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FOREWORD
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. I 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. 

Sincerely, 

Rana Adib 
Executive Director, REN21
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RENEWABLE ENERGY POLICY NETWORK 
FOR THE 21st 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.
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CROWD-SOURCED DATA

AND KNOWLEDGE

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. 
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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.

RENEWABLES GLOBAL STATUS REPORT 
2024 COLLECTION
Since 2005, REN21’s Renewables Global Status Report (GSR) 
has spotlighted ongoing developments and emerging trends 
that shape the future of renewables. It is a collaborative effort 
involving hundreds of experts. Structured as a collection of five 
publications, this year’s 19th edition of the GSR reflects key 
trends in global energy. 

In addition to diving into different energy demand sectors 
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 
for economies and societies. 

Collectively, these five publications offer readers a systemic 
global overview of the current uptake of renewables.
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DISCLAIMER: 
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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GLOBAL
 TRENDS

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.1 Inflation and high interest rates 
continued to hamper investment, particularly in emerging markets that face debt burdens 
and a higher cost of capital.2 Meanwhile, massive subsidies to fossil fuels remain 
prevalent and have distorted the market, placing renewables at a disadvantage.3

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).4 (p See Sidebar 1.)
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SIDEBAR 1. �Corporate Power Purchase Agreements 
Various financial mechanisms exist for private companies 
to support, invest in, and purchase renewable energy, 
such as power purchase agreements (PPAs), debt/equity 
financing, green bonds, renewable energy certificates 
(RECs), leasing and participation in joint ventures/
partnerships. Corporate renewable energy procurement 
through PPAs is rising globally. In a corporate PPA, the 
company agrees to purchase renewable energy directly 
from a project developer, with terms negotiated between 
the buyer and seller. 

In 2023, companies’ PPA commitments represented 
9.7% of total worldwide capacity additions, with a record 
46 GW of solar and wind contracts signed, a 30% 
increase from 2022. PPA additions grew 12% in 2023, 
down from the 33% average growth between 2015 and 
2023. (p See Figure 1.) 

Europe was the fastest growing region for corporate 
renewable energy PPAs in 2023, experiencing 74% 
growth for a total volume of 15.4 GW. Eight market 
segments in Europe have yearly contracted corporate 
renewable PPAs exceeding 500 megawatts (MW). 
The retail sector signed 72% more PPAs than in 2022, 
followed by food and drinks (up 61.9%), transport (up 
57.2%) and automotive (up 45.5%). Solar photovoltaics 
(PV) dominated with 65% of the PPA volume in Europe 
in 2023, though contracts were also signed for onshore 
wind power (2.3 GW) and offshore wind power (2 GW). 

The largest market for corporate renewable energy 
PPAs was the United States, with 37% (17.3 GW) of the 
total announced volume for 2023, down 16% from the 
country’s record 20.6 GW in 2022.  The heavy industry and 
information technology sectors were the biggest buyers 
globally. Amazon remained the largest corporate PPA 
buyer for the fourth consecutive year, followed by Meta, 
LyondellBasell and Google. BloombergNEF estimates 
that companies with targets for 100% renewable energy 
as part of the RE100 initiative will require an additional 
105 GW of solar and wind power by 2030. 

From the sellers’ side, Engie sold the most PPAs in 2023 
with 2.4 GW of deals, surpassing AES (1.9 GW), followed 
by Tata Power (1.2 GW), Lightsource BP (1 GW) and 
Eneco (0.9 GW).

Source: See endnote 4 for this section.

FIGURE 1.
Corporate Renewable Energy Power Purchase Agreements, Global Capacity 
and Annual Additions, 2015-2023
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The post-crisis recovery packages of 2022 sparked 
a surge in renewable energy deployment; however, 
progress has since stalled, and more ambitious 
structural and integrated reforms are needed to maintain 
the momentum.5 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.6

By demand sector, the share of renewables in total final 
energy consumption (TFEC) ranged from as high as 
16.8% in industry to as low as 3.9% in transport in 2021 
(latest data available).7 (p See Figure 2.) These disparities 
reflect not only the differing characteristics of sectors, but 
also a lack of integrated policies aimed at increasing the 
renewable energy share both within and across sectors. 

Further action is needed to speed the electrification of 
end-use sectors (p see Sidebar 2) and to transition to 
renewable heat and fuels.8

FIGURE 2.
Renewable Share of Total Final Energy Consumption, by Sector, 2021

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 
consumers to tap into the rising share of renewables in 
the power supply. 

Agriculture maintained the highest electrification 
rate among all sectors in 2021 (latest data available), 
reaching 27%, up from 20.1% in 2011. (p See Figure 3.) 
This was enabled by cost savings, technological 
advancements and improved performance of electric 
machinery.

In transport, electric vehicles accounted for 18% of all 
car sales in 2023, with 35% year-on-year growth. At 

least 18 countries announced new policies during the 
year supporting the uptake of electric vehicles. 

In buildings, heat pump installations increased 10% 
in 2023, mostly in Europe. However, electrification of 
buildings increased only 2 percentage points, and of 
transport just 0.2 percentage points, between 2011 and 
2021. (p See Figure 3.) 

Industry electrification has been limited due to the 
challenges of high-temperature processes such as 
steelmaking or cement production, with wide variation 
among industrial sub-sectors.

FIGURE 3.
Electrification and Renewable Electricity Shares of Total Final Energy Consumption,  
by End-Use Sector, 2021
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Electrification has stalled in most regions except China, 
where it grew 10 percentage points between 2011 
and 2021. (p See Figure 4.) The shares of electricity 
in total final energy consumption in the United States 
and the European Union (EU) remained stagnant In 
2021, at around 23.7% and 23.4%, respectively. China 
saw the largest growth in electrification rates between 

2011 and 2021 in buildings (up 12 percentage points), 
transport (up 1.1 percentage points) and industry  
(up 10.2 percentage points). The United States led in 
buildings electrification during this period, with a 12.2 
percentage points increase.

Source: See endnote 8 for this section.

FIGURE 4.
Share of Electricity in Total Final Energy Consumption by Major Country/Region, 2011-2021
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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).9 A further 20 countries 
had policies for three demand sectors, and 84 countries 
had no demand-sector policies in place.10 (p 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 2024.11

Countries announced around 21 new renewable energy 
regulatory policies in demand sectors in 2023, bringing 
the total number to 111.12 Transport has seen regulatory 
action in 64 countries, followed by buildings (30), industry 
(12) and agriculture (5).13 (p 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.14

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.15 
Building 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.16

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

incentives or mandates.17 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.18 Most new policies in industry 
target renewable hydrogen, particularly in heavy 
industry.19 

At least 49 countries had specific renewable energy targets 
for transport as of 2023.20 Ten countries introduced or 
revised biofuel blending mandates (with some reducing 
their mandates).21 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.22 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.23

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.24 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.25

FIGURE 5.
Countries with Renewable Energy Policies for End-Use Sectors, as of 2023 
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MARKET DEVELOPMENTS 
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 63.1 billion).26

Bioenergy has remained the leading source of renewable 
heat in buildings, although renewable electricity is 
the fastest growing heat solution.27 Rooftop solar PV 
systems continued to see strong growth in 2023, while 
heat pump installations increased 10% (with a 38% 
increase in Europe alone).28

Industry relies heavily on heat, which accounts for around 
three-quarters of the sector’s energy use.29 Renewable 
energy projects for heavy industry have focused on 
electric arc furnaces, hydrogen and bioenergy.30 Light 
industries are deploying industrial-scale heat pumps 
and solar thermal systems.31 Bioenergy use in industry 
is on the rise, increasing 46% between 2011 and 2021.32

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 
2023.33 Biofuels continued to be the dominant renewable 
fuel in transport, supplying 90% of the sector’s renewable 
energy use in 2021 (biofuel consumption increased 
3% in 2021 but remained slightly below pre-pandemic 
levels).34

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.35  
Solar PV led the way, with agrivoltaics gaining traction 
in Europe and India.36 PV-powered mini-grids and 
water pumps boosted rural electrification and irrigation 
in countries across the globe.37 Geothermal energy and 
micro-hydropower also saw increased use, particularly 
in the United States.38

FIGURE 6.
Number of Countries with Renewable Energy Regulatory Policies, by Demand Sector, 2013-2023
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• �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.

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. 

of energy consumption 
in 2021 was in the 
industrial sector

of energy 
consumption in 
industry came from 
renewables in 2021

34%

16.8%

12
countries  
had regulatory policies 
supporting renewable 
energy uptake 
specifically in industry  
in 2023, three more  
than in 2022

KEY FACTS

RENEWABLES  
IN INDUSTRY i

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

Industry is the largest energy-consuming sector, 
accounting for 34% of the energy consumption in end-use 
sectors in 2022.1 Energy demand in industry stagnated in 
2022 after increasing rapidly in 2021 to surpass the pre-
pandemic level by 5%.2 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%).3

Industrial enterprises generated 28% of global GDP in 
2022 and 23% of total employment.4 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.5 Industrial 
activity produced around 9.37 gigatonnes of CO2 in 2023, 
up 4.3% from 2022.6 Around 71% of directi industrial CO2 
emissions came from three sectors: cement and concrete, 
iron and steel, and chemicals and petrochemicals.7

CO2 emissions from industry show a contrast between 
high- and low-income regions.8 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.9 Industrial CO2 emissions 
fell by 34 million tonnes in the EU and 26 million tonnes 
in the United States.10 In contrast, CO2 emissions from the 
sector rose by 32 million tonnes in China, 44 million tonnes 
in India and 39 million tonnes in Indonesia in 2023.11

Since 2010, the energy mix of the industry sector has 
remained relatively stable, with a heavy reliance on fossil 
fuels. The share of fossil fuel use in industry declined slightly 
from 87.2% in 2011 to 82.7% in 2021 (p 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.12 The renewable 
energy share in industry in 2021 was 16.8%, split nearly 
evenly between modern bioenergy and renewable 
electricity.13 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.14

FIGURE 7.
Renewable Energy Share in Final Energy Consumption in Industry, 2011 and 2021

Source: See endnote 12 for this section.
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The share of electricity in the industrial sector reached 
26% in 2021, up from 22% in 2011.15 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.16 Electricity is used 
to power a range of industrial processes, including 
alumina electrolysis for aluminium production, and 
electrowinningi, which produces copper and nickel.17

The share of energy use for heat applications in the 
industrial sector was 74% in 2021, down from 78% in 
2011.18 Renewable energy represented 12.1% of the direct 

use of process heat in 2021.19 The majority of this was 
modern bioheat (89%), followed by renewable electricity 
(10%) and direct solar thermal and geothermal heat (less 
than 1%).20 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 liquor from pulping) contributed 40% of the total 
final energy consumption in 2022.21 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 (p see Market Developments section). Other 
renewable heat sources, such as geothermal and solar 
thermal, are used in the food and chemicals industries.

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.22 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.23 

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 2023.24

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.25 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 Italy 
(27%).26 Spain set a target to increase the renewable 
energy share in industry by 5.1% annually.27

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.28 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.29 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.30

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.31 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.32 (p 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 2030.33 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.34

i	� Electrochemical process used to extract metal ions from water-based solutions.



21

RENEWABLES 2024 GLOBAL STATUS REPORT – RENEWABLES IN ENERGY DEMAND Global Trends
Renewables 
in Industry

Renewables 
in Buildings

Renewables 
in Transport

Renewables 
in Agriculture

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 CO2 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 2035.35 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.36 
Estonia allocated subsidies for renewable hydrogen use 
in the chemical industry.37 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.38 
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.39

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.40 Austria enacted a 
new financial package that includes provisions for 
decarbonising energy-intensive industries.41 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.42
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INVESTMENT AND FINANCE

Data on renewable energy investment in industry remain 
limited. 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 (MWth) parabolic 
trough solar thermal plant, with a total investment of 
USD 22.5 million (EUR 21 million) – was inaugurated in 
Seville in September.43 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).44

France’s largest solar thermal plant for industrial 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.45 The plant will 
provide the dairy company Lactalis Ingredients with heat 
for a drying tower.46

Also in the food industry, São 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.47

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.48 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 

steam from a local supplier for use in paper drying.49 
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.50

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.51 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.52

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 2024.53 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.54

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.55 (p See Snapshot: Sub-
Saharan Africa.) 

In the steel industry, a surge of investments in net zero 
technologies, which may include renewable energy use, 
have been announced in recent years.56 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.57 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.58 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.59 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.60

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 2024.61 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.62
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SNAPSHOT SUB-SAHARAN AFRICA

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 oil 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 oil 
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.  

Over the lifespan of the mine, 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, Wärtsilä. By optimising solar PV power, 
the mine has reduced its annual fuel consumption 
by 6 million litres and its CO2 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.

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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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.63 
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.64 (p 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.65 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.66 Electrothermal 
energy storage (ETES)i technologies have commercially 
available solutions for heat processes that require 
temperatures up to 400°C.67 For processes below 200°C, 
direct electrification through renewable electricity has 
gained momentum, with heat pump technology evolving 
to provide medium-temperature heat.68 Heat purchase 
agreements (HPAs) also are on the rise, especially in 
industries with low and medium temperature requirements 
(p see Investment: Food industry and Mining).

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

to 10.1 EJ.69 However, the share of bioenergy use relative 
to total final energy consumption in industry increased 
only slightly during the decade, from 7% to 8%.70

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.71 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.72 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 yield of 2.7  gigawatt-hours (GWh) of thermal 
power.73 By the end of 2023, at least 1,209 solar heat for 
industrial processes (SHIP) installations, totalling more 
than 951 MWth, were supplying process heat to factories 
worldwide.74 At least 116  projects came online in 2023 
alone.75 Projects are getting bigger, and the proportion 
of systems with temperatures above 100°C is increasing 
rapidly.76

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.77 Barriers to wider adoption 
include resource availability and high upfront costs.78

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.

FIGURE 8.
Renewable Energy Share and Electrification Rate by Industry Sub-Sector, 2021

Source: See endnote 64 for this section.
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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.79

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.80 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.81 Large-scale heat pumps are a rapidly 
expanding solution for meeting industrial heat demand.82

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.83

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-efficient industrial parks that are 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.84 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.85 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.86

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.87

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.88 The renewable energy share in 

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.89 (p See 
Figure 9.)

FIGURE 9.
Share of Renewable Energy in TFEC by Heavy Industry Sub-Sector, 2011 to 2021

Source: See endnote 89 for this section.
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Iron and Steel and Non-Ferrous Metals Chemicals and Petrochemicals

Values in 2021 Iron and steel Non-ferrous metals

Share of sub-sector 
in industry TFEC 17.2% 5.5%

Share of electricity in  
sub-sectoral TFEC 23% 63%

Share of renewable energy 
in sub-sectoral TFEC 7% 19%

Share of bioenergy in renewable 
energy in sub-sectoral TFEC 9% 0%

Source: See endnote 89 for this section.

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.90 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.91 
Direct reduced iron, produced with renewable hydrogen 
and linked with renewable-powered electric furnaces, is a 
solution to renewables in primary steelmaking.92 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.93

In Europe, the price of carbon under the EU Emission 
Trading Scheme (EU-ETS) has made investment in 
“green” steelmaking increasingly attractive.94 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.95

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 

in Indiana.96 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.97

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.98 

Globally, 14 green steel projects were announced during 
the year, 8 of which involve renewable hydrogen.99

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.101

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.102 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 
Green4Power.103 In Germany, the chemical manufacturer 

Values in 2021 Chemicals and 
Petrochemicals

Share of sub-sector 
in industry TFEC 16.7% 

Share of electricity in  
sub-sectoral TFEC 24%

Share of renewable energy 
in sub-sectoral TFEC 7%

Share of bioenergy in 
renewable energy in  
sub-sectoral TFEC

3%

Source: See endnote 100 for this section.
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BASF plans to use an industrial heat pump for steam 
production with a capacity of 129 MW at what is set to 
be the world’s largest chemical plant.104 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.105 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.106

The chemical industry also is well suited to efficiently 
use a wide range of residual and waste biomass, or 
biomass that is currently burned for energy.107 In Thailand, 
Braskem and SCG Chemicals signed a joint venture to 
advance the use of ethanol from sugar cane for plastic 
production.108 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.109 Cement and concrete are the second most-used 

substance in the world (after water) and also the second 
largest source of direct CO₂ emissions from industry.111 

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%).112 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.113 Cement production fell 5% in 2022, due mainly 
to a slowdown in China, and stayed at that level in 2023.114

In 2023, several cement manufacturers installed solar 
plants. ARGOS, present in several Latin American 
countries, inaugurated a 20 MW solar PV plant in 
Honduras.115 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.116 In Spain, 
the cement manufacturer Cemex, 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.117

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.118 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.119 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.120 
Another option for electrifying cement making is 
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.121 Over 30 companies 
are providing high-temperature thermal storage for 
industrial applications.122

Fossil fuels provide 

90% 
of energy consumption 
in cement and concrete 
production, which  
requires temperatures  
of up to 1,500°C.

Non-Metallic Minerals

Values in 2021 Non-Metallic 
Minerals

Share of sub-sector 
in industry TFEC 13.2% 

Share of electricity in  
sub-sectoral TFEC 15%

Share of renewable energy 
in sub-sectoral TFEC 8%

Share of bioenergy in 
renewable energy in  
sub-sectoral TFEC

44%

Source: See endnote 110 for this section.
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For glass production, up to 85% of the energy requirement 
is for heating raw materials in a furnace with a constant 
temperature of around 1500°C.123 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.124 
Alternatives to fossil gas include fully electric resistance 
heaters and oxy-hybrid furnaces that combine electricity, 
hydrogen and oxygen to reach the needed temperatures.125

In early 2023, the French company Saint-Gobain became 
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.126 
In Luxembourg, Plug Power developed 5 MW electrolysers 
that will enable Ardagh Glass to produce renewable 
hydrogen to replace fossil gas use.127 However, concerns 
about changes in the glass quality when using high 
shares of hydrogen remain, highlighting the need for 
further research and development.128

FOCUS ON LIGHT INDUSTRY

The lower temperature requirements of light industry 
enable easier integration of renewables. However, 
manufacturing sites are more diverse and widely 
spread, which makes the scale-up of technologies more 
complex.129 The highest energy consumers among light 
industries are paper, pulp, and printing, as well as food and 
tobacco, which use a combined 11.6% share of the total 
energy consumption in industry.130 The share of renewable 
energy in these sectors, has remained relatively stable in 
the last decade.131 (p See Figure 10.)

FIGURE 10.
Share of Renewable Energy in TFEC by Light Industry Sub-Sector, 2011 to 2021
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Source: See endnote 131 for this section.
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The food and tobacco and 
paper and pulp industries 
heavily rely on their 

own waste  
for electricity generation 
and for heating processes 
of up to 200°C.

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).141 In this 

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 
(p 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.140

Technologies for electrifying low-process heat are 
increasingly common, particularly heat pumps powered 
by renewable electricity.141 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.142 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.143 To increase its energy self-sufficiency, Madi,  
a meat processing 
company in Bosnia 
and Herzegovina, 
deployed solar PV 
panels that will provide 
1,147 megawatt-hours 
of electricity annually 
to cover the plant's 
operations.144

The pulp and paper industry relies heavily on its own 
waste to produce large amounts of heat and electricity.134 

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.133 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.134

In 2023, the Italian company Turboden announced the 
development of a large heat pump specifically for the pulp 
and paper industry that can generate mid-temperature 
steam of more than 200°C.135 In Spain, ACCIONA Energía 
signed a 10-year PPA to supply renewable electricity to 
tissue paper manufacturer Sofidel, providing more than 
90 GWh per year.136 In Finland, Doosan Škoda Power 
and Metsä Fibre commissioned a 270 MW steam 
turbine that will help replace fossil fuels with renewable 
bioenergy for paper production.137

Food and tobacco

Values in 2021 Food and 
Tobacco

Share of sub-sector 
in industry TFEC 6.4% 

Share of electricity in  
sub-sectoral TFEC 29%

Share of renewable energy 
in sub-sectoral TFEC 30%

Share of bioenergy in 
renewable energy in  
sub-sectoral TFEC

71%

Source: See endnote 138 for this section.

Paper, Pulp and Printing

Values in 2021 Paper, Pulp and 
Printing

Share of sub-sector 
in industry TFEC 5.2% 

Share of electricity in  
sub-sectoral TFEC 24%

Share of renewable energy 
in sub-sectoral TFEC 44%

Share of bioenergy in 
renewable energy in  
sub-sectoral TFEC

83%

Source: See endnote 131 for this section.



         CHALLENGES
	 �The diverse nature of industries presents a challenge in crafting 

renewable energy policies that accommodate the needs and 
characteristics across different sub-sectors.

	 �Heating needs vary widely across sectors from around 100°C 
for drying in paper and food industries to over 1,500°C for cement 
kilns or iron furnaces.

	 �Several industries such as the glass industry require an 
uninterrupted heat supply, which is currently mainly covered 
using fossil gas.

	 �Electricity prices for energy-intensive industries in the EU were 
almost double those in China and the United States in 2023.

	 �Solar heat for industrial processes remains a challenging sector 
because of low awareness, projects requiring significant lead time 
and long payback periods.

	 �Renewable hydrogen development in industry 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.

	 �Data on renewable energy investment in industry remain limited.

     OPPORTUNITIES
R	�The EU's Carbon Border Adjustment Mechanism (CBAM),  

set in motion in 2023, covers the worldwide exports of cement, 
fertilisers, electricity, iron and steel, aluminium and hydrogen, 
potentially leading to higher use of renewables in industry to 
comply with EU standards.

R	�Increasing electrification of industrial sectors opens the 
opportunity to increase the use of renewable electricity. 

	 ■ �For processes below 200°C, large-scale heat pumps 
are advancing to the capacity needed to achieve higher 
temperatures.

	 ■ �In high-temperature industrial applications, electric arc 
furnaces powered by renewable electricity can replace  
coke-reliant blast furnaces.

R	�Heat purchase agreements are on the rise, especially in 
industries with low and medium temperature requirements.

R	�Total installed capacity additions of solar heat for industrial 
processes tripled in 2023. At the same time, projects are  
getting bigger and the proportion of systems with temperatures 
above 100°C is increasing rapidly.

R	�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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• �The share of renewables in the energy demand of 
buildings increased to 15.9% in 2021, up from 11.3% 
in 2011. Renewable energy provided 11.5% of the heat 
consumed in buildings, showing an increase of 0.5%.

• �The share of electricity in total final energy demand 
in buildings has risen from 30% in 2010 to 35% in 2022.

• �Estonia, Ireland, and Poland have launched various 
subsidy schemes to encourage the adoption of 
renewable energy heating systems, including heat 
pumps.

The buildings sector is a significant energy 
consumer, and the adoption of renewable energy 
sources such as solar panels and energy-efficient 
systems is contributing to the reduction of  
carbon emissions.

of total energy 
consumed is in the 
buildings sector

of energy used 
in the buildings 
sector comes from 
renewables

30%

15.9%

30 countries  
had regulatory  
policies for the use of  
renewables in buildings  
by the end of 2023

KEY FACTS

RENEWABLES  
IN BUILDINGS


