is 4.5% by 2024. The EU has a regional ban on new sales of fossil fuel cars from 2035. For countries with targets or policies in remain scarce globally, and governments face the Challenge
multiple unspecified sub-national jurisdictions, the whole country is shaded in stripes, this is based on EV data from the International Energy Agency. of having to Iobby EV manufacturers to remove the stipulation

that use of the EV battery for vehicle-to-home or vehicle-to-
grid automatically voids the car warranty.*

Source: REN21 Policy Database. See endnote 33 for this section.



During 2023, 6 countries announced new national
targets to promote EVs and to support related private
sector initiatives. Ireland set a target for 100% of new
vehicles sold to be zero-emission by 2030, and for 35% of
registrations of heavy-duty vehicles to be zero-emission.*
Australia released a National Electric Vehicle Strategy
and a National Battery Strategy.®® Morocco announced a
budget of USD 2.24 billion (MAD 22.5 billion) for electric
mobility, including support for local manufacturing
capacity, charging stations and e-mobility for public
transport.*® Brazil released a new National Green Mobility
and Innovation Program (Mover) aimed at decarbonising
the country’s vehicle fleet by providing tax incentives and
putting in place new standards.*® Some countries also
have focused on two- and three-wheelers, with India and
Pakistan both having set a target specifically for these
vehicles as of 20234 Although electric two- and three-
wheelers are increasingly being used across Africa and
South East Asia, few specific policy frameworks have
been put in place*

Fiscal and financial incentives - including grants,
rebates, and tax reductions or exemptions - have
been popular measures to support EV uptake. In 2023,
France renewed its consumer subsidy scheme for EV
purchases.®® Poland is providing subsidies for up to
90% of the cost of 79 different EV models as well as for
charge points in national parks.** Estonia is distributing
grants to individuals and companies for the purchase
of electric and hydrogen fuel cell vehicles and electric
cargo bikes.** Meanwhile, rebates for electric bikes are
available in nearly all US states, with most of the rebates
established in 2023.#6
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The Republic of Korea provides grants for purchases of
electric buses and commercial EVs, and Cyprus offers
grants for the purchase of electric cars, two- and three-
wheelers, and buses.* Austria provides several financial
incentives, including grants and tax reductions, for electric
cars and two- and three-wheelers.*® Indonesia enabled
a reduction in value-added tax (VAT) on EV batteries
for 2023, and Malaysia included in its 2023 budget
tax incentives for companies renting EVs.* Denmark
introduced a tax reimbursement for EV purchases and
removed the tax on charging stations at workplaces.*
The United States implemented tax credits for commercial
EVs as well as heavy-duty vehicles.® Some countries
have issued road tax exemptions for EVs.%?

At the sub-national level, the US state of California
adopted new zero-emission vehicle mandates, targeting
a 100% sales share for cars and trucks by 2035 and for
heavy-duty vehicles by 20422 The Indian state of Tamil
Nadu set a target for 30% of all operating buses to be
electric by 2030°* In China, the provinces of Guangxi,
Guangdong, Shanghai and Shanxi set targets for 40% EV
shares among all vehicle fleets.*® At the city level, New York
in the United States received USD 77 million in grants for
electric school buses and trucks.*® India introduced a new
electric bus grant programme in 2023 targeting 10,000
buses in 169 cities as well as the charging technology.®’

Some countries scaled back support for EVs in 2023.
Iceland reduced its annual VAT incentive for EV purchases,
citing the measure's success and the reduced need for
policy intervention in the EV market®® Germany ended
subsidies for new purchases of electric passenger cars.*
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Bans on internal combustion vehicles provide indirect
policy support for renewable energy, although they can
be challenging to implement. In 2022, the EU approved
a ban on internal combustion engine vehicles by 2035
but had to lower its ambition by allowing a loophole
permitting the vehicles to be sold provided they are able
to use exclusively e-fuels.®® The United Kingdom pushed
back a similar ban from 2030 to 2035.°" In contrast,
Norway is on track to reach its goal of having 100% of
new cars sold by 2025 be electric or hydrogen; it is now
moving to ban the sale of trucks with internal combustion
engines.® Ethiopia announced a ban on imports of non-
electric vehicles as of 2024.%

Similar policy successes occurred at the state and
municipal levels in 2023. Amsterdam (Netherlands) will
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ban most internal combustion engine vehicles (taxis,
vans, trucks, scooters and mopeds) by 2025, with the
exception of passenger cars, which will be banned by
2030.%* Stockholm (Sweden) introduced a ban on petrol
and diesel cars in the city centre that will enter into
force at the end of 2024.%° The US state of New Jersey
is banning the sale of new petrol-powered vehicles
by 2035.%°

Policies promoting the use of renewable hydrogen for road
transport are usually embedded in national hydrogen
policies. Estonia allocated close to USD 54 million
(EUR 50 million) in subsidies for the creation of a
renewable energy hydrogen value chain for the transport
sector, among others.®” France Is providing an ecological
bonus for the purchase of hydrogen-based vehicles.®

had enacted renewable
energy targets specifically
for the transport sector as
of 2023.
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introduced targets for
sustainable aviation fuel
in 2023.
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AVIATION, RAIL AND SHIPPING

Efforts to integrate renewables into aviation, rail and
shipping have increased. However, policies remain in
the early stages and still face obstacles towards being
politically acceptable. As of 2023, 10 countries had
announced renewable energy policies in these sub-
sectors (7 for aviation, 2 for rail and 2 for shipping).t®

For rail transport, electricity is the energy source of
choice, although hydrogen also has received some
policy attention. In 2023, Italy allocated USD 326 million
(EUR 300 million) for the development of a railway system
powered by renewable hydrogen, including to support
hydrogen production plants and the purchase of hydrogen-
powered trains.”® To compensate for high electricity prices,
Germany announced a USD 1.2 billion (EUR 11 billion)
support scheme subsidising the electricity bills of freight
and passenger rail operators that use electric traction’.”

In the area of sustainable aviation fuel (SAF), the EU's
ReFuelEU legislation established a mandate to use 2%
SAF in all planes at EU airports by 2025 and 5% by 2030,
increasing to 70% by 2070.”> The United Arab Emirates
announced a 1% SAF blending target by 2031 and
aims to be a major SAF exporter by 2050.” The United

Kingdom allocated USD 208 million (GBP 165 million) for
SAF production, and in the United States SAF gained
substantial support through the Inflation Reduction Act
of 2022 and related rules published in 2023.% Sweden
provided USD 1.4 million (SEK 15 million) for research
and development of electric aircraft.”® Brazil's new Fuel
of the Future Program mandates airlines to progressively
blend a minimum of 1% SAF in 2027, rising to a minimum
of 10% by 20377

For marine shipping, Singapore Is tightening its
regulation for suppliers of bunker fuel to issue a proof of
sustainability for all biofuel sourced.”” The EU adopted the
FuelEU maritime initiative to decarbonise the maritime
sector through fuel provision, including biofuels.”® The
EU's 2023 Renewable Energy Directive places a focus
on Renewable Fuels of Non-Biological Origin (RFNBQOs)",
setting a binding target of 1.2% RFNBOs for shipping
by 2030.° Meanwhile, the number of green shipping
corridor" initiatives more than doubled from 21in 2022 to
44 in 2023.8° Several new corridors were announced at
the 2023 United Nations Climate Change Conference in
Dubai, United Arab Emirates - including corridors between
Canada, the Republic of Korea and Japan; between the
United States and Belgium; and in the Caribbean.®’

I These policies include diverse types of incentives such as taxes, subsidies, grants and plans/strategies; they also include incentives for

“production” of fuels.

i Electric traction is the use of electric motors to power the wheels of vehicles, commonly found in rail transport systems, allowing for efficient
and often cleaner propulsion compared to conventional internal combustion engines.

iiif RFNBOs is a broad term for all renewable gaseous and liquid fuels not derived from biomass. The primary method for creating these fuels
involves using electrolysis, powered by renewable electricity, to generate hydrogen. This hydrogen can then be mixed with substances like
nitrogen to create ammonia or with carbon to produce different synthetic hydrocarbons, such as e-methanol, e-kerosene, e-diesel, and

e-petrol, also known as power-to-liquids (PtL).

iv Green shipping corridors are specific maritime routes for the use of low-emission or zero-emission vessels, aimed at reducing the
environmental impact of the shipping industry and fostering the transition to cleaner energy sources.
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a INVESTMENT AND FINANCE

Spending on electric vehicles and charging
infrastructure' dominated investment in the transport
sector in 2023 and increased 36% during the year
to reach USD 634 billion.®? This growth reflected a
combination of policy support for electrification in core
auto markets, improvements in battery technologies,
additional charging infrastructure and new models from
automakers.®?

The bulk of EV investment in 2023 was in three
markets: China, Europe and the United States.®
(= See Figure 19.) Despite China's dominance in this area,
intense competition and continuing price wars in the
country's EV market began to shake investor confidence
by year's end.?® In Europe, Germany abruptly halted its
EV subsidy programme in December, which could affect
future domestic EV sales and spending.®® The United
States saw a flurry of investment in EVs and vehicle
battery manufacturing, as domestic manufacturers
looked to ramp up production and to take advantage
of new incentives offered under the Infrastructure
Investment and Jobs Act and the Inflation Reduction
Act.®” However, US EV sales slowed In late 2023 due In
part to consumer concerns about prices, battery range
and a lack of charging stations, prompting companies
to trim production plans and pause some investments.®®
Spending on EVs grew in emerging markets such as
India, Indonesia and Thailand.®®
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Several notable announcements Iin 2023 pertained
to investments in new EV battery manufacturing. In
Europe, Automotive Cells Company (ACC) - with its
shareholders Stellantis, Mercedes-Benz and Saft (a
subsidiary of TotalEnergies) - raised USD 4.7 billion
(EUR 4.4 billion) in debt funding to build two new
gigafactories in Italy and one in Germany, and to expand
its first gigafactory in Billy-Berclau, France (which opened
in June 2023).%°

Volkswagen began converting one of its motor plants
in Salzgitter, Germany to an EV battery factory with an
investment of USD 2.2 billion (EUR 2 billion).*" Volkswagen
also started work on two additional battery factories, in
Valencia (Spain) and St. Thomas (Canada).? The Valencia
plantispartofa USD10.9 billion (EUR 10 billion) investment
by Volkswagen and other partners in Spain accompanied
by a large government subsidy.®® The St. Thomas plant is
supported by USD 9.6 billion (CAD 13 billion) in subsidised
loans and a USD 515 million (CAD 700 million) grant.®

Elsewhere in Canada, in 2022 Stellantis N.V.and LG Energy
Solution announced a USD 4.1 billion (CAD 5 billion)
investment to establish an EV battery manufacturing
plant in Ontario.® Construction was halted in 2023 amid
disputes over federal funding but was later resumed
once federal and provincial support was solidified.*® In
India, a USD 3.2 billion government incentive programme
helped attract USD 8.3 billion in investments for EV and
component manufacturing.®” Suzuki (Japan) announced
that it would invest USD 1.37 billion (INR 104.4 billion) in
its India factory to produce EV batteries.®®
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FIGURE 19.
Global Investment in Electric Vehicles, Top 5 Countries and Rest of World, 2019-2023
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Source: BloombergNEF. See endnote 84 for this section.

The share of government
spending in EVs fell from
20% on 2017 to

in 2022,

| Data are from BloombergNEF and include commercial EV and fuel cell vehicle sales,
electric two- and three-wheeler and bus sales, fuel cell bus sales, home charging,
hydrogen refuelling stations, passenger EV and fuel cell vehicle sales, and public charging.
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Global investment in biofuels' fell sharply in 2023, down
82.7% to USD 1.02 billion, the lowest level since 2016.%
In wealthier countries, biofuel investment has been
constrained by rising EV adoption, vehicle efficiency
improvements, high biofuel costs and technical
limitations®® In Latin America (outside of Brazil),
uncertainty about regulatory changes and a lack of
supporting policies has hampered biofuel investment.””’

Despite the drop in biofuel investment, a growing number
of refineries that produce renewable diesel, also known
as hydrotreated vegetable oil (HVO), have received
financing in recent years”? ExxonMobil announced a
USD 560 million investment in 2023 to build what would
be Canada’s largest renewable diesel facility!* In Brazil,
investments in HVYO and SAF have expanded slowly
but steadily, based on a broad range of feedstocks.®* In
Portugal,a new HVO and SAF production businessisto be
operated by the country's biggest energy company, Galp,
with investment from Japan's Mitsui & Co. Ltd.%

i Data are from BloombergNEF and include all biofuel production
facilities (ethanol, biodiesel, renewable diesel and SAF) with an
annual production capacity of 1 million litres or more.

il Solar-powered trains have solar PV panels installed on or near
rail lines that provide the electricity to power trains.
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In the aviation industry, investment in SAF, although in
its early stages, has attracted growing attention, driven
by commitments to net zero emissions and by supportive
policy initiatives. In 2023, the EU set provisional targets
specific to SAF, the United Kingdom advanced its
discussions of national SAF mandates, and the United
States continued to develop federal tax credits for SAF,
all of which are expected to drive investment°® European
airlines already have ramped up investments and signed
agreements to secure sufficient SAF to meet EU targets.'”
In 2023, Air France announced a USD 4.7 million
investment in a SAF plant in the US state of Louisiana,
and Finnair signed a five-year, USD 192 million deal
with renewable fuel producer Gevo for SAF supplies
starting in 2027.°® Wizz Air announced a USD 6.1 million
investment in the biofuel company Firefly to supply SAF
for its operations, beginning in 2028,

Renewables

Global Trends .
in Industry

Although comparatively nascent, financing for electric
aircraft has increased, spurred in part by the drive to
shift the aviation industry away from fossil fuels.™ In 2022,
the market totalled an estimated USD 8.8 billion, and
investments globally came from major manufacturers
such as Airbus SE (France) and Eve Air Mobility (Brazil)
as well as smaller start-ups such as Heart Aerospace
(Sweden), XPeng Motors (China) and Regent Craft
(United States).™

Global investment
in biofuels dropped to its

since 2016.

Eve Air Mobility (Bragil)
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In the rail sector, solar-powered trains' continued to
gain interest, reaching an estimated global market value
of USD 1.9 billion in 2022 In 2023, the California High
Speed Rail Authority was in talks with energy suppliers
to develop a USD 200 million utility-scale solar power
system, which it would own and operate to power an
ongoing rail project to connect cities across the US west
coast™

Although efforts are under way to advance renewable
energy use In the shipping sector (such as wind-powered
vessels), investment has been hampered mainly by the
lock-in of investment into existing fossil fuel-based fleets.™™
Among notable investments during 2023, Port Augusta
(Australia) secured USD 26 million (AUD 40 million) in
publicfundsto develop a solarthermal-powered methanol
production facility that will provide fuel for shipping and
aviation,"
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III MARKET DEVELOPMENT

TRANSPORT ACTIVITY

In 2021, global passenger transport activity totalled
nearly 54 trillion passenger-kilometres, up 8.5% from
2020 but still below pre-pandemic levels.® Passenger
activity was expected to return to 2019 levels in 2023.
Half of all passenger-kilometres (50.2%) in 2021 were
travelled in Asia, followed by the "UCAN" countries
(United States, Canada, Australia and New Zealand)
(19%) and Europe (13%)."®

/' FIGURE 20.

x
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The pandemic’s impact was less pronounced for freight
transport, where activity dropped only 3% in 2020 and
surpassed 2019 levels by 2021, reaching 170 trillion tonne-
kilometres.™ The bulk of the freight activity (around 70%)
in 2021 was from maritime transport in international
waters and inland waterways.”® The remaining 30% was
on land and by air, with half of this occurring in East and
Northeast Asia and in the UCAN countries.””
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TOP MARKETS

Energy use in transport is closely linked to population and
economic development, and it is distributed unequally
across regions. In 2021, North America and Asia together
accounted for nearly 61% of the world's transport energy
use.?> The share of renewables used in transport also
varies by region, reaching 14.5% in Latin America in 2021
(driven mostly by dedicated biofuel policies in Brazil),
55% In Europe (driven by the EU Renewable Energy
Directive) and 5.4% in North America (driven by the US
Renewable Fuel Standard).?3

Renewable Share of Total Final Energy Consumption in Transport, by Region and in the Top Five Energy-Consuming Economies, 2011-2021
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Asia experienced the largest growth in transport's
renewable energy share over the last decade, nearly
tripling from 0.7% in 2010 to 2.2% in 2021, driven by
growing renewable electricity use in China** (= See
Figure 20.) However, the share of renewables in transport
decreased in all major transport energy consuming
countries between 2020 and 2021, except India, where
the share increased from 1.5% to 2%, caused by a
doubling of biofuel use and an increasing share of
renewables in the electricity mix.'2°

|
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Source: See endnote 124 for this section.
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BIOFUELS

Biofuels'remainthe dominantrenewable fuel intransport,
supplying 90% of the sector's renewable energy use.'?
Biofuel consumption increased 3% in 2021, remaining
slightly below pre-pandemic levels.” Road transport
accounted for nearly all liquid biofuel use.?®

Global biofuel production totalled 4.3 exajoules (EJ) in
2022, with around 90% of it from sugar cane, maize,
soybean oll, rapeseed oil and palm oil'*® Only 10%
was produced using waste and residue feedstocks,
such as used cooking oil and animal fats®*® The use
of energy crops as feedstock is limited by regulation in
some markets, such as the EU, and the supply of used
waste streams and residues is low.” To further expand
biofuels, new feedstock sources are required, including
ones that are compatible with existing technologies and
can be grown on marginal lands or as cover crops. Other
potential feedstocks include agricultural and forestry
residues and organic components of municipal solid
waste, although in many cases the relevant processing
technologies are still under development, such as for
aviation and shipping.™

In addition to government incentives for biofuels
through blending mandates and other instruments,
other stakeholders are investing in promoting the
fuels. In Spain, the global energy company Repsol was
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supplying 100% renewable diesel to 60 service stations
by the end of 2023, and it launched a pilot to supply
100% renewable petrol at three of the stations.™ The
new bio-petrol is based on waste from biomass, the
agri-food industry and used cooking oils.** New York
City announced that it would transition the city's entire
heavy-duty fleet to 100% renewable diesel by the end
of fiscal year 2024.1%°

In the Netherlands, a demonstration plant aims to
produce drop-in bio-based liquefied natural gas (LNG)
derived from household waste starting in 2024, for use
as marine fuel.®*® The production of biomethanol based
on landfill gas is even further along, having fuelled the
maiden voyage of the first green methanol-powered
container ship from the Republic of Korea to Denmark
in late 2023 If announced projects are realised, the
existing production capacity could nearly double by
2028138

Although advanced biofuels from waste and residues are
quickly approaching commercial operations, renewable
fuels based on algae are still largely under development.
Efforts continued in 2023, with California-based algae
biofuel company Viridos securing new funding after
ExxonMobil pulled out as an investor in February.®°
Commercial production at scale I1s estimated to be at
least a decade away.*°

i For a discussion of the environmental and social implications of biofuels and other renewable energy technologies, see REN21's Renewable
Energy and Sustainability Report, https://www.ren21.net/wp-content/uploads/2019/05/REN21-RESR-2023_LowRes.pdf.
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RENEWABLE ELECTRICITY

Electric vehicles, especially fully battery-operated vehicles,
were still a novelty a decade ago. However, advances in
technology, reductions in cost, and policy support have
led to exponential growth, which continued in 2022
The global stock of electric cars quadrupled between
2018 and 2023, reaching an overall share of 2%, up from
0.45% in 2018." Electric car sales grew from 2.3% of total
car sales in 2018 to 18% in 20232 The development of
electric buses and trucks continued at a slower pace.*?
By the end of 2022, 3% of buses globally were electric,
but only 0.4% of trucks were**

The number of electric two- and three-wheelers
exceeded some 250 million worldwide by the end of
2022, dominated by the Asian market.* Electrification of
these vehicles also has gained attention in Africa, where
tailored solutions can address multiple energy, mobility
and development challenges.

Since 2023, the Mobility for Africa Fund has provided
electric tricycles to rural communities in Zimbabwe,
with business models ranging from upfront purchasing
to lease-to-purchase and rental. The service comes
with battery swapping based on off-grid renewable
electricity as well as training for drivers and technicians.'#®
In November 2023, the South African company Zero
Carbon Charge began rolling out a network of 120 off-
grid, fully renewable vehicle charging stations across the
country. The goal is to install solar-powered ultra-fast
720 direct current (DC) as well as 240 alternating current
(AC) charging facilities at least every 150 kilometres.’
(= See Snapshot: South Africa.)
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Increasing the use of renewable energy through electric
vehicles is only possible if countries expand their
renewable electricity generation. As of 2022, just six
countries were home to 86% of the global electric car
stock: Norway, China, Germany, the United Kingdom,
France and the United States.® (= See Figure 22,) These
countries have increased not only the number of EVs on
the road since 2018, but also their shares of renewable
electricity generation (although at varying paces and
from very different starting points).*® The two countries
with the largest electric car fleets, China and the United
States, have made greater progress in electrifying
transport than in decarbonising the electricity supply.™®
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>‘
>‘ SOUTH AFRICA

ADOPTING RENEWABLE CHARGING SOLUTIONS TO SUPPORT THE ELECTRIC VEHICLE REVOLUTION

In 2022, South Africa's automobile manufacturing sector was valued at The country’s energy supply crisis and resulting constraints in grid capacity
USD 35.2 billion (ZAR 656 billion), contributing nearly 5% of the country's have challenged the EV transition. As stipulated in South Africa’s 2023 Electric
gross domestic product and accounting for 16.5% of its total trade. In 2023, Vehicles White Paper, which provides the long-term strategy for the EV

the industry generated 0.8% of all jobs and paid around USD 1.55 billion transition, the national grid will be unequipped to accommodate the sharp
(ZAR 30 billion) in wages. However, the sector's heavy reliance on auto increase in energy demand that EV growth will require. The draft Integrated
exports - with two-thirds of all vehicles manufactured in South Africa leaving Resource Plan, released in late 2023, predicts that EV energy demand will

the country — presents challenges amid the global shift to electric vehicles. require an additional 5 terawatt-hours of electricity capacity by 2034,

To ensure continued global competitiveness and export prominence, the

Because the country's grid was not designed for high power loads, charging

domestic auto industry will need to pivot towards EV production. , ,
y P P times for EVs are currently slow at two to three hours. EV adoption also

Nearly half of South Africa’'s automobile exports go to the EU and the remains low due to the limited number of charging stations. As of mid-2023, ._ e id /| | _H
United Kingdom. With the EU aiming to ban sales of internal combustion South Africa had only 350 public charging stations, leaving much of the s I 0 —
engine vehicles starting in 2035, there is urgency for South African country unserved. National “load shedding” events, whereby national energy | _ [ Pomring .
manufacturers to transition to EV production. The country has an supply is unable to meet demand, reduce the reliability of the power supply, South Africa’s
opportunity to bolster the large-scale production of EVs and related adding uncertainty and further stagnating the demand for EVs. ;ehsg:’l:lt'gn

components by leveraging existing infrastructure and resources, as well

. The climate benefits of transitioning to EVs in South Africa are much lower
as local supply chains,

than in countries that have high renewable energy capacities, as the power

Globally, EV sales reached 14% of total vehicles sold in 2022, yet in South supply currently depends heavily on fossil fuels. South Africa is among the
Africa EV adoption remained minimal at only 0.17%. Domestic EV sales most coal-reliant countries globally, with coal contributing 70% of the energy
increased from 218 units in 2021 to 506 units in 2022. Sales are projected supply and 85% of electricity generation in 2023. The transport sector is the
to accelerate in the coming years, and the Ministry of Trade, Industry and country's second biggest polluter after the power industry, and road transport
Competition anticipates domestic EV production by 2026. accounts for 91.2% of transport emissions.
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SOUTH AFRICA (continued)

?- FIGURE 21.

Planned Distribution of Electric Vehicle Chargers Across South Africa

To alleviate this challenge, private companies are
planning to install off-grid charging stations. Zero
Carbon Charge aims to establish a national
network of 120 off-grid, sustainable charging
stations across South Africa. These stations will
generate electricity using on-site solar PV, storing
energy in lithium iron phosphate batteries, and will
provide back-up power using generators fuelled by
hydrotreated vegetable oil. The goal is to install a total
of 720 ultra-fast direct current (DC) charge points for
EVs and 240 alternating current (AC) charge points for
plug-in hybrids at the stations.

The strategically planned network aims to alleviate
"range anxiety” among drivers by enabling a

swift charging period of 20 minutes, with stations
located 150 kilometres apart on all major routes

(see Figure 21). The entire network is scheduled for
completion by September 2025, with 115 agreements
already secured with landowners, and 15 of the 120
sites granted environmental and land use approvals
as of early 2023. Over the coming years, the company
plans to add charging stations for freight vehicles,
such as the coal trucks owned by energy company
Eskom, which alone emit 230,000 tonnes of CO,
annually.

Source: See endnote 147 for this section.

solar-powered off-grid
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scheduled for completion
by 2025.
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4/ FIGURE 22.

’ Renewable Share in
Electricity Production,
and Electric Car
Stocks and Shares,
Selected Countries,
2018 and 2022

Source: See endnote 148
for this section.
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Several electric aircraft designed to carry small numbers
of passengers over relatively short distances are under
development™® As of May 2023, US-based Eviation,
which successfully completed the maiden flight of its
"Alice” commuter plane in September 2022, had 253
aircraft orders valued at more than USD 2 billion.’?

For maritime transport, electricity is currently used
mainly in pleasure boats and for short-haul shipping
such as ferries, using battery or hybrid systems. More
than 70 electric ferries are in operation in Norway, with
others under construction.'®® Several ferry connections in
Asia, Denmark, Sweden and the United States also have
been electrified in recent years.®™ For freight, the first
electric vessels have started operations but are not yet
common.® A key challenge in the shift towards alternative
drive technologies in shipping is long vessel life spans
(30 to 45 years or more), leading to slow turnover.®

Another area for electrification is the provision of onshore
power during docking. Conventionally, ship motors are
kept running to generate the required electricity, burning
the heavy fuel oll still used in most vessels and emitting
both greenhouse gases and high levels of air pollutants.”®”
Many ports, especially in Europe and North America,
provide the opportunity for berthed ships to connect to
the local power supply (often driven by regulation), and
more ports globally are planning or considering this'®® In
the US state of California, most larger vessels are required
to reduce emissions during berthing, effectively promoting
onshore electricity supply.®® In the EU, onshore power will
become mandatory for container ships and passenger
ships at major EU ports by 2030 and the rest by 2035,
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Rail is the most electrified transport mode, with electricity
accounting for just over 45% of the sector's total energy
consumption in 2022, up from 39% in 2010.°" In 2022,
85% of all rail passengers were transported by electric
raill, compared with only 55% for rail freight'®? In most
countries, rall is the transport sector with the highest
renewable energy share.'?

In addition to electrification of rail lines, many rail operators
are actively generating or sourcing renewable power.
Indian Railways, one of the largest rail operators globally,
has a target for net zero emissions by 2030 and has
already installed solar PV at many of its rail stations.'®
(= See Snapshot: India.) As of October 2023, Indian
Railways had commissioned 211 megawatts (MW) of
solar PV and 103 MW of wind power, as well as securing
2150 MW of further renewable energy capacity.®® In
July 2023, the French railway operator SNCF signed a
power purchase agreement to obtain 88 gigawatt-hours
annually of renewable electricity.'®

RENEWABLE HYDROGEN

Most of the direct use of hydrogen in transport today is
through fuel cell electric vehicles, and hydrogen use will
likely continue mainly in the road sector for the coming
years (although at much lower levels than battery
electric vehicles)'®” Despite hydrogen’'s lower efficiency
compared to the direct use of electricity, its applicability
for long distances and its rapid speed of re-fuelling make
it an attractive option for decarbonising transport modes
where direct electrification can be a challenge, such as
for heavy-duty vehicles, vessels and aircraft.'®
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ELECTRIFYING THE RAILWAY SECTOR: INDIA'S RENEWABLE ENERGY TRANSITION ON THE RIGHT TRACK

Since 2014, India’s national railway system, Indian Railways, has
undergone a monumental electrification drive, surging ahead at a
rate nine times faster than the preceding decade and becoming
India’s largest consumer of electricity. As of early 2024, the country
had electrified around 40,000 kilometres of railway lines across

14 states and Union Territories, funded largely by the Central
Organization for Railway Electrification (CORE).

Indian Railways has pledged to achieve 100% electrification by
mid-2024, and in 2021 the Ministry of Railways released a policy
document outlining the system'’s objectives for achieving this goal. As
of January 2024, 94% of Indian Railways' lines had been electrified,
and the company was determined to electrify the remaining 6,000
kilometres of railway by mid-year. The rapid electrification of rail in
India has far outpaced other regions, with the share of electrified rall
reaching 56% in the EU, 38% in the United Kingdom and only 1% in
the United States as of the end of 2023.

The success of India's electrification surge is attributed to a
convergence of factors including expedited permitting processes;
streamlined engineering, procurement and construction

efforts; decentralised decision making; and assured funding.
Since 2014, the country has spent more than USD 5.5 billion
(INR 464.25 billion) on railway electrification. This substantial

investment aims to support greater energy independence for
India and to alleviate the burden of substantial crude oil imports.
As of 2023, the country’s import dependency on oil and oil-
equivalent gas was 78.6%, and total spending on these fuels was
USD 100 billion between April and December 2023 alone.

So far, India’s rapid electrification of rail has not resulted in
significant decarbonisation, as around 70% of the country's
electricity continues to come from coal rather than from renewable
energy sources. However, Indian Railways aims to reach net
zero carbon emissions by 2030 and to supply all its energy
requirements (projected at more than 33 billion units)

mainly through the use of solar power and other renewable
technologies. With government support, the company has already
commissioned around 211 MW of solar plants and 103 MW of wind
power plants, with an overall target of reaching 20 GW generated
by solar plants on vacant raillway land by 2030.

In tandem with its commitment to renewables, Indian Railways
is prioritising energy-efficient technologies such as three-phase
electric locomotives, head on generation (HOG) technology, and
LED lights in coaches and railway buildings.

Source: See endnote 164 for this section.
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By the end of 2022, an estimated 58,000 hydrogen fuel
cell cars and vans were on the world's roads, compared
to more than 25 million battery electric cars®® Around
15,000 fuel cell cars were sold during the year, increasing
the total stock by 40%." Two-thirds of this growth was
in the Republic of Korea, followed by the United States
and Japan."" Although Korean manufacturers continue to
dominate the market, other automakers are introducing
fuel cell vehicle offerings: for example, BMW launched its
IX5 pilot fleet in 2022, and the Moroccan start-up NamX
presented a fuel cell sport utility vehicle (SUV) that can be
fuelled in part by replaceable hydrogen capsules.”?

The market for fuel cell buses also continued to grow,
reaching 6,200 vehicles by the end of 2022, 87% of which
were in China”® The number of fuel cell trucks surged
more than 60% during the year, to total 7100 vehicles,
with 95% of these in China™ The market for fuel cell
trucks and buses is more diverse than for cars, with
multiple companies offering truck models and around
20 companies producing fuel cell buses!”® There are
also efforts to retrofit diesel combustion engines to use
hydrogen, and to develop pure hydrogen or dual-fuel
combustion models, mostly for cars and trucks.”

No commercial models for hydrogen aircraft were
availlable Iin 2023, although several companies were
developing prototypes. Airbus aims to bring a hydrogen-
powered commercial aircraft to the market by 2035, with
a range of up to 2,000 kilometres and a capacity of up to
200 passengers.”” A Dutch consortium plans to launch
the first hydrogen-fuelled flight of 40-80 passengers as
early as 2028,

RENEWABLES 2024 GLOBAL STATUS REPORT - RENEWABLES IN ENERGY DEMAND

For maritime transport, the development of hydrogen
combustion engines is ongoing, including dual-fuel
engines (diesel and hydrogen) and full hydrogen vessels.””®
In 2022, the Norwegian Maritime Authority approved
the development by HAV Hydrogen of a containerised,
deck-based fuel cell system to support propulsion and
to provide on-board electricity while under way and at
port; the system can be retrofitted to existing vessels
and was in its final development phase as of late 2023.18°
Shipbuilders also are working on fuel cell container ships,
mostly for shorter distances.”®' For passenger transport,
the world's first liquid hydrogen fuel cell ferry started
operating in Norway in March 2023, followed by others
during the year.®

Overall, the transport sector consumed around
32 kilotonnes of hydrogen in 2022, representing 0.003%
of global hydrogen use.®® However, only 0.1% of transport
hydrogen was produced through electrolysis, which
can potentially be powered by renewable electricity.’®4
Another 0.6% was produced using fossil fuels with
carbon capture and storage.®® Rising interest in hydrogen
for aviation fuel alone could increase hydrogen demand
by 1 million tonnes by 2030.®® Demand for hydrogen will
likely grow in sectors beyond transport, creating resource
competition. The use of hydrogen in transport will only be
renewable - delivering emission reduction benefits' - if
the share of production based on renewable electricity or
bioprocesses is greatly increased® (- See Renewables
in Energy Supply Module.)
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HYDROGEN-BASED FUELS

If renewable hydrogen is used, a variety of fuels based
on hydrogen can be considered renewable. These fuels
are produced by combining hydrogen with carbon that is
captured either from the air or from industrial sites. Some
of these fuels, called drop-in e-fuels, have the same
properties as their fossil fuel counterparts and can be used
in existing motors and with current fuelling infrastructure,
with limited constraints. Others, such as methanol, offer
alternatives to fossil fuels but require investment in new
infrastructure and vehicle technologies. Combining
hydrogen with nitrogen produces ammonia, which can
be used as a fuel. Methanol and ammonia are discussed
mainly as alternatives to fossil fuels in shipping.'® Further
processing of these fuels typically requires additional
energy and adds cost.’®®

To achieve a 10% share of hydrogen-based fuels in aviation
and shipping by 2030, an estimated 2,100 terawatt-hours
of renewable electricity would be required, or more than
India’s total electricity generation in 2022.°° Production
capacity and supply chains would need to expand rapidly.
As of 2023, however, most of the 70-plus production
plants in operation globally to produce hydrogen from
electrolysis (which is then used to obtain hydrogen-based
fuels) were still at a demonstration scale, producing less
than 20 kilotonnes of hydrogen'*" Announced projects for
renewable hydrogen could increase production to nearly
14 million tonnes by 2030, with 90% of the projects aiming
to produce ammonia and the majority (nearly 8 million
tonnes) still in the early stages of development.'®?

I If hydrogen from non-abated fossil hydrogen is used, the greenhouse gas emissions from fuel cell vehicles could be higher than from internal combustion engines using diesel or petrol. See endnote 187 for this section.

i Quantities of e-fuels in this section are given in hydrogen-equivalent terms, i.e., the “stoichiometric” hydrogen requirement to produce the e-fuel.
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"Y' CHALLENGES ©

W
Transport energy use and emissions Decarbonisation of transport modes along
keep increasing owing to rising demand for with a reduction of total energy demand in the
transportation, mainly due to increasing freight sector can create multiple benefits for energy
transport demand driven by economic growth. security, air quality, health, safety and access
Sufficient renewable electricity supply is to mobility.
key to decarbonise the sector through electric Electrification offers economic
mobility and green hydrogen-based fuels. opportunities for local manufacturing and
Investment in renewable fuels production supply chains.
capacity requires clear and stable policy An increasing range of heavy-duty and long-
support through government incentives for distance electric vehicles models open up new
biofuels such as blending mandates. opportunities for freight and buses.
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RENEWABLES
IN AGRICULTURE

KEY FACTS
r ' - Renewable energy solutions are gaining cou ntries = The share of renewable energy use in the
/ momentum in the agriculture sector but progress had renewable agriculture, forestry and fisheries sectors reached
"\ | is constrained by affordability concerns and a lack energy targets in 15.4% in 2021, up from 10.8% in 2011.
- / of integrated regulatory frameworks. the agriculture . : : -
//\ | sector as of 2023 Of the renewable epgrgy used in agriculture in 2021,
" | 55% was from electricity.

| = As of 2022, 1,165 MW of off-grid solar water pumps
were installed globally, led by India with 1,083 MW.

national and sub- = Farmers that adopted renewable cooling technologies
national jurisdictions experienced up to a 40% increase in income.

had renewable energy

policies for agriculture

as of 2023

Around |
of total final energy

consumption in 2021
2 2 0] was in the agriculture
| /O sector
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The agriculture, forestry, fisheries and aquaculture
sectors' together contributed around 4.3% of the world's
gross domestic product (GDP) in 2022 These sectors
grew 2.6% in value during the year, similar to the growth
observed annually since 2018.2 They employed just over
one-quarter (26.2%) of the global working population in
20223 In developing countries, most of the workers in
these sectors are small-scale farmers and fishers.*

Agriculture and forestry accounted for around 2.1% of
the world'’s total final energy consumption in 2021, and
fisheries and aquaculture represented around 0.07%.°
These four sectors accounted for around 15% of the
energy use across the food value chain' in 2021.°

Of the total energy use in these sectors in 2021, around
73% was in the form of heat and 26.9% was in the form
of electricity (up from 19.7% in 2010).” Drivers behind this
rising electrification include environmental concerns,
government subsidies and other incentives, cost-saving
potential, technological advancements and improved
performance of electric machinery.®

In total, energy use in the agriculture, fisheries and
aquaculture sectors contributed around 0.93 gigatonnes
of carbon dioxide (CO,) equivalent emissions in 2021,
similar to the level in 2020.° Most of these emissions
(95%) were CO,, followed by nitrogen dioxide (4%) and
methane (1%).° The CO, emissions come from the use
of electricity (45.8%), petroleum products (38.4%), coal
(11.6%) and fossil gas (3.3%)." Nearly all of the nitrogen
dioxide emissions in these sectors are from the use of
petroleum products, and around 80% of the methane
emissions are from coal use.”

The share of renewable energy used in the agriculture,
forestry and fisheries sectors increased from 10.8% in 2011
to 15.4% in 2021 (» See Figure 23.) Of the 2021 share,
55% was renewable electricity, 6.5% was solar thermal
and geothermal heat, and 32% was modern bioenergy.*
Renewable energy sources supplied only 10% of the
heat used In agriculture in 2021, although this share has
increased gradually over the years.® Of this 10% share,
72% was derived from modern bioenergy, 15% from
direct geothermal and 13% from renewable electricity.”®

Despite growing recognition of the importance of energy
efficiency in the agriculture sector, it has been largely
overlooked in political and research agendas, and no
major policy developments occurred in 2023”7 Among
the key benefits to farmers and fishers of adopting
renewables and energy efficiency are improved energy
access and energy reliability, fuel cost savings, reduced
food losses, increased levels of mechanisation, improved
duration of productive seasons, expanded market reach,
and environmental and health benefits.®

The agriculture, forestry,
fisheries and aquaculture
sectors employed

of the global working
population in 2022.

Renewables

in Agriculture
|

Renewables
in Transport

Renewables
in Buildings

Renewables

Global Trends .
in Industry

y° FIGURE 23.

Renewable Energy Share of Total Final Energy Consumption in Agriculture, 2011-2021
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Source: See endnote 13 for this section.

I This section covers agriculture (including livestock farming and hunting), forestry, fisheries and aquaculture. When the section
presents combined figures for more than one of these sectors, this was either the only or the most accurate information available.
Energy use in agriculture includes fuels to operate machinery and tractors but does not include energy used for manufacturing of
machinery, pesticides, or fertilisers, or for food packaging, processing, or transport, which are included with industry or transport.
Forestry does not include the manufacture of wood and wood products and the pulp and paper industry, which are included with
industry. Energy used for fisheries includes all forms of energy used onboard fishing vessels, including the fuels to operate the
vessels. These fuels are not covered in the Transport section of the GSR 2024 Demand module..

i Food value chains refers to the whole value chain involved in producing food: planting and harvesting but also fertiliser
production, transport, storage, processing and packaging and retail businesses.
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POLICY AND TARGETS

In 2023, the policy landscape for renewables in the
agriculture sector remained constrained by fragmented
policies and a siloed approach, with national agricultural
policy documents seldom mentioning renewable
energy.”® The focus was mainly on biogas and solar water
pumps, sidelining the vast potential of other renewable
technologies, while agrivoltaics was still considered to be
at the frontier of innovation.?’ Rising consumer demand
for sustainably produced goods has helped push the
sector to adopt cleaner energy options to meet market
expectations.?

By the end of 2023, 4 countries had renewable energy
targets in the agriculture sector. For example, in 2022,
India announced its aim to replace diesel use in agriculture
with renewable energy by 2024, while the Republic of
Korea added a target to reach 10 GW of agrivoltaics
capacity by 2030 under its Renewable Energy 2030 plan.??
A total of 32 national and sub-national jurisdictions had
renewable energy policies for agriculture as of 2023.%
(= See Figure 24.)

The European Union (EU) adopted the 2023-2027
Common Agricultural Policy (CAP), which supports
biogas production and renewable energy investments on
farms, with the aim of installing 1,556 MW of renewable
capacity.® The CAP provides support for nearly
180,000 farms to engage in renewables and promotes
energy efficiency and precision farming to enhance
resource management.® The European Commission
also issued a strategy on energy transitions for the EU
fisheries and aquaculture sector.?
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National and Sub-National Renewable Energy Policies in the Agriculture Sector, as of End-2023
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Source: See endnote 23 for this section.
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In 2023, Indonesia increased its support to fishers and
farmers through the distribution of converter kits.?” The
Philippines’ National Irrigation Administration funded
solar irrigation systems on plantations and offered up
sites for floating solar PV projects after the successful
completion of a floating solar demonstration project.?®
Egypt established a Centre for Renewable Energy in
Aquaculture, financed by Norway, to test innovative
renewable energy solutions among 5,000 fish producers
throughout the country.

Fiscal and financial policies continued to be widely
used for renewables in the agriculture sector in 2023.
Greece offered grants to farmers covering up to 60% of the
cost of PV systems, and the EU allocated USD 1.8 billion
(EUR1.7 billion) to Italy to support agrivoltaics.*° The United
States allocated USD 300 million in loans and grants
to support rural electricity providers through the Rural

RENEWABLES 2024 GLOBAL STATUS REPORT - RENEWABLES IN ENERGY DEMAND

Clean Energy Initiative.® Poland launched a USD 244,790
(EUR 230,000) subsidy programme to help farmers
and energy co-operatives in rural communes finance
renewable energy and energy storage systems, and also
put in place a subsidy scheme to develop co-generation
from biogas produced using municipal organic waste.*
Brazil extended grants to a local company to develop a
biogas production line.** In India, the state of Haryana
announced new subsidies to cover 75% of the cost of
solar pumps, encompassing the difference between the
PM KUSUM Scheme subsidies and the actual cost of
the system for the years 2023-2024.3*

In a counter trend, Sweden reduced its tax on agricultural
diesel to provide farmers with relief from inflation and to
match levels required by the EU.** Spain put in place
transport fuel subsidies for farmers in a similar policy
response to the price crisis.°
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. INVESTMENT AND FINANCE

Data on renewable energy investment in the agriculture
sector remain limited. For most regions, information is
lacking on energy flows across local agri-food value chains
and on spending for farm and non-farm enterprises.*’

Investment in renewables in agriculture often has been
motivated by the wish to shield activities in the sector
from volatile fossil fuel prices and supply shocks.®®
However, the seasonal nature of farm incomes, along
with the capital-intensive structure of most renewable
energy investments, makes the affordability of renewables
a challenge for participants in small and medium-sized
agri-food chains.®® A variety of programmes are aimed
at providing finance for renewable energy installations in
agriculture, with the goals of boosting farmer incomes
and reducing fossil fuel reliance.*® (= See Policy section.)

Investment in agrivoltaics' continued to increase globally,
building on demonstration projects that began in the early
2000s.#" Agrivoltaics that supports livestock grazing or
pollinator habitat has been more financially competitive
than agrivoltaics linked to crop production, which s
impeded by the cost required to elevate the PV panels.#
Drivers for investment in crop agrivoltaics vary by region,
In Europe and some Asian countries (such as Japan),
aggressive goals for solar energy development - supported
by public funds and coupled with strict rules on the use
of agricultural land - have led to a flux in private finance.*®
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In Europe, the Danish renewable energy company Eurowind
Energy invested USD 54.7 million (EUR 50 million) in
a 70 MW agrivoltaic park in Romania, which began
construction in late 2023.% An initiative in France launched
by Sun'Agriand RGreen Invest continued efforts to mobilise
USD 1.1 billion (EUR 1 billion) in public and private funds for
300 agrivoltaic projects nationwide by 20254 The French
energy giant TotalEnergies acquired Ombrea, a company
with dedicated expertise in agrivoltaics, to help expand
its agrivoltaic portfolio and meet criteria set out under
France's Renewable Energy Acceleration Law.*

In the United States, public support for agrivoltaics has
been mixed, with financing for crop-based projects
driven mainly by community solar initiatives or small
on-farm investors.*” Farmers are attracted by the
possibility of steady income from electricity production
to offset the potentially risky returns from crops.® In
Massachusetts, state-level incentives have supported
the development of several local agrivoltaic projects.*
BlueWave, a solar developer, owner and operator in the
US Northeast, announced a USD 91 million financing
package (USD 64 million in debt and USD 27 million
in tax equity) to begin construction of five agrivoltaic
projects in the area.®® In Africa, agrivoltaic projects in
Kenya and Tanzania have been supported mainly by
international development funds.®

| Agrivoltaics describes the dual use of agricultural land whereby solar PV systems are elevated to enable plants to be grown or animals to

be raised underneath and/or alongside.
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The agriculture sector plays an important role in the
biogas market, given the high availability of feedstocks
such as animal manure and crop residues. Supportive
policy targets for biogas and biomethane have helped
boost investment. In Europe, around USD 4.5 billion
(EUR 41 billion) was allocated for biomethane
projects between 2023 and 2025, mostly in France
(USD 1.5 billion or EUR 1.4 billion) and Italy (USD 1.2 billion
or EUR 1.1 billion).*? In Pune, India, the company Sistema.
bio inaugurated the world's largest manufacturing
facility for biodigesters; the USD 1.8 million facility has
a production capacity of 100,000 biodigesters annually,
aimed at supplying small farms in Asia and the Pacific,
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Sub-Saharan Africa and Latin America.®® In Brazil, RDP
Energia announced a USD 10 million (BRL 50 million)
investment in a biomethane refinery in Parana that will
operate on pig farming waste.>

Investments in biogas projects in the agriculture sector
are complicated by the logistics of raising capital.
The loan requirements are often too small to attract
financing from local banks and too large for individual
investors (farmers) to raise the required equity.®® Risk
perceptions, such as the ability to secure reliable
feedstocks, can raise the cost of capital or reduce the
loan tenure available to potential investors.®®
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Illt MARKET DEVELOPMENTS

The agriculture sector has integrated various renewable
energy and energy efficiency technologies, depending
on the application and context. Successful initiatives
have occurred in all regions, with the greatest uptake
being in solar PV applications, especially as the cost of
PV panels falls and their efficiency in high temperatures
improves.®” In addition to using renewables for self-
consumption, farmers produce energy to sell to the
grid in the form of bioenergy (biofuels, biogas and solid
bioenergy) and renewable electricity (agrivoltaics, small-
scale hydropower and wind power), making the sector
an energy supplier.®®

Hundreds of thousands of solar water pumps and
irrigation systems have been installed worldwide,
including an estimated 500,000 pumps in South Asia
alone.®® The global capacity of off-grid solar pumps for
agriculture increased from 804 MW in 2021 to around
1165 MW in 2022, with the largest total capacities for
2022 to be found in India (1,083 MW), Bangladesh
(49 MW) and Ethiopia (17 MW).%° Despite this growth
and the more than 80% decline in the price of solar water
pumps in the past two decades, the pumps account for
only 1% of installed irrigation systems.®” Yet momentum
is growing, especially in Sub-Saharan Africa.®? (- See
Snapshot: Rwanda.)

Renewable cooling technologies used for cold
storage have helped communities reduce food losses,
increase incomes and reach additional markets.®® In
Kenya's agriculture sector, several energy-efficient and
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solar-powered cooling solutions - such as the off-grid
evaporative charcoal cooler, the zero energy brick cooler
and solar-powered cold storage - have been affordable
and reliable options for small-scale farmers.®* (= See
Snapshot: Kenya.) Walk-in cold rooms have helped
increase farmer incomes in the country an estimated
40% by reducing food loss.?® In Nigeria, solar-powered
cooling has enabled farmers and market agents to
generate more income and avoid food loss at a lower
cost than grid access.®®

Solar thermal energy, used for both cooling and
heating, has diverse applications in the agriculture sector,
including for drying and dehydration, cooking, and heating
and cooling of greenhouses and other spaces.®”” The
|ICaRE4Farms project, completed in north-west Europe
in December 2023, promotes the use of solar thermal
energy on farms in sectors that have high hot water
demand, and will reduce a projected 1 million tonnes of
CO, over the project’s 10-year lifespan.®®

Photovoltaic thermal (PVT) systems, which combine
solar PV and solar thermal technologies to produce
electricity and heat, offer a potentially more efficient option
for livestock and dairy farming than either technology
separately.®® An experimental project on a swine farm in
ltaly found that PVT technology - combined with a solar
central unit, thermal energy storage and a heat pump - Is
fully capable of replacing the use of fossil fuels.”® A project
in Germany showed that the technology was efficient
and had a payback period of six years.”
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TRANSFORMING AGRICULTURE AND MITIGATING CLIMATE CHANGE: THE NASHO SOLAR-POWERED IRRIGATION PROJECT

In Rwanda, as in many Sub-Saharan African countries, the expansion of irrigation
s essential for agricultural development, food security and climate resilience. The
agriculture sector contributes 90% of the country's food production and 35% of
GDP. It is Integral to Rwanda's socio-economic development, with around 70%
of the population depending on the sector for their livelihoods. However, a large
share of the population remains food insecure, particularly in rural areas.

Consistent access to water is essential for maintaining and improving
agricultural yields, as Rwanda supports diverse crop production throughout the
year. However, fluctuating rainfall patterns, water management challenges and
competing demands limit farmers' access to reliable water sources. Irrigation
plays an important role in securing water for agriculture, yet only around 9.5% of
the country’s potential irrigable land has formal infrastructure. Inadequate energy
access and reliance on costly fuel-based irrigation systems have slowed uptake.

Off-grid solar-powered irrigation pumps offer a solution to these challenges,

yet their adoption remains low in Rwanda and across Sub-Saharan Africa due
to systemic barriers such as high costs, lack of regulation and limited market
development. In 2020, a promising Iinitiative was launched to help surmount
these obstacles and enhance agricultural productivity in the Nasho region in the
southern expanse of the Eastern Province. The Nasho Solar-powered Irrigation
Project, covering around 1,100 hectares, was a collaborative effort between the
Rwandan government and the Howard G. Buffett Foundation, which channelled
USD 54 million in funding to the project.

The project deployed 63 pivot irrigation systems - powered by a 3.3 MW solar
plant with 2.4 MW of battery storage - and benefited 2,099 small-scale farmers.
Farmers, organised under the Nasho Irrigation Cooperative (NAICO), managed
the infrastructure with technical assistance from Rwanda Agriculture and Animal
Resources Development, ensuring the sustainability of the project. This enabled
year-round cultivation, more efficient use of resources (including water and
fertiliser), and improved crop vyields.

According to some estimations, the system could empower small-scale
producers to elevate their annual production from 3-5 tonnes per hectare to
nearly 10 tonnes per hectare. Alongside these anticipated crop yield gains,
the project aimed to ensure access to and adoption of technologies that
enhance agricultural value chains and promote soil conservation. The project
also enhanced transport infrastructure, with 24 kilometres of existing roads
resurfaced and 10 kilometres of new roads introduced.

The Nasho Solar-powered Irrigation Project is set to expand by an additional
1,050 hectares in 2024. This expansion aims to cut emissions 10% by 2030,
enhance food security, and reduce dependency on imported fossil fuels, while
increasing the land surface under irrigation. The investment needed to realise
this vision is projected to be around USD 280 million, requiring participation
from the government, the private sector and international partnerships.

Source: See endnote 62 for this section.
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SOLAR-POWERED COLD STORAGE SOLUTIONS SUPPORT SUSTAINABLE AGRICULTURE AND FOOD SECURITY

Globally, food waste and agricultural losses total more than

931 million tonnes annually. The challenge is particularly acute
in rural areas that have limited access to power and inadequate
storage facilities, leading to significant spoilage of produce. Cold
storage infrastructure has immense potential to reduce these
losses in Sub-Saharan Africa, where 30-40% of post-harvest
food is lost. The technology will only become more crucial in the
context of climate change, with the demand for cooling devices
globally expected to quadruple by 2050.

In Kenya, where a large rural population relies on small-scale
farming, the lack of cold storage facilities exacerbates the effects
of significant post-harvest losses. An estimated 65% of Kenya's
rural population lacks access to the national grid, leading

to reliance on kerosene and firewood for energy needs, and
presenting challenges to obtaining cold storage infrastructure.
In March 2019, the Rural Electrification and Renewable

Energy Corporation (REREC) was established to execute rural
electrification projects and lead renewable energy efforts. The
initiative has supported the uptake of off-grid solar solutions,
including solar-powered cooling.

Off-grid cooling services have been piloted in several areas of
Kenya. In 2024, a first-of-its-kind solar-powered cold storage
facility for sweet potatoes was inaugurated in Mwea County,

by Baridi, a company that provides solar-powered refrigeration
across East Africa, and FarmWorks, a Kenyan agricultural
company, in partnership with the International Potato Centre
(CIP) and the US Department of Agriculture. The project aims to
provide affordable solar-powered cooling solutions and received
USD 40,000 from the Gender4Climate Africa Challenge, a
competition in East Africa that awards funding to organisations
that prioritise climate change and gender-inclusive solutions. The
project is working to link markets, agribusiness processors and

cold chain stakeholders, helping to unify the sector and to reduce

risks for small-scale farmers that are more vulnerable to the
impacts of food losses and unreliable brokers.

The Indian-based company Inficold developed the solar-powered
cooling facility, which can preserve or store up to 5 metric tonnes
of agricultural produce, and Baridi was responsible for overseeing
the installation. There are plans to expand this project, and CIP
and FarmWorks received a grant from the Kenya Catalytic Job
Fund to finance the launch of more such containers.

Source: See endnote 64 for this section.
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offers an opportunity

to reconcile competing
land uses for energy and
agriculture.

In the fisheries sector, communities in East Africa and
India have successfully adopted solar PV and battery-
powered lamps and lighting for night fishing, allowing
fishers to save on kerosene costs.”? In Chile, a 1 MW
floating solar PV project was implemented on a water
storage reservoir to power nearby agricultural activities,
covering part of the electricity needs and slowing water
evaporation.”

Agrivoltaics offers an opportunity to reconcile competing
land uses for energy and agriculture. Germany, France
and Japan were early adopters of agrivoltaics, and other
countries have since followed with pilot projects® In
India, notable projects include the 7 MW peak Grosolar
Agrivoltaic in Maharashtra and the 3 MW peak Solar-
Agri electric model in Gujarat” Case studies in Portugal
found that the use of agrivoltaics is more efficient than the
single use of land for either agriculture or solar PV, with the
generated electricity being used for both self-consumption
and as a source of income through sales to the grid.”® As of
2024, the United States had installed a reported 73 MW of
agrivoltaics on crop production land and more than 5 GW
on grazing land.”” Turkiye launched its first agrivoltaics
project in 2023 with a capacity of 122 kilowatts peak.”®

Solar mini-grid projects improve energy access for
agricultural activities such as irrigation water pumping,
food drying, agricultural grinding and milling, and cold
storage.”® Sites near agricultural fields are good targets for
mini-grid development, as agricultural loads compensate
for the small sizes of rural communities, and most
agricultural demand occurs during daylight.®® In Nigeria,
projects have enabled rural communities to electrify
productive uses in agriculture and fisheries, such as using
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electric motorbikes for logistics and providing power to
rice and grain mills and to cold rooms for fish storage.®
In Uganda, a hybrid 600 kilowatt peak solar mini-grid
with battery storage on the Lolwe Islands replaced some
fossil fuel uses for ice making and fish drying.®?

Geothermal energy has many usesinthe sector, including
greenhouse heating, soil warming, aquaculture, and the
drying of fish, grains, fruits and vegetables.®® The energy
is used to heat aquaculture ponds and to dry fish, either
directly in drying tunnels (as in Iceland) or indirectly by
powering the drying systems.®* For greenhouse heating,
geothermal maintains a steady temperature and reduces
condensation, mitigating the impacts of pests and fungal
growth and improving crop yield.® Geothermal heating
and cooling in fish farming and crop drying has grown in
the last decade, although enormous potential remains.®
In 2021, the United States used 122 megawatts-thermal
(MW,,) of geothermal for fish farming and 80 MW,
for greenhouse heating.®” More than 28,000 heating
or cooling geothermal systems were operating in the
country as of 2022 to meet agricultural, livestock farming
and aquaculture needs.®®

In aquaculture, micro-hydropower systems are used
to heat fishponds and to provide the electricity that
powers the aquaculture system.®® In the United States,
the number of small hydropower systems in agriculture
increased around 50% between 2017 and 2022, to more
than 2,500 installations.®

The EU and the United Kingdom are the only regions
where biogas has been used significantly in agriculture
and forestry (compared to the other sectors).®” On the
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supply side, energy crops (such as maize and cereal
grains), agricultural residues and manure are feedstocks
for biogas and biomethane production.®? Almost all off-
grid biogas production for agriculture occurs in South
America, with Brazil dominating the world’s supply
(96.5%).%

Globally, fish farmers use solid bioenergy - in the form
of briquettes, pellets or charcoal produced from woody
or crop residues - instead of traditional firewood to dry
or smoke fish, with resulting health, environmental and
combustion efficiency benefits.®* In the United States,
the number of farms that harvest biomass for use in
renewable energy has grown from around 9,500 in 2017
to more than 16,000 in 2022.%

Wind energy is used to power productive activities in
both agriculture and aquaculture. An aquaculture site
in Chile is sourcing all its energy from a nearby wind
and solar PV site through a 1.2-kilometre underwater
electricity cable®® On the supply side, wind turbines
installed on agricultural lands in Australia and the United
States provide valuable income for farmers.®’As of 2022,
more than 20,000 US farms had contracts for wind rights
leasing, roughly the same number as in 2017.%®

Most of the renewable energy technologies used in
agriculture and fisheries - from solar lighting to renewable
cooling, bioenergy and PV thermal - are energy
efficient.®®* Modern energy-efficient kilns used for drying
fish, such as the FAO-Thiaroye fish processing technique
and the Chokor kiln, have been successfully used in sub-
Saharan Africa to help reduce fuel consumption and
emissions.'%
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"Y' CHALLENGES ©

w
Fragmented policy landscape: Rising market demand, technological
. The lack of comprehensive support for advancements and diverse applications:
renewable energy in agriculture impedes - Advancements in renewable energy technologies
widespread adoption. are improving their affordability and accessibility

for farmers.

Affordability: - A wide range of renewable energy technologies

. — can be used in diverse agricultural activities.
- The cost of renewable technologies is a significant

challenge, especially for small and medium-sized - The agriculture sector is also an energy producer.
agri-food enterprises. - The demand for sustainably produced goods is

- The seasonal nature of farm incomes complicates increasing.
securing financing.

- The capital-intensive nature of renewable energy Diverse financing mechanisms:

projects impedes uptake. - The growing availability of grants, subsidies and

public-private partnerships can help to overcome
Investment barriers in biogas projects: affordability barriers and stimulate investment in

L - . , renewable energy projects.
- Barriers include logistical and capital constraints,

mismatched loan requirements, difficulty raising
equity, and risk perceptions related to feedstock
availability.
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