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KNOWLEDGE AND DATA

The REN21 community is at the heart of REN21's data and reporting culture. Collectively,
hundreds of experts make REN21 reports among the world's most comprehensive crowd-sourced
and peer-reviewed publications on renewables. This unique reporting and verification process

makes REN21 a globally recognised data and knowledge broker.

REN21 reports that carry the *REN21 Crowd-Sourced Knowledge and Data* stamp verify
that the following collaborative process was applied:

Developing data collection methods that build on a global multi-stakeholder
community of experts from diverse sectors, enabling access to dispersed data and
information that frequently are not consolidated and are difficult to collect.

Consolidating formal (official) and informal (unofficial/unconventional) data gathered
from a wide range of sources in a collaborative and transparent way, for example, by
using extensive referencing.

Complementing and validating data and information in an open peer-review process.

Obtaining expert input on renewable energy trends through interviews
and personal communication between the REN21team and authors.

Using validated data and information to provide fact-based evidence and to develop a
supportive narrative to shape the sectoral, regional or global debate on the energy
transition, monitor advancements and inform decision processes.

Making data and information openly available and clearly documenting our sources
so they can be used by people in their work to advocate for renewable energy.

Using crowd-sourced data to develop a shared language and create an
understanding as the foundation for collaboration.

0.0 over 650 experts contributed More than
@) O @) to the GSR 2022, working alongside 2,000 sources
q-@-lj an international authoring team were used to compile
and the REN21 Secretariat. the GSR 2022,

For more information, see the Methodological Notes section on data collection and validation.
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RENEWABLES NOW
I
AN

RENEWABLE ENERGY POLICY NETWORK

FOR THE 21st CENTURY
REN21 is the only global community of actors from science, governments, NGOs and industry
L

working collectively to drive the rapid uptake of renewables - now!
to inform decision makers to strategically drive the deep transformations needed to make
renewables the norm. We do this in close co-operation with the community, providing a platform
for these stakeholders to engage and collaborate. REN21 also connects with non-energy
players to grow the energy discourse, given the economic and social significance of energy
. . ; 5

REN21 works to build knowledge, shape dialogue and debate, and communicate these results

The most successful organisms, such as an octopus, have a decentralised intelligence

% REN21

and "sensing" function. This increases responsiveness to a changing environment

REN21 incarnates this approach

Our more than 3,000 community members guide our co-operative work. They reflect

the vast array of backgrounds and perspectives in society. As REN21's eyes and ears,
they collect information, share intelligence and make the renewable voice heard

REN21 takes all this information to better understand the current thinking around renewables

and change norms. Our publications are probably the world's most comprehensive
crowd-sourced reports on renewables, Each is a truly collaborative process of co-authoring,

data collection and peer reviewing

DIALOGUE
AND DEBATE

THE SWEET SPOT FOR
CHANGING NORMS
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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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SNAPSHOTS. OVERVIEW

This report features a number of Snapshots (case studies) from around
the world, putting forward stories from 2021 where renewables have been
deployed in different end-use sectors (buildings, transport, industry and
agriculture) at the national and sub-national level. These stories showcase
the context, drivers, challenges and achievements, as well as stakeholders
involved, and are portrayed through the lenses of policy, markets,
investment, energy access, system integration and cities.
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In response to an unprecedented public health crisis, countries around the world had hoped to seize the post-COVID-19
opportunity for a green and equitable recovery. Unfortunately, and despite record growth in renewable energy deployment
in 2021, this historic chance has been lost. As of mid-2022, the world was experiencing its biggest energy crisis on record.
Although this crisis was exacerbated by the Russian Federation's February 2022 invasion of Ukraine, prices for fossil fuels
- coal, oil and natural gas - were already spiking by late 2021, leading to the threat of energy poverty for billions of people.

Despite evidence that renewables are the most affordable energy source to both improve resilience and support
decarbonisation, governments across the world continue to resort to fossil fuel subsidies to keep energy bills under
control. This growing gap between countries’ ambition and action on the ground is alarming and sends a clear warning
that the global energy transition is not happening.

We now stand at a historic crossroads. Instead of continuing to support a fossil fuel-based energy order, which serves
only some and triggers massive natural and economic disasters affecting all countries and citizens, we need to take bold
action to phase out fossil fuels and accelerate the deployment of energy efficiency and renewables. Decision makers can
no longer delay the structural reforms that are urgently needed not only to preserve the climate and the environment but
also to reduce the vulnerability of our economies to geopolitical threats.

The Renewables 2022 Global Status Report documents the progress made in the renewable energy sector. It highlights
the opportunities afforded by a renewable-based economy and society, including the ability to achieve more diversified
and inclusive energy governance through localised energy generation and value chains. Countries with higher shares of
renewables in their total energy consumption enjoy a greater level of energy independence and security.

The report also illustrates the power of a collective intelligence. This year, more than 650 experts have contributed data
and information. | would like to thank all of them and extend particular thanks to the Research Direction Team of Duncan
Gibb, Nathalie Ledanois, Lea Ranalder and Hend Yaqoob; Special Advisors Adam Brown and Janet L. Sawin (Sunna
Research); the many authors; our editors, Lisa Mastny and Kelly Trumbull; our designers, Caren Weeks, Nicole Winter and
Sebastian Ross; and all those who provided data and participated in the peer-review process.

| hope that you will find in this report the knowledge, data, perspective and inspiration to help and support you in your
efforts to make renewable energy the undisputable backbone of our economies and societies.

Rana Adib
Executive Director, REN21
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SOUTH AUSTRALIA

Looking Beyond 100% Renewables

South Australia is by far the leader in Australia's energy transition. In just over 15 years,
the state has transformed its energy system from heavy coal and natural gas reliance to
zero coal and more than 60% renewable electricity, supported by battery storage as well
as gas. In 2021, South Australia generated 63% of its electricity from wind and solar power,
supported by 22 wind farms, 4 solar farms, 4 grid-scale batteries, 2 world-leading home
battery schemes and more than 10 virtual power plants. During nearly half of the days of
2021, renewable energy resources met 100% of the state's operational demand, bringing
South Australia well ahead of its target for 100% net renewables by 2030.

Following a call for expressions of interest by the South Australian government in early
2021, seven companies from Australia and across the globe were selected to invest and
develop land around Port Bonython on the Eyre Peninsula for hydrogen export, specifically
hydrogen produced using green methods (i.e., renewable hydrogen). The proposed
projects, totalling more than AUD 13 billion (USD 9.4 billion) in investment, could generate
up to 1.8 million tonnes of hydrogen by 2030, both for domestic use and for export.

South Australia has defined an energy export strategy aimed at generating 500% of its
energy needs and making the excess available for global use by 2050. To encourage
investment in energy exports, the state is investing more than half a billion Australian
dollars over four years to accelerate new hydrogen projects and shipping infrastructure in
Whyalla, the gateway to the Eyre Peninsula. Additional locations are being identified around
the Spencer Gulf, including Port Bonython, Port Pirie and Cape Hardy. A memorandum of
understanding has been established with the Port of Rotterdam in the Netherlands, and
export markets in Asia (such as Japan) also are being explored. The renewable hydrogen
strategy also aims to produce green steel and green ammonia for domestic industry use.

Source: See endnote 12 for the Global Overview chapter.



SUMMARY

GLOBAL

Renewables experienced yet another year of record growth in
power capacity, despite aftershocks from the pandemic and a rise in
global commaodity prices that upset renewable energy supply chains
and delayed projects. The role of renewables in improving energy
security and sovereignty by replacing fossil fuels became central to
discussions, as energy prices increased sharply in late 2021 and as
the Russian Federation'’s invasion of Ukraine unfolded in early 2022,

Investment in renewable power and fuels rose for the fourth
consecutive year, reaching USD 366 billion, and a record increase
in global electricity generation led to solar and wind power
providing more than 10% of the world's electricity for the first
time ever. Strong market rebounds for solar thermal and biofuels,
following declines in 2020, improved the outlook for renewables
in heating and transport. Strengthened political commitments
and rapid growth in sales of heat pumps and electric vehicles
also led to increased renewable electricity use in these sectors.

At the same time, diverse factors continued to slow the global shift
to renewable-based energy systems. A rebound in worldwide
energy demand, which increased an estimated 4% in 2021, was
met largely with coal and natural gas and led to record carbon
dioxide emissions (up 6%, adding more than 2 billion tonnes).
Large sums also continued to be invested in and to subsidise
fossil fuels, with the USD 5.9 trillion in subsidies spent in 2020
equivalent to roughly 7% of global gross domestic product.

Similar to past years, the highest share of renewable energy use
(28%) was in the electricity sector; however, electrical end-uses
accounted for only 17% of total final energy consumption (TFEC).
The transport sector, meanwhile, accounted for an estimated
32% of TFEC and had the lowest share of renewables (3.7%). The

remaining thermal energy uses, which include space and water
heating, space cooling, and industrial process heat, represented
more than half (51%) of TFEC; of this, renewables supplied 11.2%.

As of 2020, modern renewable energy accounted for an
estimated 12.6% of TFEC, nearly one percentage point higher
than in 2019, as the temporary reduction in energy demand
during 2020 favoured higher shares of renewables, while the
share of fossil fuels barely changed.

The slow progress in energy conservation, energy efficiency
and renewables prevents the transition away from fossil fuels
that is necessary to meet global energy demand and reduce
greenhouse gas emissions. A structural shift in the energy system
is increasingly urgent. An energy-efficient and renewable-based
economy is a game changer for a more secure, resilient, low-cost
- and sustainable - energy future.
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The renewable power sector took a large step forward,
driven by record expansion in solar photovoltaic (PV) and
wind power.

Despite supply chain disruptions, shipping delays, and surging
prices for wind and solar energy components, renewable power
capacity additions grew 17% in 2021 to reach a new high of
more than 314 gigawatts (GW) of added capacity. The total
installed renewable power capacity grew 11% to reach around
3,146 GW, although this is far from the deployment needed to
keep the world on track to reach net zero emissions by 2050.

During 2021, China became the first country to exceed
1 terawatt of installed renewable energy capacity. Its total
installed capacity of renewables increased 136 GW during the
year, accounting for around 43% of global additions, with China
leading in all technologies except concentrating solar power
(CSP). By year's end, at least 22 countries had more than 10 GW
of non-hydropower renewable capacity, up from 9 countries in
2011, The share of renewables in net power additions continued
to increase, reaching a record 84% of newly installed capacity.

Renewables generated 28.3% of global electricity in 2021, similar
to 2020 levels (28.5%) and up from 20.4% in 2011, Despite the
progress of renewables in the power sector, the surge in global
energy demand was met mostly with fossil fuels.

For the first time, solar and
wind power provided

BUILDINGS

Renewable energy represents 14.7% of final energy demand
in buildings, supplied mostly by renewable electricity
followed by modern bio-heat.

Energy demand in buildings has continued to increase -
including the energy used to construct buildings as well as to
operate them. Direct use of modern renewable energy supplies
two-thirds of renewable heat in buildings, with the rest coming
from indirect sources such as electricity and district heating. The
use of renewable electricity to generate heat in buildings has
grown 5.3% per year, with electricity’s share of building heating
rising from 2.0% in 2009 to 3.3% in 2019.

A significant share of global heating needs in buildings
continues to be met though the traditional use of biomass in
developing and emerging economies. However, this share fell
from 30% in 2009 to an estimated 26% in 2020.

During 2021, government policy played an important role in
growing the renewable energy use in buildings through pricing,
financial support and regulatory policies. Even though policy
developments indicate rising attention to the use of renewables
in buildings, these measures often exist alongside incentives for
fossil fuel appliances, potentially undermining the effectiveness of
renewable energy policies.




INDUSTRY AND AGRICULTURE

The share of renewables in industry and agriculture
increased 4 percentage points in a decade, driven mostly
by the electrification of industrial processes.

Renewables represent 16.1% of the industry and agriculture
sector's total final energy consumption; half of this renewable
energy is used to produce heat (mainly from modern bioenergy,
followed by small amounts of geothermal and solar thermal),
and the other half is renewable electricity. The electrification
of industrial processes has led to growing use of renewable
electricity for industrial heating, which rose 80% during
the 2009-2019 decade. Renewable hydrogen demonstration
and pilot projects have been deployed in hard-to-decarbonise
sectors such as steel.

Direct renewable energy policies in industry remained limited in
2021 and were focused mainly on renewable heat applications.
Governments have pledged to support steel and concrete
decarbonisation and also have developed specific industry
decarbonisation roadmaps that include the use of renewable
energy and renewable hydrogen.

remained low
in the end-use
sectors

TRANSPORT L

Transport remains the sector with the lowest share
of renewable energy use, with the overwhelming
contribution coming from biofuels.

Biofuels production bounced back in 2021 to surpass pre-
pandemic levels for both ethanol and biodiesel. Electrification
grew across nearly all transport modes through 2021. Some
regions saw increased interest in hydrogen and synthetic
fuels as transport fuel, with minimal investment in renewable
hydrogen.

Much ofthe growth in electrification can be attributed to targets
and policy support for electric vehicles, in addition to the rising
economic competitiveness, technological advancement and
model availability of these vehicles. In 2021, electric car sales
totalled 6.6 million worldwide, more than doubling from 2020,
while sales of other electric vehicles such as two- and three-
wheelers and buses also saw significant increases.

Countries with targets for renewable energy in transport have
failed to meet these targets in large part because they lack
supportive policy frameworks that encourage an energy and
transport transition, or because the frameworks that are in
place are ineffective or not enforced.
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02 POLICY LANDSCAPE

Policy support for renewables remained strong throughout
2021, particularly in the power sector.

By the end of 2021, nearly all countries worldwide had in place
a renewable energy support policy, with most support continuing
to occur in the power sector and fewer efforts to accelerate
renewables in buildings, transport and industry. Electrification of
end-uses such as heating and road transport has emerged as a
focus for decision makers.

CLIMATE CHANGE POLICY

Climate change policy commitments accelerated in 2021,
especially as countries announced net zero pledges and
targets in the lead-up to the United Nations climate talks in
Glasgow, Scotland.

By year's end, nearly all
countries had a

Rising interest in decarbonisation is an increasingly important

» mostly driver of renewable energy support policies. By the end of 2021,
supporting the power at least 135 countries and the European Union (EU) had in place
sector. some form of net zero target.

The most common type of fossil fuel ban enacted at the
national and state/provincial level was on coal. Expanded policy
support for decarbonisation of the transport sector included
announcements of bans on fossil fuels for road transport.

RENEWABLE ENERGY TARGETS

Targets for renewables increased in 2021, although most
continued to be implemented exclusively in the power sector.

By the end of 2021, 169 countries had in place some type of target
(either economy-wide or in specific sectors) at the national and/
or state or provincial level to increase the uptake of renewables.
As in previous years, the greatest number of targets were in the
power sector. Many targets in the transport and heating and
cooling sectors expired in 2020, and only a few countries passed
new ones in 2021 to replace them.
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ECONOMIC DEVELOPMENT AND RECOVERY

Increasingly, renewables have been included as a core
component of national economic development plans and
strategies.

Concerns related to rising energy prices and the security of
energy supply are increasing policy makers' interest in including
renewables in economic development plans. Several countries
have used post-COVID recovery plans as opportunities to support
the shift to renewables and have enforced strategies to build the
necessary workforce for the future and re-skill existing workers.

POWER

The number of countries with renewable power policies
again increased in 2021, continuing a multi-year trend.

By year's end at least 135 countries had some form of renewable
electricity target. As in prior years, auctions, tenders and
other competitive pricing strategies continued to overtake
administratively set pricing policies such as feed-in tariffs. For
small-scale renewable generation, although no rooftop solar PV
mandates for buildings exist at the national level, several states/
provinces have implemented such policies (in particular for new
buildings or during major house renovations).

HEATING AND COOLING IN BUILDINGS

Despite the enormous potential for renewable heating and
cooling in buildings, policy developments remain scarce.

Globally, the supply of heat in buildings remains heavily
dependent on fossil fuels. By the end of 2021, at least
29 countries had committed to renewable heating and cooling
targets. Although this was up from only 19 targets in 2020, it

too reflects the trend of numerous expired targets not being
replaced. Financial incentives remained the most popular
form of support to scale up renewable heating. During 2021,
interest in electrification of heating gained increased attention,
with several countries setting specific targets and support
mechanisms for heat pump installations.

TRANSPORT

As in previous years, policies supporting renewables in
transport were focused mainly on road transport, with rail,
aviation and shipping receiving far less attention.

Although biofuel support policies have been the most common
type of renewable energy policy in the transport sector for
many years, the number of countries with biofuel mandates
has remained unchanged for four years running. Meanwhile,
policy focus has shifted towards the electrification of transport
(particularly road transport), although most transport
electrification policies are not linked explicitly with renewable
power generation.

INDUSTRY AND AGRICULTURE

The industrial sector continued to receive far less policy
attention than other end-use sectors.

Financial incentives remained the most common policy
support for renewable heat in industry in 2021. Renewable
hydrogen has emerged as a potential tool to support industrial
decarbonisation. Although several countries announced

hydrogen support policies in 2021, almost all hydrogen
continues to be manufactured using fossil fuels. By the end of
2021, at least 38 countries and the EU had a hydrogen roadmap
or strategy in place. Interest in using renewables in agriculture
is increasing, in particular related to agrivoltaics.
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03 MARKET AND INDUSTRY TRENDS

@ BIOENERGY

Modern bioenergy provided 5.3% of total global final
energy demand in 2020, accounting for around 47% of all
renewable energy in final energy consumption.

In 2020, modern bioenergy provided 14.7 exajoules (EJ) for
heating, or 7.6% of global requirements; two-thirds of this was
used in industry and agriculture and the rest in buildings. Industry
use is concentrated in countries with large bio-based industries
such as Brazil, China, the United States, and India, while use for
buildings occurs mainly in Europe and North America. The use
of bioenergy to fuel district heating systems has grown strongly.

Biofuels - mostly ethanol and biodiesel - provided around 3.5%
of transport energy in 2020. In 2021, biofuel production levels
returned to 2019 levels after falling in 2020 due to reductions in
transport demand due to the COVID-19 pandemic. Nevertheless,
production in 2021 was constrained by high feedstock costs.
Production of ethanol, the most widely used biofuel, increased
26% between 2011 and 2021. Global biodiesel production
doubled between 2011 and 2021, due mainly to higher production
and use in Asia. Production of HVO (hydrotreated vegetable oil,
also known as renewable diesel) rose 36% in 2021

In the electricity sector, bioenergy's contribution rose 10% in
2021 and has increased 88% overall since 2011. China remained
the largest generator of bioelectricity, with production rising by
a factor of 4.5 since 2011. The next-largest producers are the
United States, Brazil and Germany, although generation has not
grown significantly in these three countries in recent years. In
contrast, generation has increased strongly in some other Asian
and European countries,

) GEOTHERMAL

Geothermal electricity generation totalled around 97 terawatt-
hours (TWh) in 2020, while direct use of geothermal heat
reached about 128 TWh (462 petajoules, PJ).

New geothermal power generating capacity of 0.3 GW came online
in 2021, bringing the global total to around 14.5 GW. This was more
than double the additions in 2020 but below the five-year average
of 0.5 GW since 2016. Capacity was added in Chile, Chinese Taipei,
Iceland, Indonesia, New Zealand, Turkey and the United States.

The most active geothermal power markets have been Turkey
and Indonesia, whereas other historically significant markets
(such as the Philippines) have seen little or no capacity additions
in recent years. During 2016-2021, the top 10 markets by reported
capacity additions (new plant installations) were Turkey (0.9 GW
added), Indonesia (0.7 GW), Kenya (0.2 GW) and the United
States (0.2 GW), followed by Iceland, Chile, Japan, New Zealand,
Costa Rica and Mexico (all less than 0.1 GW). The leading market,
Turkey, has decelerated notably in recent years, possibly due in
part to declining government support (reduced feed-in tariffs).

Worldwide, the capacity for geothermal direct use - direct
extraction of geothermal energy for thermal applications - totalled
an estimated 35 gigawatts-thermal (GWw) in 2021. Geothermal
energy use for thermal applications grew an estimated 12.8 TWh
in 2021 to total around
141 TWh (508 PJ), with
China being the largest
market by far. The top
countries for geothermal
direct use remained (in
descending order) China,
Turkey, Iceland and Japan.

Generation from
renewables

although extreme
weather events affected
production.




& HEAT PUMPS

In 2020, heat pumps met only around 7% of the global
heating demand in residential buildings, as fossil fuel-
powered heaters and water heaters still comprised around
half of the heating equipment sold.

However, this trend is changing as heat pumps become more
common in new buildings. Globally, air-source heat pumps
continued to dominate the market in 2021, with the top regions
being China, Japan, Europe and North America.

Sales of air-source heat pumps in China peaked in 2017,
whereas in Japan these units have been a common offering
for more than 20 years, and sales are relatively stable. US
heat pump sales have risen steadily and more rapidly than
other heating alternatives in the country. In Europe, heat pump
sales experienced double-digit growth in 2021; the top three
European markets were France, Italy, and Germany, with the
latter experiencing 28% growth for the year.

Various factors, such as technological maturity and the ability to
provide additional flexibility in the electricity network or heating
system, have led governments to integrate heat pumps into their
climate action plans as a key means for decarbonising heating
in buildings. Updates of building codes and regulations together
with purchase subsidies (grants, loans or tax credits) can help
counterbalance the upfront costs of heat pumps, particularly
during building renovations; in new buildings, meanwhile, heat
pumps can be an affordable solution. In 2021 both Ireland and
Germany introduced a strengthened carbon price to balance the
price of electricity relative to fossil gas, while also funding grant
programmes for heat pumps.

@ HYDROPOWER

The global hydropower market progressed in line with
long-term trends in 2021, with new capacity additions of at
least 26 GW, raising the total global installed hydropower
capacity to around 1,197 GW.

China maintained the lead in capacity additions in 2021, followed
by Canada, India, Nepal, Lao People's Democratic Republic,
Turkey, Indonesia, Norway, Zambia and Kazakhstan.

Despite these continuing additions, global generation from
hydropower fell an estimated 3.5% in 2021 to 4,218 TWh. This is
explained by changes in hydrological conditions, specifically the
significant and sustained droughts that have affected the major
producers in the Americas and many parts of Asia. Climate-
induced changes in operating conditions, such as the loss of
Himalayan glacial icecaps, appear to be causing long-term
change in output.

Large hydropower producers that saw the most significant
declines in generation in 2021 were Turkey (-28.7%), Brazil (-9.1%)
and the United States (-8.8%). Other major markets that showed
more modest annual contractions (but in some instances larger
multi-year declines) included India (-2.2%), Canada (-1.5%) and
China (-11%).

Global pumped storage capacity grew around 1.9% (3 GW)
during the year, with most new installations in China.

@ OCEAN POWER

The resource potential of ocean energy is enormous but
remains largely untapped, and ocean power represents
the smallest portion of the renewable energy market.

Following significant delays to planned deployments, the
industry rebounded in 2021 as supply chains recovered from
disruptions caused by the COVID-19 pandemic. Around
4.6 megawatts (MW) of capacity was added during the year,
bringing the total operating installed capacity to 524 MW.
While the focus remains on small-scale (less than 1 MW)
demonstration and pilot projects, the industry is progressing
towards semi-permanent installations and arrays of devices.

Development activity is concentrated mainly in Europe,
particularly Scotland, but policy support and deployments have
increased steadily in China, the United States and Canada.
Financial and other support from governments is critical for
leveraging private finance and supporting commercialisation of
ocean power technologies.
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SOLAR PV

Solar PV maintained its record-breaking streak, adding
175 GW of new capacity in 2021 to reach a cumulative total
of around 942 GW.

Global capacity additions of centralised utility-scale solar
PV increased around 20%, with 100 GW of new installations,
driven by the economic competitiveness of solar power and
the attractiveness of power purchase agreements. Utility-scale
PV accounted for the majority of new installations in the United
States, India, Spain and France.

Distributed solar PV installations rose around 25%, adding
75 GW, driven by surging electricity prices that pushed entities
to rely on self-consumption and to reduce their dependency
on the distribution grid, where possible. Self-consumption from
distributed systems played a crucial role in China, Australia,
Germany and Brazil.

After many years of declines, PV module costs jumped an
estimated 57% in 2021 as the cost of raw materials increased
sharply. Factors contributing to rising module costs included
a polysilicon shortage and a rise in the cost of shipping
containers from China, the world's dominant module producer.
Supply chain disruptions in 2021 highlighted the importance
of domestic production of PV modules, with the United States
extending its import tariff and India setting unprecedently high
solar import duties.

CONCENTRATING SOLAR THERMAL
POWER (CSP)

Global CSP market growth declined in 2021 despite
reductions in the technology cost.

The CSP market contracted to a total cumulative capacity of
6 GW, as the launch of the 110 MW Cerro Dominador plant in
Chile was offset by the decommissioning of nearly 300 MW
of old CSP plants in the United States. The decline of CSP in
the past decade has resulted from competition with solar PV,
policy changes and project failures in the historically dominant
markets of Spain and the United States.

In 2021, more than 1 GW of combined CSP capacity was under
construction in Chile, China, the United Arab Emirates and South
Africa. Most of this is based on parabolic trough technology and
is being built in parallel with thermal energy storage (TES). By
year's end, 23 gigawatt-hours (GWh) of TES in conjunction with
CSP plants was operating across five continents, representing
40% of the global energy storage capacity outside of pumped
hydropower.

Renewables represented




SOLAR THERMAL HEATING AND COOLING

The global solar thermal market grew 3% in 2021, to
25.6 GWuw, bringing the total global capacity to around
524 GWwm. China again led in new installations, followed
by India, Turkey, Brazil and the United States.

Annual sales of solar thermal units grew at double-digit rates
in several large markets, including Brazil, France, Greece, India,
Italy, Morocco, Poland, Portugal and the United States. Demand
was up due to increased activities in the construction sector in
many countries, additional support schemes as part of national
economic recovery policies, and rising fossil fuel and electricity
prices globally. Large collector manufacturers benefited more
than small manufacturers from the growing market and continued
to consolidate their market positions. The 20 largest flat plate
collector manufacturers increased production 15%. Chinese large
collector manufacturers continued to expand their portfolios into
renewable heating more broadly, with half of them offering stand-
alone heat pumps and solar heat pump solutions.

Industrial companies around the world are turning increasingly
to a zero carbon heat supply. At least 71 solar industrial heat
(SHIP) solutions, totalling 36 megawatts-thermal (MWh),
started operation globally in 2021, an increase of 8% to bring
the total to around 975 SHIP plants. Another 44 MW4, of SHIP
capacity was under construction by year's end, including the
largest SHIP system in Europe (15 MWhw), which will provide
process heat for a whey powder factory in France.

Due to growing interest in the electrification of heating, demand
for PV-thermal (PV-T) or hybrid collectors increased again in
2021, Thirty manufacturers reported sales of PV-T capacity
of at least 88 MW during the year, up 45% from 61 MW in
2020. The largest markets for new additions were France, the
Netherlands, Israel, Germany and Spain.

@D WIND POWER

An estimated 102 GW of wind power capacity was installed
in 2021, including a record 18.7 GW offshore. China led the
market, followed distantly by the United States, Brazil,
Vietnam and the United Kingdom. Annual additions
increased total capacity 13.5% to more than 845 GW.

While onshore additions dropped relative to 2020, as installations
declined in China and the United States, offshore additions
surged due largely to a dramatic policy-driven rise off the coast
of China. Nearly every region of the world saw record market
growth; not including China, global installations were up more
than 14% in 2021. The economics of wind energy continued to
be the primary driver for new capacity, combined with the need
to increase energy security and to mitigate climate change.

However, the wind sector faces several challenges, including
a lack of grid infrastructure and permitting issues. These were
compounded in 2021 by rising costs due to pandemic-induced
supply chain constraints, labour shortages, shipping backlogs
and rising prices for major raw material inputs. While turbine
prices continued to fall in China, average prices elsewhere rose
to levels not seen since 2015, and major manufacturers reported
losses. Outside of China, the industry is urging an increased
focus on the system value of wind energy rather than solely on
continually declining costs and prices.

Although the offshore segment accounts for a relatively
small portion of global wind power capacity, it is attracting
significant attention. An increasing number of governments
and developers, as well as oil and gas majors and other energy
providers, are turning to floating offshore turbines.

Turbine manufacturers continued to focus on technology
innovation to achieve the lowest possible levelised cost of energy
in response to the transition to renewable energy auctions as
well as rising material costs and other pressures. The industry
also is innovating to address challenges associated with scaling
up production, transport and other logistical issues, and to
enhance the value of wind energy while further improving its
environmental and social sustainability.
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04 DISTRIBUTED RENEWABLES FOR ENERGY ACCESS

By the end of 2021, 90% of the global population had access
to electricity, although one-third (2.6 billion people) still
lacked access to clean cooking, relying mostly on traditional
use of biomass.

To improve their resilience to shocks - such as climate change,
pandemics, economic fluctuations and conflict - these
populations can benefit from distributed renewables for energy
access (DREA). Energy access and gender equality also are
strongly interlinked and are at the crossroads of the United
Nations Sustainable Development Goals.

In 2021, the market for small off-grid solar devices continued
to face supply issues, shortages, and price increases, although
there were signs of recovery compared to 2020. An estimated
743 million off-grid solar lighting products were sold in 2021,
of which around one-third were sold under the pay-as-you go
(PAYGo) model and two-thirds as cash products. The level of
electricity access that these technologies offer is still relatively
low, as 83% of the sales were portable lanterns and small devices,
with solar home systems representing only 177%. Despite efforts
to address the poorest market segments, affordability remains a
major barrier, especially in more remote rural communities with
higher levels of poverty.

Solar PV has been the fastest growing mini-grid technology,
incorporated into 55% of mini-grids and totalling around
365 MW of installed capacity as of 2019. Although national
utilities own many mini-grids, private developers also have
entered the space. These small companies face challenges in

scaling their operational and financial capacity and mobilising
equity. Large-scale portfolio approaches, which can attract
global risk-mitigation facilities and unlock private equity, are
increasing in scope.

A challenge for the productive appliance sector is the price
competition with poorly manufactured, less-efficient products,
many of which are being sold in sub-Saharan Africa. Only a few
countries in the developing world have adopted minimum energy
performance standards for appliances.

Clean cookingsaleshavebeen hampered by disruptionsinsupply
chains and demand related to the COVID-19 pandemic. Non-
biomass unitsaccountedforarecord 42% ofthe clean cookstoves
purchased in 2020. Smart devices were a key breakthrough for
making business models viable, with the emergence of PAYGo
in the clean cooking sector and opportunities for broader uptake
of carbon finance to fund stove programmes. Financing for
clean cooking is shifting
increasingly from grants
to corporate equity. Most
of the capital raised is
concentrated in the top
seven companies. These
funds primarily financed
liquefied petroleum gas

Achieving the target for
universal access to

(LPG) stoves (26%),
followed by biomass
(25%) and biogas

systems (19%).




05 INVESTMENT FLOWS

Renewable energy investment reached a record high in
2021 despite impacts from the COVID-19 pandemic.

Global new investment in renewable power and fuels (not
including hydropower projects larger than 50 MW) reached an
estimated USD 366 billion in 2021, a record high. Solar PV and
wind power continued to dominate new investment, with solar PV
accounting for 56% of the total and wind power for 40%. China
continued to represent the largest share of global investment, at
37%, followed by Europe (22%), Asia-Oceania (excluding China
and India; 16%) and the United States (13%). Investment in new
renewable energy projects showed remarkable resilience despite
impacts from the pandemic.

Renewable power installations continued to attract far more
investment than did fossil fuel or nuclear generating plants.
Maintaining the shares of the past few years, investment in
new renewable power capacity accounted for 69% of the total
investment committed to new power generating capacity in
2021, The divestment trend continued in 2021 with more than
1,400 institutional investors and institutions worth more than
USD 39 trillion in assets committing to partially or fully divesting
from fossil fuels.

Although funds divested from fossil fuel companies are not
necessarily re-invested in companies associated with renewables,
changes in broader financing frameworks are increasingly
relevant for renewable energy. Sustainable finance taxonomies
may be relevant for: 1) companies producing or manufacturing
renewable energy technologies, and 2) the owners or operators
of renewable energy assets (such as a utility that operates a wind
farm as part of its broader portfolio). Such stakeholders would
be eligible for the technological screening of the taxonomy and
thereby be pre-screened for interested investors. The number of
sustainable finance taxonomies in use or under development has
increased rapidly since the Paris Agreement was signed in 2015.

A majority (57%) of climate change mitigation finance was
invested in renewables in 2019/2020, dominated by solar PV and
onshore wind energy. The Paris Agreement highlights the need
to make finance flows consistent with the goal of limiting global
temperature rise to 1.5 degrees Celsius. Achieving this goal would
require significant growth in the overall investment in renewables
compared to the last decade.

06 RENEWABLE-BASED
ENERGY SYSTEMS

For millennia, renewables derived from the sun, water and
wind provided the backbone of energy supply for much of the
human population, a reality that was overturned by the rapid
rise of coal, oil and natural gas in the 19th and 20th centuries.

More recently, renewable energy has started to dominate again
in certain parts of the world, particularly for electricity use,
supported by rapid declines in the costs of wind and solar power.

The share of variable renewable energy sources (wind and solar)
in the global electricity mix exceeded 10% for the first time in
2021, In Denmark, the annual share of wind and solar surpassed
50%, while in Ireland, Spain and Uruguay it was above 30%.

So far, no examples exist of fully renewable-based energy
systems that span the electricity, heating and cooling, and
transport sectors; however, the technological, infrastructural
and operational foundations of such systems are now being laid.
The rise of increasingly cost-effective energy storage combined
with greater demand-side flexibility and the expansion of
transmission infrastructure is making it possible for regions
with widely differing resource endowments to transition to fully
renewable-based power systems.

In addition, a growing number of jurisdictions are harnessing
their renewable electricity sources to support the expansion of
renewables to other sectors of energy use. Communication-
enabled heating and cooling technologies such as heat pumps,
thermal storage technologies and air conditioners are helping
to enable higher shares of renewables in the heating and
cooling sector, while renewably powered transport is enabled
by the rise of electric vehicles, which can be charged with 100%
renewable electricity.
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07 RENEWABLES IN CITIES

City governments used a broad range of targets, policies
and actions to show local commitment to renewables.

By the end of 2021, around 1,500 cities had renewable energy
targets and/or policies. City governments also have taken action
that indirectly supports the shift to renewables, such as setting
net zero targets and targets for electrifying heating, cooling and
transport.

Many challenges remain for cities to take climate and energy
action, including the degree to which national governments grant
their city counterparts regulatory power and access to financial
markets; market rules and energy regulations set at higher levels
of government; and a lack of institutional and human capacity and
awareness of how cities can contribute to the energy transition.
Some local governments have collaborated with their national
governments to realise renewable energy projects, whereas
others have initiated and/or supported legal barriers against
climate and energy action.

DRIVERS FOR RENEWABLES IN CITIES

City governments are motivated to seek solutions that meet
local energy demand while fostering healthy, resilient and
liveable communities.

With the COVID-19 pandemic entering its second year in 2021,
efforts to ensure public health and well-being while supporting
local economic recovery and resilience were top urban priorities.
Another priority in cities has been reducing local air pollution
(and carbon emissions) from the burning of fossil fuels in road
transport, buildings and industry. In the face of rising energy
costs, municipal agendas also have been exploring how to use
renewables to keep costs manageable.

CITY ENERGY AND CLIMATE TARGETS

City governments have given direct support to renewables
deployment and investment by setting specific renewable
energy targets, either for municipal operations or to shift
city-wide energy use.

By year's end, more than 920 cities in 73 countries had set a
renewable energy target in at least one sector (power, heating
and cooling, or transport). Targets to shift to renewables in
buildings are the most prevalent. In line with global trends, most
city-level renewable transport targets focus on electric vehicles
with around 100 cities having such targets in place.

The global momentum towards emission reduction targets in cities
further accelerated in 2021, with more than 1,100 city governments
having announced targets for net zero emissions. However, only
a few city governments have anchored their net zero pledges in
policy documents or developed plans with specific actions towards
net zero, including the deployment of renewables.

FINANCING RENEWABLES

City governments have used a variety of mechanisms to
finance renewable energy projects.

Options include using their own capital and/or assets to
develop projects; raising funds through bonds, development
finance and bank loans; and leveraging funds provided by
higher levels of government. The available solutions depend on
the context, including existing rules and regulations, ownership
rights for infrastructure, the availability of capital, the ability of
municipalities to collect fiscal revenue and borrow money, and
the potential to mobilise private sector partners. Due to the
spectrum of actors involved, tracking renewable energy finance
in cities remains difficult.

lives in a city with a
renewable energy target
and/or policy.



BUILDINGS

Municipal policies aimed at decarbonising the building
stock vary depending on whether they apply to buildings
under municipal control or to residential, commercial and
industrial buildings.

City governments have used their building assets to install
stand-alone renewable energy systems, where most focus
has been on solar PV. In cases where city governments have
insufficient space to install renewables, or face other constraints,
they have signed agreements to buy the electricity from off-site
projects, mostly via power purchase agreements.

To encourage wider decarbonisation of buildings through
renewable power and/orheating, city governments have expanded
their policy portfolios. Typically, regulatory mechanisms such as
building codes that mandate on-site generation of renewables for
electricity and/or heating apply only to new buildings, although
some cities also require this during retrofits and renovations. For
existing buildings, financial and fiscal incentives such as grants,
rebates and tax credits often are used to encourage renewables.
In addition, a total of 59 cities in 13 countries had either passed
or proposed a ban or restricted the use of natural gas, oil or coal
for space and water heating and for cooking.

Low-emission zones
existed in

TRANSPORT

City governments have undertaken efforts to decarbonise
urban transport, in addition to reducing personal motorised
transport by expanding walking and biking infrastructure
and public transport systems.

Most efforts have focused on the electrification of municipal
service fleets and public buses as well as the expansion of
metro and light rail systems. Many cities have continued to use
biofuels in transport, with some tapping into urban waste and
wastewater resources as inputs for biofuel production.

Some municipal governments have provided fiscal and financial
support for the purchase of biofuel or electric vehicles, in some
cases targeted at taxi fleets and delivery companies. The most
widespread policy support is measures that enable broader
transport decarbonisation, such as low-emission zones, bans
and restrictions, improving access to charging infrastructure
and preferential parking. By the end of 2021, 270 cities had
established low-emission zones and 20 had passed bans and
restrictions on certain (fossil) fuels or vehicle types.

% REN21
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SWEDEN

Green Steel Value Chain

In 2016, the Swedish industries SSAB, LKAB and Vattenfall
launched the HYBRIT initiative to decarbonise steelmaking by
replacing coking coal with hydrogen for ore-based steel production.
The initiative aims to produce steel without using fossil fuels,
thereby reducing Sweden’'s CO. emissions 10% by 2026. Finland
joined the consortium in 2018, aiming to reduce its own CO.
emissions by 7%.

In this effort to create the world’s first entirely fossil-free value chain
(from mine to steel), the pilot Lulea facility was commissioned

in 2020 to test using renewable hydrogen to produce sponge

iron for steel. Construction on a hydrogen storage facility started

in May 2021, and SSAB produced its first fossil-free steel in

August. At full capacity, the 100 GWh storage facility will be able

to power a full-size steel mill for three to four days. The project
required SEK 200 million (USD 22.1 million) in investment as well
as SEK 52 million (USD 5.7 million) in support from the Swedish
Energy Agency to build the storage facility.

In 2021, the town of Géllivare was selected as the site for a
demonstration facility for industrial-scale steel production. In
addition, innovation in green steel has continued along the value
chain, with Volvo Group producing a first-of-its-kind vehicle using
SSAB's green steel, and steel manufacturer Ovako developing a
hydrogen filling station that will use surplus hydrogen to power
Volvo's next-generation trucks.

Source: See endnote 224 for this chapter.
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OVERVIEW

B Renewables experienced yet another year
of record growth in power capacity in 2021,
despite aftershocks from the pandemic and a rise
in global commaodity prices.

B The role of renewables in improving energy
security and sovereignty by replacing fossil
fuels became central to discussions, as energy
prices increased sharply in late 2021 and as the
Russian Federation’s invasion of Ukraine unfolded
in early 2022,

B For the first time ever, global electricity generation
led to solar and wind power providing more
than 10% of the world's electricity.

B Renewables shares in total final energy demand
remained low in the buildings, industry and
agriculture and transport sectors, where policy
support remains insufficient for the uptake of
renewable energy.

B Fossil fuels remain dominant, as evidenced by
the slow progress in renewables. However, a
structural shift in the global energy system is
increasingly urgent.

INTRODUCTION AND
HIGH-LEVEL TRENDS

n 2021, renewable energy continued to be

impacted by the COVID-19 pandemic and was

further influenced by economic and geopolitical
developments. Aftershocks from the pandemic and a rise in
commodity prices upset renewable energy supply chains and
delayed projects. Additionally, a sharp increase in energy prices
in late 2021 and the Russian Federation's invasion of Ukraine in
early 2022 sparked rising discussion on the role of renewables
in improving energy security and sovereignty by replacing fossil
fuels. Meanwhile, international organisations laid out achievable
pathways to a global net zero emission energy system, and a
record number of countries had net zero targets by year's end.

Amid these events, renewables experienced yet another year
of record growth in power capacity. Investment in renewable
power and fuels rose for the fourth consecutive year, and the
record increase in global electricity generation led to solar and
wind power providing more than 10% of the world's electricity
for the first time ever. Following a decline in 2020, a strong
market rebound in solar thermal and biofuels improved the
outlook for renewables in heating and transport. Strengthened
political commitments and rapid growth in heat pump and
electric vehicle sales also pointed to increased renewable
electricity use in these sectors.

At the same time, diverse factors continued to slow the global
shift to renewable-based energy systems. A rebound in
worldwide energy demand in 2021, met largely with coal and
natural gas, led to record carbon dioxide (CO2) emissions. Large
sums also continued to be invested in and to subsidise fossil
fuels.

35



% REN21

36

DEVELOPMENTS IN 2021

As in previous years, the greatest success for renewables was in
the power sector. After largely withstanding the impacts of the
COVID-19 pandemic, growth in global renewable power capacity
accelerated in 2021, adding more than 314 gigawatts (GW)/
(= See Table 1.) The market also diversified geographically, with
the top five countries accounting for 71% of all capacity added
(down from 75% in 2020, but still less diverse than in 2019 and
2018).2 (» See Table 2.) Overall, the renewable power capacity
additions reflected market growth of 11%; however, they still
represented only a third of the additions needed annually to
achieve the world's major goals for net zero carbon emissions.®

Renewable energy comprised 28.3% of the global electricity mix
in 2021, roughly on par with 2020 levels.* The growth in renewable
energy penetration was mitigated by the overall rise in electricity
demand and by drought conditions that greatly reduced global
hydropower generation.® (= See Figure 1) As economic activity
rebounded in 2021, worldwide energy demand increased an
estimated 4%, while CO. emissions rose 6% to record levels
(adding 2 gigatonnes (Gt), after falling by 5% in 2020).° Despite
the progress of renewables in the power sector, the surge in
global energy demand was met mostly with fossil fuels.”

Prices for some fossil fuels, notably natural gas, increased
sharply in 2021, reflecting a combination of supply, demand
and investment factors.® These included a resurgence in
natural gas demand during the year and a supply crunch that
was worsened by low gas stocks in Europe and a reluctance
among international suppliers to increase exports.® Natural
gas prices rose more than 400% in most markets, leading to a
spike in wholesale electricity prices in major markets by year's
end.® Governments responded by freezing prices, reducing
energy sales taxes, and providing financial assistance to
low-income households, among others." High energy prices

(further exacerbated by the Russian invasion of Ukraine) and
increased climate ambitions prompted efforts to speed the shift
to renewables.”? (= See Sidebar 1)

The International Energy Agency's (IEA) Net Zero by 2050
scenario, released in May 2021, set the tone for a new norm,
stimulating  higher ambition among governments and
corporations.® In the lead-up to the 26th Conference of the
Parties to the United Nations Framework Convention on Climate
Change (COP26), held in Glasgow, Scotland in November,
17 countries pledged to achieve net zero emissions by 2050 or a
later date, with some countries targeting 2025." The European
Commission raised its 2030 target for renewables in total final
energy consumption (TFEC) first to 40% in 2021, then to 45%
in early 2022.® Also in the lead-up to COP26, 151 countries
submitted new or updated Nationally Determined Contributions
(NDCs) towards reducing their greenhouse gas emissions
under the Paris Agreement.’®

The Glasgow Climate Pact that emerged calls on countries to
raise their ambition annually instead of every five years, and, for
the first time in the history of UN climate agreements, it explicitly
acknowledges the need to reduce fossil fuel use.” During the
meetings, 140 countries agreed to "phase down” unabated
coal power, while numerous companies, countries and public
finance institutions committed to ending public support and
funding for unabated fossil fuels.™

In total, more than 40 countries agreed to stop financing new coal
plants, although commitments to shut down existing capacity
were notably absent in Australia, China, India, and the United
States, which as of 2021 together owned two-thirds of the world's
operating' coal plants.® During the UN High-Level Dialogue on
Energy in September 2021, the UN Secretary-General announced
aroadmap for “global clean energy for all”, for which governments
and the private sector committed more than USD 400 billion.?°

Renewable power
additions

to be on track with major
net zero scenarios.

Data are for operating plants only,
totalling 1,250 operating plants in 2021
(9 in Australia, 585 in China, 115 in India
and 124 in the United States).
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See endnote 5 for this chapter.
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SIDEBAR 1. Renewables to Support Energy Security

Global prices for oil and natural gas began rising rapidly
in late 2020 as demand recovered following the easing of
COVID-19 restrictions. This trend was exacerbated in early
2022 by the Russian Federation's invasion of Ukraine, with
prices fluctuating daily. Between 2020 and early 2022, oil
prices rose by a factor of three - returning to pre-2014 levels
of more than USD 100 per barrel - while natural gas prices
in Europe and Asia rose by a factor of six. Global coal prices
doubled in the weeks between late February and early March
2022, with demand rising as coal was used to substitute gas-
fired electricity generation. Price spikes and variability have
major impacts for industry and for domestic consumers and
give rise to strong inflationary pressures.

Most countries depend heavily on imported oil and gas from
relatively few exporting countries. The main oil importers
traditionally have been China, India, the United States, Japan,
and the Republic of Korea, while the main exporters are Saudi
Arabia, the Russian Federation and Irag. China is the major
importer of natural gas, along with Japan, Germany, and ltaly,
while the Russian Federation is the dominant exporter, along
with Qatar, Norway and Australia.

However, import dependence has evolved in the past decade
as some countries have sought to improve domestic energy
productionandtoelectrifytheirconsumption. Forexample, Spain
andthe United Kingdom have increased the share of renewables
in their total final energy consumption, and other countries have
positioned themselves as exporters of renewable hydrogen.
(= See Snapshot: South Australia in Executive Summary.) At the
same time, many European countries have greatly increased
their dependency on fossil fuel imports, making them more
vulnerable to price and supply variations.

In 2020, China imported around 73% of its crude oil and 60%
of its natural gas. India imported nearly 90% of its crude oil

requirements, while Japan and the Republic of Korea produced
only a tiny share of their oil and gas needs. The European
Union (EU-27) imported 97% of its oil and petroleum needs
and 84% of its gas needs. The Russian Federation was
the largest supplier to the EU of both fuels, providing 44%
of gas and 25% of oil imports. In addition, many small and
developing nations are highly dependent on imported oil, and
their economies are especially vulnerable to volatile prices
and risks of supply disruptions.

Heightened concerns about energy security and prices
present both challenges and opportunities for the energy
transition. The recent price hikes have created pressure
on governments to compromise their ambitions to reduce
greenhouse gas emissions in the short and long-term. High
natural gas prices have favoured a return to coal-based
generation and have increased pressure to develop local
fossil fuel resources, including calls to restart fracking for
shale gas (for example, in the United Kingdom). Emissions
rebounded heavily in 2021 due in part to these developments,
and additional investments in fossil fuel infrastructure will
severely impact emission levels for decades to come. Several
countries have opted to scale up production: China plans to
increase coal production by 300 million tonnes (equivalent to
7% of current levels), while the United States has seen a boom
in new fracking and drilling projects.

On the other hand, a strong synergy exists between measures
needed to improve energy security and those associated with
the energy transition, and especially the shift to renewables.
High levels of locally produced renewable energy, coupled
with energy saving and better energy efficiency, improve
energy security, sovereignty and diversity. This helps to reduce
exposure to energy price fluctuations while at the same time
reducing emissions and providing other economic benefits,




Higher fossil fuel prices make renewable solutions more
attractive in the short term, with wind and solar now highly
competitive with gas-fired power generation. Rising fossil
fuel prices also have narrowed the cost gap between
biofuels and biomethane and fossil-based transport
fuels, and have improved the cost competitiveness of
bioenergy, solar, geothermal and heat pumps powered by
renewable electricity. Renewable energy solutions can be
implemented quickly - in as little as a year for wind and
solar photovoltaics (PV) where permitting policies and
regulatory regimes are streamlined. Although the risk of
overdependence on imported components (such as PV
modules) could lead to supply insecurity if production is
overconcentrated in a few countries, some countries and
regions have supported the development of domestic or
regional manufacturing value chains. Domestic production
of renewable energy components, or at least a diversified
supply base, have become increasingly important aspects
of energy security policy.

Energy security concerns also have prompted reviews
of energy policies. For example, the EU aims to reduce its
reliance on Russian gas 60% by the end of 2022 and entirely
by 2030, based on measures that include doubling the level
of renewable hydrogen production and ramping up its use.
The newly released REPowerEU plan aims to double the EU's
solar PV and wind capacities by 2025 and to triple them by
2030.

Germany aims to accelerate its shift to renewable power
- now labelled "freedom energy” - and is seeking a 100%
renewable electricity supply by 2035. It is targeting 80% wind
and solar power by 2030, including a tripling of solar energy
capacity to 200 GW, a doubling of onshore wind energy
capacity to 110 GW and offshore wind energy capacity
of 30 GW. The United Kingdom has considered relaxing
planning constraints on onshore wind farms to facilitate
rapid growth in renewable power and to reduce dependence
on gas imports. Spain is accelerating the approval of up to
7 megawatts (MW) of wind power projects and up to 150 MW
of solar PV projects, and will also permit floating solar PV
systems and facilitate self-consumption.

Japan aims to accelerate its efforts to develop offshore
wind power projects, in response to the potential long-term
increase in oil prices due to the Russian invasion of Ukraine.
Japan's tender process for wind farms will be revised to take
into account not only the price but also how quickly the
projects can be developed. Globally, the added emphasis on
energy security amplifies the imperative to move as swiftly
as possible to an efficient, renewable-based energy system
that is compatible with ambitious climate goals while also
avoiding dependency on fossil fuels that exposes consumers
and industry to price volatility and political pressures.

Source: See endnote 12 for this chapter.

Frameworks also emerged aimed at shifting energy investment
towards low-emission technologies, some of which support the
development of nuclear energy, carbon capture and storage, and
fossil-based hydrogen. The new EU Taxonomy/, which defines
the terms under which economic activities may be considered
“sustainable”, covers renewable technologies as well as nuclear
and natural gas.?’ The Association of Southeast Asian Nations
(ASEAN) - which aligned its environmental objectives with the
EU Taxonomy - also delivered its first version of a joint taxonomy.??
The EU's proposed carbon border adjustment mechanism
(CBAM) would place a carbon price on goods imported from
outside the EU.?® The rising regulatory and financial pressure to
shift investment to clean technologies highlights the considerable
risk of stranded assets in the fossil fuel sector.?* (= See Box 11 in
Investment chapter.)

In Europe, the increase in coal generation and related emissions
during 2021 led to a sharp rise in the price of carbon emission
allowances, which were established under the EU Emissions
Trading System (ETS) to encourage companies to reduce
emissions through mitigation efforts and trading of allowances.
The ETS hit record highs of more than EUR 89 (USD 100) per
allowance in 2021 and nearly EUR 100 (USD 113) in early 2022.?
The European Commission proposed extending the scheme and
also introduced a new ETS covering fuel use in road transport
and buildings'.?® In mid-2021, China began operating the world's
largest emission trading system'’, regulating more than 2,200
power sector companies.?’

With the increased attention to targeting net zero emissions, by
year's end nearly 85% of the world's population and 90% of its
gross domestic product (GDP) were covered by some form of
net zero target.?® These targets vary widely in their application
(target date, status, greenhouse gas and scope) and in the
governance indicators” used for tracking progress.?*Despite
this worldwide coverage, less than a third of the national
governments with net zero targets had targets for 100%
renewable energy, although 60% of the governments had
economy-wide targets for renewables.°

i The Taxonomy is aimed to frame and define sustainable investments that
substantially contribute to meeting the EU's environmental objectives. It
identifies energy activities under a life-cycle emission threshold, while fulfilling
specific conditions and obtaining permits within a defined time frame.

i The current ETS covers emissions from power stations, energy-intensive
industries and aviation within Europe. With Fit for 55, the new ETS, expected
to become operational by 2025, upstream fuel suppliers will be required
to monitor and report the fuel amounts they introduce in the market (via
greenhouse gas emission certificates), thus incentivising the decarbonisation
of fuel products.

i The Chinese ETS does not clearly promote the shift from coal to
renewables; rather, it incentivises running more-efficient coal-fired plants
versus less-efficient ones.

iv Different governance indicators - such as reporting mechanisms, published
plans, interim targets and leader accountability - are used depending on the
type of stakeholder and its net zero indicator.
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Pushback against the oil and gas industry accelerated during
2021, Courts, executive boards and shareholders increasingly
demanded that companies reduce their emissions and become
more accountable for the environmental, social and climate
impacts of their activities.® Public opinion continued to shift,
affecting the advertising and marketing industry, as more than
120 agencies in Europe and the United States pledged to not
work with fossil fuel companies due to the apparent conflict
between companies’ climate-friendly advertising campaigns and
their actual strategic alignments.®? (- See Box 1.)

ONGOING CHALLENGES TOWARDS A RENEWABLE-BASED WORLD

The share of renewables in a country's total final energy
consumption (TFEC) varies depending on the energy mix. The
average renewable share in TFEC among selected countries in
2019 was 17%, up from 15% in 2009.** During this period, the
renewable share fell in 18 countries, although 9 countries, mostly
in Europe, have achieved high growth and large net increases
in their renewable shares in TFEC.** (» See Figure 2.) Only
3 countries out of 80 - Iceland, Norway and Sweden - had

renewable shares above 50% in 2019, and 20 countries, mostly
in Europe and Latin America, met at least a quarter of their total
final energy consumption with renewables.®

The main structural reasons for the slow uptake of renewables in
meeting global energy demand include:

consistent increases in energy demand, despite the temporary
decline in 2020 related to the COVID-19 pandemic;

continued use of and investment in new fossil fuels, particularly
coal; and

the adoption of mainly fossil fuels to replace the declining use
of traditional biomass in developing economies.

Modern' renewable energy accounted for an estimated 12.6% of
TFEC in 2020 (latest data available'), up modestly from 8.7% in
2009.%¢ (> See Figure 1) This share was nearly one percentage
point higher than in 2019 (11.7%), as the temporary reduction
in energy demand during 2020 favoured higher shares of
renewables.®” Also for this reason, the share of fossil fuels in TFEC
fell temporarily in 2020, to 78.5%.°®

i Excludes the traditional use of biomass, i.e,, 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.

i The latest consolidated data available are from 2019. Data from 2020 are based on projections from 2019 data and on 2020 estimates. The unusual energy
trends of 2020 make these estimations highly uncertain, although the general trend should be accurate.

BOX 1. Public Communications Around Fossil Fuel Disinformation

Fossil fuel companies allocate billions of dollars each
year to marketing and advertising campaigns that seek to
rebrand their corporate identity as “climate-friendly”, mask
their impact on climate change and position their products
as crucial for local development, small businesses and
consumers. In 2020 alone, industry players spent nearly
USD 10 million on Facebook ads to promote their self-
proclaimed climate actions. Yet oil and gas companies’
investments in renewables correspond to only around 1%
of their total capital investments, while these companies
remain responsible for around three-quarters of global
greenhouse gas emissions.

Some players in the communications field, including
agencies, creatives, and the media, are taking a stand
against these disinformation campaigns. By early 2022, the
Clean Creatives Pledge had brought together a coalition of
265 communication agencies and 700 creatives that refuse
to accept contracts with clients from the fossil fuel industry.
Some major news outlets, such as The Guardian (UK) have
stopped publishing fossil fuel ads in their newspapers. In the
United States, several sub-national governments, including
New York City and the states of Delaware and Minnesota,

have filed legal action against fossil fuel companies on the
grounds of misleading the public. The city of Amsterdam
(Netherlands) aims to ban oil and gas ads from its metro
stations and other public spaces.

Source: See endnote 32 for this chapter.
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Renewable Energy Share in Total Final Energy Consumption for Selected Countries, 2019
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Source: Based on IEA data. See endnote 34 for this chapter.

Overall, renewable energy use grew 4.6% annually on average
(a total of 17.6 exajoules, EJ) between 2009 and 2020, outpacing
growth in both total energy demand (1.2% annually; 41.8 EJ)
and fossil fuels (0.9%; 26.6 EJ).*® As in recent years, renewable
electricity accounted for the largest share of TFEC (6.8%),
followed by renewable heat (4.8%) and transport biofuels (1.0%).4°

However, consistent growth in energy demand reduces the
penetration of renewables in TFEC. Although energy efficiency
helps to mitigate this growth, efficiency efforts are not on track
to meet global decarbonisation goals.** Global energy intensity
improved slightly in 2020 (up 0.5%) and again in 2021 (1.9%),
but this remains far from the 4% improvement that international
experts say is needed.*

In 2021, the renewable energy sector continued to receive
COVID-19 recovery funding, mostly targeting renewable power

and transport. Recovery spending on renewables nearly doubled
between April and December, to USD 677 billion; however, this
represented only 21% of the total amount that governments
allocated to be spent, and was well below the annual support that
fossil fuels receive in subsidies.** Between 2018 and 2020, more
than USD 18 trillion' in subsidies was dedicated to fossil fuels,
with the 2020 spending of around USD 5.9 trillion equivalent to
roughly 7% of global GDP.#

Meanwhile, incentives for renewables have remained low and
are less tracked.*® Despite strengthened commitments to
climate change and net zero, many countries have lessened
their support for renewables while bolstering fossil fuel finance.
Between 2017 and 2020, India reduced its financial support for
renewable energy nearly 45% while continuing to increase fossil
fuel subsidies.*®

i All prices and subsidy values are in 2021 constant dollars. This corresponds to the cumulative value of explicit and implicit subsidies during this three-year period.
In 2020, just 8% of the subsidies were explicit (reflecting undercharging for supply costs) and 92% were implicit (reflecting undercharging for environmental costs

and foregone consumption taxes).
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A shortage in renewable energy skills has been identified
as a possible bottleneck in the deployment of infrastructure
and technologies, including renewable power, batteries and
heat pumps.#” For example, meeting the labour needs in
the offshore wind sector in a few of the leading’ markets is
estimated to require more than 70,000 workers.“® Although in
many cases fossil fuel workers can be re-skilled to support the
changing energy industry, challenges persist in some places
due to salary differences, relocation needs and insufficient
funding for vocational training.*® In 2021, some governments
began dedicating funds and launching programmes to re-skill
and train workers for new “clean energy” jobs, including
renewables.®® (- See Sidebar 5 in Policy chapter.)

Asinpreviousyears,in 2019 (latest data available) the penetration
of renewables was lowest in those sectors that consume the
greatest amount of energy. The highest penetration was in the
general use of electricity (such as for lighting and appliances
but excluding electricity for heating, cooling and transport),
which accounted for around 17% of TFEC'® Energy use for
transport represented around 32% of TFEC and had the lowest
share of renewables (3.7%).%2 The remaining thermal energy
uses, which include space and water heating, space cooling,
and industrial process heat, accounted for more than half (51%)
of TFEC; of this, around 11.2% was supplied by renewables.

i These key markets are China, Chinese Taipei, Japan, the Republic of Korea, the United States, and Vietnam, representing projected combined installations of

30 GW of offshore wind power during the 2020-2024 period.

i Due to losses during transformation, electrical applications account for a higher portion of primary energy consumption. See Glossary for definitions.

iii Applications of thermal energy include space and water heating, space cooling, refrigeration, drying, and industrial process heat, as well as any use of energy other
than electricity that is used for motive power in any application other than transport. In other words, thermal demand refers to all energy end-uses that cannot be

classified as electricity demand or transport.
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The renewable share of the "worst-performing” sectors has
grown the slowest. Between 2015 and 2019, the renewable share
in transport increased only 0.5 percentage points, and in heating
and cooling it grew only one percentage point.®* The share of
renewables in the power sector, meanwhile, increased more than
three percentage points.®® At the same time, these percentage
point increases corresponded to larger growth of the share in
each sector - 13.5% in power, 9.7% in heating and cooling, 15.1%
in transport.®® (= See Figure 3.)

The following sections
discuss key developments
in the renewable energy
share in power capacity
and electricity generation
as well as in buildings,
industry and transport.®”
(= See Figure 4.)

Renewables provide
a slowly rising share
of the energy use in
all of the sectors

?/ FIGURE 4.

Evolution of Renewable Energy Share in Total Final Energy Consumption, by Sector, 2009 and 2019
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RENEWABLES IN POWER
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POWER

During a year of tentative economic recovery, the renewable
power sector took a large step forward, deploying a record
amount of new capacity and experiencing greater geographic
diversification.®® However, projects continued to be disrupted
by supply chain issues and shipping delays, and a global rise
in commodity prices led to surging prices for wind and solar
power components.®®

Renewable power capacity additions grew 17% in 2021 to
reach a new high of more than 314 GW' of added capacity,
driven by the record expansion in solar PV and wind power.5°
(= See Figure 5.) Worldwide, the total installed renewable power
capacity grew 11% to reach around 3,146 GW.5' However, these
trends remain far from the deployment needed to keep the
world on track to reach net zero emissions by 2050. To reach
the average milestones set by the IEA's Net Zero scenario by
2050, and by the World Energy Transitions Outlook scenarios
from the International Renewable Energy Agency (IRENA), the
world would need to add 825 GW of renewables each year until
2050.2(~> See Figure 6.)

MARKET TRENDS

Most of the global power capacity that was newly installed in 2021
was renewable, continuing the trend since 2012. Even as global energy
markets rebounded, the share of renewables in net power additions
continued to increase, reaching a record 84%.%° (- See Figure 7.)

Solar PV and wind power comprised the bulk of new renewable
power additions, driven by supportive government policies and low
costs. After staying resilient in 2020, these markets saw significant
growth in 2021, with solar PV up 26% and wind power up 7%
(hydropower grew by a much higher 38%).54 A record 175 GW of
solar PVi was added, accounting for well over half of the renewable
additions.®® This growth occurred despite uncertainty and
disruptions along the PV supply chain related to the ongoing effects
of the COVID-19 pandemic and to commodity price increases.

Although capacity additions for onshore wind power decreased in
2021 compared to 2020, 16 GW of offshore wind additions in China
propelled the market to record-setting overall additions of 102 GW,
representing 32% of the renewable energy total®® Hydropower
capacity additions reached 27 GW, due to the commissioning of
several large projects in China (as in 2020).%” The remaining renewable
energy additions were from bio-power and, to a lesser extent,
geothermal and ocean power.®® For the first time, the operating
capacity of concentrating solar thermal power (CSP) decreased.®®

i Global total consists of solar PV data reported in direct current (DC), and wind power data reported as gross additions.

i For consistency, the REN21 Global Status Report (GSR) endeavours to report all solar PV capacity data in DC. See endnotes and Methodological Notes for
further details.

./‘ FIGURE 6.

Annual Additions of Renewable Power Capacity, by Technology and Total, 2016-2021,
and to Achieve Net Zero Scenarios for 2030 and 2050
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Source: See endnote 62 for this chapter.
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FIGURE 7.
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During 2021, China became the first country to exceed 1 terawatt
(TW) of installed renewable energy capacity.® Its total installed
capacity increased 136 GW during the year, accounting for around
43% of the total global additions.” China showed a notable surge in
solar power, representing around 31% of global solar PV additions,
although the country also dominated in capacity additions of
other technologies.”> China accounted for nearly 80% of global
hydropower additions and an estimated 14.5 GW of offshore wind
power additions, more than half of its total previously installed
offshore wind capacity.” Overall, China led global markets for bio-
power, hydropower, solar PV and wind power.

Countries outside of China added around 179 GW of new
capacity, up 29% from 2020 levels and led by the United States
(42.9 GW), India (15.4 GW), Brazil (10.2 GW), Germany (7.3 GW)
and Japan (7.2 GW).”* China remained the clear global leader in
cumulative renewable energy capacity at year's end, followed by
the United States (398 GW), Brazil (160 GW), India (158 GW) and
Germany (139 GW).”®

At least 40 countries had more than 10 GW of renewable power
capacity in operation by the end of 2021, up from 24 countries in
201178 This development is even more striking when hydropower is
excluded, as markets for both solar PV and wind power have grown
dramatically. By year's end, at least 22 countries had more than
10 GW of non-hydropower renewable capacity, up from 9 countries’

in 201177 The top countries for non-hydro renewable power
capacity per capita were unchanged from previous years: Iceland,
Denmark, Sweden, Germany and Australia.”® (- See Table 2)

Most renewable power technologies, notably solar PV and wind
power, experienced significant cost declines during the decade.
This largely was the result of a maturing industry, economies
of scale, technological improvements, more competitive supply
chains and increased competition.” Solar and wind technologies
both have followed experience curves correlated to steep cost
declines for every doubling of deployment.®® Alongside supportive
regulatory and policy frameworks, these cost declines played a
key role in the surge of capacity installations in recent years.

Although 2020 and 2021 highlighted the resilience of renewable
energy markets during a time of economic turbulence,
vulnerabilities also came to light. Prices for key raw material
inputs used in the manufacture of solar PV modules and wind
turbines increased sharply in 2021 due to delays and higher
prices for shipping, labour shortages and other supply chain
constraints. This led to rising prices for modules and turbines.
Outside of China, major wind turbine manufacturers increased
their prices 20% compared with the previous year, although within
China turbine prices fell more than 25% because of competition
between suppliers.®' Prices for power purchase agreements
(PPAs) rose as well in several regions and countries.®

i In 201, the countries that exceeded 10 GW of non-hydro renewable power capacity were (in order of total installed capacity) the United States, Germany, China,
Spain, Italy, India, France, the United Kingdom and Brazil. By the end of 2021, 12 countries joined the list: Australia, the Netherlands, the Republic of Korea, Turkey,

Vietnam, Canada, Sweden, Mexico, Poland, Belgium, Denmark and Ukraine.



Despite equipment price rises, the global average levelised cost
of energy from solar PV and onshore and offshore wind power
continued to decline.®® (= See Sidebar 6 in Market and Industry
chapter) This was driven largely by rising plant capacity factors
(i.e., more output per dollar spent) and, in some markets, by larger
projects with greater purchasing power that have mitigated the
increases in total project costs. In many cases, the installed costs
of projects completed in 2021 were based on module and turbine
prices that had been locked in under contracts signed in previous
years. Thus, the impact of increasing costs and prices is expected
to be felt more strongly in 2022 and beyond.

Other drivers for renewable power growth were linked increasingly
to energy security. With rising energy prices further exacerbated
by the Russian invasion of Ukraine, European goods manufacturers
began shutting down operations as electricity prices reached
near-record highs.®* Governments and analysts highlighted the

EGYPT

Grid-Connected Small-Scale Solar PV

In 2016, Egypt adopted a plan to facilitate the transition to clean

energy, and the country is targeting 42% renewables in total

potential for renewable energy to stabilise power prices and
avoid the price swings that became problematic during 2021.8
Some governments, such as Spain, took action to accelerate the
deployment of renewables for reasons of energy security.®®

POLICY DEVELOPMENTS

The renewable power sector continued to enjoy policy support
during the year, mainly in the form of targets and incentives.
The number of countries with targets for renewable electricity
peaked in 2020 (at 137 countries), as the year was a milestone for
target-setting.t” During 2021, at least 51 countries updated their
targets or introduced new ones, leading to 135 countries with
some form of renewable electricity target.®® (> See Snapshot:
Egypt.) Meanwhile, 156 countries had in place regulatory policies
for renewable power, up from 145 in 2020.%° (- See Policy chapter.)

W
Al

electricity generation by 2035. To invest in its solar energy potential,

in 2017 Egypt established the Grid-Connected Small-Scale

Photovoltaic Project (Egypt-PV), which promotes pilot PV projects

to increase small-scale distributed generation while supporting

entrepreneurship, employment and solar capacity. The project
finances up to 25% of the upfront costs of a PV system.

Egypt-PV targets installations in the industrial, educational, tourism,
commercial, residential and public sectors, in addition to promoting

building-integrated PV. It recently targeted the tourism sector in
Sharm El Sheikh, to align with the Green Sharm initiative in the

lead-up to the UN climate conference being held in the city in late

2022. The project also developed the online platform PV-Hub,

which links Egypt's solar market with stakeholders and accelerates

awareness, investment and implementation.

As of 2021, Egypt-PV had implemented 49 small-scale PV projects in

15 governorates and trained more than 350 people. The 125 indiv
systems installed so far have a combined capacity of 11 MW and

produce 17,000 megawatt-hours of electricity annually, benefiting
around 8,800 households and businesses.

i Egypt-PV is co-funded by the Global Environment Facility and the United Nations
Development Programme, supported by the Egyptian government and implemented

by the Industrial Modernization Centre.

Source: See endnote 88 for this chapter.
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Driven by the increasing cost-competitiveness of renewable
power, a shift towards auctions and tenders continued during
the year. Governments outside of China, despite seeing a decline
in auctions in 2021, awarded slightly more capacity than in 2020.%°
Overall, 131 countries held renewable energy auctions in 2021, up
from 116 in 2020.°' (= See Policy chapter,)

Despite the trend towards competitive market processes,
feed-in policies remained popular. For the first time in several
years, the number of jurisdictions with such policies grew, from
83 in 2020 to 92 in 2021.°2 Several jurisdictions introduced
feed-in policies for the first time, notably some sub-national
regions (such as Guangdong in China) that were aiming to
replace expiring federal-level policy.

Corporate commitments to renewable power also continued
to grow. The amount of renewable power sourced through
corporate PPAs increased by double-digit percentages, up 24%
to more than 31 GW in 2021.°® The Americas continued to lead
regionally in corporate-sourced renewable power, with around
20 GW, up 35% from 2020 levels.* Corporate sourcing in Europe,
the Middle East and Africa combined grew 19% to reach 8.7 GW.*®
In 2021, 45% of the reported electricity consumption of members
of RE100, a global renewables initiative for large corporations,
came from renewable energy, up from 41% in 2020.%

Electricity providers have sought to procure more power from
low-carbon sources. As of early 2022, more than two-thirds of
electricity customers in the United States were contracting
with an electric utility that either had a 100% carbon-reduction
target or was owned by a parent company with one.”” US utility
commitments have been driven by investor obligations and
scrutiny as well as, increasingly, by economic reasoning.®® In
Europe, meanwhile, some of the highest-emitting utilities either
lacked dates for coal phase-out and net zero emissions, or had
not aligned them with benchmarks to reach net zero by 2050.%°
Some of China’s largest electric utilities have set targets for peak
emissions by 2025 or earlier.'®®

ELECTRICITY DEMAND AND GENERATION

Between 2009 and 2019, the share of electricity in TFEC' (known as
the electrification rate) increased from 19% to nearly 22% globally.
The electrification rate of buildings rose from 29% to 32%, while the
rate in industry grew from 24% to 29%."%? Electrification of transport
remains minimal but grew from 1.0% to 1.2%.°® Some countries,
such as Norway, have reached nearly 50% overall electrification.**
Other countries recorded significant increases in their electricity
share during this period" - rising 59% in China and 29% in India
- in line with their economic growth.'”® Drivers of electrification
growth include the roll-out of electric heat pumpsi and electric
vehicles to meet heating and transport needs, as well as improved
electricity access in developing and emerging economies.

Renewables generated 28.3% of global electricity in 2021, up
from 20.4% in 2011 and similar to 2020 levels (28.5%).1¢ (= See
Figure 5.) Hydropower still comprised most of this, although
generation from wind and solar power has risen dramatically in
recent decades. In 2021, for the first time, variable renewables
(wind and solar) met more than 10% of global electricity
production.”” Shares were much higher in countries such as
Denmark (53%), Uruguay (35%), Spain (32%), Portugal (32%)
and Ireland (31%), among others,!%®

i Refers to the total contribution of electricity to TFEC. The share of electricity in “Power’; as shown in Figure 5, has reallocated the amount of electricity used for

heating and transport to those sectors, respectively. See Methodological Notes.

i In China, the electricity share in TFEC grew from 17% in 2009 to 27% in 2019, and in India it grew from 14% in 2009 to 18% in 2019.

iii Heat pumps can provide both heating and cooling functions by drawing on energy from the ground, ambient air and bodies of water. During operation, they use
an auxiliary source of energy (such as electricity) to transfer energy from a low-temperature source to a higher-temperature sink. When the auxiliary energy used
to drive the heat pump is renewable, so is 100% of the output of the heat pump. (= See Heat Pumps section in Market and Industry chapter.)



Global electricity demand rebounded strongly in 2021 from its
pre-COVID levels, growing 6%.1°° Much of this surge was met
by increased coal generation, which rose 9% and accounted for
more than half of the increase in electricity demand.™ Generation
from renewables grew more than 5%, although extreme
weather events affected the overall level of renewable electricity
production, underscoring the potential impacts of climate change
on renewables." Hydropower was the most affected, as drought
conditions in several hydro-heavy countries reduced generation
15%."> Windstorms, wildfires and dry seasons also contributed to
generation losses.™ As a result, renewable electricity generation
ended its multi-year streak of meeting the majority of the world's
electricity demand growth.

In the EU-27, wind power, hydropower, solar power and
bioenergy remained the main sources of all electricity, growing
from 22% of generation in 2011 to 37% in 2021 However, this
was down from a high of 38% in 2020, a period of low electricity
demand™ In the United Kingdom, renewables represented
39% of generation, down slightly from the all-time high of 43%
reached in 2020."®

In contrast, renewables generated a record share of net
electricity in the United States in 2021, bolstered by a 29% surge
in utility-scale solar generation."” Natural gas was the only fuel
in the country with reduced generation in 2021 (down 3.1%), as
coal use grew for the first time since 2014 (up 14%)."® In China,
electricity from hydropower, solar energy and wind energy
provided around 27% of generation (roughly the same share as
in 2020), despite a 10% surge in total electricity production.”
Overall, electricity production from wind and solar power in
China increased 35% from 2020 levels.™2°

In 2021, more than half of
the 6% increase in global
electricity demand was

CHALLENGES

Despite the ongoing expansion of renewable power around
the world, significant challenges remain.

They include:

Certain renewable power markets follow a boom-bust
cycle due to short-term, unpredictable policy making, as
evidenced in 2021 by the surge in offshore wind power in
China to meet a feed-in tariff deadline and by the collapse
of Vietnam's solar PV market after two years of generous
incentives.™

Lengthy permitting processes and other regulatory
obstacles remain large hurdles to the development of
renewables in many markets.”? The EU's REPowerEU plan
in early 2022 specifically included, among other measures,
the acceleration of permitting processes.'?®

Transmission bottlenecks and stalled network expansion
in some countries have held back the deployment of
renewables

Unstable supply chains (related to a concentration of
technology suppliers in few countries) can delay projects
and raise costs, leading to unpredictable price rises that
put pressure on the economic validity of projects.

Significant quantities of minerals such as copper, cobalt
and nickel are expected to be required to meet the
renewable energy deployment necessary to achieve
global climate goals.”® Procurement of these material
inputs will be needed alongside extensive actions to
minimise the associated negative social and environmental
consequences.

Public opposition, as well as efforts to meet sustainability
criteria and address possible human rights abuses, have
impeded some renewable energy and infrastructure
projects.'?®

Local capacity and knowledge gaps remain a challenge
during the construction and operation phases in emerging
markets and remote locations.”
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7/ TABLE 1.
/ Renewable Energy Indicators 2021

2020 2021

New investment (annual) in renewable power and fuels' billion USD 3427 365.9
Renewable power capacity (including hydropower) GW 2,840 3,146
Renewable power capacity (not including hydropower) GW 1,672 1,945
@ Hydropower capacity? GW 1,168 1,195
Solar PV capacity® GW 767 942

Q Wind power capacity* GW 745 845
@ Bio-power capacity GW 133 143
@ Geothermal power capacity GW 14.2 14.5
Concentrating solar thermal power (CSP) capacity GW 6.2 6.0

@ Ocean power capacity GW 0.5 0.5
@ Modern bio-heat demand (estimated)® EJ 14.2 14.0
Solar hot water demand (estimated)® EJ 1.5 1.5

@ Geothermal direct-use heat demand (estimated)’ PJ 462 508
@ Ethanol production (annual) EJ 2.2 2.2
@ FAME biodiesel production (annual) EJ 1.4 1.5
@ HVO biodiesel production (annual) EJ 0.2 0.3
Countries with renewable energy targets # 165 166
Countries with renewable energy policies # 161 164
Countries with 100% renewable heating and cooling targets # 0 0
Countries with 100% renewable transport targets # 0 1
Countries with 100% renewable electricity targets # 25 36
Countries with heat regulatory policies # 22 26
Countries with biofuel mandates® # 65 65
Countries with feed-in policies (existing) # 83 92
Countries with feed-in policies (cumulative)™ # 136 144
Countries with tendering (held in 2021) # 33 29
Countries with tendering (cumulative)™ # m 131

1 Data are from BloombergNEF and include investment in new capacity of all biomass, geothermal and wind power projects of more than 1 MW; all hydropower
projects of between 1and 50 MW; all solar power projects, with those less than 1 MW estimated separately; all ocean power projects; and all biofuel projects
with an annual production capacity of 1 million litres or more. Total investment values include estimates for undisclosed deals as well as company investment
(venture capital, corporate and government research and development, private equity and public market new equity).

2 The GSR strives to exclude pure pumped storage capacity from hydropower capacity data.
3 Solar PV data are provided in direct current (DC). See Methodological Notes for more information.
4 Wind power additions in 2021 reported as 102 GW are gross and thus may not be equivalent to the difference between total installed capacity in 2021 and 2020.

5 Includes bio-heat supplied by district energy networks and excludes the traditional use of biomass. See Reference Table R1in the GSR 2022 Data Pack and related
endnote for more information.

6 Includes glazed (flat-plate and vacuum tube) and unglazed collectors only. The number for 2021 is a preliminary estimate.

7 The estimate for annual growth in output is based on a survey report published in early 2020. The annual growth estimate for 2020 is based on the annualised
growth rate in the five-year period since 2014. See Geothermal section in Market and Industry chapter.

8 A country is counted a single time if it has at least one national or state/provincial target or policy.
9 Biofuel policies include policies listed in Reference Table R10 in the GSR 2022 Data Pack.

10 Data reflect all countries where the policy has been used at any time up through the year of focus at the national or state/provincial level.
See Reference Tables R12 and R13 in the GSR 2022 Data Pack.

Note: All values are rounded to whole numbers except for numbers <15, biofuels and investment, which are rounded to one decimal point.
FAME = fatty acid methyl esters; HVO = hydrotreated vegetable oil.

Source: See endnote 1for this chapter, and the REN21 GSR 2022 Data Pack, available at www.ren21.net/gsr2022-data-pack.
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y/ TABLE 2.
/. Top Five Countries 2021

Net Capacity Additions/Sales/Production in 2021
Technologies ordered based on total capacity additions during 2021,

Solar PV capacity
@D Wind power capacity
@ Hydropower capacity
@ Geothermal power capacity

Concentrating solar thermal
power (CSP) capacity

Solar water heating capacity
Ea Air-source heat pump sales
@) Ethanol production
@) Biodiesel production

1

China
China
China
China

Chile

China
China
United States

Indonesia

2

United States
United States
Canada

Turkey

India
Japan
Brazil

Brazil

Total Power Capacity or Demand/ Output as of End-2021
Countries in bold indicate change from 2020.

POWER

3

India
Brazil
India

Iceland

Turkey

United States
China

United States

4

Japan
Vietnam
Nepal

Japan

Brazil
France
Canada

Germany

5

Brazil

United Kingdom
Lao PDR

New Zealand

United States
ltaly
India

France

iy
N
w
H
o

Renewable power capacity
(including hydropower)

Renewable power capacity
(not including hydropower)

Renewable power capacity per
capita (not including hydropower)'

@) Bio-power capacity

@ Geothermal power capacity

@ Hydropower capacity?
Solar PV capacity

Concentrating solar thermal
power (CSP) capacity

Q Wind power capacity

China
China

Iceland

China

United States
China

China

Spain

China

United States

United States

Denmark

Brazil
Indonesia
Brazil

United States

United States

United States

Brazil
Germany

Germany
United States
Philippines
Canada
Japan

China

Germany

India
India

Sweden

India
Turkey
United States

India
Morocco

India

Germany
Japan
Australia

Germany
New Zealand
Russian Federation

Germany
South Africa

Spain

HEAT

Solar water heating collector
capacity?®

(@ Geothermal heat output*

China

China

United States

Turkey

Turkey

Iceland

Germany

Japan

Brazil

New Zealand

1 Per capita renewable power capacity (not including hydropower) ranking based on data gathered from various sources for more than 70 countries and on

2020 population data from the World Bank.

2 Ranking of countries in terms of demand for wood pellets for heating.

3 Solar water heating collector ranking for total capacity is for year-end 2021 and is based on capacity of water (glazed and unglazed) collectors only.
Data from International Energy Agency Solar Heating and Cooling Programme.

4 Not including heat pumps.

Note: Most rankings are based on absolute amounts of investment, power generation capacity or output, or biofuels production; if done on a basis of per capita,
national GDP or other, the rankings would be different for many categories (as seen with per capita rankings for renewable power not including hydropower and

solar water heating collector capacity).
Source: See endnote 2 for this chapter.

51



?/ REN21 RENEWABLES 2022 GLOBAL STATUS REPORT

52

Y Feures. RENEWABLES IN BUILDINGS

Energy demand for buildings accounts for
one-third of total final energy consumption

67% 33%

Non-buildings Buildings
energy demand

Breakdown of
energy demand
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Thermal . 230
%
energy
Electrical
energy

Electricit .
y 67 Bioenergy 51% of the 4% annual
countries

supplies grew less than

climate mitigation growth in cooling
1 1 7 cy have mandatory or 1 o/ finance allocated demand, the
1L voluntary building 0 annually to buildings is fastest of any
of heating in energy codes at between 2010 for solar thermal energy end-use
buildings the national level and 2020 water heaters in buildings

P ¥

Share of Renewable Energy in Buildings,
2009 and 2019

Renewable
14_7 % electricity for
Share of renewables in buildings heat generation in

buildings has grown

10.7 %

Share of renewables in buildings 853%

Non-renewable per year in a decade.
energy

89.3x 6x 9,

Non-renewable e——— Renewable
electricity

A9 Modem 3.9%.
F bio-heat

SolahrandI
Fgeot erma—-
0.7% theat  1.8%

energy

2009 2019

Source: Based on IEA data. See endnote 129 for this chapter.



BUILDINGS

Around a third of the world's final energy is used directly in
buildings.?® As of 2019, an estimated 14.7% of building energy use
was renewable, up from 10.7% in 2009.° (- See Figure 8.) Most
of this renewable energy demand is met by modern bioenergy.
Renewables provide a slowly rising share of the energy use
in buildings, with this growth driven mainly by renewable
electricity.”®

In 2020, building operations' accounted for 27% of global
greenhouse gas emissions.® Absolute emissions from
energy use in buildings rose steadily up to 2019, due mainly to
growth in indirect emissions from electricity generation followed
by emissions from on-site heat production.®? Energy use in
buildings also has negative air quality impacts, related both to the
traditional use of biomass in developing countries and to natural
gas combustion for heating and cooking, which can lead to heart
disease, respiratory diseases and cancer.?

Energy use in buildings rose slowly but steadily between
2009 and 2019, at an average annual rate of 1%.%* In 2020
and early 2021, the effects of the COVID-19 pandemic led to a
slight and temporary decline in this demand, as use patterns
shifted from public and commercial buildings to less energy-
intensive residential operations.’®® Initial estimates indicate
that, as economic activity resumed in 2021, building energy use
rebounded to its previous high.'

The steady growth in building energy use is driven by two main
factors: the increasing floor area, particularly in residential units,
and the growing building stock, especially with rising wealth
and economic opportunities in developing and emerging
economies.”” Both the size and stock of the world’'s buildings
increased in 2020, leading to an increase in the total energy
demand of buildings®® Of the two main energy applications
in buildings - thermal and electrical - increasing the uptake of
renewables for thermal end-uses tends to be more challenging
and is the focus of this section.*® (= See Box 2.)

i When considering the buildings construction industry, the share of global greenhouse gas emissions rises to 37% in 2020.

BOX 2. Thermal versus Electrical Uses: Data Challenges for Renewables in Buildings

Two main energy end-uses exist in buildings: thermal and
electrical. Thermal end-uses refer to space heating and
cooling, water heating and cooking (including the electricity
used to providing heating and cooling). Electrical end-uses
cover major appliances (refrigerators, washing machines,
information technology equipment, etc.), lighting and other
minor electricity demands. Globally, around 77% of building
energy use is thermal and 23% is electrical.

Data on the thermal energy demand and fuel mix in buildings
are challenging to collect, in terms of both fuel sources
and end-uses. The first statistical step is collecting data
on fuel sources. National governments and international
organisations typically prepare statistics on the total direct
fuel consumption in buildings, including electricity. These
data are commonly grouped into different types of fossil
fuels, "renewables” (which often include only biomass) and
electricity. The data cover all final energy use, including both
thermal and electrical.

The contribution from district energy systems is sometimes
considered (for example, in Denmark and Germany);
however, most often this refers to the quantity of heat sold
from heat plant operators, not the quantity used in building
operations. Other sources that typically are overlooked
include the ambient renewable energy harnessed by heat
pumps, as well as solar heat and geothermal heat. In
addition, data on the contribution of renewables to these
secondary energy sources, notably to electricity and district

energy, tend to be omitted and must be found elsewhere,
which leaves a large gap in calculating the total renewable
heating use in buildings.

One example to the contrary is France, where the national
statistics service provides comprehensive data on the fuels
used, including data on district energy, on the heat delivered
by electric heat pumps (ambient and renewable energy), and
on the amount of electricity used to drive the heat pumps.
The EU also has released a methodology for estimating the
amount of ambient energy used by such devices.

The second statistical step is providing timely data on the
energy demand for space heating, water heating, cooking
and space cooling. In most cases, these data are not
provided alongside the data covering the fuels used. Data
on end-uses can be challenging for agencies to collect,
often based on infrequent household and commercial
building surveys to provide national-level estimates. As
such, statistics can be unclear whether electricity use in
buildings is for electrical or thermal end-uses. In the best
cases, separate datasets on end-uses are available that
can be merged into full datasets covering the fuels used.
Several studies on the heating and cooling sector in Europe
and North America have recommended improving the data
collection on heating.

i Local governments and organisations also often collect this data for

their regions, which could be harnessed by national agencies.

Source: See endnote 139 for this chapter.
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RENEWABLE HEATING AND COOLING DEMAND

In 2019', the share of modern renewables used to supply heating
and cooling needs to buildings was an estimated 10.7%, up from
7.9% in 2009; this is lower than the share of modern renewables
in overall building energy use.*® These data include both direct
renewable heat (from biomass, solar and geothermal) and
indirect renewable heating and cooling (supplied by renewable
electricity and district heating and cooling networks).

Although heating demand represents most of the thermal energy
use in buildings, cooling demand is the fastest growing energy
end-use in buildings, rising around 4% per year'® Because
most cooling is supplied by electric devices, the contribution
of renewables to meeting this demand depends largely on the
prevailing electricity fuel mix.*? Large regional variations exist,
with sales of cooling devices growing fastest in developing and
emerging countries, due mainly to rising wealth and energy
access in these countries."?

In both heating and cooling, a key factor towards increasing the
penetration of renewables in buildings is mitigating the growth
in total energy demand. Global policy efforts to strengthen
energy efficiency have helped to slow increased energy
demand in buildings#* Measures include the adoption of
appliance efficiency standards and building energy codes as
well as supporting the uptake of efficient heating and cooling
technologies.*> Such efforts have led to a slight decrease in the
energy intensity of buildings. Nevertheless, energy demand in
buildings has continued to increase - including the energy used
to operate buildings as well as to construct them46

Direct use of modern renewables supplies two-thirds of
renewable heating, with the rest coming from indirect sources
such as electricity and district heating¥” Bioenergy accounts
for most of the direct heat, although its use grew less than 1%
annually on average between 2009 and 2019.¢ Direct use of solar
and geothermal heat supply lower amounts overall, but demand
for these sources rose 10% and 15% annually, respectively, during
this period.® In 2019, solar supplied 1.4% of global heating needs
in buildings, and geothermal supplied 0.9%."%° Meanwhile, the
use of renewable electricity to generate heat in buildings has
grown 5.3% per year, with its share of building heating rising from
2.0% in 2009 to 3.3% in 2019,

A significant share of global heating needs in buildings continues
to be met though the traditional use of biomass in developing
and emerging economies. However, this share fell from 30% in
2009 to an estimated 26% in 2020.2

REGIONAL TRENDS

Asia had the highest energy demand in buildings in 2019 (49 EJ),
with around 33% of this from electricity and the rest from
heating®® The next-highest regions were the Americas (29 EJ)
and Europe (27 EJ), where electrification shares reached 28%

i Latest data available for comprehensive energy end-use statistics.

and 48%, respectively.®* Africa used only 15 EJ of energy in its
buildings and had the lowest share of electricity use in buildings
(8.4%).°° At 1.3 EJ, this was only slightly more than the electricity
used in all of the buildings across Canada.®®

National-level data show varying success in providing renewable
heat' to buildings. Some countries - such as Denmark, where
the renewable heat share in buildings is around 60% - have
successfully installed large amounts of district heating and
gradually converted networks to renewables.®” Chile has relied
largely on biomass (mainly wood) to help it reach 42% renewable
heat in buildings in 20195

Some European countries, such as France, Italy, and Germany,
still depend heavily on natural gas but have seen rapid growth
in heat pump installations. This has contributed to rising shares
of renewable heat in buildings, reaching 24.1% in France and
19.5% in Germany in 2019.%° This compares to shares of only
around 10% in gas-heavy countries such as the United States
and the United Kingdom.'®® Among the Group of Twenty (G20)
countries, the highest shares of renewable heat in buildings in
2019, above 19%, were in France, Canada, Italy and Germany.®
(= See Figure 9.) China's share was 15% (reflecting a surge in
solar and geothermal heat), while both Turkey (geothermal) and
Brazil (biomass) had shares of more than 10%.'6?

MARKET TRENDS

Markets for renewable heating and cooling technologies have been
on the upswing. In 2020, for the first time, fossil fuel systems (e.g.,
gas boilers) comprised less than 50% of global sales of heating
appliances, whereas sales of renewable heating systems (including
electric heat pumps) reached 25%, up from 16% in 2010.'%

Bio-heat is both supplied by stand-alone systems and delivered
through district heating networks. Bolstered by a strong policy
framework, consumption of bio-heat rose 10% in the EU
between 2015 and 2020, reaching nearly 20% of the region's
heat demand.®* In the United States, bio-heat consumption fell
11% during the same period, competing with low fuel prices and
lacking sufficient policy support.s®

Rising electrification of energy use in buildings (= see Power
section of this chapter) has boosted markets for renewable heat
technologies, notably electric heat pumps. Sales of these devices,
both air-air and air-water, have risen around the world, especially
in China, the EU, the United Kingdom and the United States.

Although the global market for solar thermal collectors
declined for seven years running, it expanded in 2021, even
surpassing sales from the pre-pandemic year of 2019.%¢ Stand-
alone solar heat technologies have been used most commonly
for water heating, but (hybrid) systems that provide space heating
have grown, notably in China and Poland.®” Solar heat also
provides space heating via district heating, and this application
also expanded in 2021, notably in France, Austria and possibly

i In recent years, there have been growing efforts to reduce the embodied carbon in the buildings sector. Embodied carbon is a significant contributor
to total energy demand and the emissions of buildings, and opportunities for renewables exist in these processes. However, this section focuses on the

operation of buildings.

ii Data for cooling are more challenging to collect and are virtually exclusively provided by electricity.



y/ FIGURE 9.

Share of Renewable Heating in Buildings, G20 Countries, 2019
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Source: Based on IEA data.
See endnote 161 for this chapter.

China.'® Space heating accounts for around 39% of geothermal
direct use; overall, the installed geothermal capacity for heating
has grown an estimated 7-8% annually in recent years.'®®

District heating networks meet a growing share of heat
demand in buildings, and their renewable share is increasing.
In 2019, district systems accounted for 6.8% of building heat
demand (up from 6.6% in 2009), with a renewable share of 5.7%
(up from 3.9% in 2009).7° During 2021 and early 2022, district
heat projects were brought online in Austria, Serbia, Denmark,
Scotland, Bosnia and Herzegovina and the United Kingdom."
However, existing systems often have ageing infrastructure, and
many European networks require upgrading to reach efficiency
and renewable energy targets.”

POLICY DEVELOPMENTS

The slow growth in renewable energy use in buildings and the
large share of emissions in the buildings sector has attracted
government attention to renewable heating and cooling. During
2021, government policy played a significant role in growing these
markets, focused on three main areas: pricing policies (e.g.
carbon pricing, emissions trading, taxation), financial support
policies (e.g., subsidies and rebates) and regulatory policies
(e.g., targets, mandates, building codes and bans)."?

The new UK Heat and Buildings Strategy’, launched in October
2021, offers grants for homeowners to install renewable heat
technologies and aims to restrict the sale of fossil fuel boilers
after 2035.7 Ireland set aside EUR 8 billion (USD 9.1 billion)
for a home upgrade policy that includes grants for renewable
heat systems.” The United States doubled its funding for
energy assistance to low-income households and provided
USD 3.5 billion to retrofit homes.” In early 2022, France
announced an increase in its financing scheme to swap out
fossil fuel heating systems for renewable ones."””

In Germany, a national emission trading system entered
into force that applies to heating fuels.”® The country also
mandated that every new heating system in buildings use
at least 65% renewables.”® China's updated building policy,
released in October 2021, targets the use of solar and
geothermal energy in buildings by 2025.%° Chile launched
a National Heat and Cold Strategy that aims to replace
fossil fuel combustion and unsustainable biomass use with
electrification.’™ In Canada, the new Greener Home Grant
provides grants for home renovations, installing solar PV and
substituting heating systems.'®? Japan rolled out new efficiency
standards for electric water heaters following its successful
Top Runner programme.'s?

i Alongside the launch of the Heat and Buildings Strategy, the United Kingdom announced a consultation on a Market-based Mechanism for Low-Carbon Heat
that would obligate manufacturers providing fossil fuel heating appliances to sell a rising volume of heat pumps. If implemented, this policy would be the first

of its kind. See endnote 174 for this chapter.
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Although these policy developments indicate rising attention
to renewable energy use in buildings, they often exist alongside
incentives for fossil fuel appliances, potentially undermining their
effectiveness.’® (= See Snapshot: Italy.)

Some governments have prohibited the use of fossil fuels
in buildings (usually new buildings) altogether. In addition
to national-level bans in 2021 (such as in Slovenia), these
measures have become increasingly common at the sub-
national level'® By early 2022, 54 cities and counties in
California (US) had committed to phase-outs of natural gas
in buildings, while New York state (US) and Quebec and
Vancouver (Canada) introduced similar policies in 2021,

In some cases, particularly in the United States and the
United Kingdom, these efforts have met heavy resistance
from incumbent energy industry players. The natural gas
industry has organised and lobbied extensively against growing
electrification, while new US policies at the state level restrict
the ability of local governments to prohibit natural gas use.’®”

ITALY

New building energy
codes that promote
electrification, as well as
high-level policy plans to
address heat in buildings,
were brought into force
in 2021, US states and
cities have strengthened
building energy codes to
promote  electrification,
while  the  European
Commission put forth a
revised Energy Performance in Buildings Directive that, among
other measures, proposes that all new public buildings (starting
in 2027) and all new buildings (starting in 2030) must be zero
emission.'®®

in renewable heating and
cooling.

Competing Incentives for Renewable Heating and Cooling

Even when policies are in place to encourage the use of renewable heating and cooling
in buildings, they often compete with similar incentives that simultaneously support
fossil fuel use. Policy approaches can be contradictory or aim to tackle challenges in an
isolated rather than integrated manner. For example, a government may encourage the
replacement of old, inefficient and potentially harmful appliances with newer ones, but
may do so by introducing a subsidy that also finances fossil fuel technologies.

In Italy, the 2021 Superbonus 110% scheme provided tax reductions for up to 110% of the
cost to replace an existing heating system with an efficient renewable-based system in
residential or commercial buildings. However, Italy also provided an equal incentive for
fossil fuel boiler replacement. If the new condensing boiler is more efficient than the model

it replaces (up to a certain point), the subsidy applies as well. Many European countries
offer subsidies for fossil fuel-fired appliances, including Belgium, France, Germany, Greece,

Poland and the United Kingdom.

These policies can be well intentioned, as low-income households tend to suffer the most
from ageing appliances and require support to cover the high upfront costs of replacing
them. These appliance owners also require the most assistance when fuel prices become
unstable. Governments can end up paying both for the subsidies to install a more
expensive, yet more efficient fossil fuel appliance, while also paying to support consumers

when they are faced with higher prices.

Some countries have begun phasing out existing financial incentives for fossil fuel
systems. In early 2022, France announced that it will end subsidies for new gas boilers

and increase financial support for renewable heating.

Source: See endnote 184 for this chapter.
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CHALLENGES

Significant challenges have slowed the uptake of renewable
energy in buildings, especially for providing heating and
cooling services. They include:

The higher upfront costs of renewable heating and
cooling technologies pose a barrier to adoption. As of
the end of 2021, natural gas boilers were more affordable
than renewable heating systems in Canada, Germany,
and the United Kingdom, among others, without direct
policy interventions.'®™ Although upfront costs have
declined', those countries that have successfully deployed
renewable heating systems typically have long-standing
support policies; in Sweden, a carbon tax and a mature
manufacturing industry have improved the economics
of renewable heating technologies versus fossil fuel
counterparts.’®°

Government fiscal policy can make the operational costs of
renewable heating more expensive, especially for electric
heating (with renewables). Some countries apply levies or
taxation regimes that can disadvantage renewable energy
technologies by, for example, heavily taxing electricity use
while lightly taxing natural gas In EU Member States,
levies and taxes on electricity can be between 10-15 times
higher per unit of energy than those on natural gas.® In
2020, the Netherlands' was the only European country to
apply higher surcharges and taxes on natural gas use than
electricity.'®

Fossil fuel consumption received USD 5.9 trillion in
subsidies in 2020, which distorts the cost-competitiveness
of renewable heating options.** (= See Introduction in this
chapter,)

In countries with large existing building stocks, renovation
and heating system replacement rates are low.'®®

Consumer awareness of renewable heat options,
including new lower-cost business models, remains low.'*®
(- See Box 3.)

Despite large job creation potential, the skilled workforce
in renewable heat and energy efficiency installations
remains understaffed.”” (= See Sidebar 2.)

BOX 3. Service-based Business Models:
Lowering the Upfront Cost of
Renewable Heating

New business models are emerging that help reduce the
upfront cost burden of a renewable heating system. In
heat-as-a-service (HaaS) models, energy suppliers provide
a "heating service” rather than a fuel. HaaS contracts can
range from appliance leasing to guaranteeing a constant
temperature outcome within a building. Customers
typically pay a monthly fee for the service, removing
the significant upfront cost barrier that some renewable
heating technologies can impose. The most commonly
used technology in HaaS offerings is electric heating
devices, but direct renewable heat technologies such as
solar and geothermal heat also can apply.

Although heat supply contracts accounted for less than
1% of heating systems sold in Europe in 2020, such
arrangements have seen increasing uptake across
several European countries. HaaS contracts were first
tested in 2015 in Denmark and Germany, and since then
energy companies in Estonia, France, the Netherlands,
Switzerland and the United Kingdom have begun offering
the contracts in different forms. In Germany, Viessmann
allows customers to “rent heat” by charging a monthly
fee for the equipment, maintenance and units of heat
delivered. Going one step further, as of 2021 the Dutch
company Eneco guarantees a promised temperature of
space heating and sanitary hot water for a monthly fee.

Challenges to the HaaS business model include the
significant energy price risk assumed by the service
provider, as well as regulations limiting third-party
access to subsidies that are available for renewable
solutions. Countries have begun putting in place
policies to address these barriers, such as subsidies
from the Danish government provided for heat pumps
installed on a contract basis.

Source: See endnote 196 for this chapter.

i Solar thermal is already cost-competitive in several countries, including Mexico, due in part due to the strong solar resource. In Denmark, the world
leader for operational district heat capacity, the levelised cost of heat for solar district heating systems fell 32% from 2010 to 2019 due to an increasingly
competitive supply chain and developer experience that helped drive down costs. Projects in Austria and Germany also showed significant declines in
installed cost. Recent price trends in natural gas point to the improving economics of renewable heat solutions, notably via electric heat pumps. See
endnote 190 for this chapter.

The Netherlands will further increase taxation on natural gas in a stepped approach until 2026 and decrease taxation on electricity to proceed with its gas
phase-out plans. Since January 2021, electricity used for space heating in Denmark has been subject to the minimum allowable taxation rate.
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Global employment in wind energy grew slightly to 1.25 million
jobs in 2020, from 1.17 million in 2019. IRENA's gender survey
indicated that women hold only around a fifth of these jobs.
Most wind energy employment is concentrated in relatively
few countries, with China alone accounting for 44% of the
total. Europe continued to be a global wind manufacturing
hub and led in offshore technology, accounting for around
333,200 jobs or 27% of total wind employment (of which EU
members accounted for 21%). In Germany, employment fell to
90,000 jobs due to a precipitous decline in new installations.
The Americas accounted for 17% of global wind energy
jobs, most of them (117,000) in the United States where new
installations expanded rapidly.

IRENA estimates hydropower employment at around 2.2 million
direct jobs in 2020 (the best data available). China was home
to 37% of these jobs, followed by India (15%) and Brazil (8%),
with other countries weighing less heavily. The other renewable
energy technologies employ far fewer people - less than
1 million each. Because these technologies are less dynamic,
less information on employment is typically available.

COVID-19 slowed activity in the off-grid solar PV sector, as
companies faced tight finances and as households reduced
cash purchases. Worldwide sales of off-grid solar lighting
products fell sharply in the first half of 2020 compared with the
same period in 2019, especially in South Asia and in East Asia
and the Pacific. The second half of 2020 brought only a partial
recovery. However, rough data suggest that off-grid solar

companies were able to retain much of their workforce during
the pandemic, potentially around 342,000 workers in 2020
(191,400 in South Asia and 150,000 in parts of Sub-Saharan
Africa). Women were more negatively affected than men
because they often hold informal jobs that are more vulnerable
to lockdowns and other economic disruptions.

In addition to the data on jobs numbers and job creation
dynamics, information on job quality is equally important - and
is linked to skills training, workforce development, inclusivity,
and a range of issues connected to just transition needs and
the decent jobs agenda. A just transition requires that benefits
be shared widely and equitably - and that the burdens of
adjustment be minimised - during the decades-long process
of transforming economies. Decent jobs find expression in
good wages (and benefits), occupational health and safety,
workplace practices and job security. Whether jobs are decent
also depends on the extent of unionisation and labour rights
and on the presence of collective bargaining and government
enforcement of labour standards (which tend to be limited or
absent in economies with a higher degree of informality).

Only limited information is available on such aspects for the
renewable energy sector, in part because it spans many sectors
of the economy, and national conditions vary widely. In general,
a broad, holistic policy framework is required to address these
dimensions, including industrial policies, labour market policies,
social protection measures, and diversity and inclusion strategies.
Source: Based on IRENA. See endnote 197 for this chapter.
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RENEWABLES IN INDUSTRY
AND AGRICULTURE
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for 31% of total final energy consumption

Breakdown of energy demand

69%

Non-industry or
agriculture
energy demand

29%

Industry

2% Agriculture

48

Others

7%

’ 17% Iron and steel
Chemical and
‘ 15% petrochemical

Food and
tobacco

6%

5 % Paper and pulp

v

3%

Mining

Agriculture
. The industr 0 . .
38 countries J SiX countries AJTeLETe
(o) sector represents capacity totals
A) plus the EU have have passed th
of hydrogen is Lo?jdmaps for 28 % agri-voltaic ARSI
currently ydrogen ; policies 1 4
production of GDP; agriculture GW
g;)sdilu %Z?Sby represents around

@i
®

4.3%ofGDP

Share of Renewable Energy in Industry and
Agriculture, 2009 and 2019

12.5.

Share of renewables
in industry and agriculture

Modern bioenergy

7.3% 8.0%

37/.5:

16.1.

Share of renewables
in industry and agriculture

33.9-

Non-renewable
energy

Non-renewable
energy

Renewable electricity

| 50% 8.0%

Solarand (.1 9

2009 heet

Source: Based on IEA data. See endnote 200 for this chapter.

geothermal ————@m—

2019

Renewable electricity
for industrial
heating rose

in a decade.




INDUSTRY AND AGRICULTURE

The industry sector is one of the largest energy users, accounting
for 29% of global TFEC.®® Iron and steel are among the most
energy-intensive sub-sectors, representing 17% of industrial
energy consumption, followed by the chemicals sector (15%).°
The agriculture sector, meanwhile, accounts for 2% of global
TFEC.?° (» See Figure 11.) Globally, the industry and agriculture
sectors' together contribute 32% of total GDP on average.?”

Electricity use in industry and agriculture represents around
10% of global TFEC.22 Meanwhile, industrial processes and their
associated infrastructure contribute around a quarter of global
greenhouse gas emissions.?® In 2020, CO: emissions from
industrial energy use and production processes totalled around
8.7 gigatonnes (Gt).?* Emissions from agriculture reached an
estimated 9.3 Gt in 2018 (latest data available) and represented
more than 17% of global emissions.?®® On-farm' energy-related
emissions increased 23% between 2000 and 2018, representing
0.9 Gt in 2018 (10% of global emissions in agriculture).?®® Nearly
half of these emissions (around 0.5 Gt) came from electricity and
the other half from fossil fuel use (mainly natural gas and diesel
products).?”” (- See Box 4.)

The share of electricity used in the industry and agriculture sectors
increased from 24% in 2009 to 29% in 2019.%¢ The electrification of
industrial processes has led to growing use of renewable electricity
for industrial heating, which rose 80% during the decade®® The
share of renewables in industry and agriculture increased 3.6
percentage points between 2009 and 2019, to represent 16.1% of
TFEC in these sectors.?"® Half of the energy provided by renewables
is used to produce electricity and the rest is used to produce heat,
using mainly bioenergy followed by geothermal and solar thermal.?"

MARKET TRENDS

The industry sector comprises diverse energy needs. It includes
industries with requirements for low-temperature process heat (such
asfood and beverages, mining, and pulp and paper), where renewables
have the highest potential, as well as industries with high-temperature
requirements for process heat (such as cement, chemicals, iron and
steel), where renewables currently face limitations in meeting
this type of heat requirements (> 400°C). In these hard-to-abate
sectors, the main options for decarbonisation are energy efficiency
linked with electrification of processes, biomass in gasification
processes, as well as renewable hydrogen.?”? (- See Sidebar 3.)

These data correspond to the value added as percentage of GDP. The available data from the World Bank under the “Industry” category comprise value added

in mining, manufacturing, construction, electricity, water and gas. The data under the "Agriculture” category comprise forestry, hunting and fishing, crops and

livestock production.

i Refers to emissions generated from energy use within the farm gate and from fisheries.

BOX 4. Renewables in the Agriculture Sector

The agriculture’ sector accounts for around 4.3% of global
GDP. Global energy use in agriculture has increased from
7.2 EJ in 1999 to 8.9 EJ in 2019, although the sector's share
in TFEC has fallen from 2.7% in 1999 to 2.4% in 2019. Energy
is used in all stages of agricultural activity, from food storage,
production, and processing, to transport, fertilisation,
manufacturing and machinery.

Agricultural energy consumption varies by region and
depends on energy access levels, mechanisation of
processes and the use of fertilising inputs. Between 1999
and 2019, agricultural energy demand in Asia increased from
3.5 EJ to 4.5 EJ, driven mostly by mechanical and chemical
improvements to obtain higher vyields. In Africa, energy
demand in agriculture doubled (from 0.3 EJ to 0.5 EJ), while
its share in TFEC remained roughly stable at 1.8%. In Europe,
demand fell 7.7%, to reach 1.0 EJ of TFEC; oil and petroleum
products contributed 55% of energy consumed, while
renewables and biofuels contributed 9% and electricity 10%.

Renewables play important roles along the agri-food value
chain. Biomass residues produce biogas used to generate
heat and electricity, making it possible to cook and refrigerate
products. Small hydropower and geothermal are used to power
agri-processing facilities, while geothermal steam is used for

drying and processing, greenhouse production facilities and
aquaculture heating. (= See Snapshot: El Salvador in Market and
Industry chapter) Solar PV technology is used mainly for agri-
voltaics, agro-processing systems and solar irrigation (where it
has proven its effectiveness and is deployed globally). By mid-
2022, agri-voltaics reached a global installed capacity of more
than 14 GW, helping to increase farmer revenues and reduce
water use by limiting evaporation through shaded agriculture.

i GDP share for 2020 includes agriculture, forestry and fishing.

Source: See endnote 207 for this chapter.
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SIDEBAR 3. Renewable Energy and Hydrogen

Interest in renewable hydrogen' - or hydrogen produced from
electrolysis fuelled by renewable electricity — has surged in recent
years. It is considered a key solution for reducing greenhouse
gas emissions from hard-to-decarbonise sectors such as
steel, chemicals and long-haul transport. Hydrogen already is
commonly used in the petrochemical and steelmaking industries,
whether in oil refineries to remove impurities and upgrade heavy
oil fractions, as a feedstock for chemical production (such as
ammonia and methanol) or as a reducing agent in iron making.

Industry demand for pure hydrogenii totalled 87 million tonnes
in 2020. Most of today's pure hydrogen is produced through
steam methane reforming and coal gasification (particularly
in China), which together account for 95% of production.
Electrolysis produces around 5% of global hydrogen, as a
by-product of chlorine production. However, no significant
hydrogen production occurs from renewably fuelled
electrolysis, and renewable hydrogen has been limited to
demonstration projects. Only around 300 MW of electrolysers
for renewable hydrogen were installed as of the end of 2021,
with total production of around 1 million tonnes per year.

However, this is set to change. Several waves of interest in
hydrogen have occurred in years past, driven mainly by oil price
shocks, concerns about peak oil demand and air pollution, and
research on alternative fuels. The latest wave is focused on
delivering low-carbon solutions and additional benefits that
only renewable hydrogen can provide, and is driven by the
following factors:

H Broader use of hydrogen. Previous interest in hydrogen
was focused mainly on expanding its use in fuel cell electric
vehicles. In contrast, the new interest covers many possible
uses of renewable hydrogen across the entire economy, in
particular the hard-to-decarbonise sectors that already use
hydrogen.

H Government objectives for net zero energy systems.
Since the hard-to-decarbonise sectors have limited options
for emission abatement, current government objectives can

be met only by introducing renewable hydrogen. Moreover,
electrolysers are flexible machines that also can help balance
high shares of variable renewable energy on the electricity
grid, by providing power reserves,

B Lower costs. The major cost driver for renewable hydrogen is
the cost of electricity. The price of electricity procured from solar
PV and onshore wind power has fallen substantially in the last
decade. Meanwhile, many of the components in the hydrogen
value chain have been deployed on a small scale and are ready
for commercialisation, but they require investment to scale up.

H Interest of multiple stakeholders. As a result of all the
above points, interest in hydrogen is now widespread in both
public and private institutions.

An estimated 5 TW of electrolysers will be needed by 2050
to produce more than 400 million tonnes of renewable
hydrogen. Yet the renewable hydrogen value chain remains
in its infancy and faces many barriers to scaling. There is no
real experience with electrolysers at the gigawatt-scale or with
the manufacture of "green products” (materials and goods
produced using renewable hydrogen, such as green steel or
fertilisers). Renewable hydrogen infrastructure and markets
do not yet exist, and technical and commercial standards are
lagging. Hydrogen is not yet counted in official energy statistics,
and there are no internationally recognised ways to account
for greenhouse gas emissions linked to hydrogen. Renewable
hydrogen also has to compete with the production of hydrogen
using carbon capture and storage.

Renewable hydrogen is still expensive. The rising cost of
fossil gas in Europe in early 2022 made renewable hydrogen
theoretically cheaper than its fossil counterparts. However, if
no high and stable carbon prices are put in place, renewable
hydrogen and green products will remain financially risky as
the cost of natural gas remains volatile. Moreover, renewable
hydrogen production would require additional renewable
energy capacity to meet the requirements for both the direct
and indirect electrification of end-uses.




Given the strategic importance of renewable hydrogen
in making a low-carbon future possible, governments
are pursuing various industrial policies to support the
technology. At least 38 countries plus the European Union
have developed or are developing hydrogen strategies,
outlining the drivers, targets and objectives they want to
pursue in the hydrogen economy. (= See Policy chapter.)
In many cases, these strategies inform the policies to be
adopted to support renewable hydrogen.

Some countries have provided support for the scale-up of
electrolyser manufacturing capacity. The German research
ministry allocated EUR 700 million (USD 793) to support
three hydrogen projects: H2mare, TransportHyDE and
H2Giga, which is dedicated to developing gigawatt-scale
serial production of electrolysers. In 2021, Chile's National
Development Agency (Corfo) launched a USD 50 million
tender to select six electrolyser projects for a total of
45 kilotonnes of renewable hydrogen production annually
by 2025. The projects will receive development funding
once they install the promised electrolyser capacity and
meet the established terms and conditions.

On the demand side, some governments have established
sustainable public procurement schemes prioritising the
purchase of green materials, including those produced
using renewable hydrogen. In the United States, the Buy
Clean California Act imposes a maximum acceptable
global warming potential limit on selected construction
materials. During the UN climate talks in November 2021,
the governments of Canada, Germany, India, and the United
Kingdom, among the world's largest steel and concrete
buyers, pledged to buy low-carbon construction material
when available. In addition, several countries - including
Germany, Japan and the Netherlands - have signed trade
agreements in recent years to identify opportunities to
trade hydrogen.

Countries with an abundance of low-cost renewable
power could become producers of renewable hydrogen,
with  commensurate geo-economic and geopolitical
consequences. Hydrogen is a conversion business, not an
extraction business, and has the potential to be produced
competitively in many places. Hence, the industry is
likely to be more competitive and less centralised than
fossil fuels. As the cost of renewable hydrogen falls, new
and diverse participants will enter the market, making
hydrogen even more competitive.

i Also referred to as green hydrogen. See Glossary for definition.

i Pure hydrogen rarely exists in its natural form. It usually is combined
with other elements such as oxygen, water and fossil fuels. Pure
hydrogen can be produced by gasification and electrolysis.

Source: See endnote 212 for this chapter.

The chemical sector

is among the highest At least
emitting industrial  sub-
sectors, due largely to
its significant demands
on feedstocks as raw
material and to the use
of coal (28%) in chemical
production.?® A push
for ~ "green  ammonia”
projects in the sector has
occurred in parallel to the
development of renewable hydrogen activities. Green ammonia
can be produced with the combination of hydrogen and nitrogen;
it can be used to produce chemicals and fertilisers, or as an energy
carrier for transport or energy storage.?* Bio-based products also
are used to reduce emissions in the chemical sector, and around
1% of plastics are now bioplastics.?™®

(as well as the EU) have
developed specific
industry decarbonisation
roadmaps that include
renewables.

During 2021 and early 2022, more than 20 countries announced
projects for green ammonia production based on renewable
hydrogen from solar and wind power, for uses including industry,
transport and energy storage.?’® Nearly 10 of these countries have
projects involving the production of fertilisers for domestic use
or export.?” In Morocco, Total Eren announced a EUR 9.4 billion
(USD 10.6 billion) investment to produce renewable hydrogen
and green ammonia, and in Norway Aker Horizon, Statkraft and
Yara aim to create Europe's first large-scale green ammonia and
renewable hydrogen production centre.?®

The pulp and paper sector relies on bioenergy and renewable
fuels for around 40% of its total energy use, as on-site biomass
waste and residues have been used to supply heat.?”® Several
projects to reduce fossil fuel use in processes also have been
explored, mainly in Europe.??® Private companies are replacing
natural gas with renewable hydrogen to produce tissue paper
and are using co-generation plants able to run on biomethane.?”!

Energy demand in the steel sector, which alongside the iron
sector ranks among the highest emitting industrial sectors, has
increased in recent years with expanding production. The sector
depends on coal for 75% of its energy, and efforts to improve
the energy footprint have been limited largely to energy efficiency
measures and to innovations in the steelmaking process.???
During 2021, four pilot and demonstration projects successfully
produced green steel using green hydrogen, and others were
announced.?® For the first time, a complete green steel value
chain was implemented, including both the steel production and
its use for vehicle manufacturing.?®* (= See Snapshot: Sweden on
page 34.)

Energy demand in the aluminium sector is largely consumed in
the form of electricity. The sector self-generates more than half of
the electricity that it consumes and has been improving its energy
intensity in the past decade??® Coal supplies nearly 60% of the
sector's electricity use, followed by hydropower (one-quarter).??
Although the share of renewables in the energy mix is limited, it grew
3 percentage points between 2010 (when renewables other than
hydropower were not yet used in the sector) and 2020.%?’ Initiatives
that rely on solar PV and CSP to produce “green aluminium” have
been explored in Australia and the United Arab Emirates.??
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The cement sector recorded an annual increase in carbon
intensity of 1.8% between 2015 and 2020.%*° Biomass and waste
fuels met around 6% of the industry's global energy needs in 2019,
while in Europe this share reached around 25%.2%° Bioenergy and
biomass-based wastes provided only 3% of the thermal energy
used in the cement industry in 2020.%

As in other end-use sectors, chemical, fertiliser and steel
companies are procuring renewable electricity through PPAs in
order to limit CO2 emissions and the impacts of high energy costs
in their production.?®

POLICY DEVELOPMENTS

The industry sector is considered to be a hard-to-decarbonise
sector, with heavy dependency on fossil fuels due in part to its
high temperature requirements and to the use of fossil input
materials for production. Sectoral roadmaps and policies are
essential to drive reductions in CO2 emissions, including through
carbon pricing, energy efficiency and renewable energy policies.
Direct renewable energy policies in industry remained limited in
2021 and were focused mainly on renewable heat applications.

In 2021, the EU adopted a carbon border adjustment mechanism
(CBAM)' that applies a carbon price to goods imported into the
region, depending on their carbon footprint.?** The initial focus
of the CBAM is on the cement, iron and steel, aluminium and
fertiliser industries. When the mechanism enters into full force
in 2026, it will provide a strong incentive for decarbonisation of
imports from these industry sectors to ensure that the goods
remain cost competitive.2%

During the COP26 meetings in 2021, the United Nations Industrial
Development Organization (UNIDO) announced the Industrial
Deep Decarbonization Initiative, under which several countries'
have pledged to procure low-carbon steel and concrete to meet
between 25% and 40% of domestic material demand.?*® Since
2016, at least 10 governments (as well as the EU) have developed
specific industry decarbonisation roadmaps that include the use
of renewable energy and renewable hydrogen, among others.?¢
Within these roadmaps, the sub-sectors that have received the
most focus, with specific measures and strategies, are steel,
chemicals, iron and cement.?*’

In 2021, the UK government published an industrial
decarbonisation strategy to align its industrial sector with the
national net zero target by focusing on pulp and paper, iron and
steel, cement, and chemicals, among others.?*® Sweden expanded
financing measures in its recovery plan for the industrial sector to
reduce emissions that have a direct and indirect link with industry
processes, including hydrogen production, battery production
for electric vehicles and biorefineries.?*® Some countries have
published national plans to limit fertiliser dependency, promoting
local production of chemicals via renewable hydrogen.?°

Several broader hydrogen plans also have been announced, but only
a handful focus on renewable hydrogen for industrial applications,
including chemicals and steel.?* (= See Policy chapter.)

Another way to address decarbonisation is by developing
industrial clusters that make it possible to reduce energy costs
and emissions in the industry sector. Several countries and city
governments have taken this approach.?* Since 2013, China has
developed 52 low-carbon industrial clusters.?*® Energy use in the
Suzhou Industrial Park is supplied by more than 75% renewables',
the highest share across China's national development zones.?*
Between 2016 and 2019, energy consumption in the park increased
15%, while energy intensity per unit of GDP fell around 10%.%4

In early 2022, four global cluster sites in Australia, Spain and
the United Kingdom joined the Transitioning Industrial Clusters
towards Net Zero initiative, launched by the World Economic
Forum, Accenture and the Electric Power Research Institute.?
This cluster approach aims to achieve energy savings and cost
reduction through heat integration and utility-scale renewables
and enabling technologies, including solar thermal, solar PV,
renewable hydrogen and storage.?

CHALLENGES

Significant challenges remain to increasing the uptake of
renewables in the industry sector. These include:

The cost implications of reducing CO. emissions in
high-temperature processes remain high, especially
since many heavy industries are based on low-cost coal.
Although the cost of renewable hydrogen has declined,
its cost-competitiveness is dependent on the availability
of renewable resources and site-specific conditions.?®
(= See Sidebar 3.)

As in other sectors, fossil fuel subsidies tend to discourage
investment in energy efficiency and renewable energy to
decarbonise the industry sector.?*® Materials and products
from the industry sector are traded in a competitive market
with low margins, which limits the possibilities.

Energy demand in some industry sub-sectors - such as
steel and chemicals - would likely increase in emerging
economies as their economies mature and as demand
grows. To limit CO2 emissions, innovative technologies
that are still under development today will be needed.?*°

The energy transition could increase the number of
stranded assets across the industry sector. In the
steel sector alone, replacing coal-fired blast furnaces
with electric arc furnaces represents an estimated
USD 70 billion in stranded assets.?®

The CBAM targets in its initial phase cement, iron and steel, aluminium, fertilisers, and electricity goods, based on the embedded emissions of their production

and import in the EU. The mechanism aims to limit the delocalisation of carbon-intensive production and the import of carbon-intensive goods, by penalising

those goods with the highest emissions and thus promoting emission reduction.

i The governments of the United Kingdom, India, Germany, the United Arab Emirates and Canada.

iii More than 75% of the energy used in the industrial park is provided by direct electrification and renewable heat through renewable microgrids, renewable
power for aluminium production, solar thermal and electrification for heating, and integrated transport through electric and hybrid vehicles.
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TRANSPORT

During 2021, the transport sector continued to experience
impacts related to COVID-19, following a tumultuous 2020.
However, activity increased for all transport modes, particularly
passenger and freight transport, resulting in rising energy
demand as well as greater use of renewables.?%? (- See Figure 12.)

Global passenger car sales, particularly for electric vehicles' and
sport-utility vehicles (SUVs), continued to grow.2%® Non-motorised
transport’ and micromobility’ also increased in popularity, and
freight and maritime transport largely rebounded.?** Conversely,
public transport continued to experience lower ridership than
pre-pandemic levels in most markets despite showing some
signs of recovery.?s® Air traffic remained significantly lower than
pre-pandemic levels but experienced some rebound compared
t0 2020.%%¢

Transport remains the sector with the lowest share of renewable
energy use.®®” Despite the growth in electric vehicles in recent
years, the overwhelming renewable energy contribution continues
to be from biofuels.?®® As of 2019 (latest data available), the vast
majority (96.3%) of global transport energy needs were met by
fossil fuels (mostly oil and petroleum products, as well as 0.9%
non-renewable electricity), with small shares met by biofuels
(3.3%, mostly blended in various percentages with fossil fuels) and
renewable electricity (0.4%).2%° (= See Box 5.)

i Battery electric vehicles and plug-in hybrid electric vehicles.

i Walking, cycling and their variants, which are important elements of “Avoid” and “Shift” in the Avoid-Shift-Improve framework because they help to limit overall
transport energy demand. Also called “active transport” or “human-powered travel” See endnote 254 for this chapter.

iii Micromobility includes modes such as electric sidewalk/"kick” scooters and dockless bicycles (both electric and traditional), as well as electric moped-style
scooters and ride-hailing and car-sharing services. Many “new mobility service” companies have committed to sustainability measures, including the use of
renewable electricity for charging vehicles as well as for operations. See Box 2 in GSR 2020.

BOX 5. Entry Points for Renewable Energy in Transport

Renewables can meet energy needs in the transport sector
through the use of:

H biofuels in pure (100%) form or blended with conventional
fuels in internal combustion engine (ICE) vehicles;

B biomethane in natural gas vehicles; and

Hm renewable electricity, which can be:
- used in battery electric' and plug-in hybrid vehicles,

- converted to renewable hydrogen through electrolysis
for use in fuel cell or ICE vehicles, or

« used to produce synthetic fuels and electro-fuels.
In addition to the use of biofuels or other renewable-based

fuels for propulsion, maritime transport has the possibility to
directly incorporate wind power (via sails) and solar energy.

i See Glossary for definition.
Source: See endnote 259 for this chapter.

.
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Energy use for transport accounted for around one-third (31.9%)
of global TFEC in 2019, with road transport representing the
bulk of the sector's energy demand (74%), followed by aviation
(12%), maritime transport (9.4%) and rail (2%).2%° Between 2009
and 2019, the use of renewable energy in transport grew 87%
(from 2.35 EJ to 4.41 EJ); however, its overall share in the sector
increased by only around one percentage point, from 2.4% to
3.7%, due to continued growth in transport energy use.?'

Global energy demand in the transport sector increased more
than 24% during the decade.?® This was due mostly to the
growing number and size of vehicles on the world's roads (and
to increases in the tonne-kilometres and passenger-kilometres
travelled), to a reduction in average passenger-kilometres
travelled per person for buses, and to a lesser extent to rising
air transport.?®® Energy intensity improvements have occurred
mainly in passenger transport, almost entirely in developing
and emerging countries’.?* Longer-term trends indicate that the
growth in energy demand for transport has far outpaced other
sectors.?®® (- See Figure 3.)

Energy use for transport
accounted for

of global energy demand
in 2019.

MARKET TRENDS

Transport Overview by Fuel

Biofuels production’ bounced back in 2021 to surpass pre-
pandemic levels for both ethanol and biodiesel.?°® Between
2011 and 2021, production and use of ethanol increased 26%,
while biodiesel nearly doubled.?®” Production of hydrogenated
vegetable oil (HVO or HEFA, also called renewable diesel) grew
36% in the same period, despite the effects of the pandemic.?®
Some biomethane and compressed biogas continued to be used
in transport, but on a much smaller scale. (- See Bioenergy
section in Market and Industry chapter.)

The use of renewable electricity in the transport sector
reached 0.35% in 2019, as electrification in the sector and the
uptake of electric vehicles continued to increase.?®® Electrification
grew across nearly all transport modes through 2021.2° (= See
Sidebar 4.) This can help dramatically reduce CO. emissions
in the sector, particularly in countries that are reaching high
renewable shares in their electricity mix. Electric vehicle batteries
essentially work as energy storage systems, storing surplus
renewable energy which can be fed back to the grid when
necessary. Transport electrification also offers the potential for
significant final energy savings, as electric vehicles are inherently
more efficient than ICE vehicles.?”” However, the overall share of
electricity (let alone renewable electricity) in the transport sector
remains low and has increased relatively little in recent years.?”2

Some regions saw increased interest in hydrogen and synthetic
fuels as transport fuel. However, the use of or investment in
renewable hydrogen and synthetic fuels for transport remained
minimal, as nearly all hydrogen production globally continues to
be based on fossil fuels.?

i Because the year 2020 was impacted heavily by the pandemic, long-term trends can be better seen by looking at the data up to 2019.

ii Passenger transport activity increased 74% between 2000 and 2015, while its energy intensity fell 27%. Meanwhile, surface freight (road and rail) activity
increased 40%, but its energy intensity declined only 5% due to vehicle attributes, payloads and a lack of supportive policy frameworks to incentivise

improvements. See endnote 264 for this chapter.

i This section concentrates on biofuel production, rather than use, because available production data are more consistent and up-to-date. Global production
and use are very similar, and much of the world's biofuel is used in the countries where it is produced, although significant export/import flows do exist,

particularly for biodiesel.
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SIDEBAR 4. Market and Industry Trends for Electric Vehicles

Electrification has increased across nearly all transport modes
in recent years. Much of the growth in electric vehicles' can
be attributed to targets and policy support, in addition to the
rising economic competitiveness, technological advancement
and model availability of electric vehicles.

ELECTRIC VEHICLE MARKET

Electric car sales reached 6.6 million in 2021, more than
doubling from 2020 and tripling from 2019. The market share
of electric cars in overall car sales grew from only 2.5% in 2019
to nearly 9% in 2021. Electric cars accounted for all of the net
growth in car sales of any type globally in 2021, with battery
electric vehicles representing around 70% of the growth. By
year's end, an estimated 16 million electric cars were on the
world's roads, comprising around 1% of the global car fleet.
(= See Figure 13.)

Most of the growth was in China, where electric car sales nearly
tripled in 2021 to reach 3.4 million, the fastest market growth
worldwide since 2015. Globally, the rapid uptake of electric
cars during the year reflected extended government financial
support in the wake of the COVID-19 pandemic, anticipated

declines in government support in 2022, expanded small car
models, and shrinking price differentials between electric and
ICE vehicles. In China, the median price of an electric car was
only 9% higher than for an ICE vehicle, whereas in the United
States and Europe it was more than 50% higher (although
some European markets, such as the Netherlands, Norway,
and the United Kingdom, showed lower price differentials).

Electric car sales in Europe slowed from 2020 but still jumped
nearly 70% in 2021 to reach 2.3 million. Sales were supported
by new CO: emission standards and by expanded financial
support in most major markets. For the first time ever, electric
car sales surpassed diesel car sales in the region. The highest
market shares for electric cars were in Norway (86% of all cars
sold), Iceland (72%), Sweden (43%), and the Netherlands (30%),
while Germany (25%) remained Europe's largest market by the
number of electric car sales, with nearly 700,000 vehicles sold.

Sales in the United States more than doubled to surpass
600,000 in 2021, exceeding the country's total electric car sales
in 2019 and 2020 combined. The share of electric cars in the
overall US market doubled during the year to reach 4.5%. This
followed two consecutive years of sales declining 10%.

i Electric vehicles refer here to battery electric vehicles and plug-in hybrid electric vehicles in the road transport sector; these include cars, two- and three-
wheelers, light commercial vehicles and heavy-duty vehicles (including trucks and buses).

/' FIGURE 13.

Electric Car Global Stock, Top Countries and Rest of World, 2015-2021
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Source: Based on IEA data. See endnote 270 for this chapter.
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China, Europe and the United States together account for
two-thirds of the global car market (all types) and for 95%
of electric car sales. Outside these regions, electric car sales
were less than 2% of most markets. In developing countries,
low sales reflected high costs compared to ICE vehicles and a
lack of charging infrastructure. However, sales surged in 2021
in developing Asia, Central Europe, West Asia, the Middle East,
and Latin America and the Caribbean.

Investment in electric cars jumped in 2021 after steady
increases during 2016-2020. Consumer electric car spending
more than doubled to nearly USD 250 billion, while government
spending doubled to nearly USD 30 billion. In China, consumer
electric car spending nearly tripled to USD 90 billion.

Charging infrastructure also expanded, with the number
of publicly available charge points up nearly 40% in 2021.
Installations of slow chargers grew 33% - down from average
annual growth of 60% during 2015-2020 - while installations of
fast chargers increased 45%.

The market for electric two- and three-wheelers (such as
motorcycles and auto-rickshaws) continued to grow, with
China adding 9.5 million new registrations in 2021 to comprise
97% of the global market. Vietnam and India experienced high
sales of 230,000 and 89,000, respectively. As of 2021, 25%
of all electric two- and three-wheelers in Asia were electric.
While electric two- and three-wheeler models cost less than
ICE models in many regions, they remain more expensive in
Europe and the United States.

Sales of electric light commercial vehicles (LCVs, such
as pick-up trucks and vans) grew more than 50% in 2021, to
reach 2% of the overall LCV market. Compared to cars, the
economic case for electrifying LCVs is stronger because LCVs
tend to see greater use and to operate on more predictable
routes. However, LCV electrification has been slower due to
weaker fuel economy policies and fewer zero- or low-emission
mandates in most markets. China led with 86,000 electric
LCVs sold in 2021, followed by Europe with 60,000 sold.

New registrations of electric heavy-duty vehicles (HDVs,
including buses and heavy-duty trucks) also increased. While
the overall bus market contracted 7%, sales of electric buses
grew more than 40%, bringing e-buses to 4% of the global
bus stock in 2021, Sales of electric medium- and heavy-duty
trucks more than doubled, bringing electric heavy-duty trucks
to 0.1% of the total global stock. China remained home to most
e-buses and electric HDVs, although sales in the United States
and Europe have grown rapidly since 2019.

ELECTRIC VEHICLE INDUSTRY

By the end of 2021, at least 450 electric car models were
available globally, up more than 15% from 2020 and more than
five times since 2015. Automakers continued to promote larger

vehicles, such as SUV and luxury models, which tend to have
greater profit margins. Overall, SUVs comprised around half
of all electric car models available in major markets, while
medium-sized models comprised 22% and small models just
10%. The number of HDV models also increased. However,
fewer models (of LDVs and HDVs alike) were available in
developing and emerging markets.

After a year of no growth, the driving range of battery electric
vehicles increased 3.5% in 2021 to reach 350 kilometres.
The weighted average range for new battery electric
vehicles grew at a compound annual rate of 9% for 2015-
2021, demonstrating continued industry efforts to improve
the performance of both vehicles and batteries. For plug-in
hybrid electric vehicles, range increased 8.5% to reach 60
kilometres, with compound annual growth of 2.7% during
2015-2021. Globally, the price-per-range for battery models
fell 10% and for plug-in hybrid models fell 14%, reflecting
increasing battery range and decreasing average vehicle
prices. Range for HDVs also increased.

Electric vehicle and battery companies have experienced
greater market capitalisation than traditional original
equipment manufacturers (OEMs). Tesla (US) dominated
the automaker market for electric vehicles, accounting
for three-quarters of the total market capitalisation. Tesla
also led in electric car sales globally, followed by VW
Group (Germany), BYD (China), GM (US) and Stellantis
(Netherlands). Regionally, VW Group led in Europe, BYD
led in China, and Tesla led by a large margin in the United
States and several other countries.

Nearly all major automakers announced sales targets for
electric vehicles in 2021, Early in the year, both Honda and the
European division of Ford announced targets for phasing out
ICE vehicles (by 2040 and 2030, respectively). During the UN
climate talks in November, 24 countries and a group of auto
manufacturers (including Ford, Mercedes-Benz and Volvo)
agreed to phase out ICE vehicles by 2040 (notably absent were
BMW, Toyota and Volkswagen). Some automakers, including
Ford, GM, and Toyota, also announced training programmes
to accelerate electric vehicle deployment and ensure a well-
trained transition workforce.

New charging technologies to support vehicle
electrification were developed during the year. StoreDot
(Israel) developed batteries capable of being charged in
five minutes, manufactured by Eve Energy (China). In the
United States, Ford and Purdue University announced a
partnership to create a new cable for charging stations to
deliver increased current and faster charging speed. Tesla's
Supercharger network also opened to other electric car
types during the year.

Source: IEA and others. See endnote 270 for this chapter.
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TRENDS BY TRANSPORT MODE

Road transport accounts for three-quarters of transport energy
use.?In 2021, global passenger car sales increased more than 4%,
slightly stronger than in 2020 in most regions but still not reaching
pre-pandemic levels.?”® In contrast, electric car sales surged 108%
in 2021, with even higher growth in some markets.?”® Although
55% of the electric car models for sale on the market were SUVs,
more than 98% of the SUVs on the roads globally were still ICE
vehicles, running mostly on fossil fuels.?”” Sales of two- and three-
wheelers increased in many markets, while electric versions
increased in popularity, driven by rising consumer concerns about
air pollution and by growing demand for “low-noise” transport.?’®

A few local governments and companies have begun using
renewable energy in their bus fleets. While many cities have used
biofuels in buses for some time, a growing number are now linking
renewable electricity to e-bus charging (such as charging the buses
with solar power), notably in Europe, the United States and China.?”®

Road freight consumed around half of all diesel fuel in 2018 (latest
data available) and was responsible for 80% of the global net
increase in diesel use between 2000 and 2018, with the increase
in road freight activity offsetting any efficiency gains.?®° However,
an increasing number of companies continued to use renewable
energy options, such as biogas in the United Kingdom.?®'

As the most highly electrified transport sector, rail transport
accounted for around 2% of the total energy used in transport in
2019.2%2 Renewables contributed an estimated 11% of global rail-
related energy consumption in 2019.2%° Some jurisdictions have
increased the share of renewable energy in rail transport to well

above its share in their power sectors.?®* Many cities are running
public urban rail systems on electricity, sometimes directly linked
to renewable electricity and in other cases using biofuels.?®
Several deals signed in 2021 supported renewable energy uptake
in the sector, including for renewable electricity in New South
Wales (Australia), biodiesel in Canada, and renewable electricity,
renewable HVO, biogas and hydrogen dual-fuel technology in the
United Kingdom.?®® Passenger rail volumes increased compared
to 2020, although trips were below pre-pandemic levels.?”

Rail freight rebounded somewhat during 2021, with some regions
reaching pre-pandemic levels as supply chains normalised and
demand increased.?®® However, in some regions rail operators
have gone back to using diesel. For example, following a sharp
rise in electricity prices in the United Kingdom, including a 40%
tax on renewable energy, some rail freight operators replaced (at
least temporarily) electric freight services with diesel services as
a more cost-effective option.?®

Maritime transport largely recovered in 2021 following a nearly 4%
decrease in 2020.2°° Maritime activity consumed around 9% of the
global energy used in transport in 2019 — with around 0.1% estimated
to be renewable - and was responsible for around 2.9% of global
greenhouse gas emissions.?’ Some fleets have moved to 100%
renewable fuels, while others have moved to hybrid systems with
energy storage (although not always operating on renewables'),??
In 2021, several companies announced or launched renewable-
based shipping endeavours, including using e-methanol made from
renewables, offering renewable-based shipping and investing in
biomethane production capacity.?® Others expanded renewable
fuel production to meet growing demand in the sector.?*

i The transport of goods or people via sea routes, including inland and coastal shipping.

i At asmaller scale, electric outboard engines increasingly are being used in many markets and can be charged directly with renewable energy; some
governments, such as Sweden, have offered incentives for electric models. See endnote 292 for this chapter.



In the aviation sector, air traffic increased slightly in 2021 -
after having plummeted with the onset of the pandemic - but
remained more than 58% lower than in 2019.2% Meanwhile,
air cargo reached higher levels than pre-pandemic.?® In 2019,
aviation accounted for around 12% of the total energy used in
transport - less than 0.1% of which was renewable - and for
around 2% of global greenhouse gas emissions.?*

Several initiatives supported renewable fuels for aviation during
2021. These included the largest sustainable fuel agreement in
aviation history, targets for 100% biofuel planes by 2030, multi-
year partnerships for sustainable aviation fuel and the opening
of the world's first plant dedicated to producing carbon-neutral
jet fuel?®® The number of airports with regular distribution of
blended alternative fuel nearly tripled, from 14 in 2020 to 44
in 2021, while the number of airports with batch deliveries of
such fuels increased from 16 to 23'2%° By early 2022, more than
360,000 commercial flights had flown on blends of alternative
fuels' 2 However, this remains a negligible share of the tens of
millions of flights performed each year.*"'

ko,
Low
emission

POLICY DEVELOPMENTS

Only 28 countries globally have targets for renewable energy in
transport, typically for multiple objectives including supporting
energy security, reducing CO. emissions and improving air quality.
(= See Policy chapter,) As of mid-2021, two-thirds of the 2020 targets
for renewables in transport had not been achieved, and around
40% of the countries that had set 2020 targets had not established
new ones after the 2020 targets expired.**> Countries have failed to
meet their targets in large part because they lack supportive policy
frameworks that encourage an energy and transport transition, or
because the frameworks in place are ineffective or not enforced.

The number of countries with support policies for biofuels in
transport plateaued in 2017 at 65 countries globally and has
not increased since.*® Targeted bans on sales of fossil fuel/
ICE vehicles (or targets for 100% electric vehicle sales, typically
light-duty vehicles only) were in place in 26 countries (and 8
states/provinces) by early 2022, doubling from the year before.*%*
However, many of these countries target relatively low shares
of renewable power, and some lack national renewable power
targets altogether.®% In 2021, only three countries - Germany,
Austria and Japan - had an electric vehicle support policy with a
direct link to support for renewable power, the same as in 2020.,3%

Fuel economy standards push manufacturers to seek to
improve fuel efficiency and facilitate the adoption of alternative
drivetrains based on low-carbon solutions, including renewable
energy.®”” As manufacturers seek to decrease fuel consumption,
this could result in a higher renewable share in final energy
consumption. In 2021, 48% of energy use in transport across
all modes globally was covered by mandatory fuel efficiency
standards, nearly double from a decade earlier.%®

i On a smaller scale, some companies planned for small electric planes to take flight by as early as 2024, while others advanced plans for fully electric airlines to
carry 100 passengers, or aimed for hydrogen-fuelled commercial aircraft by 2035. See endnote 299 for this chapter.

i Up from 315,000 in 2020 and just 200,000 the year before.
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Fuel economy standards apply to 80% of light-duty road vehicles
worldwide, yet they cover just 51% of the global road freight
market.®*® Only five countries — Canada, China, India, Japan and
the United States - apply them to heavy-duty vehicles, and no new
countries have adopted such standards since 2017, although the
EU adopted CO2 emission standards for new heavy-duty vehicles
in 2019.%° In aviation, although carbon emissions per passenger-
kilometre have fallen more than 50% in the past three decades
due to fuel efficiency improvements, emissions have grown more
rapidly than expected as global demand for air travel surges.®"

Many countries still lack a holistic strategy for decarbonising
transport that encompasses the Avoid-Shift-Improve framework!,
(= See Global Overview chapterin GSR 2020.) Such strategies can
greatly decrease energy demand and associated greenhouse gas
emissions in the sector and thus allow for the renewable share in
transport to increase.*?

CHALLENGES

While there have been some advances for renewables in the
transport sector, renewable energy is not making as significant a
stride as it has in other sectors. Reasons for this include:

Historical global transport systems and infrastructure favour
motorised transport demand based on fossil fuels, supported
by subsidies and strong lobbying efforts to maintain the
status quo.

Rising transport demand due to population and economic
growth, particularly in developing and emerging countries,
has led to energy demand growing much faster than in
other sectors.

The sector remains characterised by dependency on
individual behaviour and consumption-oriented lifestyles
(particularly in industrialised countries), trends toward larger

vehicles, and reluctancy to change behaviour, all supported
by strong lobbying and marketing efforts.

Sufficient policy support is lacking for reducing the overall
demand for motorised transport, transitioning to more
efficient transport modes (such as public transport), and
improving vehicle technology and fuels - together known as
Avoid-Shift-Improve.

Cost-effective  solutions are lacking, particularly for
decarbonised long-haul aviation and shipping.®™

The transport sector is characterised by a strong
fragmentation of policies and governance structures, with
many decisions taken at the local and regional level. National
policy frameworks are therefore not sufficient to trigger
change at the national level and to support local efforts.

i These actions also seek to address broader concerns among policy makers in the transport sector at the national and sub-national levels, such as
environmental and health impacts (e.g., congestion, pollution, road safety), transport security and equity in access to mobility. See Figure 60 in GSR 2020.



Despite the improvement in carbon intensity in the transport
sector, continued increases in energy demand (most of which have
been met by fossil fuels) have resulted in a general trend of rising
greenhouse gas emissions.*" Emissions from the sector increased
in 2021 after falling in 2020, although they remained below 2019
levels.®*® The sector as a whole accounts for nearly a quarter of global
energy-related greenhouse gas emissions.*® Nearly three-quarters
of all transport emissions are from road vehicles.*” Emissions from
SUVs alone tripled between 2010 and 2020 due to the increasing
number and larger sizes relative to other passenger vehicles.*®

Overall, the transport sector is not on track to meet global climate
goals for 2030 and 2050.%° The majority of countries worldwide
have acknowledged the sector's role in mitigating emissions by
including transport in their NDCs under the Paris Agreement.*?
However, the role of renewables is largely not specified, and
as of mid-2021 only 10% of NDCs included measures for

renewable-based transport.®?' Based on one estimate, to be on
track with net zero scenarios for 2050, emissions from the sector
would need to decrease at least 20% by 2030'.%2?

Still, a record number of transport-related commitments were
announced during or surrounding COP26 in 2021, supported by
countries in every major world region.®* Commitments covered
nearly all transport modes - from zero-emission vehicles and
charging infrastructure, to decreasing emissions in aviation
and shipping, to supporting cycling as an emission reduction
measure.®  While some commitments directly mentioned
renewable fuels, others supported renewables more indirectly.’?
Notably, 38 countries and 44 city, state and regional governments
signed the UK-led "COP26 declaration on accelerating the
transition to 100% zero-emission cars and vans’, promising to
work towards all sales of new cars and vans being zero emission
by 2040 or earlier, or by no later than 2035 in leading markets.?*®

i Further, current targets made by the international maritime and aviation bodies (the International Maritime Organization and the International Civil Aviation
Organization, respectively) are not consistent with Paris Agreement goals of limiting global warming to below 2°C but rather are in line with a rise of more than
3°C. See endnote 322 for this chapter.
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SNAPSHOT. PHILIPPINES

Renewable Energy Programme for the
Agri-Fishery Sector

In 2021, the Philippine Departments of Energy and Agriculture
announced a new Renewable Energy Programme for the Agri-
Fishery Sector. The programme supports the use of renewables
to power agricultural and fishery operations such as drying

and other heat-based applications, to electrify farm production
and processing facilities and machinery, to fuel engines used in
irrigation, and to mechanise farm operations. The programme
also aims to develop new renewable technologies and human
resources specialising in renewables; to develop and enforce
new standards for renewables; and to provide technical support
for suppliers and manufacturers of locally produced renewable
energy equipment and components.

Source: See endnote 205 for this chapter.




POLICY
LANDSCAPE

KEY FACTS

By the end of 2021, nearly all countries
worldwide had in place a renewable energy
support policy, with most support continuing
to occur in the power sector and fewer
efforts to accelerate renewables in buildings,
transport and industry.

Commitments to climate change mitigation
accelerated in 2021, as governments,
corporations and others made a flurry of

pledges to reduce greenhouse gas emissions.

By year's end, at least 135 countries and the
European Union had some form of net zero
target in place.

As in previous years, policies supporting
renewables in transport focused mainly on
road transport, with rail, aviation and shipping
receiving far less attention.

The industrial sector continued to receive
far less policy attention than other end-use
sectors.

n the past decade, interest in a global transition to an
energy system that relies more heavily on renewables
has increased, in response to wide-ranging goals
related to climate change and decarbonisation, energy security,
job creation, equity and energy access. To achieve these goals,
decision makers at various levels have enacted new renewable
energy policies and strengthened existing ones.! Policy support
for renewables - whether directly through, for example,
renewable energy mandates and incentives, or indirectly through
measures such as carbon pricing and fossil fuel bans - remains
critical for driving the energy transition, particularly in harder-to-
decarbonise sectors such as heating in buildings, as well as the
transport and industry sectors.

By the end of 2021, nearly all countries worldwide had implemented
at least one regulatory policy in direct support of renewables'?
(= See Figure 14.) Although most of this activity continued to
focus on the power sector, the number of renewable energy
policies in both transport and heating increased for the first time
since 2018 (albeit with weaker policy frameworks).® In addition to
policy developments at the national level, cities increasingly have
passed policies in support of renewables, although these are not
the focus of this analysis. (= See the Renewables in Cities chapter
for a discussion of policy developments at the city level.)

i This chapter is intended to be only indicative of the overall landscape of
policy activity and is not a definitive reference. Data from GSR 2021 should
not be used as a comparison, due to updated methodology and data
availability. Generally, listed policies are those that have been enacted by
legislative bodies. Some of the listed policies may not yet be implemented,
or are awaiting detailed implementing regulations. For further information,
see endnote 2 for this chapter.

02

75




% REN21

76

RENEWABLES 2022 GLOBAL STATUS REPORT

FIGURE 14.
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Note: The figure does not show all policy types in use. In many cases countries have enacted additional fiscal incentives or public finance mechanisms to support
renewable energy. A country is considered to have a policy (and is counted a single time) when it has at least one national or state/provincial-level policy in place.
Power policies include feed-in tariffs (FITs) / feed-in premiums, tendering, net metering and renewable portfolio standards. Heating and cooling policies include
solar heat obligations, technology-neutral renewable heat obligations and renewable heat FITs. Transport policies include biodiesel obligations/mandates, ethanol
obligations/mandates and non-blend mandates. For more information, see Reference Table R3 in the GSR 2022 Data Pack.

Source: See endnote 2 for this chapter.

The push to decarbonise is an increasingly important driver
of renewable energy support policies* In 2021, governments
around the globe announced a flurry of commitments
towards mitigating climate change through reductions in
greenhouse gas emissions.® In addition, rising energy prices during
the year and the Russian Federation’s invasion of Ukraine in early
2022 have heightened policy makers' concerns about energy
security, leading to growing interest in renewables.®

Globally, decision makers
are converging on the key

Climate change
policies

role of electrification in
decarbonisation
and have enacted policies
to support greater use
of electricity, which is
increasingly generated by
renewables.’

efforts

CLIMATE CHANGE POLICY AND
RENEWABLES

Policies aimed at mitigating climate change can indirectly
stimulate the deployment of renewables by mandating a
reduction or elimination of greenhouse gas emissions.® Most
climate change policies related to energy do not focus explicitly
on renewables; however, these policies play a critical role in
increasing interest in - and uptake of - renewable energy
technologies across all end-use sectors.

The year 2021 was important for climate policy developments.
After the United Nations climate negotiations were postponed
in 2020 due to the COVID-19 pandemic, stakeholders
convened in November 2021 for resumed talks in Glasgow,
Scotland.? Although countries' revised Nationally Determined
Contributions (NDCs) - which outline their commitments to
reducing emissions under the Paris Agreement - were due in
2020, they were given additional flexibility to submit their new or
updated NDCs ahead of the Glasgow meetings.”®



y/ FIGURE 15.
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Note: Carbon pricing policies include emission trading systems and carbon taxes. Net zero emissions targets shown include all levels of implementation
(declaration/pledge, in discussion, in policy document, in law and achieved). Fossil fuel ban data include both targeted and existing bans across the power,
transport and heating sectors. Jurisdictions marked with a flag have some type of fossil fuel ban in one or more sector. See GSR 2022 Data Pack for details.
No cities with policies are shown; see Renewables in Cities chapter for more comprehensive city policies.

Source: Based on World Bank, Climate Watch, IEA Global Electric Vehicle Outlook and REN21 Policy Database. See Reference Table R4 in GSR 2022 Data

Pack and endnote 13 for this chapter.

In total, 151 countries submitted new or updated NDCs in 2021,
with most of the submissions showing increased ambition
on reducing emissions." However, not every NDC contains
a quantified renewable energy target, and those that do focus
mainly on the power sector; only 30 of the submitted NDCs
explicitly mentioned heating or transport, and only 13 NDCs
outlined a commitment to a share of renewables in the total
energy mix.”?

Numerous countries, states and provinces implemented
additional climate change policy during 2021, whether by setting
targets (including commitments to net zero'), banning or phasing
out the use of fossil fuels, or increasing the cost of fossil-based

i See Glossary for definition.

energy through carbon pricing.® (= See Figure 15) However,
while commitments to decarbonisation have been gaining
traction globally, this has not always led to the replacement of
existing fossil fuels with renewable energy sources.

Greenhouse gas emission targets (including net zero and
carbon-neutral targets) reflect goals specifically set for reducing
emissions. During 2021, many countries announced new
greenhouse gas emission targets.® For example, Zimbabwe
committed to 40% emission reductions by 2030 compared to
business as usual (conditional on international finance support),
and Lebanon raised its target to a 20% reduction by 2030, up
from 15% previously.'®
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More than 17 countries announced new net zero commitments
in 2021, many in advance of the November climate talks.”
By year's end, at least 135 countries as well as the European
Union (EU) - together accounting for around 88% of global
emissions - had in place some form of net zero target (including
announcements and targets under discussion).”® The EU made
its climate neutrality target for 2050 legally binding and set
an interim target for 55% emission reduction by 2030.” Brazil
passed a net zero target for 2070, and India for 2050.2°

The degree of implementation varies, as many net zero targets
are not backed by specific legislation.”’ (= See Figure 16.) Of
countries’ 2021 targets, only around a fifth were enshrined in
law, around half were included in some type of policy and the
remaining third were in the declaration stage.?? Eight countries
(Benin, Bhutan, Cambodia, Gabon, Guinea-Bissau, Guyana,
Liberia, Madagascar and Suriname) declared they had already
achieved net zero emissions by late 2021, however, these
places are considered to still be developing and include in
their calculations the role of forests as natural carbon sinks.?
Meanwhile, only 84 of the 135 national governments with net
zero targets also had economy-wide renewable energy targets
(and only 36 had targets for 100% renewables), highlighting the
gap between commitments to net zero and plans to scale up
renewables to help achieve this.?

Carbon pricing policies aim to increase the price of fossil-based
energy compared to non-fossil sources such as renewables (and
nuclear power). By the end of 2021, such policies were in place in
65 jurisdictions at the national and sub-national levels, covering
an estimated 21.5% of global greenhouse gas emissions.?® At
least four countries (Austria, China, Germany and Indonesia) and

Washington state (US) introduced new carbon pricing policies in
2021, which are set to go into effect in 2023.%° China launched the
world's largest emission trading scheme for power generation as
part of its targets to achieve peak emissions by 2030 and carbon
neutrality by 2060.#

Policies banning or phasing out the use of fossil fuels
can stimulate the uptake of renewables in various end-use
sectors, depending on the fuel being targeted. In 2021, the
most common type of fossil fuel ban enacted at the national
and state/provincial level was on coal, which is used primarily
to generate electricity (and, to a lesser extent, to provide heat
for buildings and industrial processes).?® Coal bans or phase-
outs can indirectly stimulate investment in renewable power
capacity, although they also can increase the uptake of nuclear
generation. At the same time, increases in wholesale energy
prices have led national governments to put in place measures
to shield consumers from the direct impact of rising energy
prices.?® (» See Box 6 and Table 3.)

FIGURE 16.
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BOX 6. National Policies to Shield Consumers from Rising Energy Prices

With the energy crisis unfolding in late 2021, followed by
the Russian Federation's invasion of Ukraine in early 2022,
countries in Europe and around the world have experienced
energy price hikes. To shield consumers from these increases,
several governments have implemented short-term policies
to mitigate the price effect. Most of the measures have
focused on lowering energy taxes on fossil fuels, with many
specifically targeting low-income groups, which have been
among the most vulnerable to rising prices. (- See Table 3.)

In addition, several countries have planned medium-term
strategies to reduce reliance on fossil fuels and increase
national and regional energy security. For example, much of
the discussion in the EU has focused on reducing reliance
on Russian fossil fuels (in particular natural gas), including by
speeding up renewable energy solutions. (= See Sidebar 1 in
Global Overview chapter,)

?/- TABLE 3.

Reduced | Retail

Country energy price price

tax / VAT | regulation | regulation

Wholesale

4 Measures to Address Fossil Fuel Price Increases in Selected Countries, as of Early 2022

Austria |

Belgium | [ |
Brazil |

Bulgaria |
Croatia |

Cyprus

Czech Republic
Denmark

El Salvador
Estonia

Finland

France
Germany
Greece
Hungary |
Ireland

[taly

Korea, Republic of
Latvia

Lithuania u
Luxemburg
Mexico
Netherlands
Norway
Peru

Poland
Portugal
Romania
Slovenia
South Africa
Spain
Sweden
United Kingdom |
United States |

Mandate :
Transfers to to state- Wmc_lfall Business
vulnerable owned profits i
groups R tax PP
| | |
| |
| |
|
| |
| | |
|
| |
| |
| | |
| | | | |
| | |
| |
| | |
|
| |
|
|
| | |
|
| | |
| |
| | |
| | |
| | | | |
| | | | |

Note: Table includes measures enacted between September 2021 and March 2022. Excludes sub-national and supra-national policies.

Source: Bruegel and REN21 research. See endnote 29 for this chapter.
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By year's end, at least seven countries had committed to
banning or phasing out coal either at the national or state/
provincial level®® Indonesia’s state-owned energy utility
announced that it would end the construction of new coal-fired
power plants after 2023 (although more than 20 gigawatts,
GW, of new coal capacity will be built until then).®" In Europe,
Hungary expedited the closure of its last coal-fired power plant
by five years (targeting 2025 instead of 2030), and Bulgaria,
Germany, Romania and the United Kingdom committed to
exiting coal, with timelines varying between 2024 and 2040.%
At the state level, Oregon (US) banned the expansion or new
construction of coal-fired as well as natural gas and other fossil
fuel plants.® In addition to individual country commitments, a
key outcome of the Glasgow climate talks was an agreement by
more than 40 countries and several sub-national jurisdictions
to phase down' “unabated” coal power generation’ by the
2030s in developed economies and by the 2040s in developing
economies.* (= See Global Overview chapter.)

In the buildings sector, bans or support for phasing out
fossil fuels for heating (such as heating oil and fossil gas)
have the potential to stimulate the use of renewables. While
such bans typically are enacted by municipalities (= See
Renewables in Cities chapter), in 2021 at least two countries
took this step: Slovenia banned fuel oil and coal for heating
starting in 2023, and France banned fossil gas for heating in
new single-family homes starting in mid-2022 (and in new
collective housing starting in 2024).3% At the sub-national level,
the province of Quebec (Canada) banned fossil fuel heating in
new construction.3®

In the transport sector, bans on fossil fuels for road transport
can incentivise biofuels-based transport and the use of electric
vehicles. While electric vehicles are not a renewable energy

technology in themselves, they provide a critical entry point for
higher uptake of renewables in transport, especially if combined
with policies for renewable electricity generation. Bans on
internal combustion engine (ICE) vehicles also support
uptake of electric vehicles and have been the most widespread
type of ban.

Policy support for decarbonisation of the transport sector
increased significantly in 2021, with new announcements bringing
the total number of national and sub-national jurisdictions with
bans on fossil fuel use in road transport to 30, up from 26 in 2020;
in addition, a partial ban exists in Mexico.*” Canada banned the
sale of fuel-burning new cars and light-duty trucks starting in
2035, the United Kingdom banned the sale of new petrol and
diesel heavy-goods vehicles and buses by 2040 (and the sale
of smaller diesel trucks from 2035), and Spain enacted a law
prohibiting the sale of fossil fuel vehicles by 2040.*® Singapore’s
new Green Plan includes ceasing sales of diesel cars and taxis
from 2025 and requiring all new car and taxi registrations to be
“cleaner energy” models starting in 2030.%° At the state level, New
York (US) enacted a law requiring all passenger vehicles sold in
the state to be emission-free by 2035 and to eliminate emissions
from medium- and heavy-duty vehicles by 2045.%

Ending government support for fossil fuel production and
exploration and enacting bans on funding for international
fossil fuel projects and on fossil fuel exports also have the
potential to indirectly support the uptake of renewables. In 2021,
China, Japan and the Republic of Korea committed to ending
funding for the construction of new coal power projects overseas
(but not necessarily domestically).? Spain banned all new
coal, gas and oil exploration and production permits,*# Canada
announced that it would stop exporting thermal coal (but not
other types) by 2030 at the latest.*

At least

had
committed to banning or
phasing out coal either
at the national or state/
provincial level.

i Ultimately, the agreement was to “phase down’, rather than “phase out” coal generation.

ii This refers to coal burning that is carried out without some form of carbon capture and storage.



RENEWABLE ENERGY TARGETS

By the end of 2021,166 countries had in place some type of target
at the national and/or state or provincial level to increase the
uptake of renewables, either economy-wide or in specific sectors
- up from 165 countries at the end of 20204 (= See Figure 17)).
As in previous years, the greatest number of targets were in the
power sector, followed by the heating and cooling sector, while
the number of targets for transport was significantly lower.*

Several countries committed to economy-wide targets for 100%
renewable energy during the year. In Africa, the Democratic
Republic of the Congo, Kenya and Uganda all set targets for
100% renewables economy-wide by 2050.46 Fiji set a similar
target for 2036, the Marshall Islands for 2050, and Austria and
Barbados for 2030 - bringing the total number of countries with
economy-wide targets for 100% renewables to 36 by the end of
2021, up from 32 the previous year.*

Targets in the power sector continued to dominate, with renewable
power targets in 135 countries by year's end, followed by the
heating and cooling sector, where 7 new countries announced new
or revised targets; this raised the total number of countries with
renewable heating targets from 22 in 2020 to 29 in 2022.* Many of
the new heating and cooling targets were implemented in Europe,
including in Croatia, North Macedonia, Slovenia and Spain.*

02

Targets to increase the share of renewables in transport saw
further decline, with the number of countries with such targets in
place falling from 46 in 2019 to 28 in 2021, as many targets that
expired in 2020 were not updated and/or renewed.®® Most of the
existing targets are in EU Member States, guided by a region-
wide target to achieve at least 14% renewables in transport by
2030.%" Only Iceland passed a new transport target in 2021,
aiming for 100% renewable-based road transport by 2050, with
an intermediate target of 40% by 2030.%* In addition, several
countries adopted or revised biofuel and electric vehicle targets.
(= See Transport section in this chapter.)

An emerging trend has been to adopt renewable energy targets
specific to military operations.®® (> See Table 4.) Most of these
targets are for the use of solar PV to support the operations of
remote army bases, driven by opportunities to save energy costs,
boost resilience against grid outages from extreme weather
events or from cyberattacks, and contribute to national emission
reduction targets.>

POLICY LANDSCAPE

Although targets on their own generally are insufficient to
stimulate investment, they continue to be an important expression
of a jurisdiction's commitment to renewables. However, these
targets need to be converted into action through the adoption
and implementation of other complementary renewable energy
policies and regulations.

?- FIGURE 17.

Renewable Energy Targets, 2021
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Note: New targets were announced in 2021, revised targets can include a revised target date or a revision of the actual share of renewable energy for a future
year. Transport target calculation excludes signatory countries to the Glasgow declaration calling on all new cars to be zero emission by 2040. See Reference

Tables R3 and R5-R10 in the GSR 2022 Data Pack.
Source: See endnote 44 for this chapter.
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sy TABLE 4.

/4

Renewable Energy Targets in Military Operations in Selected Countries, as of End-2021

Country and Scope Target(s)

China:

Chinese People's Liberation Army

France:
Ministry of Armed Forces

India:
Indian Navy

Japan:
Japan Defense Ministry

Pakistan:
Pakistan Army

Republic of Korea:

Ministry of Trade, Industry and
Energy and the Ministry of
National Defence

United Kingdom:
Army

United States:
Army

Micro-power grid systems (based on solar and wind with battery storage and diesel back-up)
for more than 80 border defence outposts in remote regions.

Phase-out of 1,600 heavy fuel oil boilers by 2030; making available 2,000 hectares of land
through 2022 for utility-scale solar PV projects.

24 megawatts (MW) of solar PV by 2022 as part of the Environment Conservation Roadmap.
100% of defence facilities powered by renewable energy (proposed).

1-5 MW solar parks in each garrison, with a total capacity of 40 MW.

25% renewable electricity consumption by 2030. Installation of 137 MW of solar PV on military
bases and 320 MW on military land and use of geothermal cooling and heating systems.

Four pilot solar farm projects installed in 2021, with total capacity of 2.3 MW

Carbon-free electricity for Army installations by 2030, with renewable-based microgrids
on all posts by 2035 and net zero emissions from installations by 2045. An increasingly

electrified vehicle fleet, including developing electric tactical vehicles by 2050.

Note: Table also includes targets which have already been achieved.

Source: See endnote 53 for this chapter.

RENEWABLES FOR ECONOMIC
DEVELOPMENT AND RECOVERY

Increasingly, renewables are being included as core components
of national economic development plans and strategies,
particularly given concerns about rising energy prices and the
security of energy supply.®® (- See Snapshot. Bangladesh.) While
no comprehensive data exist on this trend, an analysis of the BRICS'
countries - the largest emerging economies worldwide - shows
that all but the Russian Federation (a major fossil fuel producer)
have explicitly included renewables in their national plans.®®

The Brazilian government launched a Green Growth National
Program in October 2021 with the goal of aligning economic growth
with sustainable development towards a green and low-carbon
economy while also generating jobs; as part of the programme,
Brazil will invest BRL 400 billion (USD 71 billion) in areas including
renewable energy, biodiversity and waste management.®” India’s
2047 vision, currently under development, has discussed aims to
make the country a leader in renewables.®® China, in its 14th Five-
Year Plan released in March 2021, committed to ramping up wind
and solar PV power as well as expanding power infrastructure
development and energy storage.®® South Africa's 2012 national
development plan includes the goal of procuring at least 20 GW

of renewable electricity by 2030 and providing support to meet
the country's target of 90% grid-connected electricity access.®®

Several countries have used post-COVID recovery plans as
opportunities to support the shift to renewables. Between the start
of the pandemic and early 2022, governments committed more
than USD 710 billion to sustainable recovery measures by 2030
(= See Investment chapter); most of this was invested in member
countries of the Organisation for Economic Co-operation and
Development (OECD), particularly EU countries.®® Greece and
ltaly both announced post-COVID recovery plans that include
billions of dollars each of investment in renewables, storage,
energy efficiency, and electric vehicles, and Spain announced a
plan to allocate EUR 6.9 billion (USD 7.8 billion) to renewables
and related technologies (including renewable hydrogen, storage
and electric mobility).®? Canada’s federal recovery plan supports
renewable energy and electric vehicles.®®

Several countries announced investment in renewable energy
research and demonstration projects during 2021, with some
of the funds earmarked in development plans (China) or as
part of recovery funds (France and the United Kingdom).®* For
many energy technologies, public funding is needed for initial
research and demonstration projects and to help leverage private
investment'% The United States announced USD 100 million in

i The BRICS countries are Brazil, the Russian Federation, India, China and South Africa.

i Global public energy R&D spending, including on demonstration projects, reached USD 32 billion in 2020, up 2% from 2019, although not all of this is

dedicated to renewable energy research. See endnote 65 for this chapter.



SNAPSHOT. BANGLADESH

Mujib Climate Prosperity Plan

The Mujib Climate Prosperity Plan, published in
September 2021, serves as Bangladesh's roadmap for
climate resilience, energy independence and access,

and renewable energy through 2030. Through this plan,
the country aims to achieve 30% renewable energy
consumption and 30% electrified transport, driven by the
need to protect vulnerable communities and encourage
economic development. This includes goals to modernise
the grid, extend energy access to 100% of the population,
replace domestic energy capacity with renewables
(including green hydrogen) and achieve 100% clean
cooking solutions.

The framework is expected to result in the creation of

4.1 million climate-resilient jobs. Investment needs of
USD 80 billion will be financed through a mix of public
and private financing along with international partner
support. In 2021, Bangladesh rejected proposals to build
10 new coal-fired power plants. Instead, the plan foresees
that existing coal and natural gas plants will become
energy hubs, converted to either green hydrogen,
waste-to-energy or biomass plants. The goal is to reduce
natural gas imports and to upgrade existing infrastructure
to be capable of handling 30% green hydrogen starting
in 2030.

Source: See endnote 55 for this chapter.

funding for clean energy technology research.®® In China, the
14th Five-Year Plan gives a central role to innovation research,
and Japan's Green Innovation Fund plans to allocate around
USD 19 billion to low-carbon technology demonstration until
2023 (complemented by USD 15 billion in tax credits for private
involvement in such projects).®” The EU allocated EUR 1.1 billion
(USD 1.2 billion) for seven large innovation projects, most of them
for renewables, under its Innovation Fund.®® France, as part of
its EUR 100 billion (USD 113 billion) recovery and resilience plan,
will invest EUR 1 billion (USD 1.1 billion) in renewable innovation
projects as well as hydrogen research.®

Some jurisdictions have used economic development and
post-COVID recovery plans as an opportunity to foster job
creation and workforce training in the renewables sector.”®
(= See Sidebar 5 in this chapter, and Sidebar 2 in Global Overview
chapter,) India, Scotland (UK) and the United States, as well
as several sub-national governments, have developed plans
mentioning the importance of developing a skilled workforce to
advance the energy transition.”
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SIDEBAR 5. Educating the Workforce for the Energy Transition

To meet the growing demand for a renewable energy
workforce, several national governments, as well as
universities,  technical schools, non-governmental
organisations, and oil and gas companies, are taking steps
to build the necessary workforce for the future and to re-skill
existing workers. In addition to the 12 million people already
working in renewables as of 2020, an estimated additional
85 million jobs related to the energy transition will need to be
filled by 2030. (= See Sidebar 2 in Global Overview chapter.)

Several national and sub-national jurisdictions have
launched and supported programmes to address the issue
of re-skilling. In the United States, where the positions of
wind turbine service technician and solar PV installer are
expected to grow 68% and 52% respectively by 2030,
government-funded resources such as WINDExchange and
the Solar Training Network outline educational and training
programmes. India's Skill Council for Green Jobs public-
private partnership has provided trainings, through partners,
for around 500,000 persons in areas such as renewables,
electric vehicles and carbon sinks. After a drastic increase
in oil and gas unemployment from 2014 to 2017, Scotland
provided GBP 12 million (USD 16 million) for an Oil and Gas
Transition Training Fund that re-skills workers for careers in
wind turbine engineering and infrastructure.

At the sub-national level, the Renewable Denver Initiative,
funded by the state of Colorado, includes a workforce
training programme for solar PV, supporting the installation
of community solar gardens on municipal land. In New
York, a USD 25 million fund was announced in late 2021 to
re-skill displaced workers in the fossil fuel sector and from
disadvantaged communities, to new renewable energy jobs.
A workshop in Canberra (Australia) helps to up-skill auto
mechanics to work with electric vehicles and to train police,
firefighters and paramedics on how to safely respond to
incidents involving electric vehicles. Victoria (Australia)
launched a USD 11 million plan to subsidise 50% of the cost
of apprenticeships, professional mentoring and ongoing
education for women entering the renewables industry as
electricians, plumbers, solar installers and more.

Although no consolidated data exist, initial research
indicates that education on renewables is most common
at the master's level and in short-term professional
development training. At least 126 masters’ programmes
in G20 countries were dedicated to renewable energy as
of early 2022; in addition, programmes in other disciplines
have integrated renewables (and energy efficiency) into

their curricula. The Royal Institute of British Architects is
making climate literacy a mandatory component in its 109
schools in 23 countries, which includes factoring transport,
waste and energy efficiency into construction. Universities
such as Yale and Harvard offer courses for working
professionals in business and finance to understand and
support renewable energy projects. Duke, MIT and the
University of Pennsylvania, among many others, have
massive open online courses for public skills learning on
renewable energy systems and policy.

Several initiatives aim to build up a local workforce for
distributed renewables for energy access, to improve
educational opportunities for the more than 230 million
children worldwide who attend primary schools without
electricity. New Energy Nexus has provided training,
investment and financing to create 650 new jobs in
renewables for local communities supporting education,
clean cooking and electricity access in rural Uganda. The
Bharatiya Vikas Trust has up-skilled 15,000 financiers and
50,000 entrepreneurs since 1996 to close the finance gap
on people and businesses using renewable energy as a
means to earn an income.

Oil and gas companies have initiated programmes to re-skill
their workers towards renewables, mirroring efforts to shift
from fossil fuel production to greater integration of renewable
energy. (» See Sidebar 7 in Investment chapter) Saudi
Aramco, Saudi Arabia’s state-run oil company, established
the National Power Academy to provide vocational training
and education in areas such as smart grids, energy efficiency
and renewables. @rsted, Denmark's oil giant-turned-
renewables company, is teaming up with Falck Renewables
and BlueFloat Energy to create a streamline for colleges in
Scotland and industry partners to meet the need for workers
to install offshore wind farms. Iberdrola (Spain) aims to re-skill
15,000 people over a two-year period, including installers of
solar panels and electric vehicle charging infrastructure, and
electric heat technicians.

Several initiatives exist to increase the share of women
in the renewable energy workforce'. Sri Lanka, in its 2019
National Energy Policy and Strategies plan, includes
empowering women and youth in agriculture, rural and
primary industries through electricity access, energy
efficiency and conservation. In Africa, the state-owned
Ethiopia Electric Utility looks to employ 30% women by
2030 by providing scholarships and internships in STEM
(science, technology, engineering and math) fields.

i Only 27% of primary schools in low-income countries had access to electricity in 2020 (latest data available).

i The share of women in the renewable energy sector was around 32% in 2018 (latest data available), up from 22% in 2010.

Source: See endnote 70 for this chapter.



POWER

The number of countries with renewable power policies again
increased in 2021, continuing a multi-year trend. Policies to
support renewables in the power sector include: targets,
renewable portfolio standards (RPS), feed-in policies (tariffs and
premiums), auctions and tenders, renewable energy certificates
(RECs) or Guarantees of Origin (GOs), net metering and other
policies to encourage self-consumption, as well as fiscal and
financial incentives (such as grants, rebates and tax credits).
Most countries support renewable power with a mixture of
policy instruments that often vary depending on the technology,
scale or other features of installation (e.g., centralised or
decentralised).

At least 51 countries introduced new or updated targets for the
power sector in 2021, and by year's end at least 135 countries
had some form of renewable electricity target; this was down
from 137 countries in 2020, as some targets expired in 2020
and were not replaced.”? Meanwhile, the number of countries
with regulatory policies for renewables in the power sector
continued to expand, rising from 145 in 2020 to 156 in 2021.7° As
in prior years, auctions, tenders and other competitive pricing
strategies continued to overtake feed-in tariff policies.

/' FIGURE 18.

Feed-in policies, including feed-in tariffs (FITs) and feed-in
premiums (FIPs), are used to promote both large-scale
(centralised) and small-scale (decentralised) renewable power
generation, and they remain among the most widely used policy
mechanisms for supporting renewable power.”* (- See Figure 18.)
In 2021, the number of jurisdictions with FITs increased for the first
time in recent years, to 92 (up from 83 in 2020).” Ireland, which
had removed its FIT in 2015, re-introduced it to boost citizen and
community participation in the energy transition.”® Trinidad and
Tobago introduced a FIT to support solar PV rooftop systems.””
In China, where the last national-level FIT was set to expire by the
end of 2022, Guangdong become the first province to introduce
a FIT, in mid-2021.® (= See Snapshot: China.)

Several countries held renewable energy auctions or tenders
at the national or sub-national levels during the year.”® Albania
launched its first tender for onshore wind power capacity
(following two tenders for solar PV capacity in 2020), driven
by the need to diversify its electricity mix, which is dominated
by hydropower.t® In Spain, nearly 1 GW of wind power capacity
was awarded to seven companies at a wind-specific renewables
auction.®" Outside of Europe, Japan held its first tender for floating
offshore wind power, and Chinese Taipei awarded 5.5 GW of
offshore wind power capacity through auctions (the national FIT
was applied to the first 3.8 GW of projects).®

Renewable Energy Feed-in Tariffs and Tenders, 2010-2021
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Note: A country is considered to have a policy (and is counted a single time) when it has at least one national or state/provincial-level policy.
Source: See endnote 74 for this chapter, and Reference Tables R12 and R13 in the GSR 2022 Data Pack.
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Net metering continued to be a popular policy instrument to
support renewable power. At least 10 countries or sub-national
jurisdictions implemented new - or enhanced existing - net
metering policies in 2021.%° In India, the state of Kerala introduced
a new net metering rooftop programme with a goal of installing
solar panels on 75,000 homes, and West Bengal introduced net
metering for household rooftop solar PV between 1 kilowatt (kW)
and 5 kW.** Malaysia introduced a new programme that allows
residential customers to export 100 MW of surplus solar generation
to the grid, and Indonesia revised its legislation for rooftop PV to

SNAPSHOT. CHINA

A Renewable Policy Transition

China has undergone a major policy change In recent
years, shifting its renewable energy pricing from a premium
feed-in tariff (FIT) model to a "grid parity” model where
renewable and coal plants sell electricity at the same price.
The country's National Energy Administration stopped
approving FITs for new renewable projects in 2018, followed
by a decision to phase out key FIT support schemes,
including: for utility-scale, industrial and commercial
rooftop solar PV systems and onshore wind power by the
end of 2020; for residential solar PV power by the end of
2021; and for offshore wind power by the end of 2022. The
move was driven by backlogs in FIT payments and by the
plunging cost of PV modules, which has made systems
more affordable. The central government policy permits
local subsidisation of offshore wind power and CSP at a
regional level, with Guangdong becoming the first province
to provide such a subsidy in mid-2021.

This policy transition led annual solar PV installations in
China to fall more than 30% in 2019. However, as installers
sought to benefit from the final years of FIT support, the
market grew more than 60% in 2020, to reach a record

55 GW of new installations in 2021. The government's 14th
Five-Year-Plan, released in March 2021, puts a continued
focus on wind and solar PV power as well as energy
integration and energy storage, aiming for a 20% non-fossil
fuel share in the energy mix by 2025, China's recently
announced targets for peak carbon emissions by 2030 and
carbon neutrality by 2060 also have driven demand for
renewables.

Source: See endnote 78 for this chapter.

ensure that customers earn credit for the surplus power they inject
to the grid at the same tariff they pay for buying electricity.®®

Bolivia introduced net metering for distributed renewable
generation for both small-scale generation and larger commercial
systems.®® In Europe, Romania amended its net metering
programme to support residential solar PV, and Montenegro
implemented its first net metering programme for 3,000 residential
rooftop PV systems.®” The Russian Federation introduced net
metering for solar and other renewable energy generators under
15 kW.88




Several US states reduced or removed their net metering
credits during the year. Indiana reduced its net metering rate,
and Connecticut replaced net metering with a new programme
that changes how owners are compensated for their power
generation.®®

At least 17 countries introduced new financial or fiscal policies
in 2021 - including Denmark, France, and ltaly in Europe, and
Australia and New Zealand in Oceania.’® Morocco provided
MAD 521 billion (USD 5.6 billion) for major solar projects in
the country, and Bangladesh provided USD 50 million to install
80,000 solar home systems and 5,000 community arrays.”
In Europe, Croatia implemented a EUR 7.4 million (USD 8.4
billion) rebate programme for rooftop solar PV installations for
businesses and homeowners, Malta announced EUR 26 million
(USD 29.4 million) in funding for large-scale renewable energy
projects, Sweden made available SEK 260 million (USD 287
million) in rebates for homeowners who install solar PV, and the
United Kingdom provided GBP 265 million (USD 357 million)
in subsidies for renewables.®? At the state level, Kerala (India)
began offering a subsidy to install rooftop solar PV, with eligible
participants having to pay only 12% of the costs.*

Renewable portfolio standards (RPS) - mandates requiring
utilities (or companies) to install or use a certain share of
renewable energy - also expanded. As of 2021, 31 US states
and the District of Columbia had legally binding RPS and goals,
12 of which require 100% clean electricity by 2050 or earlier;
in addition, 7 US states have non-binding renewable portfolio

goals.®* Four states -

Delaware, lllinois, North While
Carolina  and Oregon
- updated their RPS
policies during the year,
while Nebraska approved
its first clean energy goal
(100% clean electricity
by  2050).°  Outside
of the United States,
Colombia introduced an
obligation for all power companies operating in the wholesale
energy market to ensure that at least 10% of the electricity
they distribute is generated with renewable technologies, as of
January 2022.%¢

for new or existing
buildings exist at the
national level, several
states/provinces have
implemented such
policies.

While no rooftop solar PV mandates for new or existing
buildings exist at the national level, several states/provinces
have implemented such policies.®” (= See Table 5.) In 2021,
the US state of California adopted a building code making it
mandatory to include solar PV with battery storage in new
commercial buildings and high-rise residential buildings.®®
In Germany, 7 out of 16 states have solar PV mandates, most
of which apply not only to new buildings but also to major
rooftop renovations.®® Several Chinese provinces have solar
mandates, and the national government launched a call to
provincial offices to suggest counties where such mandates
could be trialled.!®

sy TABLE 5.

// Solar PV Mandates at the Sub-national Level in Selected Jurisdictions, as of End-2021

Country/Jurisdiction Solar PV mandate

China

Fujian, Guangzhou, Shaanxi = Mandatory on 20% of residential rooftops, 30% of commercial/industrial, 40% of public
Jiangxi, Gansu and Zhejiang = facilities and 50% of government buildings; more trial provinces are expected

Germany

Baden-Wiirttemberg | Mandatory for non-residential buildings from January 2022, for new residential buildings from
May 2022 and for renovated buildings from 2023

Berlin | Mandatory (along with solar thermal) for new buildings and building renovations for residential

buildings as of 2023

Hamburg = Mandatory on new buildings from 2023 and for building renovations from 2025

Niedersachsen | Mandatory on new commercial buildings with rooftops greater than 75 square metres

Nordrhein-Westfalen | Mandatory on new car parks of more than 35 spaces from January 2022

Rheinland-Pfalz | Mandatory (along with solar thermal) on new commercial buildings and new car parks of

more than 50 spaces

Schleswig-Holstein | Mandatory on new car parks of more than 100 spaces, on at least 10% of rooftop space for
solar PV for new buildings, and for building renovations on non-residential buildings, from

2022 onwards
United States

Four pilot solar farm projects installed in 2021, with total capacity of 2.3 MW

California = Mandatory (with battery storage) in new commercial buildings and high-rise residential

buildings, starting in 2023

Source: See endnote 97 for this chapter.
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POLICIES TO SUPPORT
COMMUNITY ENERGY

Despite the growth in policy
support for renewables,
local opposition to renew-

The

in buildings remains
heavily dependent on
fossil fuels, with renewable

able. energy. .prOJPfCtS sources meeting only
continued to limit project

deployment in  some of global
regions  To  support heat demand in 2020.

a more positive public

response to renewables,

governments at all levels have adopted policies that enable
residents, businesses, communities and others to develop, own,
operate, invest in and otherwise benefit from projects.’”? Such
community energy arrangements occur mainly in the power
sector, with related policies supporting self-consumption, virtual
net metering and various forms of shared ownership.”®®

During 2021, at least 13 Canadian provinces and US states
implemented new community energy policies. Nova Scotia
(Canada) for the first time allowed shared community ownership
of net metered solar PV generation.® In the United States, New
Mexico established a community solar programme requiring
that 30% of the output go to low-income customers or service
organisations.'® Delaware and lllinois increased their limits on the
size of community solar, and Oregon provided USD 50 million in
grants for community projects in cities outside Portland.®® New
York state provided USD 53 million in incentives for community
solar projects that dedicate at least 20% of their capacity to low-
and moderate-income households, affordable housing providers
and facilities serving disadvantaged communities.'”” Community
programmes also are starting to emerge outside North America
and Europe.

SYSTEM INTEGRATION POLICIES

Policies that support energy storage, extensions and
improvements to grid infrastructure, smart grid technologies
and electric vehicle charging stations can help minimise
the potential negative impacts and maximise the benefits
associated with variable renewable energy.®® (= See Energy
Systems chapter.)

Policies to improve electric grid infrastructure, including
those aimed at expanding or modernising transmission and
distribution systems, continued to gain ground in 2021, Cyprus,
Greece and Israel agreed to implement an underground cable
to link the countries’ power grids and boost their ability to
use and trade renewable energy.®® In the United States,
the Bipartisan Infrastructure Deal included USD 65 billion
to upgrade power infrastructure by building thousands of
kilometres of new transmission lines to facilitate the expansion

of renewables."™ The country also announced plans to provide
up to USD 8.25 billion in loans to companies to expand
transmission capacity, including support for offshore wind
power connections. At the state level, New York approved
a 150-kilometre transmission line to help meet its renewable
energy goals."? China plans to invest USD 350 billion during
2021-2025 to upgrade its grid and build new power systems
with improved voltage regulation and better compatibility with
renewables."™

Policies that promote energy storage also help with successful
system integration, since storage can make it easier to balance
electricity supply and demand and minimise the curtailment of
generation. In 2021, the EU implemented a EUR 12 billion (USD 14
billion) 12-nation European Battery Innovation project, which will
permit Member States to support innovation in battery storage.™
Spain launched an Energy Storage Strategy that targets 20 GW
of large-scale and distributed storage by 2030, and 30 GW by
2050, to increase system flexibility and network stability."® At the
sub-national level, Queensland (Australia) announced plans to
install five large-scale, network-connected batteries, and Maine
(US) announced a goal of 400 MW of installed battery capacity
by the end of 2030."®

Policies also were enacted to support direct linking of solar PV
and energy storage. For example, India extended its national INR
18,100 crore (USD 24 billion) solar production programme, which
provides incentives to domestic and international companies for
setting up battery manufacturing plants.™ At the sub-national
level, Oregon (US) allocated USD 10 million to a solar-plus-
storage rebate programme focused on low-income customers."®

HEATING AND COOLING IN BUILDINGS

Heating of space and water for buildings accounted for just under
a quarter of global final energy consumption in 2021." Worldwide,
the supply of heat in buildings remains heavily dependent on
fossil fuels, with renewable sources meeting only around 11% of
global heat demand in 2020, a share that has remained relatively
unchanged during the last decade.”®

Bioenergy is the main source of renewable heat in buildings’;
other sources include geothermal and solar thermal energy as
well as the use of renewable electricity, for example through
electric heat pumps.”?" Interest in electrification of heating' in
buildings has gained traction. To the extent that the electricity is
generated from renewables, this can increase the penetration of
renewables in the buildings sector. (= See Heat Pumps section
in Market and Industry chapter) In 2021, several jurisdictions
implemented policies targeting the electrification of heating and
cooling in buildings.'??

i Mainly through the use of wood and pellet stoves and boilers and in district heating networks.

i The electrification of heating is only 100% renewable to the extent that the electricity used is generated from renewable sources. Thermal energy provided by
heat pumps also has a component of ambient energy that is considered renewable.



Policies that promote renewable heating in buildings include:
targets, financial incentives, support for electrification and
support for renewable district heating. Bans on fossil fuel heating
and greenhouse gas emission reduction targets, including net
zero targets, also can indirectly encourage the production and
use of renewable heating. Heating policies for buildings tend to
differentiate among new and existing buildings as well as building
types (residential, commercial, industrial and public)'. For example,
regulatory policies such as technology mandates typically apply
to new construction, whereas existing buildings often are targeted
by financial policies to install renewable heat systems. In regions
with high urbanisation and population growth, the distinction
between new and existing buildings can be critical, since half of
the building stock projected to be in place in 2060 has not yet
been built (mainly in Africa and Asia).”® In Europe, where building
replacement is slow, the focus on retrofitting has grown.**

By the end of 2021, at least 29 countries had committed to
renewable heating and cooling targets. Although this was up

significantly from only 22 targets in 2020, it too reflects the trend of
numerous expired targets not being replaced.”?® Chile, in its 2021
National Heat and Cold Strategy, announced an 80% renewable
energy target for household heating and cooling by 2050 (using
mainly solar PV and biomass).*® Croatia set a 36.6% renewable
heating and cooling target by 2030 (including co-generation), and
Lebanon passed a 11% renewable heating by target by 2030."7

At least 13 national jurisdictions implemented or updated some
form of building-specific renewable heating policy in 20212
However, the total number of countries with building-specific
heating policies remained the same as in 2020, at 55, as all
countries that implemented or revised their policies in 2021
already had existing policies.””® Policy developments in heating
and cooling for buildings continued to be more scarce than
policies directed at electricity generation and transport, As in
2020, only 10 countries had renewable heat support policies
covering heating in all type of buildings (including residential,
commercial, industrial and public).®*® (= See Figure 19.)

i For example, electrification is often more cost-effective in new buildings, where builders can avoid the cost of installing natural gas lines and meters, whereas

it is more difficult and costly to electrify existing buildings.

sy FIGURE 19.

// Sectoral Coverage of National Renewable Heating and Cooling Financial and Regulatory Policies, as of End-2021

Number of
sectors covered

- 4 sectors
- 3 sectors

2 sectors
1 sector

Zero sectors or no data

- Existing fossil fuel bans in buildings/industry

714/, Renewable energy mandate

F‘ Targeted fossil fuel bans in buildings/industry

Note: Sectors include residential, industrial, commercial and public facilities. Policy types used for map shading include investment subsidies/grants, rebates,
tax credits, tax deductions, loans and feed-in tariffs. Renewable energy mandates are the obligation to meet a certain renewable standard for heat, such as
the use of a specified technology. Figure does not show policies at the sub-national level.

Source: REN21 Policy Database. See Reference Table R11in the GSR 2022 Data Pack and endnote 130 for this chapter.

02

POLICY LANDSCAPE

89




7 REN21

90

Fiscal and financial incentives, including grants, rebates, tax
incentives, and loan programmes, remained the most popular
form of support to scale up renewable heating. During 2021,
most financial and fiscal support covered multiple heating
technologies, and most new policies were adopted in Europe'.
France extended an existing tax credit for households that
install solar thermal water heaters as well as ground- and air-
source heat pumps, and Luxembourg extended through the
end of the year a programme that provides financial assistance
for installing solar thermal systems and wood-fired boilers (as
well as heat pumps) and for connecting to a renewable heating
network.® Malta launched several programmes to encourage
the use of renewables for air and water heating in buildings (with
a focus on solar water heaters and air-to-water heat pumps for
households without roof access), and Austria allocated funds to
support feasibility studies and the installation of solar thermal
systems,'s2

Outside of Europe, Canada provided funding to reduce remote
communities’ reliance on diesel for heating by increasing the
use of local renewable sources such as modern bioenergy.”*?
The country’s Greener Homes Grant provides up to CAD 5,000
(USD 3,912) for energy efficiency improvements and
electrification of heating, including through the installation of
heat pumps.** New Zealand provided nearly NZD 3 million
(USD 2 million) to support renewable heat installations for
Maori and public housing, including solar thermal water heating
(as well as solar PV plus storage).*®

While no new building codes were adopted at the national level
to require the use of renewable heat in buildings, at least two
US states enacted mandates. Connecticut and Rhode Island
increased blending requirements for heating oil to be 50%
biodiesel by 2035 and 2030 respectively.® In addition, several
states/provinces around the world mandated the use of solar PV
in buildings, often linked to codes requiring all-electric buildings.
(= See Power section in this chapter.)

Electrification of heating and cooling can increase the
penetration of renewables in the buildings sector if the electricity
is generated from renewable sources. Globally, electrification
of heating and cooling has increased: in 2020, electric heaters,
boilers and heat pumps for buildings consumed around 11% of
total global electricity generation.™ In 2021, as in previous years,
policy makers continued to give attention to policies targeting
the electrification of heating and cooling in buildings, with some
countries setting specific targets for heat pumps. For example,
Ireland announced its ambition to install 600,000 heat pumps by
2030, of which 400,000 are to be added in existing buildings.'®

Governments also committed funding for heat pump
installations.®® (= See Table 6.) For example, the United
Kingdom launched its Ten Point Plan for heating and buildings,
which includes phasing out the installation of new natural gas
boilers from 2035 and providing a boiler upgrade programme
that offers households GBP 5,000 (USD 6,744) to switch to an
air-source heat pump and GBP 6,000 (USD 8,093) to switch to
a ground-source heat pump.'4°

In 2020, electric heaters,
boilers and heat pumps
for buildings consumed

of
total global electricity
generation.

i For example, in Austria, Denmark, France, Ireland, Italy, Luxembourg, Sweden and the United Kingdom.



%, TABLE6.
K / New Financial and Fiscal Policies for Heat Pumps Adopted in Selected Countries/Sub-regions, 2021

Canada Up to CAD 5,000 (USD 3,912) for the installation of heat pumps

British Columbia = CAD 260 million (USD 203 million) over five years for fuel switching from fossil fuels to electricity

Denmark Exemption of grid disconnection fee, and funding for installation of heat pumps

France Tax incentive for heat pumps

Italy 110% Superbonus tax deduction that includes residential heat pumps

Luxembourg Up to 25% of the installation costs for heat pumps

Malta Grant of up to GBP 1,000 (USD 1,348 )

United Kingdom Boiler upgrade programme for households of GBP 5,000 (USD 6,744) for air-source heat pump

and GBP 6,000 (USD 8,093) for ground-source heat pump
United States Four pilot solar farm projects installed in 2021, with total capacity of 2.3 MW

New York | USD 15 million fund for community heat pump systems

Note: The table includes financial and fiscal incentives passed in 2021; the list of countries is not exhaustive.
Source: See endnote 139 for this chapter.

SNAPSHOT. CHILE

Heating and Cooling Strategy

Chile's National Heat and Cold Strategy, issued in 2021,
aims for 80% "sustainable” energy use in household
heating and cooling by 2050, including a 65% reduction
in the greenhouse gas emissions from supplying heat
and cold by 2050. These goals are to be met through
renewables, including replacing fossil fuels with biomass
energy or with solar PV plus electric heat pumps. The
Strategy also promotes district energy projects using
ground- and air-source heat pumps, as part of a goal

to assure that 75% of Chilean residents can meet their
heating and cooling needs in a sustainable, reliable and
affordable way. The strategy aims to improve health,
create new jobs, increase savings, and decrease
emissions and fossil fuel dependency.

Source: See endnote 141 for this chapter.
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District heating networks are another entry point for
renewable energy use in buildings. Several governments
provided financial support in 2021 to advance the use of direct
thermal renewable technologies as well as heat pumps for
district heating."" (= See Snapshot: Chile.) Denmark provided
DKK 44.6 million (USD 7 million) to support the installation
of commercial-scale electric heat pumps for use in district
networks, with eligible projects required to source at least
50% of their heat from renewables or surplus heat.*? In the
United Kingdom, a GBP 10 million (USD 13.4 million) fund was
available for developing low-carbon district energy networks;
this scheme was replaced in early 2022 by a GBP 288 million
(USD 388 million) Green Heat Network Fund.*® In Serbia, a 2021

SNAPSHOT. CYPRUS

Renewable Energy and Energy Efficiency

In 2021, Cyprus implemented a new financial incentive
focused on energy efficiency and renewables in residential
buildings. The funding encourages homeowners to install
efficiency measures such as insulation and new windows
and doors, as well as solar PV, battery storage, heat
pumps and smart energy management systems. With the
help of a qualified expert, homeowners can decide on the
work required to reduce household energy consumption at
least 60%. The government will reimburse 60-80% of the
eligible renovation budget, depending on the homeowner's
income status. The European Regional Development Fund
and the Cyprus government are co-financing the project,
which kicked off in March 2021 with a budget of EUR 30
million (USD 33.9 million).

Source: See endnote 145 for this chapter.

law provides financial
support for renewable
heating and cooling,
allows companies to feed
it into existing district
energy infrastructure and
requires these utilities
to  purchase surplus

heat from both private
and public operators of
renewable heat plants.'*

are
another entry point for
renewable energy use in
buildings.




ENERGY EFFICIENCY

Policies that mandate or encourage improvements in the
efficiency of energy use in buildings play an important role in
enabling new opportunities for renewable energy technologies.*
(= See Snapshot; Cyprus.) During 2021, at least nine countries
implemented new energy efficiency policies, some of which
included support for renewables® For example, the UK
government provided GBP 562 million (USD 758 million) in
funding for energy efficiency upgrades for 50,000 households,
including installations of heat pumps and solar PV systems."

Energy efficiency in buildings also has been advanced through
building codes mandating the construction and maintenance of
low-energy buildings. Even when renewables are not required
explicitly, such codes can positively affect building energy
demand by mandating energy efficiency improvements.® By the
end of 2021, 80 countries had in place mandatory or voluntary
building codes for new buildings (up from 67 countries in 2020),

either on the national or sub-national level*® (= See Figure 20.)
Of these 80 countries, 43 had mandatory national codes for both
residential and non-residential new buildings®® As part of its
carbon neutrality objective, China published an energy code that
emphasises reducing the energy consumption of buildings.”

y/ FIGURE 20.

Coverage of Energy Codes for New Buildings, 2021
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Source: Based on GlobalABC and IEA. See endnote 149 for this chapter.
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TRANSPORT

The transport sector accounted for around 30% of global final
energy consumption in 2021.%? It has the lowest renewable energy
share among the end-use sectors, with 3.3% biofuels and 0.3%
renewable electricity; the remaining energy is consumed in the form
of diesel, petrol, aviation kerosene, and marine gas and oil.'*® As of
2021, only a handful of countries included measures for renewable-
based transport in their NDCs, but policy makers increasingly are
focusing on greenhouse gas emissions from transport and the
potential role of renewables (particularly renewable electricity in
electric vehicles) in reducing them.™* As in previous years, policies
supporting renewables focused mainly on road transport, with
rail, aviation and shipping receiving far less attention.

Although biofuel support policies have been the most common
type of renewable energy policy in the transport sector for
many years, policies aimed at the electrification of transport -
particularly road transport - have increased significantly. Most
transport electrification policies are not linked explicitly with
renewable power generation, and as such they increase the
penetration of renewables in the sector only to the extent that the
electrified transport relies on renewable generation.

y FIGURE 21.

/4

Some countries have
adopted strategies to
reduce energy demand in
transport, complementing
a shift to renewables
with strategies to
promote more efficient
transport modes, such
as  improved
technology, (renewables-
based) public transport,
walking and  cycling.
Together, these strategies - commonly referred to as Avoid-Shift-
Improve - can greatly decrease (or slow the increase in) energy
demand, enabling a faster shift to renewables.™® In 2021, the
United Kingdom published its transport decarbonisation plan,
which includes not only a strategy to decarbonise road, maritime

Policies supporting the

through the use of electric
vehicles continued to
garner increased policy
attention.

vehicle

and air transport, but also a shift to electric buses and a strategy
to boost walking and cycling by improving street infrastructure
and increasing investments in local transport systems.'®®

National and Sub-National Renewable Biofuel Mandates and Targets, End-2021

In 2021,
seven national
and sub-national
jurisdictions adopted
new, or revised
existing, biofuel

t ts.
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Note: Shading shows countries and states/provinces with mandates for either biodiesel, ethanol or both. See Reference Table R10in the GSR 2022 Data Pack.

Source: REN21 Policy Database. See endnote 162 for this chapter.



ROAD TRANSPORT

Policies to incentivise renewables in road transport include
mandates and incentives to support the production and use of
biofuels as well as the use of renewable electricity in electric
vehicles. Some climate change policies, such as fossil fuel bans
and restrictions, carbon pricing, and requirements for zero-
emission vehicles, also have indirectly increased the use of
renewables in road transport.

The use of biofuels in road transport continued to increase
in 2021, despite a dip during 2020 and early 2021 related to
transport disruption during the COVID-19 pandemic. The principal
drivers of expanded biofuel use are blending requirements,
financial incentives for producers, public procurement
programmes, and financial support for fuelling, blending and
distribution infrastructure.’”

Only two countries passed new targets for biofuels in 2021, as
part of their updated NDCs: Sudan included a 10% biofuels blend
as a key greenhouse gas reduction policy, and Vanuatu included
a biodiesel blending target of 20% by 2030.¢ India’s goal of 20%
ethanol blending in petrol, previously set for 2030, was moved
up to 2025.%° Indonesia revised its biodiesel target up to 40%
by 2022 (from 30% by 2025) and has targets for 20% ethanol
blending by 2025 and 5% biofuels in aviation fuel by 20251 In
total, more than 30 national and sub-national jurisdictions had
biofuel targets in 2021 (10 of them with advanced biofuel targets),
and 7 national and sub-national jurisdictions adopted new, or
revised existing, biofuel targets during the year.®

Biofuel blending mandates remain the most widely used
renewable transport policies; 65 countries had national-level
blending mandates at year's end (unchanged since 2017).%2
(» See Figure 21.) However, at least two countries reduced
existing requirements: Argentina lowered its national biodiesel
blending mandate from 10% to 5% with the aim of keeping fuel
prices in check, and Indonesia reduced its ethanol blending
mandate from 5% to 2% due to a lack of supply (it also delayed
plans to increase the palm oil content of its biodiesel programme
to 40% due to record-high palm oil prices).'®

Malaysia pushed the roll-out of its biodiesel blend mandate
(20% palm oil component) to early 202254 Citing sustainability
concerns, Belgium announced a ban on palm oil-based biofuel
from 2022 and soybased biofuel from 2023.'6°

Although Bolivia did not change its blending requirements, the
government announced the increased construction of biodiesel
plants (to enter into operation in 2024, with expected output of
12,000 barrels per day) in order to reduce fuel imports.'®® Sweden
extended its tax exemption for biofuels by one year, to 2022.'7 At
the sub-national level in 2021, the province of Manitoba (Canada)
increased its ethanol blending requirement from 8.5% to 9.25%
(and then to 10% in 2022) and its biodiesel blending requirement
from 2% to 3.5% (5% in 2022).16%

Increased support policies for electric vehicles' have helped
stimulate a major expansion in the last decade. Although this
support spans the globe, China, India, Japan, the United States
and the EU have led in policy development.®® Economic stimulus

i Electric vehicles are defined as battery electric vehicles and plug-in hybrids.

measures enacted during the COVID-19 pandemic included
electric vehicle development as a way to create jobs and
decarbonise the transport sector.”®

In 2021, policies supporting the electrification of road transport
through the use of electric vehicles continued to garner increased
policy attention”" (= See Figure 22.) Electric vehicle support
policies include targets, financial incentives, public procurement,
funding for charging infrastructure, free parking and preferred
access. Targets and financial incentives were the most common
forms of electric vehicle policies implemented during the year. For
example, Indonesia announced that all motorcycles sold starting
in 2040 will be electric-powered, while all new cars sold from
2050 will be electric vehicles.” In the United States, President
Biden signed an executive order targeting half of new cars to be
electric or plug-in hybrids by 2030."® Singapore plans to double
its number of electric vehicle charging points by 2030,

Several national and sub-national jurisdictions provided new
financial incentives for the purchase of electric vehicles in 2021.
At the sub-national level, Nova Scotia (Canada) began offering
rebates of up to CAD 3,000 (USD 2,347) for new electric
vehicles, CAD 2,000 (USD 1,564) for used vehicles and CAD 500
(USD 391) for e-bikes (with a total budget of USD 9.5 million
available).”® These provincial rebates are in addition to federal
rebates of up to USD 5,000."7 In New South Wales (Australia), an
AUD 490 million (USD 356) support package for electric vehicles
was passed that includes a stamp duty waiver and a rebate
programme.”” India’s state of Gujarat offers a subsidy for electric
cars and support for charging infrastructure.”®

Most electric vehicle policies continued to lack a direct link to
renewable electricity, although Mauritius adopted a policy with a
direct link to the use of renewables” (= See Snapshot: Mauritius.) In
jurisdictions with high shares of grid-connected renewable electricity,
electric vehicle policies can support renewables in the road transport
sector even if these are not directly linked in the same policy.
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%7 FIGURE 22.
// Targets for Renewable Power and Electric Vehicles, as of End-2021
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Note: All colour-coded areas of the map have electric vehicle targets or targeted bans on internal combustion engine vehicles. EV = electric vehicle. 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. Nepal and Quebec show actual renewable power shares; both jurisdictions along with Iceland and Norway have already achieved nearly 100% renewable
power. The European Union has a renewable target of 57% for all Member States. EV targets vary; for details, see Reference Table R10 in the GSR 2022 Data
Pack. In addition, over 100 cities have EV targets, see Renewables in Cities chapter.

Source: See endnote 171 for this chapter




RAIL, AVIATION, SHIPPING AND PORTS

Policies supporting renewables in the rail sector generally focus
on electrification, although they remained scarce in 2021. Only
two countries enacted new policies to advance the electrification
of rail during the year’® Romania allocated EUR 3.9 billion
(USD 5.3 billion) for rail modernisation, which includes funds to
support the purchase of electric locomotives; the country also
aims to phase out coal-fired generation by 2032.%" A UK plan to
electrify around 21 kilometres of rail lines received GBP 78 million
(USD 105 million) in government funding, although this was not
tied directly to renewable electricity.®?

Policies to stimulate production of and demand for renewable
fuels in aviation remained scarce and have lagged behind
technological advances.®® By the end of 2021, only three countries
(Finland, Indonesia and Sweden) had biofuel targets for the aviation
sector; meanwhile, Germany issued a new target for sustainable
PtL kerosene' (created from electricity) to comprise one-third of the
fuel used in domestic flights by 2030."%4 Also during the year, the
United Kingdom announced a goal to achieve net zero emissions
in its aviation industry by 2050 (through the use of more efficient
planes that operate with synthetic fuels or have electric motors,
combined with carbon offsetting), and Portugal implemented
carbon fees for consumers travelling by air and sea.’®

The United States
announced USD 65 million
in funding for projects
focused on producing
cost-effective, low-carbon
biofuels to replace petro- fuels in
leum fuels used in heavy-
duty transport, such as
airplanes and ships.”®® The
country also published an
Aviation Climate Action
Plan, which describes the
government's approach to achieving net zero emissions in the
sector by 2050; the plan includes, among others, the production
and use of sustainable aviation fuels (SAF) and the use of
electrification and potentially hydrogen for short-haul aviation.®”

Policies to stimulate
production of and
demand for renewable

remained scarce and
have lagged behind
technological advances.

In the areas of shipping and ports, no jurisdictions adopted
new targets or policies to advance the use of renewables
during 2021. However, the EU announced that it would
consider including shipping in the EU Emission Trading
System'’s carbon market, to be implemented between 2023
and 2025.'%¢

i Similar to renewable hydrogen, PtL kerosene is created from water, CO2 and electricity. If the electricity is generated by renewable sources, PtL kerosene is

considered a renewable fuel.

SNAPSHOT. MAURITIUS

EV Charging Using Solar PV

02
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In late 2021, the state-owned electric utility of Mauritius
initiated a policy to incentivise the deployment of 20 MW
of household and commercial solar PV systems for
charging EVs. Customers accepted to the programme will
be permitted to install the solar systems to power their
vehicles, and eligible customers will be able to deduct
the full cost of the system from their income tax. Any
excess electricity generated by the solar PV systems will
be exported to the grid and bought by the utility under a
gross metering approach. This programme is part of the
country's goal to reach 35% renewable electricity by 2025
and 60% by 2030.

Source: See endnote 179 for this chapter.
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INDUSTRY

Industrial processes require the direct use of electricity and/
or thermal energy to meet various needs and are responsible
for more than a quarter of global final energy consumption.'®®
Historically, the industrial sector has received far less policy
attention than other end-use sectors, a trend that continued
in 2021. Only a few countries developed new or updated their
renewable energy policies for industry in 2021, bringing the
year-end total to 30 countries.®® (= See Reference Table R11 in
GSR 2022 Data Pack.)

As in previous years, financial incentives remained the most
common policy support for renewable heat in industry. During
2021, a few European countries implemented such policies:
Austria launched a grant scheme for large solar thermal plants
for industry, and Spain implemented a grant programme for
thermal renewables in industrial processes”" In late 2027,
the first call for renewable heat projects for the industry and
service sectors in Spain resulted in awarded grants of EUR
108 million (USD 122 million) to support the financing of 51
solar heat projects with a total capacity of 62 MW."*2 In early
2022, the Netherlands' Renewable Energy Transition Incentive

Scheme (SDE++) committed EUR 13 billion (USD 15 billion)
for renewable heat (geothermal, biomass and solar thermal),
low-carbon heat (including heat pumps), and renewable gas,
as well as carbon capture and storage.'”®

RENEWABLE HYDROGEN

Renewable hydrogen is an energy carrier produced through
renewable-driven electrolysis or gasification using renewable
feedstocks. It can be used to increase the penetration of
renewables beyond the power sector, including in sectors that
are hard to decarbonise, such as high-temperature applications
in industry, shipping and aviation.'** However, nearly all hydrogen
today is manufactured using fossil fuels.'®®

Several countries announced policies to support hydrogen
in 2021, and at least 38 countries plus the EU had a hydrogen
roadmap or strategy in place by year's end, mostly in Europe,
but also several in sub-Saharan Africa and Latin America.'®
(= See Figure 23.) An analysis of existing roadmaps shows that
most were aimed at scaling up renewable-based hydrogen
production.®” Most hydrogen roadmaps do not focus exclusively
on the industrial sector, although several refer to the use of
hydrogen in high-temperature industries.

FIGURE 23.
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Note: Type of hydrogen (renewable, mixed, fossil fuel-based) is unknown for Austria and Singapore.

Source: REN21 Policy Database. See endnote 196 for this chapter.




Several countries made policy announcements related to
renewables and hydrogen (although not necessarily committing
to renewable hydrogen). Saudi Arabia and Oman announced
that they would build hydrogen electrolysis plants relying entirely
on renewable electricity.'®® Uzbekistan established a strategy to
boost the production of renewable hydrogen, including support
for the deployment of new renewable power capacity.'®®

In Europe, Spain committed EUR 1.5 billion (USD 1.7 billion) in
funding for facilities to develop renewable hydrogen production
over a three-year period, and Germany committed EUR 8 billion
(USD 9.1 billion) for 62 hydrogen production projects, of which
around EUR 2 billion (USD 2.3 billion) will go towards integration
into the steel sector.?®® Portugal committed to installing
2-2.5 GW of new renewable power capacity for hydrogen
production and to building 50-100 hydrogen fuelling stations
by 2030.2%" At the state level, New South Wales (Australia)
announced a renewable hydrogen strategy that includes AUD
3 billion (USD 2.2 billion) in financial incentives for renewable
hydrogen production.?®

See Glossary for definition.

AGRICULTURE

Large-scale agriculture is a major consumer of electricity and
heat. Energy is used for livestock feed, irrigation, greenhouses,
fertilisation, water pumping, processing and transport, among
others.?®® Around 30% of the world's energy is consumed within
agri-food systems.?** Several countries have proposed specific
policies to support the scale-up of renewables in agriculture, and
in 2021 at least five national policies and one sub-national policy
of this kind emerged.?®® (= See Snapshot: Philippines.)

Japan released new guidelines to develop and build ground-
mounted agri-voltaic' facilities, and Israel committed ILS 3.5 million
(USD 1.2 million) for studies examining how to combine agriculture
and solar power generation.?®® In India, the state-owned electricity
company of Maharashtra solicited bids to develop 1.3 GW of
ground-mounted solar capacity for agricultural operations and
will enter into 25-year power purchase agreements with the
successful developers.?”” Portugal launched a EUR 10 million
(USD 11.3 million) call for innovative solar PV projects built in
combination with agricultural activities.?®

have
proposed specific policies
to support the scale-up
of renewables in
agriculture.

02

POLICY LANDSCAPE

99




SNAPSHOT. ARGENTINA

Using Wind Power to Produce Hydrogen for Export

In 2021, the Australian company Fortescue Future Industries, a subsidiary of Fortescue
Metals Group Ltd., announced that it would develop one of its five largest green hydrogen
projects in Sierra Grande, a former mining town in eastern Argentina’s Rio Negro province.
The company plans to install the project, powered by 2 GW of new onshore wind power
capacity, along the Patagonian steppe, investing USD 8.4 billion. The region has outstanding
wind resources but lacks a power grid and adequate road infrastructure.

The ongoing wind resource assessment, started in 2021, will allow the pilot phase of

the project to kick off in 2022 with an investment of USD 1.2 billion and the production

of 35,000 tonnes of hydrogen by 2024. A first production phase will follow, involving a
USD 7.2 billion investment and generating around 215,000 tonnes of hydrogen until 2028.
The project is expected to create around 15,000 direct jobs when fully operational and to
bring local development to the region, which closed its last iron mine in 2016.

Near the existing San Antonio port, dedicated mainly to fruit and fish exports, Fortescue will
build a seawater desalination plant and a port focused exclusively on the export of hydrogen
to countries using hydrogen to fuel vehicles and engines. By 2030, the project is expected to
produce 2.2 million tonnes of green hydrogen for export. Argentina’s Ministry of Productive
Development is working to establish a regulatory framework - including a tax-free zone - to
underpin the viability of green hydrogen. Fortescue also announced several collaborations
during 2021 to produce green hydrogen and green ammonia in Brazil, Canada, Indonesia,
Jordan and Papua New Guinea.

Source: See endnote 151 in the Wind Power section of this chapter.
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KEY FACTS

Modern bioenergy provided 5.6% of

total global final energy demand in 2020,
accounting for 47% of all renewable energy
in final energy consumption.

In 2020, modern bioenergy provided
14.7 exajoules (EJ) for heating, or 7.6% of
global requirements; two-thirds of this
was used in industry and agriculture and
the rest in buildings.

In 2021, global biofuel production recovered
to 2019 levels at around 4.1 EJ. Overall biofuel
production has increased 56% since 2011,
with rising shares of biodiesel and rapid
growth in hydrotreated vegetable oil (HVO)
which grew 36% in 2021 to 0.33 EJ.

Bioelectricity production grew 10% in
2021, dominated by China. Generation

has increased 88% since 2011, driven by
growth in China and some other Asian and
European producers.

BIOENERGY

Bioenergy involves the use of many different biological
@ materials for energy purposes, including residues

from agriculture and forestry, solid and liquid organic
wastes (including municipal solid waste and sewage), and crops
grown especially for energy.! Use of these feedstocks can reduce
greenhouse gas emissions by providing substitutes for fossil
fuels when providing heat for buildings and industrial processes,
fuelling transport and generating electricity.? Coupled with
carbon capture and use/storage, bioenergy can lead to additional
emission reductions and even negative emissions.®

When sustainable, the production and use of bioenergy can help
promote energy security and price stability while delivering social
and economic benefits that support the achievement of the United
Nations Sustainable Development Goals, including stimulating
rural economic activity.* However bioenergy can pose sustainability
risks if projects are not managed carefully, and strong governance
frameworks are essential to ensure positive outcomes.® Other
barriers to bioenergy deployment include its relatively high costs,
as well as challenges related to market access.®

Bioenergy use worldwide totalled an estimated 44 exajoules (EJ)
in 2020 (latest available data), or around 12.3% of global total final
energy consumption (TFEC).” (= See Figure 24.) More than half of
this (24.1 EJ) was the traditional use of biomass' for cooking and
heating in developing and emerging economies (6.7% of TFEC).®
Other, more modern and efficient uses of bioenergy' provided
an estimated 20.3 EJ or 5.6% of TFEC.® Overall, bioenergy
represented around 47% of the estimated renewable energy use
in global TFEC in 2020, down from 54% in 2010.”°

i The traditional use of biomass for heat involves burning 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.

i Modern bioenergy is any production and use of bioenergy that is not classified as “traditional use of biomass"
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Modern bioenergy for heating in buildings and industry provided
around 14.7 EJ in 2020 (7.6% of the global energy use for heating)."
Transport use amounted to 3.7 EJ (3.5% of transport energy
needs).” Bioenergy also provided 1.8 EJ to the global electricity
supply (2.4% of the total).®

BIO-HEAT MARKETS

The traditional use of bioenergy - which involves burning
biomass in simple and inefficient fires or stoves - has fallen 8%
since 2011 to an estimated 241 EJ in 2020 (= See Distributed
Renewables chapter) To reduce the impacts of unsustainable
harvesting of biomass and to avoid the severe impacts on air
quality and public health, a major international effort is under way
to transition from traditional bioenergy use towards clean cooking
solutions for all’® Options include liquefied petroleum gas (LPG,
although this is less compatible with long-term climate ambitions)
as well as solutions based on renewable electricity and cleaner
biomass, such as ethanol fuels and wood briquettes and pellets.”

Modern bioenergy can supply heat for industry and buildings,
using systems such as stoves and boilers that are designed to
be much more efficient than open fires and that can achieve low
emission levels. Biomass fuels can be used directly to produce
heat, or, alternatively, bio-heat can be produced and distributed to
consumers - including through the co-generation of electricity and
heat using combined heat and power (CHP) systems and through
the use of district heating networks to reach final consumers.

Most of the biomass
used for heating is wood
fuel,  although liquid
and gaseous biofuels
also are used, including
biomethane, which can
be injected into natural
gas distribution systems.”
(» See Box 7)

The traditional use of
bioenergy - which involves
burning biomass in simple
and inefficient fires or
stoves - has fallen

since 2011.

7- FIGURE 24.

// Estimated Shares of Bioenergy in Total Final Energy Consumption, Overall and by End-Use Sector, 2020
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Source: Based on IEA data. See endnote 7 for this section.



BOX 7. Biogas and Biomethane

Biogas - a mixture of methane, carbon dioxide (CO,) and
other gases - is produced by anaerobic digestion, a biological
process that occurs when organic materials ferment in
the absence of oxygen. The same process occurs in waste
landfills, and the resulting landfill gas can be collected and
used, providing energy while also reducing emissions from
the landfill site. The gases can be used directly for heating or
power generation. Alternatively, the methane component can
be separated and compressed (forming biomethane) and
used to replace fossil gas by injecting it into gas pipelines or
for transport purposes.

Around 80% of the biogas produced worldwide is used
for power generation, split roughly equally between power
generation alone and co-generation, often stimulated by
favourable feed-in tariffs and other support mechanisms.
The remaining biogas is used for heating, transport and other
applications. Biomethane production totalled an estimated
1.4 EJin 2020, or just over 1% of total global fossil gas demand
Production of biomethane has grown rapidly, doubling
between 2015 and 2019 to 140 petajoules (PJ), with more than
1,000 biomethane production plants now in operation. The

Between 2010 and 2020, modern bioenergy use in buildings
increased an estimated 7% to 4.9 EJ, providing 5.2% of the
world's building heat in 2020.® The demand for heat in buildings,
and for biomass to heat them, was not greatly affected by the
COVID-19 pandemic during that year. The major markets are in
Europe and North America.?®

The use of biomass for heat production in industry occurs
primarily in bio-based industries and agriculture, such as paper
and board, sugar and other food products, and wood-based
industries. These industries often use their wastes and residues
to generate energy: for example, sugarcane bagasse is used to
produce electricity and heat for sugar processing. Between 2015
and 2020, the use of bioenergy for industrial heat increased 8%
t0 9.9 EJ.&

Bioenergy use for industrial heating is concentrated in countries
with large bio-based industries, such as Brazil, China, India
and the United States. This production (and use) also is linked
to the level of industrial production, although bio-heat use in
industry remained stable in 2020 despite overall reductions in the
production of paper products and sugar-based ethanol (where
bagasse is used to produce heat and power).?

Bioenergy's contribution to heating in industry and buildings in
2020 included some 0.7 EJ provided through district heating
systems.?® This sector has expanded rapidly, up nearly 70%
since 2015, especially in Europe.?* The use of district heat was
split nearly evenly between buildings (49%) and industrial and
agricultural uses (51%).%

United States is the largest producing country, stimulated
by the national Renewable Fuel Standard (RFS) and by
California's Low Carbon Fuel Standard (LCFS). Production
also has grown in Europe, where policy priorities determine
the use of biomethane. Where extensive natural gas networks
exist, it often is used to replace pipeline fossil gas: for example,
the UK's Green Gas Support Scheme encourages pipeline
injection of biomethane. In Sweden, where gas distribution is
less common, transport use of biomethane dominates.

In developing economies, biogas has been used at a small
scale as a sustainable fuel source for cooking, heating and
electricity production and to improve energy access. (> See
Global Overview chapter,).

Source: See endnote 17 for this section.

f.

In general, the use of biomass for heating, like other renewable
sources, receives insufficient policy attention. However, the
European Union (EU) has promoted the uptake of renewable
heat alternatives to meet the requirements of the EU Renewable
Energy Directive (RED).?® The policy measures include capital
grants for biomass heating systems, taxes and duties on fossil
fuels (including carbon taxes) and, increasingly, constraints on
the use of oil and gas for heating.?” In part because of these
measures, between 2015 and 2020 the use of bio-heat in the
EU-27 grew 10% to 3.7 EJ (= see Figure 25) and increased from
17.6% to 19.5% of regional heat demand.?® The direct use of
biomass for heat in the EU-27 rose 8%, while bioenergy use in
district heating systems grew 18% to 0.64 EJ.?°

03

MARKET AND INDUSTRY TRENDS

103




7 REN21

104

// FIGURE 25.
/ Bioenergy Use for Heating in the EU-27, 2015-2020
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Source: Based on Eurostat data. See endnote 28 for this section.

In 2020, Germany, France and Sweden were the top EU countries
for bio-heat use.*® Poland became the fourth largest user, with its
bio-heat use rising 62% between 2010 and 2020, notably for district
heating.®' Italy was the EU's fifth largest bio-heat user as well as the
world's largest user of wood pellets.*? Together, these five countries
accounted for 55% of the EU's bio-heat demand in 2020.%°

More than 90% of the biomass used for heating in the EU-27 in
2020 was in solid form such as wood logs, chips and pellets,®
The use of wood pellets in the EU more than doubled between
2010 and 2020 to 294 PJ (16.4 million tonnes).?® (» See Box 8.)
Municipal solid waste provided around 5% of the bio-heat
supplied and is an important contributor to EU district heating
schemes; its use in district heating increased 45% between
2010 and 2015, and it supplied just over one-fifth (21%) of the
EU’s district heat in 2020.%¢ The use of biogas and biomethane
for heating in the EU-27 grew 45% between 2010 and 2015, and
these sources provided 5% of the region’'s biomass heating in
2020.% In Denmark, biomethane provided nearly one-quarter of
all gas used in 2021, up sharply from 2020.%®

North America is the second leading user of modern bioenergy
for heating, but demand fell around 10% between 2015 and
2020 in the absence of strong policy measures and due to the
relatively low costs of oil and natural gas.*® Bioenergy use for
heating in industry also declined during this period, down 9%
to 21 EJ* Demand for bio-heat in the US residential sector
fell 11% to 0.4 EJ# The number of people in the United States
relying primarily on wood fuels dropped from 2.5 million to below
1.8 million.*? Biomass use in the US commercial sector fell 3%
during 2015-2020 to reach 0.14 EJ.*

2019

2020

TRANSPORT BIOFUEL MARKETS

Current production and use of biofuels for transport are
based on ethanol (produced mainly from corn, sugar cane
and cereals), FAME (fatty acid methyl ester) biodiesel and,
increasingly, HVO (hydrogenated vegetable oil) or HEFA
(hydroprocessed esters and fatty acids), also called renewable
diesel** In addition, biomethane is used in transport. Although
most biofuels today are used in road transport, the industry
is developing and commercialising new biofuels designed to
serve new markets, notably in aviation.*®

Biofuels can provide a renewable alternative to fossil fuels.
They typically can be used in vehicles designed for fossil fuels,
either as blends with petrol and diesel fuels, or with relatively
minor engine modifications. The main barriers to widespread
biofuel uptake include higher costs than conventional fuels,
limited availability of certain feedstocks and the need to
carefully manage the sustainability risks.

Between 2011 and 2021, the production of transport biofuels
grew 56% (in energy terms), from 2.6 EJ to 4.1 EJ.*¢ (> See
Figure 26.) Biofuel production fell sharply in 2020 as the
COVID-19 pandemic led to reduced transport energy demand
and restricted blending; however, production recovered
in 2021 to levels near those of 2019, although growth was
constrained by very high feedstock costs.*” Since 2011, the
share of biodiesel in the biofuel mix has grown from 29% to
37%, due largely to rising production in Asia.*® Production and
use of HVO have grown strongly from low levels in 2011 to 9%
of the total in 2021.4
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BOX 8. Biomass Pellets

Between 2015 and 2020, the annual global production of greenhouse gas reduction thresholds for new projects
wood pellets increased from 27 million tonnes to 41 million seeking national support. Japan is enacting sustainability
tonnes (0.51 EJ to O.78 EJ). The EU was the largest regional criteria aimed at reducing the use of palm-based products
producer in 2020 with 18 million tonnes (45% of global but increasing the use of certified wood pellets.

production), while other European countries provided nearly

5 million tonnes (12%). North America produced some Source: See endnote 35 for this section.

12.5 million tonnes in 2020, up from 9.5 million tonnes in 2015.
Despite the COVID-19 pandemic, global pellet production
grew 5% between 2019 and 2020.

In 2020, 22 million tonnes of wood pellets were used
worldwide to provide heat in the residential and commercial
sectors, with the market growing by 0.3 million tonnes
between 2019 and 2020. Pellet use for power generation,
CHP production and other industrial purposes increased
more than 10% to 20 million tonnes in 2020, mainly because
of a sharp rise in imports to Japan. The United States was the
world’s largest exporter of wood pellets in 2020; exports rose
1% to 6.8 million tonnes, even though US pellet production
fell 2% to 9.3 million tonnes.

MARKET AND INDUSTRY TRENDS

Debate continues regarding the carbon savings and other
environmental impacts associated with pellet production from
forestry materials and their use in power generation. Starting
in 2020, the EU’'s RED set tighter sustainability criteria for
the use of solid biomass, and starting in 2021 it set minimum

"/- FIGURE 26.
/ Global Production of Ethanol, Biodiesel and HVO/HEFA Fuel, by Energy Content, 2011-2021
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Source: See endnote 46 for this section.
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Ethanol remains the leading source of transport biofuels.
Production increased 26% overall between 2011 and 2021t0 2.3 EJ
(105 billion litres), although it declined in 2020 precipitated by the
pandemic-related drop in global petrol use for road transport.®

The United States and Brazil remain the dominant ethanol
producers, together accounting for 80% of global production
in 2021.5" The United States produced 54% of the global supply,
principally from corn, while Brazil produced 29%, mainly from
sugar cane but with growing levels from corn.®? Since 2010,
China has been the third largest ethanol producer, providing 3%
of the global supply (70 PJ or 3.3 billion litres) in 2021, followed
by India, where production and use increased nine-fold during
this period to 68 PJ (3.2 billion litres), to represent nearly 3% of
global supply.®® This reflects India's national initiative to reduce
its import dependence by increasing the ethanol blend in petrol
t0 20% by 2025.%

Global production of biodiesel nearly doubled between 2011 and
2021 to 1.5 EJ (45 billion litres).®® Biodiesel production is more
widely distributed than that of ethanol, due to the wider range of
feedstocks that can be processed, including vegetable oils from
palm, soya, and rapeseed, and a variety of wastes and residues,
including used cooking oil.

Biodiesel production in Asia has grown rapidly. Indonesia is now
the world's biodiesel leader, increasing production 11-fold since
2011to more than 8 billion litres in 2021, or 18% of the global total.*®
In an effort to reduce its dependence on imported oil, Indonesia
raised its biodiesel blending target from 20% to 30% in January
2020 and was aiming for a 40% target in 2021.°” However, this
step-up was pushed to 2022 because of high feedstock costs.®
By using domestically produced biodiesel, Indonesia was able to
reduce its oil import costs by a reported USD 4.0 billion in 2021.5°

Brazil is the world's second largest biodiesel producer, with
production rising by a factor of 2.5 since 2011 to 6.8 billion litres
in 2021.%° Production has been stimulated by a rising domestic
blending level, slated to reach 13% in 2021 and 15% by 2023.%
However, in 2021 the blending limit was reduced from 12% to 10%
because of high soya prices, which raised the cost of biodiesel
and reduced demand.®?

US biodiesel production grew 70% between 2011 and 2021,
boosted by the federal Renewable Fuel Standard (RFS2), by
California’s LCFS and by the re-introduction of the federal
Biodiesel Blender's Tax Credit.?® US biodiesel production was
constrained in 2019 by the pandemic-related drop in transport
demand.®* While production (and sales) of biodiesel recovered
partially in 2020, they fell again in 2021 due largely to the high
cost of soya oil, which rose by a factor of three during the year
and rendered manufacture financially unattractive.®®

The production of HVO, produced by hydrogenating bio-based
oils fats and greases, has grown rapidly from very low levels in
2011 to an estimated 9.5 billion litres in 2021, a 36% increase from
2020.% Capacity continues to rise quickly, with investments in
stand-alone plants, but also with several oil companies, including
TotalEnergies, Phillips, ENI and Marathon, converting refineries to

HVO processes.” While
early production capacity
was concentrated in
Finland, the Netherlands,
and  Singapore, more
recently production has
surged in the United
States, driven by a strong
domestic market heavily
incentivised by the RFS2,
by California’s LCFS and
by the availability of an
investment tax credit.®

Global production
of biodiesel

between 2011 and 2021 to

The use of biofuels as an aviation fuel has become a focus of
policy attention. Switching to sustainable aviation fuel (SAF) is a
key pillar of aviation industry commitments to reduce emissions
from the sector, and increasingly of regional and national policy.®®
The EU introduced its REFuelEU Aviation package as part of its
Fit for 55 initiative, which targets 2% SAF use for all flights taking
off from within the EU by 2025, rising to 63% by 2050.7 In the
United States, the Sustainable Aviation Challenge sets a goal for
the aviation industry to use 11 billion litres of SAF by 2030.”" The
country is proposing a tax credit for SAF and is considering post-
2022 targets for SAF in the federal Renewable Fuel Standard.”?

Although many trials of SAF based on biofuels have been
carried out, the share of SAF in all aviation fuel has remained
tiny (below 1%).”* However, production has increased rapidly,
from a very low level in 2015 to an estimated 80 PJ (255 million
litres) in 2021.7* Production is concentrated in Europe, the United
States and China.”®

Fuels used in aviation must meet strict standards set by ASTM.
So far, eight production routes have been approved.”® These
are all based on fuels produced from vegetable oils and fats
by hydrogenation, using processes similar to those for HVO
production but tuned to optimise the jet fuel fraction. While
sufficient feedstock sources exist to meet short-term targets,
production and use are likely to be limited by the availability of
suitable and sustainable feedstocks. Other technology options
include the gasification of solid biomass feedstocks (such as wood
and crop residues) and conversion to jet fuels via the Fischer-
Tropsch process and the conversion of ethanol to biojet fuel.”

Biomethane is used as a transport fuel mainly in the United
States (the largest producer and user of biomethane for transport)
and in Europe.”® US production and use are incentivised by the
RFS2 (which includes biomethane in the advanced cellulosic
biofuels category) and by California's LCFS.”® Under the RFS2,
US biomethane use has increased 10-fold since 2014 (when the
fuel was introduced into the standard), reaching 41 PJ in 2021.8°
In Europe, transport use of biomethane increased around 30%
between 2015 and 2020, to 12 PJ.%

i According to the International Civil Aviation Organization, sustainable aviation fuels are produced from three families of bio-feedstock: the family of oils and
fats (or triglycerides), the family of sugars and the family of lignocellulosic feedstock.



BI0O-POWER MARKETS

Many biomass feedstocks can be used to produce electricity.
Around 82% of bioelectricity is produced from solid feedstocks
such as wood and forestry products (including wood pellets),
agricultural residues (notably sugarcane bagasse, used for 10%
of global generation) and municipal solid waste (12%).%> These
fuels are combusted, and the heat is used to drive steam turbines
to produce electricity. Where possible the overall efficiency can
be increased by using CHP systems with the heat used on site
(for example, in industry) or transported for use elsewhere in
district heating systems or sold for use as process heat by other
companies.t® In 2019, 16% of all bioelectricity was produced from
feedstocks converted to biogas or biomethane (= see Box 7) and
around 1% from liquid biofuels.®*

Global bio-power capacity and generation both increased
significantly during 2011-2021 and were not impacted greatly by
the pandemic in 2020, with generation protected by long-term
power purchase contracts.®® Global capacity more than doubled
during the period, reaching an estimated 158 gigawatts, while
global generation rose 88% to 656 terawatt-hours (TWh).®®
(= See Figure 27) Since 2017, China has been the top bio-power
producing country, followed (in 2021) by the United States, Brazil,
Germany, Japan, the United Kingdom and India.?”

China was the fastest growing bio-power producer during 2011-2021,
with generation increasing by a factor of 4.5 from 32 TWh annually
to 146 TWh annually.®® This reflects mainly the strong growth
in power production from waste, driven by rising urbanisation,
the country's 14th Five-Year Plan, and financial support for this
activity, totalling CNY 2.5 billion (USD 400 million) in 2021.%°

Bio-power growth also was relatively rapid in the rest of Asia, with
generation rising by a factor of 2.4 during 2011-2021 to 138 TWh.*°

Japan overtook India as the leading regional producer with 42 TWh
in 2021, up from 13 TWh in 2011.°" In India, bioelectricity production
grew from 19 TWh to 34 TWh over the period, and in the Republic
of Korea it increased more than 14-fold to 13 TWh, encouraged by
the Renewable Energy Certificate Scheme and feed-in tariffs.? In
both Japan and the Republic of Korea, growth was due mostly to
increased use of imported pelletised fuels.®® Electricity generation
also grew significantly in Indonesia, Thailand and Vietnam.®*

In Europe, bioelectricity generation grew 67% during 2011-
2021 to reach 221 TWh, mainly in the EU (stimulated by the EU
RED) and in the United Kingdom.*®* Germany remained the top
regional producer, mainly from biogas, although recent growth
has been limited.®® In the United Kingdom, bio-power generation
rose three-fold during the period, due mostly to higher use of
imported wood pellets at the converted Drax power station and
to rising generation from municipal solid waste.*” Bioelectricity
provided 12.5% of UK electricity production (39.4 TWh) in 2021,
with increases in large-scale pelletfired generation, biogas
and municipal waste plants.®® Electricity generation in the
Netherlands increased to 11 TWh supported by the SDE feed-in
premium scheme and to help the country meet its obligations
under the EU RED.*®* Generation also surged in Denmark,
Sweden and France.'®

In the Americas, the United States remained the world's second
largest bioelectricity producer with 60 TWh in 2021.°" However,
US generation fell 15% from its peak in 2015.°? In South America,
bio-power generation grew 11% between 2011 and 2021, led
by Brazil, which was the third largest global producer in 2021
(560 TWh), with generation doubling since 2011 (based mostly on
sugarcane bagasse).'”® Generation remained stable in both Chile
(7 TWh) and Argentina (3 TWh) in 202104

y/ FIGURE 27.
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KEY FACTS

New geothermal power generating capacity of

0.3 gigawatts (GW) came online in 2021, bringing
the global total to around 14.5 GW. This was more
than double the additions in 2020 but below the
five-year average of 0.5 GW since 2016.

Geothermal power and heat development

is highly concentrated across a few countries
and typically is concentrated in key geographic
locations within countries.

During 2016-2021, the top markets in reported
power capacity additions were Turkey (0.9 GW
added), Indonesia (0.7 GW), Kenya (0.2 GW)
and the United States (0.2 GW), followed by
Iceland, Chile, Japan, New Zealand, Costa Rica
and Mexico (all less than 0.1 GW each).

In the most active markets (Turkey and
Indonesia), further development of geothermal
resources is contingent on government support
mechanisms; however, lower feed-in tariffs in
Turkey may be causing a slowdown.

GEOTHERMAL POWER AND HEAT

Geothermal energy is harnessed by using the thermal
m and pressure differentials in the Earth's crust either

to supply thermal energy directly or to generate
electricity. For heat applications, geothermal fluid can be used
directly or via heat exchangers, where the fluid is re-injected into
the crust. For electricity generation, geothermal steam' is used
directly to drive turbines (either dry or flash steam), or, in the
case of binary-cycle plants, geothermal fluid is used to heat a
secondary working fluid that powers the turbine.

Geothermal electricity generation totalled an estimated 99 terawatt-
hours (TWh) in 2021, while direct useful thermal output totalled
an estimated 141 TWh (508 petajoules, PJ)i! In some instances,
geothermal plants produce both electricity and heat for thermal
applications (co-generation), but this option depends on location-
specific thermal demand coinciding with the geothermal resource.

GEOTHERMAL POWER

New geothermal power generating capacity of 0.3 GW' came
online in 2021, bringing the global total to around 14.5 GW.? This
was more than double the additions in 2020 but below the five-
year average of 0.5 GW since 2016.2 Capacity was added in Chile,
Chinese Taipei, Iceland, Indonesia, New Zealand, Turkey and the
United States.* (- See Figure 28.)

Geothermal heat (direct) use may have
increased nearly 10% in 2021, mostly in China.
The top countries for geothermal direct use
remain (in descending order) China, Turkey,
Iceland and Japan.

i Sub-surface geothermal fluid undergoes flash evaporation to steam as
pressure drops ascending a wellbore and at the power plant.

ii This does not include the renewable final energy output of ground-source
heat pumps. (= See Heat Pumps section in this chapter.)

iii Net additions tend to be lower than the sum of new plants due to
decommissioning or de-rating of existing capacity.

y/ FIGURE 28.
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The top 10 countries for geothermal power capacity at the
end of 2021 were the United States, Indonesia, the Philippines,
Turkey, New Zealand, Mexico, Kenya, Italy, Iceland and Japan.®
However, capacity values are subject to high uncertainty due to
a lack of standardised reporting criteria. In some instances, the
effective geothermal generating capacity (achievable or running
capacity) may be lower than indicated values, due to gradual
degradation of the steam-generating capability of geothermal
fields or to insufficient drilling of make-up' wells to replenish
steam flow over time.

For example, the effective net' generation capacity in the United
States was 2.6 GW at the end of 2021, as resource depletion in
particular has limited the effective output far below the stated
gross nameplate capacity of 3.9 GW. In Mexico, resource
depletion has reduced the effective capacity at the country’s
largest geothermal field, Cerro Prieto, to around one-half of the
installed capacity of 0.7 GW, suggesting that the country's total
reported running capacity of more than 0.9 GW is overstated.’” In
Japan, gradual degradation of steam output since the 1970s has
reduced the effective running capacity to around 0.3 GW, below
the stated nameplate capacity of more than 0.5 GW.®

Country rankings also do not reflect how active these markets have
been in recent years. The most active geothermal power markets
have been Turkey and Indonesia, while some other countries
(such as the Philippines) have seen little or no capacity additions
in recent years. During the 2016-2021 five-year period, the top 10
markets by reported capacity additions (new plant installations)
were Turkey (0.9 GW added), Indonesia (0.7 GW), Kenya (0.2 GW)
and the United States (0.2 GW), followed by Iceland, Chile, Japan,
New Zealand, Costa Rica and Mexico (all less than 0.1 GW).°

Turkey has been one of the most prolific geothermal power
markets over the last decade. However, following robust growth
during 2015-2019 (around 200-240 megawatts (MW) added
annually), annual capacity additions in the country declined from
99 MW in 2020 to a net 63 MW in 2021 - the smallest annual
increment since 2012.1°

As in recent years, new installations completed in Turkey in 2021
were all relatively small (25 MW or less), including the first 3.2 MW
phase of Transmark’s 12 MW Mount Ida plant and the second
25 MW unit at the Efeler complex.™ Turkey continued to rank
fourth globally for total geothermal power capacity, at 1.7 GW.?
Geothermal's share of the country's power supply grew from 1.3%
in 2015 to 3.3% in 2020 as generation nearly tripled to 10 TWh.®

Past growth in Turkey's geothermal energy development was
driven by the technology-specific feed-in tariff (FIT) in place

since 2011 This FIT was repealed in mid-2021 (following a six-
month pandemic-related reprieve), which encouraged some
project completions before the expiration date’™ A new FIT,
significantly lower than the previous one, abandoned the USD-
based structure in favour of the Turkish lira, both for the basic
tariff and for the local content increment.’®

Turkey's geothermal industry has attributed the slowing market
growth to detrimental changes in the FIT and suggests that
without stronger, long-term incentives the country’s remaining
geothermal power potential (estimated at 2 GW) will not be
realised.” The current weakness of the Turkish lira is said to make
the foreign currency risk prohibitive to new investment, along
with the high cost of borrowing in the local currency, especially
with the FIT no longer pegged to the US dollar.®

In late 2021, the World Bank announced the approval of
two USD 300 million loans, supplementing its previous
USD 250 million in funding, to support geothermal development
in Turkey.® The funds will be used to fund drilling and steam-
field development, in support of direct-use applications as well as
electricity generation.?°

The United States maintains a commanding lead in installed
geothermal power capacity, although new capacity built has
averaged only 66 MW annually during 2011-2021.*' One 25 MW
project completed in 2021 helped keep the total net operating
capacity at 2.6 GW.?2 The new capacity was the culmination of
the McGinness Hills expansion project, which used the most
advanced binary-cycle' technology at an existing facility in
the state of Nevada.?® Geothermal power in the United States
generated around 16.2 TWh in 2021, or less than 0.4% of US net
electricity generation.?

i If a geothermal power plant extracts heat and steam from the reservoir at a rate that exceeds the rate of replenishment across all its boreholes, additional wells
may be drilled over time to tap additional steam flow, provided that the geothermal field overall is capable of supporting additional steam flow.

i In general, a power plant's net capacity equals gross capacity less the plant's own power requirements and any seasonal de-rating. In the case of geothermal
plants, net capacity also would reflect the effective power capability of the plant as determined by the current steam production of the geothermal field. See

endnote 6 for this section.

iii In a binary-cycle plant, which has become the most common design at plants built in recent years, the geothermal fluid heats and vaporises a separate
working fluid (with a lower boiling point than water) that drives a turbine to generate electricity. Each fluid cycle is closed, and the geothermal fluid is re-
injected into the heat reservoir. The binary cycle allows an effective and efficient extraction of heat for power generation from relatively low-temperature
geothermal fluids. Organic Rankine Cycle (ORC) binary geothermal plants use an organic working fluid, and the Kalina Cycle uses a non-organic working fluid.
Conversely, geothermal steam can be used directly to drive the turbine but this is more typical for high-entalpy applications.
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Indonesia completed two projects that had been delayed from
2020, when no capacity was added.?® By mid-2021, the 45 MW
Sorik Marapi Unit 2 on North Sumatra came online.?® On
South Sumatra, the 98 MW Rantau Dadap facility commenced
operation towards the end of the year.?” In addition, the 10 MW
Dieng unitadvanced during the year and is said to be an example
of the small-scale renewable technology that Indonesia wishes
to emphasise for reasons of fast deployment and compatibility
with environmental imperatives and other economic activity,
such as tourism.®

Indonesia has seen relatively steady growth in geothermal
power capacity in recent years (except for pandemic-induced
delays in 2020), with average growth of around 150 MW
annually during the five-year period from 2016 to 2021, for a
total installed capacity of 2.3 GW.?° In 2020, geothermal power
supplied 15.6 TWh, or 5.3% of the country's total generation.*®

Geothermal power is relatively expensive in most locations,
due largely to the high risk inherent in the early stages of
exploratory drilling and field development. To alleviate some
of this risk, the Indonesian government began directly funding
exploratory drilling in 2021 in the hope of reducing upstream
risk, lowering investment thresholds and reducing overall
project development costs (and thus the final cost of energy).*
State-funded drilling started in September in a national park
on West Java, with two 2-kilometre deep boreholes planned in
an area with an estimated 45 MW potential.** The government
estimates the incremental geothermal power capacity to cost
USD 4 million per MW, requiring more than USD 28 billion in
investment to meet the country’s 2035 target of 7.1 GW of new
geothermal capacity.®

New Zealand commissioned its first new geothermal
power project since 2018 with the completion of the 32 MW
Ngawha plant, following three years of construction.®* Most
of the country’s geothermal capacity (11 GW) was built before
2016, but only 57 MW has been added since.*® The need for
additional capacity has been curtailed in part by the decline in
industrial and commercial electricity demand over this period,
as geothermal generation has continued to account for around

18% of the country's total electricity generation.®®

A new 168 MW geothermal power plant is under development
near Taupd on New Zealand's North Island, to be completed
by late 2023.%” The project's geothermal field was found to
be more productive than initially expected, but the increase
in power capacity (up from 152 MW) was offset by higher
estimated project costs, rising more than 9% per unit of output,
to USD 4.9 million per MW.,%®

In Chile, the Cerro Pabellén plant was expanded in 2021
to 81 MW with a new 33 MW binary-cycle unit. The plant is
notable for being the first and only geothermal power plant in
South America and the highest-altitude plant of its kind, located
in the Atacama Desert at 4,500 metres above sea level.*

Chinese Taipei celebrated the completion of its first geothermal
plant in 2021. The 4.2 MW binary-cycle unit uses hot water
from depths of as much as 2 kilometres, at temperatures up to
180 degrees Celsius (°C).4°

Geothermal power capacity in Iceland grew modestly in 2021
with six 150 kW binary-cycle power modules installed at two
locations, all implemented in conjunction with low/medium-
temperature (about 120°C) direct-use (district heating) systems.*

New geothermal power
generating capacity of

was more than double

the additions in 2020 but
below the five-year average
of 0.5 GW since 2016.



GEOTHERMAL HEAT

Worldwide, the capacity for geothermal direct use' - direct
extraction of geothermal energy for thermal applications -
totalled an estimated 35 gigawatts-thermal (GW4y,) in 2021.4
The estimated 2021 annual capacity increase of 2.5 GWy, is
based on reported values for 2019 and the preceding five-year
growth rate. By the same estimation, geothermal energy use for
thermal applications grew 12.8 TWh during 2021 to an estimated
141 TWh (508 PJ).#

The largest applications for geothermal heat are bathing and
swimming (44% of the total in 2019 and growing around 9%
annually) and space heating (39% in 2019, growing at 13%).4

The remaining 17% of direct use was allocated to greenhouse
heating (8.5%), industrial applications (3.9%), aquaculture (3.2%),
agricultural drying (0.8%), snow melting (0.6%) and other uses
(0.5%).%° (= See Snapshot: El Salvador.)

The top countries for geothermal direct use in 2021 were
(in descending order) China, Turkey, Iceland and Japan.®
(= See Figure 29.)

The global distribution of geothermal energy use for heating remains
uneven and sparse, with at least 75% concentrated among the top
four countries. Other countries, each estimated to represent less
than 2% of direct use, include (in descending order) New Zealand,
Hungary, the Russian Federation, ltaly, the United States and Brazil.*

i Direct use refers here to deep geothermal resources, irrespective of scale, that use geothermal fluid directly (i.e, direct use) or by direct transfer via heat exchangers.
It does not include the use of shallow geothermal resources, specifically ground-source heat pumps. (= See Heat Pumps section in this chapter.)

SNAPSHOT. EL SALVADOR

Geothermal Heat Use in Agriculture

Agricultural practices can require prolonged, high-
temperature heat to yield final food products. Globally,
communities and companies have been using the
by-product heat from nearby geothermal plants to help
improve processes for local producers. Because of its
proximity to the geothermally active Ring of Fire area,
Latin America has the potential for an estimated 70 GW
of geothermal energy.

In El Salvador, where 27% of electricity comes from
geothermal energy, the rural communities of Ahuachapén
and Berlin use waste heat to dry fruits, displacing fossil
fuel-intensive processes. Condensation from the nearby
geothermal power plant is used to water the plants

sold by the communities. In Costa Rica, the Ministry of
Environment and Energy has published a law related

to the direct use of geothermal resources, including in
agriculture.

Source: See endnote 45 for this chapter.
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?- FIGURE 29.

Geothermal Direct Use, Top 10 Countries and Rest of World, 2021
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Geothermal heat use reflects local needs and priorities. In China,
around 46% was allocated to district heating in 2019 and 44%
went to bathing and swimming applications.*® In Iceland, 73% is
used for space heating, with swimming pools coming a distant
second at less than 10%.%° In Turkey, pools and baths consume
42%, while space heating absorbs less than 30%.%° In Japan,
more than 80% of direct use is believed to be associated with
bathing facilities located near geothermal springs.”

China's use of geothermal heat was a reported 197 PJ in 2019
and may have exceeded 290 PJ in 2021 based on recent growth
trends, representing well over half of global use.® In 2017,
China issued its first geothermal industry plan, which called for
rapid expansion of geothermal energy use, especially for heat
applications.®® The country’s 14th Five-Year Plan for energy
efficiency and green building development, issued in early 2022,
emphasises continued expansion of geothermal energy use for
space heating.®* China's geothermal heat market is by far the
fastest growing globally, with consumption increasing more than
21% annually during 2015-2019.%°

As of 2019, China had an estimated 14.2 GWy, of installed
geothermal capacity for direct use (excluding heat pumps), with
7 GWy, allocated to district heating, 5.7 GWi, serving bathing and
swimming applications, and the rest used for food production
and other industry.®® Based on growth trends during 2015-2019,
installed capacity may have been close to 20 GWy, by the end
of 202157 Unlike countries that use geothermal energy mostly
for electricity generation rather than for direct heat applications
(or both), China emphasises heat use, in part because most
domestic hydrothermal resources are of relatively low enthalpy
(with most reservoirs below 100°C).%®

Growth among the other top users of geothermal heat (Turkey,
Iceland and Japan) has been far more moderate, at 3-4%
annually.%® In Turkey, reported geothermal heat use grew 3.9%
annually on average during 2015-2019 and may have reached
59 PJ in 2021.5° While total geothermal energy use in Turkey is
skewed towards thermal applications (15 TWh direct use and
10 TWh electricity), drilling activity and other investment in
recent years (before the change in the FIT in 2021) have strongly
favoured electricity generation.®'

Iceland ranks third globally in the use of geothermal heat, but
modest growth in this mature market is defined largely by economic
and population growth.®? With around 2.5 GW,, of capacity, the
country produces around 34 petajoules (PJ) of geothermal heat
annually, enough to cover more than 97% of overall thermal demand



and around 90% of
space heating demand.®®
The total contribution of
geothermal  energy to
space heating is even
greater since the balance is
met largely with electricity,
which is generated in part
from geothermal power
(31% of Iceland's electricity
is geothermal).®*

Global distribution of
geothermal energy use for
heating remains uneven
and sparse, with

concentrated in only
four countries.

The high penetration of geothermal energy for thermal
applications in Iceland is made feasible in part because most
buildings are located near known and available geothermal
resources, specifically in the greater capital area in the more
geothermally productive southwest. At an existing heat and
power plant in the region, a new make-up borehole was
completed in 2021 with peak fluid temperature of 360°C.%° The
plant operators observed that the chemical make-up of such
hot geothermal fluid may be corrosive to plant equipment, but
normal acidity and high steam content was promising.®®

Well outside the most geothermally active parts of Iceland, the
community of Hofn in the southeast completed a new district
heating system in 2021, after 30 years of searching for sufficiently
productive geothermal wells.®” After some 54 exploratory wells
were drilled, a final 5 production wells were completed at a
depth of 1.1 to 1.75 kilometres each, producing a sustainable
yield of 30-40 litres per second at 70-78°C.°® The system, which
received a critical state subsidy, displaced electric boilers that
used fuel oil as a back-up.®®

In continental Europe, clusters of geothermal heat developments
can be found, and some continue to grow. Germany expanded
geothermal district heating at two facilities, both in Bavaria.
The Kirchstockach geothermal plant began distributing district
heat (12 megawatts-thermal, MWy, in addition to the facility's
existing electricity generation (5.5 MW,).”® A new plant in the
town of Garching was completed in early 2021, supplying both
electricity (4.9 MW,) and district heat (6.9 MWi,).”

Three geothermal heat projects were completed near Paris
(France). A plant serving the communities of Champs-sur-
Marne and Noisiel will provide 82% of the local district heat
supply, while new plants at Vélizy-Villacoublay and Drancy/
Bobigny will each raise the renewable energy share in local heat
networks above 60%."

Vienna (Austria) hopes to tap a deep geothermal aquifer to
supply 125,000 households with heat by 2030.° Extensive
surveys done since 2016 indicate a promising resource at
around 3,000 metres below the city (at temperatures up to
100°C), but exploratory boreholes are needed to confirm those
expectations, with further research planned in 2022.7

Despite favourable resource conditions, development of
geothermal energy in Hungary (which ranks sixth globally for
direct use) has not been robust in recent years.”® In an effort to
turn the tide, the Hungarian government initiated a programme
in 2021 to mitigate financial risk associated with geothermal
drilling, funded at the level of HUF 6 billion (USD 18 million).™
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In 2020, heat pumps met only around 7%
of the global heating demand in residential
buildings, as fossil fuel-powered heaters and
water heaters still comprised around half of
the heating equipment sold. However, this
trend is changing as heat pumps become
more common in new buildings.

Globally, air-source heat pumps continue
to dominate the market, with the top regions
being China, Japan, Europe and North
America. Ground-source heat pumps have the
second largest market share globally.

Factors that have led governments

to integrate heat pumps into plans for
decarbonising heating in buildings include the
technology's maturity and the ability to provide
additional flexibility in the electricity network
or heating system.

Many countries are using financial support
and pricing measures to balance the price
of electricity relative to natural gas, which
improves the economic prospects for heat
pumps.

HEAT PUMPS

Heat pumps are used to meet space and water
E% heating and cooling needs for residential, commercial

and industrial applications within a wide range of
temperatures.” In general, they are highly efficient heating and
cooling devices, typically able to deliver 3-5 units of heat for every
unit of auxiliary energy input? However, heat pumps differ in
performance based on their inherent technical efficiencies, external
operating conditions and system designs.® (= See Figure 30
and Box 9.)

The classification of heat pumps as a renewable energy technology
varies by location. Because ground-source heat pumps rely on
geothermal heat, they generally are defined in national legislation
as being renewable.* In Japan, air-source heat pumps have been
recognised as renewable energy technologies since 2009.° The
European Union (EU) also has considered, since 2009, the aero-
and hydro-thermal energy extracted by heat pumps as renewable,
provided that the final energy delivered greatly exceeds the external
energy required for heat pump operation.® As of early 2022, China
did not recognise air-source heat pumps as a renewable energy
technology at the national level”

In 2020, heat pumps met only around 7% of the global heating
demand in residential buildings, as fossil fuel-powered heaters
and water heaters still accounted for around half of the heating
equipment sold.® However, this trend is changing, particularly
as heat pumps become more common in new buildings.® In
the United States, heat pumps account for between 40% and
50% of heating equipment sales for newly constructed buildings,
depending on the building type.® In Europe, more than 20% of
all heating devices sold in 2021 were heat pumps." On the Swiss
market, heat pumps are the most-sold heating technology, in
both new and existing buildings.”

Heat pumps met

of the global heating demand
in residential buildings, as
fossil fuel-powered heaters
and water heaters still
accounted for around half of
the heating equipment sold.
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BOX 9. Operational Principles of a Heat Pump

A A heat pump extracts heat from an ambient heat source,
which can include heat from the air, water, and ground, as
well as different types of waste heat (such as from industrial
processes and sewage treatment). The heat is extracted
by evaporating a refrigerant, thus cooling the source.

B During operation, the device uses an external source
of energy to transfer the ambient energy from a low-
temperature source to a higher-temperature sink by way
of a refrigeration cycle. This typically is achieved with an
electric compressor. When the energy used to drive a heat
pump is renewable, so is 100% of the energy delivered.

C The most efficient systems, operating under optimal
conditions, can deliver 4.5 to 7 units of thermal energy
(either heating or cooling) for every 1 unit of external
energy consumed, especially in moderate climates (the
Mediterranean region, central and southern China). In
cold climates (Canada, northern China), low outside
temperatures can reduce the energy co-efficient of air-
source heat pumps over the winter season.

The difference between the energy delivered and the
external energy is considered the renewable portion of the
heat pump output, regardless of the external energy source.

//’ FIGURE 30.

D The heat can then be used for:

M residential and commercial space heating (through
heated air, radiators or underfloor heating; or applied in
district heating systems);

M sanitary hot water production;

M heat provision for industrial processes.

Heat pumps typically are reversible units that provide heating
as well as cooling functions'.

i Air conditioners can be considered heat pumps that provide only
cooling.

Source: See endnote 3 for this section.

Example of a Heat Pump with a Co-efficient of Performance of 4

Q 3kWh

Renewable energy

G Heat pump @ 4 kwh

Compression End use

extracted
(e.g., ambient air,

water, waste heat, ground)

S iR

3 1 kwh
e |

B

| Expansion

Renewable }
40 electricity
. /4

Source: See endnote 3 for this section.
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FIGURE 31.
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Annual sales (million units)

Air-Source Heat Pump Annual Sales, Selected Markets, 2011-2021
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Note: For China, data for 2011-2013 do not include air-water heat pumps.
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Source: China total from ChinalOL. Europe total from EHPA. See endnote 13 for this section.

MARKET DEVELOPMENT BY HEAT PUMP TYPE

Heat pumps can be differentiated based on the combination of
their energy source (air, water or ground) and the heat distribution
system (air or water). Globally, air-source heat pumps continue to
dominate the market, with the top regions being China, Japan,
Europe and North America® (- See Figure 31) In general,
comparisons across heat pump markets remain challenging
due to differences in data collection, the overall lack of data
availability, and the difficulty in distinguishing units used only for
coolin