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MAIN MESSAGES

Global trend: Overall, renewable energy has seen unprecedented development over the past decade,
with growth outpacing projections on a yearly basis. Despite great progress, however, the share of
renewables in total final energy consumption (TFEC) has remained steady over the period. In 2018,
the share of renewable energy sources (including biomass) in TFEC was 17.1 percent, very close to its
share in the preceding year. This is due to the fact that TFEC increased at the same rate as renewable
energy consumption (+2.1 percent). The share of renewable sources in TFEC, excluding traditional uses
of biomass, increased by 2.5 percentage points over the past decade. The global picture points to
the importance of further scaling up renewable energy while containing energy consumption through
energy efficiency and sufficiency. Across end uses, electricity continued to see the greatest increase in
its share of renewables, while transport and heat saw much slower or no progress.

Target for 2030: Ensuring access to affordable, reliable, sustainable, and modern energy for all implies
an accelerated deployment of renewable energy sources across three main end uses: electricity, heat
and transport. Thus, the main indicator used to assess progress toward Sustainable Development Goal
(SDG) target 7.2—to “increase substantially the share of renewable energy in the global energy mix
by 2030”—is renewable energy’s share of total final energy consumption (TFEC). While there is no
quantitative milestone set for 7.2, custodian agencies of this target have indicated that current efforts
need to accelerate significantly to scale uptake in line with SDG 7.

Electricity: Renewable electricity use grew 7 percent year-on-year in 2018, bringing the share of
renewables in global electricity consumption to 25.4 percent, up from 24.7 percent in 2017. This is the
highest renewable share of all end-use categories. To meet the growing global electricity demand (+4
percent in 2018), nonrenewable electricity consumption continues to grow as well (+3 percent in 2018),
although at a lower growth rate than renewables. Hydropower remains by far the largest source of
renewable electricity globally, followed by wind and solar PV which are recording the fastest growth
rates. Together, wind and solar PV are responsible for more than half of the increase in renewable
electricity consumption observed over the past 10 years.

Heat: Renewable heat consumption increased 1.2 percent to 16.2 EJ in 2018, excluding traditional uses
of biomass. It should be noted that this calculation does not account for electricity used for heating,
including via heat pumps. Traditional uses of biomass in 2018 declined 2 percent globally, still accounting
for 14 percent (24 EJ) of global heat consumption. Overall, as global heat demand continued to increase
(+1.1 percent year-on-year) the share of modern renewables in global heat consumption remained at 9.2
percent, as two years prior and only 1 percentage point higher than a decade earlier.

Transport: In 2018, renewable energy used in transport grew by 7 percent, the fifth largest increase on
record since 1990, and the largest since 2012. This brings the total share of renewable energy to 3.4
percent, up from 3.3 percent in 2017. Biofuels, primarily crop-based ethanol and biodiesel, supplied 91
percent of renewable energy. Nevertheless, renewable electricity expansion and electric vehicle sales are
leading to record increases in renewable electricity use in transport, which grew by 0.03 EJ in 2018, the
largest increase in a single year.

Regional highlights: Sub-Saharan Africa has the largest share of renewable sources in its energy supply,
and traditional uses of biomass represent more than 85 percent of this. Excluding traditional uses of
biomass, Latin America and the Caribbean have the largest share of modern renewable energy uses in
TFEC, owing to significant hydropower generation, and to the consumption of bioenergy in industrial
processes and biofuels for transport. In 2018, more than a third of the global year-on-year increase in
modern renewable energy consumption took place in Eastern Asia—essentially in China—where wind
and solar photovoltaic (PV) dominate the growth.

Top 20 countries: The share of renewable energy in TFEC varies widely across countries. Between
2000 and 2018, the share of modern renewables in TFEC declined in six of the top 20 energy consumer
countries, despite the expansion of modern renewable energy use in each. This was mostly due to
simultaneous increases in nonrenewable energy use. In 2018, the largest progression in the share
of modern renewables was observed for Spain (+1.7 percentage points), due to higher hydropower
generation, followed by Indonesia (+1.4 percentage points), where a rapid uptake of bioenergy for power
generation played a leading role.
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Installed renewable electricity-generating capacity in developing countries: Beyond SDG target
7.2, this report for the first time tracks progress toward SDG indicator 7.B.1. It thus considers installed
renewable electricity-generating capacity per capita in developing countries, using the most recent
available data, from 2019 (see box 3.3). In 2019, developing countries had 219 watts per capita of
renewable energy installed capacity. That year’s 7 percent year-on-year growth rate signals a slight
slowdown from 2018, driven primarily by decreased uptake of hydropower and solar PV per capita,
while wind remained stable. Although the majority of new capacity installations in 2018-19 were made in
developing countries, in 2019 developed countries still had around four times more capacity per capita.

Recent trends: Beyond the immediate impact on health, the COVID-19 pandemic has major implications
for economic activity and therefore energy consumption. To slow the spread of the virus, governments
across the world have imposed restrictions on most social and economic activities, curtailing transport,
industrial production and services, and causing a major energy demand shock. While this demand
shock resulted in declining renewable energy use for transport and heat in 2020, renewable electricity
generation expanded at an estimated 7 percent year-on-year, supported by long-term contracts, low
marginal costs, priority access to grids, and installation of new renewable capacity. According to early
estimates, in 2020, the share of renewables in final energy consumption increased significantly for
electricity and minimally for transport and heat.

Tracking SDG 7: The Energy Progress Report 2021



ARE WE ON TRACK?

In 2018, global renewable energy consumption, including traditional uses of biomass, amounted to 64.2
exajoules (EJ), following a 2.1 percent year-on-year increase (figure 3.1). This mirrors the increase in
nonrenewable final energy consumption over the same period. As a result, the share of renewables in total
final energy consumption remained flat at 17.1 percent, which is still below the 17.5 percent level achieved in
1999—the highest point on record over the past three decades. From 2017 to 2018, hydropower, solar PV,
wind, and modern bioenergy contributed equally to the growth of renewable energy, while the consumption
of traditional uses of biomass declined.

Since 1990, the share of renewable energy in total final energy consumption (TFEC) has remained relatively
steady despite global renewable energy consumption expanding more than 60 percent (figure 3.2). Two
simultaneous trends can be observed over the past decade: traditional uses of biomass have been slowly
declining (-7 percent in 2008-18), while the share of modern renewables in TFEC—excluding traditional uses
of biomass (box 1)—progressively increased from 8.2 percent in 2008 to 10.7 percent in 2018. To achieve SDG
7 and provide access to affordable, reliable, and sustainable energy for all, the uptake of modern renewables
and the transition to more efficient uses of biomass need to accelerate.

Over the last decade, wind and solar PV saw the fastest growth rate and accounted for more than a third
of the increase in modern renewable energy consumption. Overall, bioenergy, including traditional uses
of biomass, remains the largest renewable source of energy, accounting for almost 70 percent of global
renewable energy consumption, followed by hydropower, wind, and solar PV.

» Renewable energy consumption by technology and share of total energy consumption, 1990-2018
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Source: IEA 2020b; UNSD 2020.
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BOX 3.1« DEFINITIONS OF TRADITIONAL USES OF BIOMASS AND MODERN
RENEWABLES

Traditional uses of biomass refer to local solid biofuels (wood, charcoal, agricultural residues, and animal dung)
being burned via basic techniques using, for example, traditional open cookstoves and fireplaces. Owing to their
informal and non-commercial nature, it is difficult to estimate the energy consumed by such practices, which
remain widespread in households in the developing world. For purposes of this report, the phrase “traditional uses
of biomass” refers to the residential consumption of primary solid biofuels and charcoal in countries outside the
Organisation for Economic Co-operation and Development (OECD) excluding Eurasia. Although biomass is used
with low efficiency in OECD countries as well—for example, in fireplaces burning split logs—such use is not included
in the traditional uses of biomass cited in this report.

Traditional uses of biomass tend to have very low conversion efficiency (5-15 percent). This can result in high
local demand, potentially exceeding sustainable supply, and leading to negative environmental impacts, notably
deforestation. In addition, emissions of particulate matter and other air pollutants are produced. When combined
with poor ventilation, such pollutants create indoor air pollution in households, which is responsible for a range of
severe health conditions and a leading cause of premature death. Even though biomass as it is traditionally used
is, in principle, renewable, policy attention should focus on encouraging the adoption of more efficient renewable
heating and cooking technologies (see chapter 2).

“Modern bioenergy” can be used efficiently for electricity generation, industrial applications, cooking in efficient
wood and pellet stoves and boilers, and the production of biofuels for transport. Modern bioenergy—along with
solar PV, solar thermal, geothermal, wind, hydropower and tidal energy—is one of the modern renewable sources
analyzed in this report.

« Share of modern renewable energy and traditional uses of biomass in total final energy consumption
(left) and renewable energy consumption growth by technology (right), 2010-18
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Source: IEA 2020b; UNSD 2020.

This report includes minor revisions to the data presented in last year’s edition. In particular, traditional
uses of bioenergy for heat have been revised down by 0.7 EJ (-3 percent) for the year 2017, mostly due to
changes in data from the Eastern Asia and South-eastern Asia regions. Modern uses of biomass have also
been revised down by 0.2 EJ (-1 percent), with the largest changes in Sub-Saharan Africa, Northern America
and Europe, and Western Asia and Northern Africa.
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LOOKING BEYOND THE MAIN INDICATORS

Ensuring access to affordable, reliable, sustainable, and modern energy for all implies a substantial increase
in the share of renewable energy in all three main end-use categories: electricity, transport and heat, which,
in 2018, accounted respectively for 21 percent, 32 percent, and 47 percent of all TFEC.

The share of renewables in final consumption is the largest and most dynamic for electricity, rising from 24.7
percent in 2017 to 25.4 percent in 2018 (figure 3.3). Renewable electricity accounts for almost half of global
modern renewable energy consumption and three-quarters of its year-on-year increase. Going beyond the
indicator (share of TFEC) and considering instead new electricity capacity installations, renewables have
seen strong progress, growing 7.9 percent in 2018 and 7.4 percent in 2019 (box 3.3). This far outpaces new
capacity installations in conventional, fossil fuel-based electricity (IRENA 2019a; IRENA 2020a).

In the heat sector, renewable sources account for 22.8 percent of energy used, most of which (13.6 percent)
corresponds to traditional uses of biomass, down about 2 percent from the previous year. Excluding
traditional uses of biomass, the consumption of modern renewables for heat increased just over 1 percent
year-on-year, at a similar rate as global heat demand, resulting in a constant share of modern renewables
in final heat consumption. Overall, nonrenewable energy used for heat increased almost 2 percent year-on-
year.

Including renewable electricity use, the transport sector represents only 10 percent of global modern
renewable energy consumption. It is the end-use sector with the lowest renewable energy penetration,
at only 3.4 percent of final energy consumption in 2018. Biofuels supply the large majority of renewable
consumption in transport, but renewable electricity use is also slowly emerging thanks to the uptake of
electric rail and electric vehicles.

 Renewable energy consumption and share by end use, 1990-2018
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Source: IEA 2020b; UNSD 2020.

Note: “Transport” includes electricity used for transport.

This global figure hides regional disparities (figure 3.4). Sub-Saharan Africa has the largest share of
renewable sources in its energy supply, with traditional uses of biomass representing more than 85 percent
of the renewable energy consumed in this region. Excluding traditional uses of biomass, Latin America and
the Caribbean have the largest share of modern renewable energy consumption, owing to the significant
share of hydropower in electricity generation, and to the consumption of bioenergy for industrial processes
(in particular in the sugar and ethanol industry) and biofuels for transport.

CHAPTER 3 - Renewable Energy
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In 2018, more than a third of the global year-on-year increase in modern renewable energy consumption
took place in Eastern and South-eastern Asia (figure 3.5), which saw the fastest progression of the share of
renewables in TFEC (+0.5 percentage point), due primarily to the deployment of wind and then solar PV.
Europe and Northern America together accounted for 43 percent of the year-on-year growth in modern
renewable energy use, owing to modern bioenergy consumption for heat, good conditions for hydropower
in Europe, as well as growing contributions from wind and solar PV.

At a national level, the share of renewable sources in energy consumption varies widely depending on
resource availability, policy support, and the impact of energy efficiency and consumption patterns on
total energy demand. Among the top 20 energy-consuming countries, Brazil and Canada had the largest
shares of modern renewables in 2018 (figure 3.6), owing to heavy reliance on hydro for electricity and
bioenergy for heat and transport. China alone accounted for almost a fifth of global modern renewable
energy consumption, yet this represented less than 10 percent of its TFEC. Germany, Italy, and the United
Kingdom achieved the greatest progression in the share of modern renewables in TFEC between 2000 and
2018, mostly through the deployment of bioenergy (in particular for heat), wind and solar PV, and thanks
to the stabilization or decline of TFEC (figure 3.7). In 2018, the greatest growth in the share of modern
renewables was observed for Spain (+1.7 percentage point), due to higher hydropower generation, followed
by Indonesia (+1.4 percentage point), where a rapid uptake of bioenergy for power generation played a
leading role.

 Renewable energy consumption and share in total final energy consumption by region, 1990 and 2018
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* Year-on-year change in renewable energy consumption and in the share of renewables in total final
energy consumption by region, 2018
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» Renewable energy consumption, 2018, and share of renewables in TFEC, 1990 and 2018, top 20
countries with the largest energy consumption
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Between 2000 and 2018, the share of modern renewables in TFEC declined in 6 out of the 20 largest
energy-consuming countries, despite growing consumption of modern renewable energy in all of them. In
the same period, the consumption of nonrenewable energy increased in 13 such countries. This highlights
the importance of containing overall consumption through energy efficiency and sufficiency,®” and phasing
out the use of fossil fuels, to achieve larger shares of renewables in the energy mix.

e Annual change in renewable and nonrenewable energy consumption, top 20 countries with the largest
energy consumption, 2018
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37 Energy sufficiency corresponds to the action of tailoring and scaling energy-related infrastructure, technology choices, and
behaviors to fundamental needs while selectively avoiding nonessential energy-intensive services and consumption patterns. This is to
allow affordable access to energy to meet everyone’s needs and fair access to meet their energy wants, while keeping the impacts of
energy use within environmental limits (Darby and Fawcett 2018; Marignac 2019).
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BOX 3.2 - RENEWABLE ENERGY IN A PANDEMIC: HOW THE COVID-19 CRISIS IS
AFFECTING RENEWABLE ENERGY DEVELOPMENT

Beyond the immediate impact on health, the COVID-19 pandemic has had major implications for economic activity
and therefore energy consumption. To slow the spread of the virus, governments across the world imposed
restrictions on most social and economic activities, curtailing transport, industrial production, and services, causing
a major energy demand shock.

The implications of the COVID-19 pandemic for renewable energy development vary across end-use sectors.
According to preliminary estimates from the International Energy Agency, global electricity demand declined 2
percent in 2020 compared to 2019, but renewables’ use for power generation increased by almost 7 percent
year-on-year. Long-term contracts, low marginal costs, priority access to grids, and the ongoing installation of
new renewable capacity all contributed to expanding renewable electricity generation while output from all other
fuels declined. The most recent data from IRENA show 260 GW of renewable energy capacity additions in 2020,
signaling growth of 10.3 percent and exceeding the expansion in 2019 by almost 50 percent despite the COVID-19
pandemic (IRENA 2021).

This growth more than compensated for declines in bioenergy demand for industry and biofuels for transport.
Indeed, lower economic activity has led to an estimated 3 percent year-on-year decline in global heat demand,
which also affected renewable energy consumption, albeit in a smaller proportion (less than 1 percent decline).
Reduced commercial, industrial, and construction activity has translated into lower bioenergy and waste use in
several energy-intensive industries such as paper and pulp and cement; the use of renewables in the residential
sector was less affected.

Biofuel for transport is the most diminished of all renewable energy sources, with an estimated 8 percent decline in
consumption in 2020 compared with 2019. This is the first reduction in annual production in two decades, driven by
both lower transport fuel demand and lower fossil fuel prices diminishing the economic attractiveness of biofuels.
The biggest year-on-year drops in output are for U.S. and Brazilian ethanol and European biodiesel.

 Change in energy demand and renewables’ output in electricity, heat and transport, 2019-20
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Overall, these factors led to renewables’ increased share for electricity, and only slightly increased share for heat
and transport, as total renewable energy consumption grew by an estimated 1 percent in 2020. Despite looming
economic uncertainty, investors’ appetite for renewable energy remains strong, thanks in particular to support
from government-led green stimulus plans, especially for renewable electricity. Global renewable energy auction
results reached record-high volumes in 2020. If geared toward renewable energy, the recent policy momentum to
support economic recovery has the potential to accelerate further renewable energy growth.
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ELECTRICITY

Electricity accounted for 21 percent of TFEC globally in 2018 and is the fastest growing end use. Electricity
consumption doubled over the past 23 years and saw a 33 percent increase in the past decade.*®

In 2018, global renewable electricity consumption increased by almost 7 percent (+1.3 EJ) year-on-year,
while nonrenewable electricity consumption grew 3 percent (+1.7 EJ). As a result, the share of renewables
in electricity generation increased by 0.7 percentage point to 25.4 percent in 2018—making its share the
largest among all end uses.

In 2018, hydropower and wind each contributed a third of the annual increase in renewable power generation,
followed by solar PV, which accounted for another quarter (figure 3.8). Hydropower’s increase is partly due
to better hydrological conditions than in 2017, especially in Europe (e.g., in Spain, Italy, and France). Global
solar PV and wind electricity generation expanded by 25 percent and 13 percent respectively, year-on-year.
In 2018, solar PV surpassed bioenergy to become the third largest source of renewable electricity globally.
Accounting for 63 percent of renewable power generation and 16 percent of total electricity generation,
hydropower remained the largest renewable source of electricity globally and for each region.

* Global renewable electricity consumption by technology, 1990-2018
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In 2018, the share of renewables in electricity increased in all regions but Northern America, compared with
2017 (figure 3.9). This is mainly due to lower bioenergy output in Canada and lower hydropower generation
in the United States. The Latin America and Caribbean region had the largest share of renewable sources
in power generation, with hydropower alone representing 45 percent of regional electricity generation in
2018. The share of renewables in power generation increased the fastest in Europe, where it rose by almost
2 percentage points year-on-year to 32 percent of total generation. This was mostly driven by the flattening
of electricity consumption, better hydrological conditions, and the rapid growth of new wind and solar PV
capacity. Thanks to rapidly declining costs and policy support, wind and solar PV together accounted for
more than 70 percent of the increase in renewable electricity consumption over the past decade both in
Europe and Oceania, and up to 83 percent in Northern America.

38 Among the key factors driving this trend is the rapidly growing use of electricity for space cooling, with air conditioners and electric
cooling fans accounting for about 10 percent of global electricity consumption in 2018 (IEA 2018).
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« Renewable electricity consumption and share of renewables in electricity by region, 1990 and 2018
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The top 20 energy-consuming countries show contrasting trends, with the share of renewables in electricity
generation varying from near O percent to more than 80 percent (figure 3.10). Brazil and Canada have
the largest shares by far, owing to large hydropower capacities. Wind and solar PV together—that is, non-
dispatchable renewables—are the largest renewable electricity sources in Germany, the United Kingdom,
Spain, and the United States. Their combined share in renewable power generation ranged from 43 percent
to 70 percent in those countries. Between 2017 and 2018, Indonesia’s renewable electricity consumption
recorded the largest growth rate among the top 20 energy-consuming countries, rising by almost 60
percent, due primarily to a strong increase in bioenergy use.

 Renewable energy consumption in electricity by source and country, top 20 final energy users, 2018
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In 2018, China alone contributed 40 percent of the global annual increase in renewable electricity generation,
of which wind and solar PV together accounted for two-thirds (figure 3.11). India, Brazil, and the United
States were the next largest contributors to this growth, together contributing about one-fifth of it. In the
same period, China was also responsible for the largest increase in nonrenewable electricity consumption,
followed by the United States. These two countries together were responsible for more than 70 percent of
the annual growth in total electricity consumption, and more than 90 percent of the growth in nonrenewable

electricity consumption.
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« Year-on-year change in renewable and nonrenewable electricity consumption by country, top 20 final
energy users, 2018
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This chapter tracks progress toward SDG indicator 7.B.1,*® which points to the importance of increasing
installed renewable energy-generating capacity in developing countries (in watts per capita). The overall
trend in renewable electricity capacity installations over the past decade shows remarkable progress, further
outlined in box 3.3.

39 This indicator is part of SDG target 7.B, which envisions an expansion of modern and sustainable energy services for all in developing
countries.
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BOX 3.3 « INSTALLED RENEWABLE ELECTRICITY CAPACITY IN DEVELOPING
COUNTRIES

On a global level, new renewable electricity capacity installations witnessed remarkable development over the past
decade, outpacing installations in nonrenewable electricity capacity since 2012 and consistently since 2015. In 2019,
renewable electricity capacity (on- and off-grid) grew by 7.4 percent, accounting for 72 percent of overall new
electricity capacity installations (IRENA 2020a).

In 2018, for the first time, a majority of new renewable electricity capacity was installed in developing countries (IRENA
2019a). The significant increase in renewable electricity installations in these countries can primarily be attributed to
the large uptake of new solar and wind capacity, increasing by a compound annual growth rate of 72 percent and 22
percent respectively over the 2010-19 period. The most recent data from IRENA show that renewable energy capacity
continued to grew at an even higher level in 2020 despite COVID-19.

« Installed renewable electricity generating capacity in developing countries (in watts per capita),
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In 2019, developing countries had 219 watts per capita of installed renewable electricity capacity (1.4 TW across 6.4
billion people). The 7 percent year-on-year growth rate of 2019 was lower than the 8.8 percent of 2018, signaling a
slight slowdown compared to the compound annual growth rate of 8.9 percent during the period 2010-19. The slight
slowdown in 2019 can be explained by technology trends in capacity additions. Hydropower capacity per capita
almost stabilized with population growth, with year-on-year growth of 0.4 percent in 2019 compared to 1.5 percent in
2018. Solar capacity per capita dropped to a year-on-year growth of 22.2 percent in 2019 compared to 35.5 percent in
2018. Wind remained at 11.3 percent year-on-year.

Renewable electricity capacity installations in 2019 were highly concentrated in Latin America and the Caribbean, with
405 watts per capita, closely followed by Eastern and South-eastern Asia at 391 watts per capita. While Latin America
and the Caribbean had considerable renewable electricity capacity installed per capita already in 2010, primarily in
hydropower, the largest increase—191 percent—was witnessed in Eastern and South-eastern Asia, driven primarily by
solar and wind energy deployment. Sub-Saharan Africa had 34 watts per capita in 2019, up from 24 in 2010.

While the past decade has seen positive development, there remains significant untapped potential for developing
countries to expand their renewable electricity capacity. Although a majority of new capacity installations have been
made in developing countries in the past two years, developed countries had around four times more capacity per
capita (at 880 watts per capita) than developing countries in 2019 - this follows more or less the per capita differental
between developed and developing countries for overall installed electricity-generating capacity. The population
growth rate for developing countries decreased slowly, from 1.52 percent in 2001 to 1.25 percent in 2019. To continue
with increased levels of capacity per capita, installations of renewable electricity must continue outpacing population
growth.
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HEAT

Heat is the largest energy end use worldwide, accounting for half of global TFEC (177 EJ). Total heat
consumption grew by an estimated 1.1 percent in 2018 compared with 2017. With coal, gas, and oil meeting
more than three-quarters of global heat demand, the sector remains heavily fossil-fuel dependent. The
traditional uses of biomass slightly decreased (-1.8 percent) in 2018 compared to 2017, while still accounting
for almost 14 percent (24 EJ) of global heat consumption (figure 3.12). Excluding these traditional uses of
biomass, as well as ambient heat harnessed by heat pumps“° (for which available data are limited), renewable
heat consumption increased 1.2 percent year-on-year to 16.2 EJ in 2018. This represented only 9.2 percent of
total heat consumption, same as the two years before, and only one percentage point higher than ten years
earlier.

Despite its dominant share in final energy consumption, the heat sector receives limited policy attention
and support. Greater ambition and stronger policy support are needed to progress toward SDG 7.1 and
SDG 7.2 targets (See policy insights below). Doing so requires combining strong improvements in energy
efficiency with fast deployment of renewable heat technologies in order to transition away from fossil fuels
and inefficient and unsustainable uses of biomass.

* Renewable heat consumption by source and sector, 1990-2018
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Note: Indirect consumption of renewable heat through renewable electricity is not represented on this figure.

Bioenergy accounts for about 87 percent (14.1 EJ) of direct modern uses of renewables for heat*' globally,
following a year-on-year 0.5 percent increase in 2018, mostly in the buildings sector. Industry is responsible
for a little less than two-thirds of modern bioenergy use, most of it concentrated in subsectors producing
biomass residues on site, such as wood, pulp, and paper industries, as well as the sugar and ethanol industries.

Global solar thermal consumption increased by 3.7 percent in 2018, accounting for 8.5 percent (1.4 EJ)
of modern uses of renewables for heat; yet it still met less than 1 percent of total final heat demand. The
large majority of solar thermal consumption corresponds to small domestic solar water heaters, although
significant untapped potential remains for large-scale systems for district heating and industrial applications,

40  The rapid spread of heat pumps over the past decade is making ambient heat an increasingly important heat source, although its
importance globally is difficult to estimate because data are unavailable for some markets. Because of this dearth of data, this report does
not account for it, although ambient heat can be credited as a renewable source.

41 Renewables also contribute to heat supply indirectly through renewable electricity used for heating and district heat networks.
Accounting for these indirect uses, and excluding ambient heat, renewable electricity is actually the second largest modern renewable
heat source after bioenergy, and the fastest growing one. It accounted for almost half of the increase in total (direct and indirect) modern
renewable heat consumption in 2018, owing to the combination of increasing penetration of renewables in the power sector and heat
electrification through the use of electric heat pumps and boilers. The buildings sector is responsible for the majority of electricity
consumed for heat.
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which continue to develop as a niche market. China continued to lead solar thermal developments by far,
accounting for 70 percent of global cumulative solar thermal capacity and 74 percent of newly installed
capacity in 2018. However, China’s market for solar thermal has been continuously declining since 2014,
due to reduced construction activities, the phasing out of incentives, and market competition with other
technologies such as heat pumps, as well as solar PV for rooftop space. Solar thermal cooling offers great
potential to decarbonize space cooling, especially since the greatest demand coincides with the highest
solar potential, reducing the load of electric air conditioners at peak times during summer months. However,
it is still a niche technology.

Geothermal heat consumption grew almost 14 percent in 2018, representing 4.2 percent (0.7 EJ) of modern
uses of renewables for heat. Almost 60 percent of geothermal heat is harnessed by ground-source heat
pumps worldwide (Lund and Toth 2020). The large majority of applications concern the buildings sector,
with bathing, swimming, and space heating (primarily via district heating) being the most prevalent end
uses globally. China is responsible for two-thirds of global geothermal heat consumption, followed by Turkey
and the United States, which together account for another 18 percent. China and the United States together
represented almost 90 percent of the growth in geothermal heat consumption in 2018.

Traditional uses of biomass are primarily concentrated in Sub-Saharan Africa and Asia (figure 3.13), with—
in descending order—India, Nigeria, China, Ethiopia, Pakistan, Indonesia, and the Democratic Republic of
Congo together accounting for more than two-thirds of global consumption. Despite a slightly declining
trend since 2004, traditional uses of biomass in 2018 were still at a greater level than in 1990 at a global
scale. Contrasting trends were observed across regions and countries over the past decade, with particularly
significant declines in Eastern Asia, especially China, as well as in Indonesia, India. and Vietnam. These were
partly compensated by strong population-driven increases in Sub-Saharan Africa—especially in Nigeria,
Ethiopia, and the Democratic Republic of Congo—as well as in Pakistan.

« Renewable heat consumption by region, 1990 and 2018
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Note: Indirect consumption of renewable energy through electricity for heat is not included in this figure.

The United States, China, and India together represented two-thirds of the global increase in renewable heat
consumption from 2010 to 2018 (figure 3.14). Together with Brazil, they were responsible for 46 percent of
total heat demand and accounted for 44 percent of modern renewable heat consumption globally in 2018.
This results from large consumption of bioenergy in the pulp and paper industry and for residential heating
in the United States, extensive use of bagasse in the sugar and ethanol industry in Brazil and India, and
notable deployment of solar thermal water heaters and geothermal heat in China. Europe is responsible for
more than another one-quarter of global modern renewable heat consumption, owing to the deployment of
residential wood and pellet stoves and boilers (e.g., in France, Germany, and Italy) and the use of biomass
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in district heating (e.g., in Nordic and Baltic countries, Germany, France, and Austria). In addition, albeit not
quantified in this report, the growing consumption of renewable electricity through electric heaters and heat
pumps, especially in China, the United States, and the European Union contributed indirectly to renewable
heat consumption (IEA 2019).

* Renewable heat consumption and share of renewables in total heat consumption, by country, 2018
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Note: Indirect consumption of renewable energy through electricity for heat is not included in this figure.

TRANSPORT

Renewable energy in transport grew by 0.28 EJ in 2018, the fifth largest year-on-year absolute growth
since 1990 and the largest since 2012 (figure 3.15). Renewable electricity expanded by 0.03 EJ, the single
largest expansion since 1990, and biofuels expanded by 0.25 EJ. This led to a slight increase in the share of
renewable energy in transport, which reached 3.4 percent in 2018, up from 3.3 percent in 2017. The majority
of renewable energy consumed came in the form of liquid biofuels (91 percent), mainly crop-based ethanol
and biodiesel blended with fossil transport fuels. Most of the remainder was from renewable electricity.

Country-level policies drove the 0.25 EJ growth in biofuels in 2018. This is the largest annual increase since
2013. The growth in biofuels was split almost equally between ethanol and biodiesel. Nearly 75 percent of
this growth occurred in Brazil, primarily due to ethanol growth, and Europe, primarily from biodiesel growth.
In Brazil, ethanol demand grew by 15 percent from 2017 levels because of two key factors. First, sugar
processors invested in ethanol equipment and storage facilities, which made it easier for sugar mills to switch
between sugar and ethanol production. These changes combined with low international sugar prices drove
sugar mills to maximize ethanol production. Second, there was higher domestic demand for ethanol because
fiscal incentives for ethanol and high oil prices meant ethanol was relatively less expensive than gasoline at
the pump. Brazil has a large flex-fuel vehicle fleet and so owners of these vehicles can decide whether to fill
up with ethanol or a gasoline-ethanol blend, depending on prices. In Europe, country-level policies to meet
the Renewable Energy Directive pushed up demand, while the removal of anti-dumping duties on imports
from Indonesia and Argentina expanded the supply of biodiesel and hydrotreated vegetable oil.

Renewable electricity used in vehicles and trains grew by a record 0.03 EJ in 2018 but still accounted for
only 9 percent of renewable energy use in transport. Part of this growth is thanks to an expanding electric
vehicle fleet. In 2017 there were 3.1 million electric vehicles on the road, which grew to 5.1 million in 2018.
The electricity powering these vehicles is also increasingly coming from renewable sources. Renewable
electricity’s share of total electricity use in transport climbed from 22 percent to 25 percent between 2013
and 2018.
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FIGURE 315 « Global renewable fuel share in transportation and totals for renewable electricity and biofuels from
1990 to 2018
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Source: IEA 2020b; UNSD 2020.

Over the past decade, renewable energy in transport has nearly doubled, but its share has only increased by
1.3 percentage points. The growth is thanks to country-level policies to expand biofuels, electrify transport,
and increase renewable energy generation. Biofuel policies have driven the largest growth in renewable
energy, while renewable electricity has played a smaller, but growing role. Despite many successes at the
country level, these policies have only marginally kept ahead of growing fossil fuel demand, leading to only
a small share increase.

The United States, Brazil, and Europe account for 80 percent of renewable energy used in transport, but
shares are growing in other countries and regions as well (figure 3.16). In the United States and Brazil, biofuels,
primarily cropped-based ethanol and biodiesel, provide the majority of renewable energy use in transport.
Biofuels provide most of the renewable energy used in transport in Europe as well, but renewable electricity
contributes 20 percent of the total. In China, renewable energy in transport grew by 40 percent between
2013 and 2018 with most growth occurring in renewable electricity. Renewable electricity represents more
than 50 percent of renewable energy use in transport in China, thanks to renewable electricity expansion
and electrification of transport, accompanied by only modest efforts to boost biofuels. In 2018, 45 percent
of the global light-duty electric vehicle fleet was in China as well as over 250 million two- and three-wheel
vehicles and 400,000 electric buses. In India, biofuel support policies have more than doubled renewable
energy use in transport since 2013.

Expanding the renewable share of transport energy will require a combination of policies that support
biofuels, electric vehicles, renewable electricity generation, and active mobility and the phasing out of fossil
fuels for transport. These policies must be steadily strengthened in countries that already have them and
expanded to those countries that do not.

Support for biofuels should be accompanied by measures to ensure the sustainability of feedstock supplies
and use.
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FIGURE 2.16 « Selected countries’ renewable energy share in transportation and total renewable energy for 2008,
2013, and 2018
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More than 70 countries have biofuel support policies in place, and most large markets support electric
vehicle adoption and renewable energy generation that have driven growth in renewable energy shares.
Brazil, Sweden, Norway, Finland and Albania all achieved renewable energy shares above 10 percent in 2018
(figure 3.17). Share increases in other jurisdictions were more modest. Policies in the United States drove
renewable shares up from 3.3 percent in 2008 to 6 percent in 2018 and policies in Europe drove shares up
from 2.7 percent to 4.7 percent. Another 130 countries have no policies to drive renewable energy use in
transport and had no measurable increase in the renewable energy used for transport in 2018.

FIGURE 2.17 « Top ten countries by renewable energy share in transport, 2018
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POLICY INSIGHTS: A FOCUS ON HEATING
AND COOLING

As demonstrated in this chapter, the adoption of renewable energy in the power sector has seen significant
progress in the last decade, while much more effort is needed in other end uses.

Heating and cooling accounts for almost half of global energy consumption, of which industrial processes
account for close to 50 percent and another 46 percent is used in residential and commercial buildings—
predominantly for space and water heating and, to a lesser extent, for cooking. The remainder of heating
is used in agricultural activities, such as heating greenhouses, soil, and farm buildings; drying harvested
products; and maintaining temperatures for aquaculture. As developing countries continue to develop their
industries and as climate change increases the frequency and severity of heat waves and other weather
events, the demand for heating and cooling will grow (IEA 2019).

POLICY ATTENTION GIVEN TO HEATING AND COOLING TO DATE

Despite the urgency of decarbonizing heating and cooling, some barriers persist. Chief among them are high
up-front costs, regulatory and institutional frameworks based on fossil fuels, consumer inertia, and technical
hurdles.

These barriers can be overcome with support policies. But so far, policy makers have given scant attention
to transitioning heating and cooling to renewables. At the end of 2019, only 49 countries had national
targets for renewable heating and cooling (compared with 166 countries having goals for renewable power
generation). This number has been almost steady since 2016, when 47 countries had renewable heating and
cooling targets (REN212020; REN212018). Decarbonizing and modernizing the energy used for heating and
cooling requires that governments implement comprehensive policy packages that combine efficiency and
renewables while phasing out the use of fossil fuels. Such policies can span the range of decarbonization
options including electrification, renewable gases, sustainable biomass, and the direct use of geothermal
and solar thermal energy.

POLICIES FOR RENEWABLE HEATING AND COOLING IN THE KEY
TRANSFORMATIVE PATHWAYS

Five pathways are possible to decarbonize heating and cooling with renewables. Policies to support them
are presented below.

Renewables-based electrification

Greenhouse gas emissions can be reduced by switching to efficient renewable-energy-powered electric
technologies, such as heat pumps and electric appliances for buildings, electrified heating and cooling for
industry, and decentralized technologies for productive uses in areas that lack access to clean and reliable
energy. Such a transition must be coordinated with the deployment of renewables in the power sector.

Renewables-based electrification is particularly important for cooling needs, not least in developing countries
and low-income communities, many of which are in areas at risk of increased average temperatures and
heat waves due to climate change. Policies that can effectively accelerate uptake of new equipment include
fiscal and financial measures such as loans, grants, and subsidies. In China, government subsidies supported
the switch from coal-fired boilers in buildings, resulting in the purchase of more than half a million heat
pumps in 2018 (CHPA 2019; Zhao, Gao, and Song 2017). Industrial facilities also present large opportunities
for electrification, with competitive applications already available in the food and beverage and textile
industries. Heat pumps can also be combined with solar thermal preheating or waste-heat recovery to
further raise efficiency and cut operating costs (IRENA Coalition for Action 2021). Additional reductions
could come from homes and businesses switching to efficient appliances, notably cookstoves.
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Although widespread electrification of heating and cooling will significantly increase overall demand for
electricity, it also holds out the promise of adding flexibility to the electricity system through improvements
in demand response, thereby facilitating the integration of higher shares of variable renewable energy into
the power generation mix. Thermal storage can also enhance system flexibility (IRENA 2020b).

Exploiting this potential requires proactive policies favoring demand response, including measures to
upgrade power networks through the deployment of remote monitoring and control technologies and
to establish aggregators and dedicated flexibility products in the power market. Time-of-use tariffs can
incentivize users match their demand to system needs (IRENA 2019b).

In off-grid and weak-grid contexts, there is a need to coordinate planning for decentralized heating and
cooling with planning for rural electrification. Above all, coordination measures must ensure that the
deployment of technologies supports broad socioeconomic development goals. Among possible measures
are regulations, fiscal incentives, donor-sponsored research and development, roll-out programs to increase
economies of scale, energy performance standards, appliance labels, public awareness campaigns, user
education, and financing models for manufacturers, installers, and consumers (IRENA, IEA, and REN212020).

Renewable gases

Not all heating and cooling systems can be electrified at a competitive cost, so there is a role for renewable
gases such as green hydrogen, biogas, and biomethane to replace fossil gases. Renewable gases can often
use networks and infrastructure built for fossil gas, reducing the costs of the transition. With due attention
to safety and feasibility, many countries are already injecting biomethane into their gas grids.

Renewable gases offer advantages beyond reducing carbon emissions from fossil fuel use and methane
emissions from the decomposition of organic waste. Ambitious, long-term frameworks for the development
of a renewable gas industry and related markets will depend on roadmaps, industrial strategies, and specific
targets. France, for example, has set a target of 10 percent of the gas consumed in the country being
renewable by 2030 (IRENA, IEA, and REN212020).

Other policies to help create markets for renewable gas products include: low-carbon fuel standards; direct
investment support and subsidies to lower high production costs; assessments of gas transmission pipelines
to confirm they can be safely used; new regulatory frameworks; and mechanisms for certifying emissions
reductions from renewable gas.

Sustainable use of biomass

Bioenergy is presently the largest renewable source of energy for heating, with the majority being in the
form of inefficient uses of biomass (e.g., wood, crop residues, and animal dung) for cooking and heating as
outlined above.

The transition to a more efficient use of biomass would include the adoption of improved cookstoves and
modern biofuels. Many countries already implement policies to this end, including in Sub-Saharan Africa
through national cookstove programs supported by development finance. Data collection and analysis to
understand local cooking needs, cultural cooking preferences, and local fuel supply are important first steps
toward effective policy making. Standards, certification, and testing play a key role in ensuring that clean
cooking solutions satisfy users’ needs, meet air quality standards, and are backed by sustainable fuel supply
chains (see chapter 2).

Certification schemes are also important where bioenergy can be used for heat in buildings, district heating
systems, and for industrial processes. Such supportive policy and regulatory regimes are essential to
ensure reliable and consistent supplies of biomass feedstock and avoid possible negative environmental
consequences from increasing biomass exploitation.

Financial incentives can help builders and property owners overcome the higher capital costs of efficient
biomass boilers compared with gas or oil boilers. The scaling up of financing solutions is also needed to
support greater deployment of clean cooking solutions in developing countries (SEforAll and CPI 2020).
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Direct use of solar thermal heat

Energy from the sun can be used directly for space and water heating, industrial processes, food drying, and
wastewater treatment, among other uses. When solar collectors are paired with absorption or adsorption
chillers, solar energy also can be used for cooling.

Solar water heating systems in single-family houses and multifamily dwellings represent the largest use
of solar thermal heat—almost 90 percent of installed capacity in 2018—whereas district heating networks,
industrial processes, and space heating and cooling represent only 4 percent (Weiss and Spork-Dur 2020).
Solar water heaters can substantially reduce energy bills while creating local jobs and industries (IRENA,
IEA, and REN212020). Solar thermal also has vast potential for air conditioning, since the greatest demand
for cooling coincides with the highest solar potential. But the use of solar thermal for such purposes requires
support for research and demonstration projects to overcome technical barriers.

While highly cost-competitive on a life-cycle basis, depending on the region and application, most solar
thermal systems come with high up-front costs. Effective supporting policies include fiscal and financial
incentives such as loans, grants, tax credits, or subsidies, combined with targets, mandates, and building
codes to increase the size of the market, as well as public awareness efforts to increase interest and demand.
Denmark, for example, has used tax incentives to help build large-scale solar thermal district heating plants
(Perlin 2017). In Rwanda, grants and loans provided by the SolaRwanda program led to more than 3,000
solar water heaters being installed in homes by 2018 (Solar Thermal World 2018).

Direct use of geothermal heat

The thermal energy stored in rocks and in water trapped under the surface of the earth can be tapped for a
wide range of uses, from space heating and cooling to aquaculture, agriculture (e.g., grain drying), and other
commercial and industrial processes. Much of the potential of thermal energy has yet to be tapped, however.
It is currently the smallest renewable heat source.

Among obstacles to expanding geothermal heat are high up-front investment costs, uncertainties about
finding and capturing the energy, and inadequate policy and regulatory frameworks.

Government initiatives and plans to encourage the collection, updating, and sharing of data on geothermal
resources’ mapping could help attract investors, as could loan guarantees, grants, and direct support
for demonstration projects (IRENA, IEA, and REN21 2020). Use of geothermal energy in agriculture can
bring important socioeconomic benefits. Some European countries, including France, Germany, lceland,
the Netherlands, and Switzerland, have set up risk insurance funds to ease the drilling risk of geothermal
projects (Dumas and Angelino 2015).

Policies that cut across all pathways

Cross-cutting policies are needed to address long-standing barriers and speed up decarbonization in all
contexts. Nationally determined contributions that are aligned with renewable heating and cooling targets
can improve policy certainty and guide investment. Only 25 of nearly 200 countries have formulated
commitments on renewable heating and cooling in their nationally determined contributions (REN212020).
The effectiveness of targets relies on comprehensive long-term planning for decarbonization.

Integrated long-term plans, including energy efficiency plans and the development of needed infrastructure
(e.g., district heating and cooling networks), can avoid conflicts among pathways and stranded assets.
District heating and cooling networks, for example, can enable the large-scale penetration of renewables
and be more efficient than decentralized systems, especially in densely populated areas. This makes them
an essential component of the wider energy transition. While most district heating networks still run on
fossil fuels (often linked to power plants), a growing number are integrating some renewable energy such as
biomass, especially in Northern Europe. Policies to promote the deployment of new district infrastructure and
the greater use of renewable energy in existing networks include resource mapping, mandated connections,
city-level targets, as well as mechanisms to offset high capital costs and reduce risks. Amsterdam (the
Netherlands) requires all new developments to connect to district heating systems (C40 and UNEP 2016).
Helsingborg (Sweden) and Munich (Germany) have both set targets for 100 percent renewable district
heating by 2034 and 2040, respectively (IRENA, IEA, and REN21 2020).

The energy transition also requires leveling the playing field with fossil fuels, for which phasing out fossil fuel
subsidies and redirecting resources toward the energy transition are key. Where possible, policy makers can
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also consider adjusting or implementing policies such as carbon pricing to internalize any negative impacts.
However, those policies require careful design to avoid harming low-income populations (IRENA, IEA, and
REN212020).

Finally, coordinating intersectoral exchanges (e.g., among energy, agriculture, forestry), streamlining
permitting procedures, and reinforcing relevant data collection can improve supportive governance and
institutional structures crucial for the implementation of plans.

THE WAY FORWARD

Looking ahead, measures to scale up renewable heating and cooling can and must be aligned with broad
socioeconomic policies and objectives, such as improving conditions for vulnerable segments of the
population, developing key economic sectors, setting long-term energy plans, and pursuing international
climate and sustainability goals. A coherent, consistent, long-term policy approach to renewable energy
and the decarbonization of the energy system will inspire confidence in investors and project developers.
Importantly, international cooperation is going to be vital for introducing and implementing energy transition
policies globally, in order to address climate change, economic inequality, and social injustice.

APPENDIX: METHODOLOGY

« Definitions

Total renewable energy from: hydropower, wind, solar photovoltaic, solar
Renewable energy sources (RES) thermal, geothermal, tide/wave/ocean, renewable municipal waste, solid
biofuels, liquid biofuels, and biogases.

Final consumption of direct renewables plus the amount of electricity and

Renewable energy consumption : »
9y P heat consumption estimated from renewable energy sources

Direct renewables Final consumption of bioenergy, solar thermal, and geothermal energy.

The sum of the final energy consumption in the transport, industry, and
other sectors (also equivalent to the total final consumption minus non-
energy use)

Total final energy consumption
(TFEC)

Final consumption of traditional uses of biomass. Biomass uses are

considered traditional when biomass is consumed in the residential

sector in non-Organisation for Economic Co-operation and Development

(OECD) countries excluding Eurasia. It includes the following categories in
Traditional uses of biomass International Energy Agency statistics: primary solid biomass, charcoal and

non-specified primary biomass, and waste.

Note: This is a convention, and traditional consumption/use of biomass is
estimated rather than measured directly.

Modern renewable energy Total renewable energy consumption minus traditional consumption/use of
consumption biomass.
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METHODOLOGY FOR MAIN INDICATOR

The indicator used in this report to track progress toward SDG target 7.2 is the share of renewable energy
in total final energy consumption. Data from the International Energy Agency and United Nations Statistics
Division energy balances are used to calculate the indicator according to the formula:

ELEpgs
e Emm) + (TFECHEAT X

TFECTOTAL

HEATggs )

TFECRES + (TFECELE X WTOTAJ,

%TFECRES =

The variables are derived from the energy balance flows (TFEC = total final energy consumption as defined
in table 3A.1, ELE = gross electricity production, HEAT = gross heat production) and their subscripts
correspond to the energy balance products.

The denominator is the total final energy consumption of all energy products (as defined in table 3A.1) while
the numerator, renewable energy consumption, is a series of calculations defined as: the direct consumption
of renewable energy sources plus the final consumption of gross electricity and heat that is estimated to have
come from renewable sources. This estimation allocates the amount of electricity and heat consumption to
renewable sources based on the share of renewables in gross production in order to perform the calculation
at the final energy level.

METHODOLOGY FOR ADDITIONAL METRICS BEYOND THE MAIN INDICATOR

The amount of renewable energy consumption can be divided into three end uses to refer to the energy
service for which the energy is consumed: electricity, heat, and transport. They are calculated from the
energy balance and are defined as follows.

Electricity refers to the amounts of electricity consumed in the industry and other sectors. Electricity used in
the transport sector is excluded from this aggregation. Electricity used for heat-raising purposes is included
because official data on final energy service are unavailable.

Heat refers to the amount of energy consumed for heat-raising purposes in industry and other sectors. It is
not equivalent to the final energy end use service. It is also important to note that when used in the context
of an end use, it does not refer to the same quantity as the energy product “Heat” in the energy balance, as
used in the formula above.

Transport refers to the amounts of energy consumed in the transport sector. Most of this is used by railways
and roads (and in some cases, pipeline transport). The amount of renewable electricity consumed in the
transport sector is estimated based on the national annual shares of renewable electricity in gross production.

Methodology for indicator 7.b.1

Indicator 7.b.1 measures the installed renewable energy generating capacity in developing countries (in
watts per capita) by dividing the maximum installed capacity of power plants that generate electricity from
renewable energy sources at the year-end by the total population of a country at the mid-year. Data from
IRENA are used to calculate the indicator.

IRENA’s electricity capacity database contains information about the electricity generating capacity installed
at year-end, measured in MW. The data set covers all countries and areas from the year 2000 onwards. The
data set also records whether the capacity is on-grid or off-grid and is split into 36 different renewable
energy types that can be aggregated into the six main sources of renewable energy. For the population part
of this indicator, IRENA uses population data from the United Nations World Population Prospects.

More detail on the methodology can be found in the SDG indicators metadata repository: https://unstats.
un.org/sdgs/metadata/files/Metadata-07-0b-01.pdf
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