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OVERVIEW

his 2022 edition of Tracking SDG 7: The Energy Progress Report assesses achievements in the global

quest for universal access to affordable, reliable, sustainable, and modern energy by 2030. At today’s

rate of progress, the world is still not on track to achieve the SDG 7 goals by 2030. Advances have been
impeded, particularly in the most vulnerable countries and those that were already lagging. Figure ES.1 offers
an updated snapshot of the primary indicators.

This edition was prepared as the COVID-19 pandemic and its broad social and economic disruptions entered
their third year. Some degree of economic recovery has taken place, but the pace of progress on the SDG 7
target is expected to slow down because of new challenges from evolving COVID variants and an energy
crisis provoked by the Russian invasion of Ukraine. The report considers the consequences of the evolving
pandemic, along with results from global modeling, to determine whether current policy ambitions can meet
the SDG 7 targets and to identify the additional actions that may be needed. The report also examines the
investments required to achieve the goals. It presents scenarios drawn from the International Energy Agency’s
(IEA) flagship publication, the World Energy Outlook 2020 (IEA 2021b), and the International Renewable
Energy Agency’s (IRENA) World Energy Transitions Outlook: 1.5°C Pathway (IRENA 2021¢).

From the outset of the pandemic, governments mobilized an unprecedented level of fiscal support to manage
the impacts of the pandemic on citizens and the global economy. Appropriations of recovery funds in areas
relevant to SDG 7 reached USD 710 billion, but 90 percent of that came in the advanced economies. Emerging
markets and developing countries, with their much more limited fiscal leeway, mobilized far less. Increasing
clean energy and access investments in these regions requires greater support from international actors.

With oil and gas prices spiking in 2021, aggravated by the war in Ukraine, recovery plans in key economies
focused heavily on renewables and efficiency, making the outlook for renewables and energy efficiency
stronger than it was a year ago. The rising uncertainty in global oil and gas markets has placed enormous
pressure on net importers to reduce their exposure. How the world gets on track toward meeting SDG 7
depends in part on how governments respond to the economic crisis and the role of recovery packages in
shaping a more sustainable future.

Although renewable energy demonstrated remarkable resilience during the pandemic, the pace of
electrification slowed in recent years. In addition, the pandemic’s impact on household incomes made basic
energy services unaffordable for around 90 million people in Asia and Africa who had previously enjoyed
access. The COVID-19 crisis and another year of extreme weather events and climate change were projected
to exacerbate the stark worldwide inequalities in access to reliable energy and health care, especially in rural
and peri-urban areas, and highlighted the importance of expanding access to clean, efficient energy to help
populations mitigate the effects of both the health and environmental crises.

The September 2021 UN High-Level Dialogue on Energy encouraged governments and the international
community to take more action to achieve a sustainable energy future that leaves no one behind. In this
context, the SDG 7 custodian agencies—IEA, IRENA, the United Nations Statistics Division (UNSD), the World
Bank, and the World Health Organization (WHO)—urge the international commmunity and policy makers to
safeguard the gains made toward achieving SDG 7; to remain committed to the need for continued action on
affordable, reliable, sustainable, and modern energy for all; and to maintain a strategic focus on the vulnerable
countries needing the most support.




The following highlights introduce the key energy indicators.

FIGURE ES.1 ° Primary indicators of global progress toward the SDG 7 targets
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Access to electricity. SDG target 7.1is universal access to affordable, reliable, sustainable, and modern energy
services; indicator 711 focuses on access to electricity. Recent progress in access to electricity was mixed, as is
the outlook for 2030. The global electricity access rate rose markedly between 2010 and 2020, from 83 percent
to 91 percent. The number of unserved people fell from 1.2 billion in 2010 to 733 million in 2020. The pace of
annual access growth was faster than in previous years, as access infrastructure projects were finalized, but
the annual rate of growth in access slowed from 0.8 percentage points in 2010-18 to 0.5 percentage points
in 2018-20, because of the complexity of reaching the remaining unserved populations and the potential
impacts of COVID-19. Meeting the 2030 target requires increasing the number of new connections to 100
million a year. At current rates of progress, the world will reach only 92 percent electrification by 2030.

Clean cooking solutions. Universal access to clean cooking is the goal for SDG 71.2. On a global scale, the
number of people gaining access to clean cooking increased significantly. More than 65 countries have already
included household energy or clean cooking related goals in their Nationally Determined Contributions (NDCs)
in the lead-up to the 2021 UN Climate Change Summit, COP26 (Clean Cooking Alliance 2021). However, as
in previous years, population growth outpaced these improvements, particularly in Sub-Saharan Africa. As a
result, the total number of people lacking access to clean cooking—referred to here as the “access deficit” in
some regions—has stagnated for decades. In 2000-10, this number was close to 3 billion people. It dropped
to 2.4 billion people (21-2.7) in 2020." Improvements occurred in Eastern Asia and South-eastern Asia since
2000 and in Central Asia and Southern Asia since 2010. In contrast, the access deficit in Sub-Saharan Africa
has nearly doubled since 1990. It rose by more than 50 percent since 2000, reaching a total of 923 million
(898-946) people in 2020. A multisectoral, coordinated effort is needed to achieve the SDG 7 target of
universal access to clean cooking by 2030. Without increased effort, 2.1 billion people will still lack access to
clean cooking in 2030. Learning from the successes and challenges faced by countries that have attempted
to design and implement clean household energy policies is critical.

Renewable energy. Ensuring access to affordable, reliable, sustainable, and modern energy for all implies an
accelerated deployment of renewable energy sources in electricity, heat, and transport. Although there is
no quantitative milestone for SDG 7.2, custodian agencies assess that the current pace of renewable energy
uptake needs to rise significantly, to increase the share of renewable energy in total final energy consumption
(TFECQC), the primary indicator for SDG 7.2. Despite continued disruptions in economic activity and supply
chains, renewable energy consumption grew through the pandemic, in contrast with other energy sources.
Electricity saw record shares of renewables in new capacity additions in 2021. The positive global and regional
trajectories masks the fact that the countries most in need of increased access lag others, however, including in
terms of installed capacity to generate renewable electricity. Moreover, rising commodity, energy and shipping
prices, as well as restrictive trade measures, have increased the cost of producing and transporting solar
photovoltaic (PV) modules, wind turbines, and biofuels worldwide, adding uncertainties for future renewable
energy projects. Renewable shares would need to reach well over 30 percent of TFEC by 2030 to be on track
for reaching net-zero energy emissions by 2050. Achieving this milestone would require strengthening policy
support in all sectors and implementing effective tools to further mobilize private capital, especially in least-
developed countries, landlocked developing countries, and small island developing countries.

Energy efficiency. SDG target 7.3 aims to double the annual global rate of improvement in primary energy
intensity in 2010-30 versus 1990-2010 to 2.6 percent.? In 2010-19, global annual improvements in energy
intensity averaged around 1.9 percent, well below the levels needed. To make up for lost ground, the average
annual rate of improvement now has to reach 3.2 percent to reach SDG 7.3’s target. This rate would need
to be even higher—consistently over 4 percent for the rest of this decade—if the world is to reach net-zero
emissions from the energy sector by 2050, as envisioned in the IEA’s Net Zero Emissions by 2050 Scenario.

1 Parenthetical figures appearing after estimates throughout the executive summary are 95 percent uncertainty intervals, as defined in
the methodology section at the end of the access to clean cooking chapter.

2 Revisions of underlying statistical data and methodological improvements explain the slight changes in historical growth rates from
previous editions. The SDG 7.3 target of improving energy intensity by 2.6 percent per year in 2010-30 remains the same, although the latest
data for the period 1990-2010 show a rate of improvement in energy intensity of 1.2 percent per year.
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Early estimates for 2020 point to a substantial decrease in intensity because of the COVID-19 crisis, partly as
a result in the slowdown in real energy efficiency. The outlook for 2021 suggests a return to a 1.9 percent rate
of improvement, a return to the average rate during the previous decade, thanks to a sharper focus on energy
efficiency policies, particularly in COVID-19 recovery packages. However, to bring the SDG 7.3 target within
reach, energy efficiency policies and investment need to be scaled up significantly.

International public financial flows. Although the private sector finances most renewable energy investments,
the public sector remains a critical source of finance, particularly for many developing countries. Tracking of
SDG 7.a.lindicator shows that international public financial flows to developing countries in support of clean
energy decreased for the second year in a row, falling to USD 10.9 billion in 2019. This level represents a 23
percent decrease from the USD 14.2 billion provided in 2018, a 25 percent decline from the 2010-19 average,
and a more than 50 percent drop from the peak of USD 24.7 billion in 2017. Although there is no quantitative
target for international public financial flows to developing countries under indicator 7.a.l, the overarching
target of SDG 7.a points to the continued importance of enhancing international cooperation. Flows need
to be increased to realize SDG 7 as well as enable the achievement of related SDGs including SDG 13 (on
climate), especially in light of the reduced fiscal space in many developing countries and the imperatives to
ensure a rapid and sustainable recovery from the COVID-19 pandemic.

Indicators and data for tracking progress. Tracking global progress for SDG 7 targets requires high-quality
and reliable data for informed and effective policymaking at the global, regional, and country levels. This report
introduces a set of global indicators for SDG7 targets to be used along with common frameworks for surveys
and standardized methodologies. The quality of data is being improved through national and international
cooperation and solid statistical capacity. National data systems are increasing the quality of global tracking,
as countries establish legal frameworks and institutional arrangements® for comprehensive data collection for
energy supply and demand balances; implement end-user surveys (e.g., households, businesses, etc.); and
develop quality-assurance frameworks.* The global tracking in this report is a collaboration by the several
custodian agencies responsible for the SDG 7 targets, considering national data across the regions.® The
purpose of this joint effort is to disseminate comparable datasets worldwide to improve the quality of global
tracking.

The remainder of this summary is devoted to each of the major SDG 7 target areas: access to electricity,
access to clean fuels and technologies for cooking, renewable energy, energy efficiency, and international
public financial flows to developing countries in support of clean energy. The summary concludes with a word
on the indicators and data used to track progress across targets.

3 Institutional arrangements are set up to optimize data production, exchange, and governance across organizations and government
agencies (statistical offices, energy ministries) responsible for implementing energy policies.

4 Quality-assurance frameworks should be consistent with the United Nations’ International Recommmendations for Energy Statistics.
Under IRES (United Nations 2018), data quality is marked by relevance, accuracy, and reliability; timeliness and punctuality; coherence and
comparability; and accessibility and clarity. For quality assurance frameworks, see IRES chapter 9.

5 The World Bank and the WHO are responsible for tracking progress toward SDG target 7.1 (universal access); the International Energy
Agency (IEA), the International Renewable Energy Agency (IRENA), and the UN Statistics Division (UNSD) are responsible for SDG target 7.2
(renewables); IEA and UNSD are responsible for SDG target 7.3 (energy efficiency); IRENA and the Organisation for Economic Co-operation
and Development (OECD) jointly tracked target 7.a (international cooperation); and IRENA is responsible for target 7.b (infrastructure and
technology).

TRACKING SDG 7: The Energy Progress Report 2022



ACCESS TO ELECTRICITY

Summary of outlook chapter. |IEA's Stated Policies Scenario projects that 670 million people would still
lack access to electricity in 2030—10 million more than last year’s projection. The COVID 19 pandemic is
projected to slow the rate of new access, particularly for stand-alone systems. In contrast, grid and mini-grid
connections are projected to remain resilient during the pandemic in some regions. The outlook for countries
without institutions in place to address access thus appears unpromising. Between 2020 and 2030, the
connection rate needs to reach an average of 100 million a year, including 80 million in Africa, where the rate
of new connections needs to triple.

The share of the world’s population with access to electricity (SDG 7.11) rose from 83 percent in 2010 to 91
percent in 2020, an increase of approximately 1.3 billion people globally.? The number of people without
access to electricity dropped from 1.2 billion people in 2010 to 733 million in 2020.

The pace of progress in electrification slowed in recent years, however, because of the increasing complexity of
reaching more remote and poorer unserved populations and the expected impact of the COVID-19 pandemic.
Between 2010 and 2018, an average of 130 million people gained access to electricity each year. That figure
fell to 109 million between 2018 and 2020. The annual rate of increase was 0.8 percentage points between
2010 and 2018. It shrank to just 0.5 percentage points in 2018-20. Even so, the increase in electrification
outpaced population growth at a global scale. The COVID-19 crisis has also increased concerns about the
affordability of electricity. Under its weight, 90 million connected people in Africa and developing countries
in Asia lost the ability to afford an extended bundle of energy services in 2020 (IEA 2021c).

Global access to electricity has increased since 2010, but regional disparities remain wide (figure ES.2).
Between 2010 and 2020, every region in the developing world showed consistent progress in electrification.’
Sub-Saharan Africa remained the least electrified region. Among people without access to electricity, 77
percent—about 568 million people—lived in Sub-Saharan Africa in 2020. Electricity access in that region
rose from 46 percent in 2018 to 48 percent in 2020, an annual growth rate of 1 percentage point. However,
COVID-19 was anticipated to undermine the pace of progress in the region. Other regions, such as Central and
Southern Asia, witnessed declines in their access deficits, despite COVID-19.

6 In this report, access to electricity (also referred to as electrification or the electrification rate) refers to the share of the population
with access to electricity over a specified time period or geographic area. It is defined as the ability of the end user to consume electricity
for desired services.

7 UN classifications are used for the country groupings in this report (see https://unstats.un.org/unsd/methodology/m49/).
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FIGURE ES.2 ¢ Share of population with access to electricity in 2020
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Source: World Bank 2022.

The 20 countries with the largest access deficits were home to 76 percent of the entire global population living
without access to electricity in 2020 (figure ES.3). Closing the access gap by 2030 hangs on electrification
efforts in these 20 countries. Most of the top 20 were in Sub-Saharan Africa. The largest unserved populations
are in Nigeria (92 million people), the Democratic Republic of Congo (72 million), and Ethiopia (56 million).
Access growth outpaced population growth in Ethiopia between 2010 and 2020; it did not do so in Nigeria
and the Democratic Republic of Congo, where electrification failed to keep pace with population growth. In
contrast, Kenya and Uganda made the fastest progress in electrification among the top 20, with annualized
increases of more than 3.0 percentage points between 2010 and 2020.
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FIGURE ES.3 * Number of people without access to electricity in top 20 access-deficit countries, 2020 (millions)
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Source: World Bank 2022.
Note: A country’s access deficit is the number of people in the country that lack access to electricity.

Differences are also observable in terms of urban versus rural access to electricity. Around 80 percent of the
world’s people without access to electricity lived in rural areas in 2020, limiting their opportunities to access
quality public services (e.g., healthcare), rise out of poverty, and improve their livelihoods. About 75 percent
of the world’s rural population without access lived in Sub-Saharan Africa. Starting from this low base of
access, the pace of electrification was faster in rural areas than in urban areas over the past decade. Access in
rural areas increased from 72 percent in 2010 to 83 percent in 2020, outpacing population growth. Globally,
the urban access rate has been much higher: 97 percent since 2016. The urban access rate grew faster in Sub-
Saharan Africa than in any other region, with annual growth of 1 percentage point between 2010 and 2020,
though starting from a significantly lower rate than other regions.

The least-developed countries significantly lag the rest of the world in access to electricity, with an average
access rate of 55 percent—a gap of 36 percentage points compared with the global average of 91 percent.®
More than half of the global population without access (479 million people) lived in least-developed countries
in 2020. Only 44 percent of people living in rural areas of least-developed countries had access to electricity.
In fragile and conflict-affected countries, where the overall access rate was 55 percent in 2020, gains in
electrification kept pace with population growth in 2018-20, leaving 417 million people without access to
electricity.?

Because of the continuing socioeconomic impact of the COVID-19 pandemic, additional dynamics from
climate change and weather events, and the complexities of reaching the “last mile” (that is, rural populations
far from the grid), closing the access gap will become increasingly challenging. The global electricity access
rate needs to increase by 0.9 percentage points each year to achieve universal access by 2030. If the
current growth trend of 0.5 percentage points persists, it will derail progress toward the target of universal

8 The least-developed countries are a subset of low-income countries identified by the United Nations based on per capita gross
national income, the Human Asset Index, and economic and Environmental Vulnerability Index.

9 The list of countries affected by violent conflict is based on the World Bank classification published in July 2021 (see https:/thedocs.
worldbank.org/en/doc/bb52765f38156924d682486726f422d4-0090082021/original /FCSList-FY22.pdf).
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electricity access across the world. Robust policies and public financial support are critical to boost growth in
electrification fast enough and far enough to leave no one behind, especially the most vulnerable.

Decentralized energy systems are vital to expanding access, especially in rural areas. The use of such solutions
grew handily between 2010 and 2019. The number of people with access to decentralized solutions in Tier 1
and above (Tier 1+), including solar home systems and mini-grids, more than tripled, rising from 12 million in
2010 to 39 million in 2019 (IRENA 2021a).° In 2019, the main Tier 1+ systems were solar home systems, with
mini-grids expanding fast. Off-grid solar markets came under pressure from the COVID-19 pandemic in early
2020. Although the industry has yet to fully recover to pre-COVID-19 levels, it has overall shown resilience
since the disruptions, partly because relief funding was made available (GOGLA 2021).

Strong political commitments, better-targeted policies, disruptive technology and business models, and
innovative financing tools have helped connect 1.3 billion people to power since 2010. But with only eight
years left to achieve SDG target 7.1, governments and the international community face the challenge of
drastically increasing the pace of progress in a context of high uncertainty and transition toward net-zero
energy systems. Achievement of SDG 7.1 should be an integral part of the just energy transition and embedded
in countries’ socioeconomic development and climate commitments. The approaches best suited to achieve
universal access are also advantageous for reaching net-zero emissions in a just and inclusive way and should
be tailored to meet the needs of the least-developed countries. In the context of “building back better”
access to electricity is essential not only for more inclusive, sustainable, and resilient growth, but for fully
exploiting synergies with other SDGs.

10 According to IRENA, below Tier 1indicates solar lights (< TW). Tier 1 access includes solar home systems (11-50W), and small PV mini-
grid access. Tier 2 access or higher includes large solar home systems (> 50W), large PV mini-grid access, and non-PV mini-grids.
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ACCESS TO CLEAN FUELS AND
TECHNOLOGIES FOR COOKING

Summary of outlook chapter. Unless clean cooking finds a lasting place on the global political agenda, more
than 2.1 billion people will continue to rely on traditional uses of biomass, kerosene, or coal for cooking in 2030.
This will have dramatic consequences for the environment, economic development, and health, particularly of
women and children. As global fuel prices spiked during the recovery period, many governments intervened
to maintain affordability of liquefied petroleum gas (LPG), but mounting subsidy burdens from before the
pandemic are driving countries to phase out LPG fuel subsidies and contemplate fuel taxes to shore up
accounts.

Increasing access to clean cooking must remain a top priority in the coming years. In 2020, 69 percent
(64-73) of the global population had access to clean cooking fuels and technologies. Clean fuels as defined
by WHO (2014) are electricity, liquefied petroleum gas, natural gas, biogas, and solar. Clean technologies are
those fueled by clean fuels, as well as alcohol-fuel stoves. The remaining 31 percent, some 2.4 billion (21-2.7)
people, are still cooking primarily with polluting fuels and technologies, such as charcoal, coal, crop waste,
dung, kerosene, and wood. (Because of data limitations, this report refers to types of cooking fuel rather than
cookstove and fuel combinations).

Use of inefficient fuels produces a range of health risks and climate-damaging effects. Greenhouse gas
emissions from incomplete combustion of wood fuels for cooking paired with unsustainable harvesting
amount to 1 gigaton of carbon dioxide per year, representing about 2 percent of global emissions, on par
with emissions from aviation and shipping (Bailis, Broekhoff, and Lee 2016). Use of inefficient stoves and fuels
also produces a range of short-lived climate pollutants, such as black carbon, which has a warming effect
that is 460-1,500 times stronger than carbon dioxide (Climate and Clean Air Coalition 2020). New estimates
of disease burdens indicate that 3.2 million deaths from diseases—including ischemic heart disease, stroke,
pneumonia, chronic obstructive pulmonary disease, and cancers—were caused by household air pollution in
2019. Household air pollution accounted for the loss of an estimated 86 million healthy life years, with the
largest burden falling on women living in low- and middle-income countries.

Global access to clean cooking is measured by identifying the proportions of the population who rely primarily
on clean fuels and technologies. Some progress in the global access rate was made over the last two decades,
but current trends indicate that, at present rates of progress, only around 75 percent of the population will
have access to clean cooking fuels and technologies by 2030. These estimates are similar to those of the IEA
Stated Policies Scenario!, which suggests that 2.1 billion people will lack access in 2030.

From 2010 to 2020, global access to clean cooking fuels and technologies increased by 1 percentage point
(0.5-1.8) ayear. The increase was primarily driven by advances in large, populous countries in Asia (figure ES.4).
From 2016 to 2020, the top 20 countries with the largest populations lacking access to clean cooking fuels
and technologies accounted for more than 80 percent of the global population without access. In 16 of these
20 countries, less than half the population had access to clean cooking.

n More details about the scenario are available here: https://www.iea.org/reports/sdg7-data-and-projections/access-to-clean-cooking
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FIGURE ES.4 * Share of population with access to clean cooking fuels and technologies, by country, 2020
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Source: WHO 2022.

Most of these countries have made little progress, with only five—India, China, Indonesia, Myanmar, and
Nigeria—showing average access gains of 2 or more percentage points between 2016 and 2020. Central
Asia and Southern Asia—along with Eastern Asia and South-eastern Asia—account for most of the gains in
2010-20. The annualized increase in access to clean cooking was 2.5 percentage points (0.5-4.3) in Central
Asia and Southern Asia and 2.1 percentage points (0.8-2.1) in Eastern Asia and South-eastern Asia. Progress
in Latin America and the Caribbean remained stable, at around 88 percent (85-91), with an average annual
increase of 0.3 percentage points (-0.1-0.3) for the period 2010-20. Nineteen of the 20 countries with the
lowest share of the population with access to clean cooking fuels and technologies were least-developed
countries in Africa (the one country outside of Africa was Haiti). Marginal increases in access were seen in
Sub-Saharan Africa, with annualized increases of 0.48 percentage points (0.2-0.5) over the period.

Large urban-rural discrepancies in access to clean cooking fuels and technologies exist worldwide. In 2020,
86 percent of people in urban areas have access to clean fuels and technologies compared with only 48
percent of the rural population.

In low- and middle-income countries, the use of gaseous fuels for cooking increased from 1.8 billion people
(36 percent [31-41]) in 2000) to 3.4 billion people (52 percent [46-58]) in 2020, overtaking unprocessed
biomass fuels as the dominant cooking fuel. Use of electricity for cooking also rose, from 140 million people
(3 percent (2-471) in 2000 to 690 million people (11 percent [7-15]) in 2020. In Eastern Asia and South-eastern
Asia, 530 million people (25 percent of the population [15-37]) relied on electricity for cooking; in Central and
Southern Asia, the number was just 24 million (1 percent of the population [0.7-2.5]).

Between 2000 and 2010, increases in the use of clean fuels were accompanied by steep declines in the use of
coal, particularly in rural areas, where the use of coal dropped from 11 percent (7-17) in 2000 to 1 percent (0.1-
2) in 2020, and kerosene, particularly in urban areas, where its use dropped from 8 percent (7-10) in 2000
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to 2 percent (1-3) in 2020. The use of unprocessed biomass fuels (wood, crop waste, and dung) declined,
primarily in rural areas, where use of such fuels dropped from 68 percent (63-72) in 2010 to 52 percent
(45-59) in 2020.

These improvements notwithstanding, the pace of movement toward universal access to clean fuels and
technologies has been slow. Business as usual is no longer possible. Clean cooking fuels must be made a top
political priority with targeted policies. The COVID-19 pandemic has exacerbated the vulnerability of people
lacking access to clean fuels and technologies. The economic crisis caused by the pandemic will undoubtedly
have a further impact on household fuel use; in some countries it threatens to reverse the progress made
thus far. However, the same crisis provides opportunities to advance joint efforts to ensure universal access
to clean cooking by 2030.
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RENEWABLE ENERGY

Summary of outlook chapter. Although the COVID-19 pandemic stalled many energy projects in 2020, the
use of renewables continued to grow, accounting for more than 80 percent of all new electricity capacity
added in 2020. Intensified policy support and cost reductions could push the share of modern renewables in
TFEC to 32-38 percent by 2030, and renewables could account for 60-65 percent of electricity generation.
However, much greater efforts will have to be made to increase the use of renewables for transport and
heating if internationally agreed goals are to be met.

* ok ok

Ensuring access to affordable, reliable, sustainable, and modern energy for all requires accelerated deployment
of renewable energy sources in electricity, heat, and transport. SDG target 7.2 for 2030 calls for “increasing
substantially the share of renewable energy in the global energy mix.” The main indicator used to assess
progress toward SDG 7.2 is the share of renewable energy in TFEC. Current trends in renewable energy
uptake need to scale up substantially to be in line with the ambition of SDG 7.

In 2019, the share of renewable energy sources in TFEC amounted to 17.7 percent—only 0.4 percentage points
higher than the year before. Renewable energy consumption increased by 2.8 percent from the year before,
as TFEC expanded by 0.7 percent. This suboptimal result underlines the importance of reducing energy
consumption through energy efficiency and conservation if rapid progress is to be made toward SDG target
7.2. The largest increase in the share of renewables continues to be observed for electricity; the transport and
heat sectors saw much slower progress.

Continuing its upward trend since 1990, renewable electricity use grew more than 5 percent year-on-year
in 2019 (up from 3 percent in 2018), bringing the share of renewables in global electricity consumption to
26.2 percent (up from 25.3 percent in 2018). To meet the growing global demand for electricity, which rose
1.6 percent in 2019, nonrenewable electricity consumption grew as well, rising 0.4 percent, more slowly than
renewables but from a significantly larger base, so that it accounted for 18 percent of the global annual
increase in electricity consumption. Hydropower remains by far the largest source of renewable electricity
globally, followed by wind, then solar PV, which recorded the fastest growth rate (figure ES.5). Together, wind
and solar PV are responsible for 58 percent of the increase in renewable electricity consumption observed
over the last 10 years.

FIGURE ES.5 ° Renewable energy consumption by technology and share in total energy consumption, 1990-2019
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Source: IEA 2021a and UNSD 2021.
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Renewable energy used for heating increased by 2.4 percent to 17.8 exajoules (EJ) in 2019, excluding traditional
uses of biomass.”? Traditional uses of biomass in 2019 remained roughly stable globally, accounting for over
13 percent (23.5 EJ) of global heat consumption. Overall, as global heat demand continued to increase (rising
0.3 percent year-on-year), the share of modern renewables in global heat consumption reached just 10
percent, an improvement of less than 2 percentage points in 10 years.

As in 2018, renewable energy used in transport grew, rising 7 percent to 4.4 EJ in 2019, the largest increase
in absolute terms since 2012. The increase brought the total share of renewable energy to 3.6 percent, up
from 3.4 percent in 2018. Biofuels, primarily crop-based ethanol and biodiesel, supplied 91 percent of the
renewable energy used in transport. The expansion of renewable electricity and sales of electric vehicles are
pushing up the use of renewable electricity in transport, which grew to 0.03 EJ in 2019, the second-largest
increase in a single year after 2018.

Significant regional disparities lie behind these global improvements (figure ES.6). Sub-Saharan Africa has
the largest share of renewable sources in its energy supply, though traditional uses of biomass represent
more than 85 percent of the renewable total. Excluding traditional uses of biomass, Latin America and the
Caribbeanis the region with the largest share of modern renewables in TFEC, thanks to significant hydropower
generation, the consumption of bioenergy in industrial processes, and the use biofuels for transport. In 2019,
44 percent of the global year-on-year increase in modern renewable energy consumption took place in
Eastern Asia —essentially in China—where hydropower, solar PV, and wind dominated growth.

FIGURE ES.6 * Renewable energy consumption and share in total final energy consumption, by region, 1990 and
2019
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12 Owing to limited data availability at the global scale and the difficulty of quantifying the fraction of electricity consumption used to

produce heat, this calculation does not account for renewable electricity used for heating and ambient heat harnessed by heat pumps.
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Across countries, the share of renewable energy in TFEC varied widely. Between 2000 and 2019, the share
of modern renewables in TFEC declined in 4 of the top 20 energy consuming countries—despite growing
use of modern renewable energy in all of them—owing to increases in nonrenewable energy use. In 2019,
Turkey showed the greatest progress in the share of modern renewables (2.3 percentage points), thanks to its
increased hydropower generation, followed by the United Kingdom (1.3 percentage point), where wind power
developments and the uptake of biofuels for transport played a leading role.

Indicator 7.B.1 tracks progress in enhancing installed renewables-based generating capacity in developing
countries (figure ES.7). In 2020, a record 246 watts per capita of renewable capacity was installed in these
countries, an annual growth rate of 11.6 percent. However, positive global and regional trajectories mask the
fact that the countries most in need are being left behind. In developing countries as a whole, renewable
capacity per capita rose by 9.5 percent a year in the last five years. Growth was much slower in landlocked
developing countries (2.4 percent), the least-developed countries (5.2 percent), and small-island developing
states (8.3 percent).

Figure ES.7 Capacity per capita, by technology for developing countries, 2000-20, and compound annual
growth rate for selected years
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Source: IRENA 2021b.

Despite continued disruptions in economic activity and supply chains following responses to the COVID-19
pandemic across the world, renewable energy has shown resilience, especially in the electricity sector.
However, in 2021, rising commodity, energy, and shipping prices, in addition to restrictive trade measures, have
increased the cost of producing and transporting solar PV modules, wind turbines, and biofuels, increasing
uncertainty about renewable energy projects. Getting renewable deployment on track with SDG 7.2 and 7.B1,
as well as with the Paris Agreement, will require stronger policies in all sectors and more effective mobilization
of private capital and the strategic use of public financing, particularly in developing countries.
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ENERGY EFFICIENCY

Summary of outlook chapter. The rate of improvement in global primary energy intensity"™ has slowed in
recent years, as work to replace China’s most inefficient industrial facilities reached completion and the
pandemic cut household and business spending on energy efficiency. New programs to encourage retrofits
and upgrades and to strengthen appliance and building codes may overcome the slump. But to achieve
SDG 7 by 2030 the annual rate of improvement in energy intensity will need to exceed 3.2 percent.

Achieving SDG target 7.3—doubling the global rate of energy intensity improvement by 2030—would support
the other targets of SDG 7. Energy intensity is the ratio of total energy supply to the annual GDP created—in
essence, the amount of energy used per unit of wealth created. It drops as energy efficiency improves.

Progress toward SDG target 7.3 is measured by tracking the year-on-year percentage change in energy
intensity. Initially, the United Nations recommended an annual improvement rate of 2.6 percent to achieve
the target. ' But as global progress has been slower than it needed to be in all years except 2015, the annual
average improvement rate now required to achieve the target of SDG 7.3 by 2030 is now 3.2 percent.

Energy intensity has increased since 1990 (figure ES.8).° Globally, it rose 1.5 percent in 2019, to 4.69 megajoules
(MJ)/USD (2017 purchasing power parity). This rate of improvement was the second lowest since the global
financial crisis, but it was still higher than the rate the previous year. Over 2010-19, annual energy intensity
improvements averaged 1.9 percent.

Figure ES.8 ¢ Global primary energy intensity and its annual change, 1990-2019
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Source: IEA, UN, and World Bank (see footnote 15).
Note: MJ = megajoule; PPP = purchasing power parity.

13 Hereafter referred to as “energy intensity”. See note to figure ES.10 for the definition of energy intensity by sector.

14 Revisions of underlying statistical data and methodological improvements explain the slight changes in historical growth rates from
previous editions. The SDG 7.3 target of improving energy intensity by 2.6 percent per year in 2010-30 remains the same, although the latest
data for 1990-2010 show a rate of improvement in energy intensity of 1.2 percent per year.

15 Most of the energy data in this section come from a joint dataset built by the IEA (https:/www.iea.org/data-and-statistics/) and the
UNSD (https:/unstats.un.org/unsd/energystats/). GDP data are sourced from the World Bank’'s World Development Indicators database
(http://datatopics.worldbank.org/world-development-indicators/).
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Although energy intensity has improved, stark differences are observable across regions (figure ES.9). The
region of Eastern Asia and South-eastern Asia was the only one that overachieved the target of SDG 7.3
between 2010 and 2019, with energy intensity improving by an annual average rate of 2.7 percent, driven by
strong economic growth. Average annual improvement rates in Oceania (2.2 percent), Northern America and
Europe (2.0 percent), and Central Asia and Southern Asia (2.0 percent) were also above the global average
and historical trends. The lowest rates of improvement were in Latin America and the Caribbean (0.6 percent),
followed by Western Asia and Northern Africa (1.2 percent) and Sub-Saharan Africa (1.3 percent). Energy
intensity in Sub-Saharan Africa is almost double the level in Latin America and the Caribbean, mirroring
differences in economic structure, energy supply, and access rather than energy efficiency.

FIGURE ES.9 ° Primary energy intensity, by region, 2010 and 2019
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Source: IEA, UN, and World Bank (see footnote 15).
Note: MJ = megajoule; PPP = purchasing power parity.

Between 2000-10 and 2010-19, energy intensity increased in 13 of the 20 countries with the largest total
energy supply. However, less than half of the top energy-consuming countries performed better than the
global average. China continued to improve its primary energy intensity at the fastest rate (3.8 percent
between 2010 and 2019), followed by the United Kingdom (3.7 percent). Japan and Germany also continued
to improve their energy intensity at rates beyond the SDG 7.3 target, thanks to decades of work on energy
efficiency and a shift in their economies toward producing high-value, low-energy goods and services.
Indonesia is the only emerging economy other than China with an average energy intensity rate exceeding
the SDG 7.3 target.

Using different intensity metrics,® the rate of improvement accelerated across all sectors between 2010 and
2019, except for residential buildings (figure ES.10). The freight transport sector experienced the highest
rate of improvement, followed by the industry sector. Mitigating the effects of the growing demand for
cooling, heating, and appliances in residential buildings requires better enforcement of building energy codes,
especially in emerging economies, where a large share of new housing is being built.

16 See note to figure ES.10 for details.
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Figure ES.10 « Compound annual growth rate of energy intensity by sector, 2000-10 and 2010-19
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Source: IEA, UN, and World Bank (see footnote 15).

Note: The measures for energy intensity used here differ from those applied to global primary energy intensity. Here, energy intensity
for freight transport is defined as final energy use per metric ton-kilometer; for passenger transport, it is final energy use per passenger-
kilometer; for residential use, it is final energy use per square meter of floor area; for services, industry, and agriculture, energy intensity is
defined as final energy use per unit of gross value added (in 2017 U.S. dollar purchasing power parity). Over time, it would be desirable to
develop more refined sectoral and end-use level energy intensity indicators that make it possible to look at energy intensity by industry or
end-use. Doing so will not be possible without more disaggregated data and statistical collaboration with the relevant energy-consuming
sectors.

The impact of improvements in energy intensity is revealed by trends in its components. Between 1990
and 2019, global GDP increased by a factor of 2.5, while global total energy supply grew by two-thirds.”
Consistent improvements in global energy intensity, which fell by more than a third between 1990 and 2019,
signal trends in the decoupling of energy use from economic growth.

Improving energy efficiency at scale will be a key factor in achieving affordable, sustainable energy access for
all. Stronger government policies on energy efficiency are needed to bring the target within reach.

17 “Total primary energy supply” has been renamed “total energy supply,” in accordance with the International Recommendations for
Energy Statistics (UN 2018).
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INTERNATIONAL PUBLIC FINANCIAL
FLOWS TO DEVELOPING COUNTRIES IN
SUPPORT OF CLEAN ENERGY

Summary of outlook chapter. The level of international public financing available for energy projects
supporting the realisation of SDG 7 in developing countries is still insufficient to mobilize the larger volumes
of investment needed to reach the target. Enhancing international flows, leveraging public funds strategically,
using concessional finance to de-risk investments and mobilize more private capital into climate solutions
are key area for action. Clean energy investment worldwide will need to ramp up significantly according to
[EA’s Net Zero Emissions by 2050 Scenario and IRENA’s 1.5°C Scenario, with much of the investment being
directed to renewables and efficiency.

Although the private sector finances most renewable energy investments, the public sector remains a critical
source of finance, particularly for many developing countries. International public financial flows to developing
countries in support of clean energy decreased in 2019 for the second year in a row, falling to USD 10.9 billion.
This level of support was 23 percent less than the USD 14.2 billion provided in 2018, 25 percent less than the
2010-19 average, and less than half of the peak of USD 24.7 billion in 2017. Except for large fluctuations in
2016 for solar energy and 2017 for hydropower, the flows remain within the range of USD 10-16 billion per
year since 2010 (figure ES11). A five-year moving average trend shows that average annual commitments
decreased for the first time since 2008 by 5.5 percent from USD 17.5 billion in 2014-18 to USD 16.6 billion
in 2015-19. The level of financing remains below what is needed to reach SDG 7, in particular for the least-
developed countries, landlocked developing countries, and small-island developing states.

FIGURE ES.11 ° Annual international public financial commitments to developing countries in support of clean
energy research and development and renewable energy production, by technology, 2000-19
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Source: IRENA and OECD 2022.

Note: Multiple/other renewables includes commitments whose descriptions are unclear in the financial databases; commitments that target
more than one technology with no details specifying the financial breakdown for each; bioenergy commitments, which are almost negligible;
multipurpose financial instruments such as green bonds and investment funds; and commitments targeting a broad range of technologies.
Examples of the latter include renewable energy and electrification programs, technical assistance activities, energy efficiency programs,
and other infrastructure supporting renewable energy.
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The distribution of flows by technology in 2019 is similar to those in 2018 (figure ES.12). Hydropower attracted
the bulk of flows (26 percent), followed by solar energy (21 percent) and wind energy (12 percent). Geothermal
energy received a little over 3 percent of commitments in 2019. Compared with 2018, the share of wind energy
commitments increased by 6 percentage points, while the share of commitments to the other technologies
saw a decrease, as commitments increasingly fall into the “multiple/other renewables” category (see note to
figure ES11), reflecting growing interest in energy funds, green bonds, and other government-led programs
to support renewables, energy efficiency and electricity access.

FIGURE ES.12 ¢ Shares of annual commitments, by technology,2010-19
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Source: IRENA and OECD 2022.

Geographically, most regions saw a decrease in international public flows in 2019. Flows increased only in
Oceania, where they rose by 72 percent (USD 55.1 million). Decreases were less significant in Sub-Saharan
Africa, where they fell 1.7 percent to USD 4.0 billion. Flows to Western Asia and Northern Africa decreased
by 22 percent to USD 1.8 billion. The bulk of decreases were concentrated in Eastern and South-eastern Asia,
where they fell 66.2 percent; Latin America and the Caribbean, where they dropped by 29.8 percent; and
Central and Southern Asia, where they declined by 24.5 percent.

In 2019, 24 countries received 80 percent of all commitments. Nigeria, Guinea, and India were the top
recipients, attracting a quarter of commitments. Guinea was also a top recipient in 2018, thanks to a USD 1.1
billion commitment to the Souapiti Hydro Project.

Last year’s report highlighted the difference in flows directed to emerging markets in developing countries
and those farthest behind, as categorized by the United Nations. In 2021, the same countries belonged to the
groups of least-developed countries, landlocked developing countries, and small-island developing states,
but commitments directed to these countries varied widely by group (figure ES.13). The least-developed
countries received 25.2 percent of commitments in 2019, an increase from the 21 percent in 2018, continuing
an upward trend since 2016 but masking a 9 percent decrease from USD 3.0 billion to USD 2.7 billion in
absolute amounts. Among the 46 least-developed countries, Sdo Tomé and Principe, Eritrea, and Kiribati
were the only ones that did not receive any flows in 2019. Chad and Timor-Leste did receive funding in 2019,
after receiving no commitments in 2018.
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FIGURE ES.13 ¢ Annual commitments to least-developed countries and non-LDCs in support of clean energy,
2010-19
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Models show a significant gap between current investment levels and the levels needed to achieve an energy
transition commensurate with the imperatives of sustainable development and abating climate change.
Global investments in renewable power generation need to reach USD 1 trillion a year by 2030 (IEA 2021b;
IRENA 2021)—about three times the USD 367 billion estimated to have been invested in 2021 (IEA 2021d).®
Private investors provided more than 85 percent of investments in new renewable energy projects between
2013 and 2018. They will likely continue to provide most of the increased funding.

Governments and international donors will continue to play major roles in encouraging investments in
renewable assets, especially in developing countries, where real or perceived risks contribute to the high
cost of financing or prevent projects from seeing the light of day. The strategic use of public finance remains
key for creating an enabling environment for private investments, developing the needed infrastructure, and
addressing perceived risks and barriers to attracting private capital. In addition, funding will be needed to

implement policies—capacity-building, education, retraining, and industrial policies—that ensure just and
inclusive energy transitions.

18 For more on the investment needed to reach SDG 7, see chapter 6.

TRACKING SDG 7: The Energy Progress Report 2022



TRACKING PROGRESS ACROSS TARGETS:
INDICATORS AND DATA

Enhanced energy statistics help countries monitor their progress. The global tracking in this report comes
from collaboration among the custodian agencies responsible for the SDG 7 targets. The purpose of this joint
effort is to compile and disseminate comparable datasets worldwide® The last section of each chapter of
this report includes additional information on the methodologies and approaches used to assess progress
on SDG 7.

These statistical tools and methods make it possible to track global progress toward SDG 7 based on
collaboration between national statistical offices and relevant international or regional organizations using
optimized and standardized data-collection resources. For example, household surveys can be designed to
support tracking across SDG 7 targets and even other SDG targets, such as health, air pollution, and quality
of life. The World Bank and the WHO have prepared a guidebook to integrate energy access questions into
existing national household surveys.?°

This will be a long-term process. Much more support is needed to develop statistical capacity in countries
and regions.

19 The United Nations’ metadata repository for SDG 7 indicators is available at https:/unstats.un.org/sdgs/metadata/.

20 The Living Standards Measurement Study guidebook for measuring energy access is available at https:/documents.worldbank.org/
en/publication/documents-reports/documentdetail/557341633679857128/measuring-energy-access-a-guide-to-collecting-data-using-the-
core-questions-on-household-energy-use.
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MAIN MESSAGES

Global trend: The share of the world’s population with access to electricity rose from 83 percent in 2010
to 91 percent in 2020, increasing the number of people with access by 1.3 billion globally. The number
without access declined from 1.2 billion people in 2010 to 733 million in 2020. However, the pace of
progress in electrification has slowed in recent years because of the increasing complexity of reaching
more remote and poorer unserved populations and because of the expected impact of the COVID-19
pandemic. From 2010 to 2018, 130 million people gained access to electricity each year, on average; that
figure fell to 109 million between 2018 and 2020. The annual rate of growth in access was 0.8 percentage
points between 2010 and 2018 but fell to 0.5 percentage points in 2018-20.

Target for 2030: To meet the target of Sustainable Development Goal (SDG) 71 to achieve universal
electricity access by 2030, the pace of electrification needs to accelerate significantly, especially given
the slowdown observed in 2018-20. Without further efforts to reach the poorest and most remote, 670
million people are projected to remain without access in 2030 (IEA 2021).2 To reach universal access
by 2030, the annual growth rate in global electrification will have to increase by 0.9 percentage points.
Especially, the number of customers connected each year in the least-developed countries (LDCs) will
have to triple from 23 million in 2000-18 to 63 million in 2019-30 (RMI and OHRLLS 2021). The interplay
of robust policies and financial support is critical to boosting growth in electrification to leave no one
behind, especially the most vulnerable.

Regional highlights: Between 2010 and 2020, every region of the world showed consistent progress
in electrification, but with wide disparities.® Despite the effects of COVID-19 on the SDG 7 trajectory,
electricity access in Sub-Saharan Africa rose from 46 percent in 2018 to 48 percent in 2020, an annual
growth rate of 1 percentage point. However, the slowdown of improvements in the period, possibly owing
to COVID-19, undermined the pace of progress. Sub-Saharan Africa accounted for more than three-
quarters of the people (568 million people) who remained without access in 2020. The region’s share of
the global access deficit rose from 71 percent in 2018 to 77 percent in 2020, whereas most other regions,
including Central and Southern Asia (the second-largest access-deficit region), saw declines in their
share of the access deficits.*

Urban-rural divide in electricity access: Although rural areas have much larger access deficits than urban
areas, the pace of rural electrification was faster than that of urban electrification over the past decade.
Access in rural areas increased from 72 percent in 2010 to 83 percent in 2020, outpacing population
growth. However, about 80 percent of the world’s people without access to electricity lived in rural
areas in 2020, three-quarters of them in Sub-Saharan Africa. For them, lack of access limits the ability to
improve livelihoods, secure high-quality public services (e.g., healthcare), and rise out of poverty. Globally,
the urban access rate has plateaued at 97 percent since 2016. The urban electrification grew faster in

1 In this report, access to electricity (also referred to as “electrification” or “the electrification rate”) refers to the share of the population
with access to electricity over a specified time period or geographic area. It is defined as the ability of the end user to consume electricity
for desired services.

2 Because data through the end of 2020 are included in this edition, in cases where the access trend could be affected by the COVID-19
impact the projection has been revised upward compared with the 2021 the Tracking SDG 7 report.

3 UN classifications are used for the country groupings used in this report (https:/unstats.un.org/unsd/methodology/m49/).
4 In this chapter, “access deficit” is defined as the number of people without access to electricity.
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Sub-Saharan Africa than in any other region, with annual growth of 1 percentage point between 2010
and 2020, although from a much lower base than in other regions. But the electrification rate in urban
areas of the region has been lower than in other regions since 2010, and it stood at 78 percent in 2020.
At the current pace, global rural access will fall short of the 2030 target, while urban access will be close
to universal.

Top 20 access-deficit countries: The 20 countries with the largest access deficits were home to 76
percent of the global population living without access to electricity (or 560 million people) in 2020.
Most of the top 20 deficit countries are in Sub-Saharan Africa. The largest unserved populations are in
Nigeria (92 million people), the Democratic Republic of Congo (72 million), and Ethiopia (56 million). The
gains in the electrified population outpaced population growth in Ethiopia between 2010 and 2020; the
same cannot be said of the Democratic Republic of Congo and Nigeria, where electrification advances
failed to keep pace with population growth. Meanwhile, Kenya and Uganda made the fastest progress
in electrification, with annualized increases of more than 3 percentage points between 2010 and 2020.°

Electrification patterns across socioeconomic segments: Reversing poverty in its multi-dimensional
aspects will depend on improving access to electricity. Access deficits are heavily concentrated in
vulnerable countries. LDCs faced challenges in accelerating their pace of electrification, with an average
access rate of 55 percent in 2020, representing more than half of the global population still without
access (or 479 million people).® Likewise, countries suffering from fragility, conflict, and violence managed
to electrify only 55 percent of their population, leaving 417 million people unserved in 2020.7

Decentralized renewable energy: The number of people enjoying access to electricity through
decentralized renewable energy increased between 2010 and 2019. Those with access to decentralized
solutions in Tier 1 or above (Tier 1T+)—including solar home systems and mini-grids—more than tripled,
rising from 12 million in 2010 to 39 million in 2019 (IRENA 2021).%2 Off-grid solar markets came under
pressure from the COVID-19 pandemic in early 2020. Although the industry has yet to return to pre-
COVID-19 levels, it has shown overall resilience since the disruptions (GOGLA 2021a).

Affordability of electricity: The COVID-19 crisis has increased concerns about the affordability of
electricity. Before the pandemic, almost half of people without access in Sub-Saharan Africa did not
have the ability to pay for an essential bundle of services, and 700 million people with access in Africa
and developing countries in Asia could not afford an extended bundle of services (IEA 2021).° Under the
weight of COVID-19, an additional 90 million connected people in Africa and developing countries in Asia
were unable to afford an extended bundle of energy services in 2020. Addressing affordability challenges
requires tailored end-user financing to both expand and keep household electricity connections.

5 In Kenya and Uganda, 15 million and 26 million people lacked access to electricity in 2020.

6 LDCs are a subset of low-income countries identified by the United Nations based on per capita gross national income, the Human
Asset Index, and economic and the Environmental Vulnerability Index.

7 The list of countries affected by violent conflict is based on the World Bank classification published in July 2021 (https:/thedocs
worldbank.org/en/doc/bb52765f38156924d682486726f422d4-0090082021/original /FCSList-FY22.pdf).

8 According to IRENA (2018), below Tier 1indicates solar lights (<1TW). Tier 1 access for the whole household includes small solar home
systems (11-50W), and small PV mini-grid access. Tier 2 access or better includes large solar home systems (>50W), large PV mini-grid
access, and non-PV mini-grids.

9 An essential bundle includes four lightbulbs operating for four hours per day, a television for two hours and a fan for three hours. An
extended bundle of services includes four light bulbs operating for four hours per day, a fan for six hours per day, a radio or television for
four hours per day, and a refrigerator.
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ARE WE ON TRACK?

n 2020, 91 percent of the global population had access to electricity, leaving 733 million people still unserved
(figure 1.1). Given the sluggish pace of growth in access over the past two years considering the COVID-19
crisis, the share of the population having universal access in 2030 is expected to be just 92 percent, leaving
some 670 million people without access (IEA 2021). The shortfall in reaching the SDG target of universal
access is driven mainly by the complexities of bringing service to very vulnerable and poor populations.
Between 2010 and 2020, 1.3 billion people became connected—an average of 125 million people a year. This
progress outpaced annual population growth of 83 million people. Between 2018 and 2020, the access rate
rose from 90 percent to 91 percent. During this period, gains in access still outpaced annual population

growth of 80 million, but only 109 million people became connected each year, against an annual average of
130 million people in 2010-18.

Figure 1.1 ¢ Percentage of population with access to electricity

@ Status as of baseline year (2000) 7.8% .
Progress between 2000 and 2010 83%
Progress between 2010 and 2020 i
® Projected progress up to 2030 92% |
® Remaining gap to 2030 SDG 7 target 100%

Source: World Bank 2022; IEA 2021.

Between 2010 and 2020, 45 countries reached universal access; 19 of them in Latin America and the Caribbean
(figure 1.2). As of 2020, 91 countries still had not reached universal access. Sub-Saharan Africa comprised a
large proportion of the world'’s unelectrified population. There, an average of 25 million people gained access
to electricity each year between 2010 and 2020, keeping pace with the annual population increase of 26
million. During this period, about a third of access-deficit countries, including 8 of the 20 with the largest
numbers of underserved people, had annual access growth rates of more than 2 percentage points. Over
this period, 71 percent of access-deficit countries had annual access growth rates of less than 2 percentage
points, including 7 countries in which access declined.
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Figure 1.2 * Annual change in electricity access rate in access-deficit countries, 2010-20

ANUAL INCREASE IN ACCESS TO ELECTRICITY IN ACCESS-DEFICIT
COUNTRIES 2010-2020
I ~rnual access growth rate falling
|:| Annual access growth rate between 0 and 2 percentage points
I Annual access growth rate above 2 percentage points
[ universal access achieved between 2010-2020
[ Notapplicable Q Top 20 access-deficit countries

Source: World Bank 2022.
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LOOKING BEYOND THE MAIN
INDICATORS

his chapter reviews progress in access to electricity by considering socioeconomic electrification

patterns across regions and countries, using data for 2000-20. The purpose of the analysis is to

examine global efforts to reach the target of universal access by 2030 and to ensure continuous gains
in electrification worldwide. In addition to the analytical findings, the chapter provides policy insights into
electrification efforts and their contribution to a sustainable recovery from the COVID-19 pandemic. The
methodology used to compile the database is presented at the end of the chapter.

The global electricity access rate rose continuously between 2010 and 2020, from 83 percent to 91 percent
(figure 1.3). During the period, the pace of annual growth in access was faster than in the previous decade
(figure 1.4). However, the pace slowed in 2018-20 because of the difficulty of reaching the remaining unserved
populations and the potential impacts of COVID-19. Between 2018 and 2020, the access rate rose from
90 percent to 91 percent. Although the pandemic hit the global economy and slowed electrification, some
progress was made between 2019 and 2020 as planned infrastructure was finalized. However, the current
pace of access growth is still not sufficient to reach the 2030 target. Doing so would require raising the
share of people connected to electricity each year by 0.9 percentage points. For example, LDCs would have
to triple their pace of electrification, speeding up the annual increase in new customers from 23 million in
2000-18 to 63 million in 2019-30 (RMI and OHRLLS 2021). But at the current growth rate, the share of the
world’s population with access will reach only 92 percent by 2030. Accelerating progress in electrification
from 2020 onwards requires strong policy support, innovative financing instruments, and government action
to electrify the poor and most vulnerable and to recover from the pandemic.

The impact of the COVID-19 crisis on household incomes made electricity less affordable. Before the pandemic,
almost half of the unserved population in Sub-Saharan Africa lost its ability to pay for an essential bundle
of services, and 700 million people with access in Africa and developing Asia could not afford an extended
bundle of services (IEA 2021). Under the pressure of the pandemic, an additional 90 million connected
people in Africa and developing Asia could not afford an extended bundle of services in 2020. Under the
circumstances, households may opt for cheaper and smaller systems that deliver fewer energy services than
they did before the COVID crisis.
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Figure 1.3 ¢ Global electricity access and population growth, 2000-20
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Figure 1.4 ¢ Average annual increase in access to electricity
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Between 2000 and 2020, the increase in the number of people with access to electricity continuously
outpaced population growth (figure 1.5). The difference widened after 2010, as the pace of electrification
increased. Even in 2018-20, growth in access outpaced population growth by 29 million people a year. Most
of the increase was in Central Asia and Southern Asia, where 51 million were connected annually during
the period (figure 1.6). Within this region, the fastest advances in electrification were in Bangladesh and
India, each of which saw annual access growth of close to 2 percentage points. By contrast, the pace of
electrification slackened over the same period in Sub-Saharan Africa, where annual population growth of 28
million outpaced 23 million people electrified each year. This trend increased the number of unserved people
by about 4 million a year in the region.
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Figure 1.5 © Pace of global population with electricity access and total population growth, 2000-20
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Figure 1.6 * Annual increases in access to electricity and population, by region, 2018-20
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In 2020, 733 million of the world’'s people lived without access to electricity, down from 1.2 billion in 2010.
Progress varied across regions (figure 1.7). Although Central Asia and Southern Asia remained the second-
largest access-deficit region in 2020, it exhibited a substantial drop in the number of people without access,
from 440 million in 2010 to 78 million in 2020, an annual decrease of 36 million. Among the countries in
the region, India showed the largest annual drop in the access deficit (28 million). The global access deficit
remains concentrated in Sub-Saharan Africa, where it increased from 559 million people in 2010 to 568 million
people in 2020, with fluctuations over the decade. As a result, 77 percent of the world’s population lacking
access to electricity were in Sub-Saharan Africa in 2020. In Sub-Saharan Africa, Eastern Africa accounted for
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the biggest share of the unserved population due to Ethiopia, the third-largest access deficit country in the
world. However, some countries in the region, including Kenya, Rwanda, and Uganda, showed fast advances
with more than 3 percentage points of annual access growth in 2010-20. Meanwhile, access deficits declined
steadily in the rest of the world.

Figure 1.7 ¢ Number of people without access to electricity, in selected regions, 2010, 2018, and 2020 (millions of
people)
2010 2018 2020

440

790 (World) 733 (World)

1,157 (World)

Central Asia and Southern Asia m Eastern Asia and South-eastern Asia = Sub-Saharan Africa = Rest of the world
Source: World Bank 2022.

The access rate in the LDCs soared between 2010 and 2020, from 33 percent to 55 percent, but 479 million
people still lacked access at the end of the period (figure 1.8). The 2020 access rate in these countries is
almost 36 percentage points below the world average. As access has grown in wealthier countries, the global
access deficit has been increasingly concentrated in the LDCs, which accounted for 48 percent of the world’s
unserved people in 2010 and 65 percent in 2020. The access rate is particularly low in rural areas of these
countries, where just 44 percent of the population has access (versus 83 percent in rural areas globally).
Between 2018 and 2020, although progress in electrified population outpaced population growth, the annual
growth rate in access slowed to 1.3 percentage points, down from 2.4 percentage points in 2010-18. To reach
the 2030 target, annual growth in access in the LDCs will have to increase to 4.5 percentage points.

Figure 1.8 ¢ Gains in electricity access in least-developed and fragile and conflict-affected countries, 2010, 2018,
and 2020
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In fragile and conflict-affected settings, the access rate increased from 44 percent in 2010 to 55 percent in
2020 (see figure 1.8). Progress was driven mostly by lower-middle-income countries. During the same period,
owing to population growth, the number of underserved people in fragile settings increased marginally from
414 million in 2010 to 417 million in 2020. These countries accounted for 57 percent of the global access deficit
in 2020. In their rural areas, the number of people without access rose from 295 million in 2010 to 331 million
in 2020. Between 2018 and 2020, the annual access growth of 0.8 percentage points was slower than the 1.2
percentage points recorded in 2010-18. The annual access gains of 19 million people fell behind the population
growth of 21 million in 2018-20. Timor-Leste and Yemen made the most progress between 2018 and 2020,
with annual growth in access of more than 5 percentage points. At the current speed, the access deficit will
be concentrated in fragile and conflict-affected countries in 2030.

As of 2020, global rates of access to electricity were 97 percent in urban areas and 83 percent in rural areas.
In 2020, 19 million people in urban areas and 584 million in rural areas still lacked access (figure 1.9). If the
current trend continues, the global rural access rate will fall short of the target in 2030, whereas urban access
is expected to be nearly universal.

Over the 2010-20 period, the average annual increase in access was 44 million in rural areas and 81 million
in urban areas. The annual increase in rural access would have to climb to 1.7 percentage points (from 1.1 on
average in 2010-20) to reach universal access in 2030. Although the annual rate of increase in urban areas
(0.2 percentage points) was lower than the 1.1 percentage points in rural areas, the net increase in the number
of electrified people in urban areas (810 million) was much larger than in rural areas (443 million) because of
the rapid increase in urbanization. In Sub-Saharan Africa, the urban access rate rose from 68 percent in 2010
to 78 percent in 2020, the fastest growth of any region. The phenomenon can be ascribed to the very low
urban electrification in the region at the start of the period. In rural areas of Sub-Saharan Africa, access rose
from 17 percent to 28 percent over 2010-20, but it remains far lower than the global rural rate of 83 percent.
In 2020, the number of people in Sub-Saharan Africa without access to electricity was 99 million in urban
areas and 440 million in rural areas.

Figure 1.9 ¢ Gains in electricity access in urban and rural areas, 2010, 2018, and 2020
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Globally, the pace of annual electrification growth slowed between 2018 and 2020, which can be explained
by the complexity of last-mile connectivity, aggravated by the pandemic. Nevertheless, global growth in
electrification surpassed population growth in urban and rural areas alike (figure 110). The average annual
increase in the number of people connected was 83 million in urban areas and 26 million in rural areas. In
Central Asia and Southern Asia, the annual increase of 31 million people in rural areas significantly exceeded
population growth of 6 million between 2018 and 2020. In Sub-Saharan Africa, rural electrification just kept
pace with rural population growth. The modest pace should increase substantially to electrify the 75 percent
of the rural population without access in the region.

Figure 1.10 ¢ Annual change in number of people with electricity and population in urban and rural areas, globally
and in selected regions, 2018-20
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Source: World Bank 2022.

Between 2010 and 2020, growth in access was brisk in Central Asia and Southern Asia (figure 1.11). In rural
parts of the region, the access deficit plummeted from 409 million people in 2010 to 76 million in 2020, an
annual average decline of 33 million people. In urban areas, the number of people without access plunged
from 31 million in 2010 to 2 million in 2020, an annual decrease of 3 million. In 2018-20, Central Asia and
Southern Asia also showed the world’s largest decrease in the access deficit in both urban and rural areas.
Meanwhile, as noted, the access deficit grew in Sub-Saharan Africa, where a majority of the world’s least-
developed and fragile and conflicted-affected countries are located. The increase was slight in urban areas
(annually less than 1 million people), but greater in rural areas (7 million annually) in 2010-20. As a result, the
region accounted for the world’s largest access deficits in both urban and rural areas.
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Figure 1.11 ¢ Access deficits in urban and rural areas, globally and in selected regions, 2010-20
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Source: World Bank 2022.

About 39 million people had access to electricity through a Tier 1+ decentralized renewables-based system
in 2019, including solar home systems and mini-grids based on solar, hydropower, and biogas (IRENA 2021),
up from 12 million in 2010 (figure 1.12).° The number of people with access to Tier 1+ solar home systems rose
by a factor of three between 2010 and 2019, to 28 million. The number connected to Tierl+ solar mini-grids
also tripled between 2010 and 2019—to 3 million (figure 1.12). During the 2017-19 period, the largest number
of people using solar photovoltaic (PV) Tier 1+ mini-grids was in Sub-Saharan Africa, followed by Central Asia
and Southern Asia (figure 113). Similarly, the number of people using small and large solar home systems was
dominant in Central and Southern Asia, and Sub-Saharan Africa in 2017-19.

Figure 1.12 ¢ Global number of people with access to Tier 1+ decentralized renewables-based systems, 2010,
2017,and 2019
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10 Supply-side data on decentralized energy solutions are provided by the International Renewable Energy Agency (IRENA). Its database
of decentralized renewables-based solutions is published with a two-year lag, because of challenges in data availability from several sources.
This report reviews and analyzes figures for 2019, which were published in 2021.
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Source: IRENA 2021.

Figure 1.13 ¢ Number of PV mini-grid connections, by region, 2010, 2017, and 2019
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Source: IRENA 2021.

Among the 20 countries with the largest shares of Tier 1+ solar home systems, more than half were in Sub-
Saharan Africa in 2019; about 10 million people in the region had access in this form (figure 114). Seychelles
and Vanuatu had the largest shares of people with access to Tier 1 systems (more than 9 percent). Mongolia,
Rwanda, and Samoa showed the largest shares of people using Tier 2+ systems (more than 5 percent). Most
of the countries with higher shares of Tier 1+ solar home systems are in lower-middle-income and low-income
countries. Tier 1+ solar home systems can engage household members in income-generating activities, such
as starting a new business or spending more time working in the home. Tier 1+ solar home systems with
monitoring tools can also help them cut their electricity costs.

Meanwhile, Afghanistan, Fiji, Nepal, and Sierra Leone were the countries with the largest shares of the
population connected to Tier 1+ mini-grids in 2019. Among regions, Central Asia and Southern Asia accounted
for the majority of the world’s people (58 percent; 6 million) connected to these systems.
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Figure 1.14 ¢ Twenty countries with the largest shares of population enjoying access to solar home systems (Tier
1+), 2019
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In 2019, the countries with the largest shares of the population using solar lighting systems below Tier 1" were
Vanuatu, Seychelles, Mauritius, Kenya, and Fiji (figure 1.15). Between 2017 and 2019, Vanuatu, Fiji, and Mauritius
had the fastest growth in the number of people using solar lights, with average annual growth of more than
5 percentage points.

Figure 1.15 ¢ Twenty countries with the largest shares of population enjoying access to solar lights (below Tier 1),
2019
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n Solar lights and lighting kits (<11W) represent access that is below Tier 1, while small and large solar home systems indicate Tier 1+.
Although solar lights may not provide Tier 1 access, they can provide that level of access to one or more individuals within the household.

CHAPTER 1: Access to Electricity



The off-grid solar market faced challenges from the COVID-19 pandemic that began in early 2020. Impacts
varied widely across countries, business models, and companies. The industry as a whole is recovering from
the disruptions, partly owing to relief funding, although various effects of COVID linger across markets.
Between July and December 2020, global sales of off-grid solar lighting products reached 3.6 million, up 19
percent over early 2020. However, global sales of 3.6 million units still showed an 18 percent decline from the
second half of 2019 (pre-pandemic) (GOGLA 2021a). In terms of sales volumes, the number of people who
gained improved access was expected to rise in the second half of 2020.” The upward trend continued in
early 2021, and about 101 million people were estimated to have access to off-grid solar products.

The 20 largest access-deficit countries accounted for 76 percent of the global population without access to
electricity in 2020, or 560 million people (figure 1.16). Closing the global access gap by 2030 largely depends
on electrification efforts in these countries. Fifteen of the top 20 are in Sub-Saharan Africa. In 2020, The top
three were Nigeria (92 million), the Democratic Republic of Congo (72 million), and Ethiopia (56 million).
Burundi joined the top 20, while Bangladesh®™ exited the list. India’s rank fell from third in 2018 to seventeenth
in 2020 thanks to a dramatic decrease in the number of people lacking access.

Figure 1.16 ¢ Share and absolute size of population without access to electricity in top 20 access-deficit countries
and rest of world, 2020
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12 Tracking entire off-grid connections can be difficult, particularly for non-quality-verified products made by non-GOGLA members.
According to the 2020 Off-Grid Solar Market Trends report, GOGLA member sales were only about 28 percent of overall sales. Thus, the
tracked sales trend may not reliably represent the number of customers.

13 In Bangladesh, thanks to the world’s largest solar home system program, the number of underserved people was slashed by more than
half between 2018 and 2020, falling from 13 million to 6 million. Some 4.13 million solar home systems have been installed under the IDCOL
solar home systems program, which benefits 18 million rural people in remote areas (IDCOL 2020). In addition, an enabling environment
for designing and implementing effective electricity access policies for both centralized and decentralized solutions contributed to the
improvement in access between 2010 and 2019 (ESMAP 2020).
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Between 2010 and 2020, access gains in the electrified population outpaced population growth in Ethiopia.
During the same period, electrification proceeded slowly in Nigeria and the Democratic Republic of Congo.
In Nigeria, the access rate increased by an annual average of just 0.7 percentage points (4 million people) in
2010-20. With population growing at nearly the same pace, the access deficit held steady over the decade.
Between 2018 and 2020, as population growth outpaced gains in access in Nigeria, the number of unelectrified
people grew by 3 million a year. In the Democratic Republic of Congo, the access deficit widened—from 56
million in 2010 to 72 million in 2020. Between 2018 and 2020, since the pace of electrification slowed to the
annual growth rate of 0.3 percentage points, the number of Congolese without access rose by about 2 million
people a year. In Ethiopia, the world’s third-largest access-deficit country, the deficit narrowed by an average
of less than 1 million each year between 2010 and 2020. Recent progress has outstripped population growth,
reducing the deficit from 60 million in 2018 to 56 million in 2020.

In Kenya and Uganda, the expansion of the electrified population was faster than population growth between
2010 and 2020. Of the top 20 access-deficit countries, Kenya and Uganda scored the greatest gains between
2010 and 2020, increasing their annual gains in access by 5.2 and 3 percentage points, respectively (figure
117). In the period 2018-20, Kenya, along with Ethiopia, showed the fastest growth, with annual gains of
more than 3 percentage points. In contrast, progress slowed over the same period in Madagascar, Malawi,
Mozambique, and Nigeria.

Fragility and underdevelopment are linked with access deficits. Nearly all of the top 20 access-deficit
countries were fragile and conflict-affected or least-developed—or both. Special attention to these countries
is essential through prioritized investments and improvements in policy and regulatory frameworks to scale
up electricity access toward the SDG 7 targets.

Figure 1.17 e Electricity access in the top 20 access-deficit countries, 2010-20
Access deficit, 2020 Access rate, 2020 Annualized increase in access,
(millions of people) (percent) 2010-20 (percentage points)
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As of 2020, all of the top 20 least-electrified countries, which together account for 45 percent of the global
access deficit, were in Sub-Saharan Africa (figure 118). In 2020, South Sudan had the lowest access rate
(7 percent), followed by Chad (11 percent) and Burundi (12 percent). Between 2010 and 2020, the annual
increase in the access rate in 12 of the top 20 was 1 percentage point or less. During the period, Rwanda
and Uganda made significant progress, however, increasing electrification by 3.7 and 3 percentage points
a year, respectively. Between 2018 and 2020, Rwanda showed the most rapid advance in access, with an
annual average gain of 5 percentage points, whereas access in Guinea, Madagascar, Malawi, and Mozambigue
showed negative growth.

The pace of electrification was highest in Timor-Leste, Cambodia, Afghanistan, and Kenya, where access
increased by more than 5 percentage points a year between 2010 and 2020 (figure 119). Timor-Leste, Kenya,
and Rwanda stood out as the fastest-moving countries in 2018-20, increasing access by more than about 5
percentage points a year on average. In Rwanda, both grid and off-grid efforts have intensified.

Figure 1.18 e Electricity access in the 20 least-electrified countries, 2010-20
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Figure 1.19 e Electricity access in the 20 fastest-electrifying countries, 2010-20
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Among countries experiencing fragility, conflict, and violence, Libya, Somalia, and the Syrian Arab Republic
saw declines in electrification between 2010 and 2020 (figure 1.20). Meanwhile, the access rate in Timor-Leste
and Afghanistan advanced rapidly during the decade, with annual growth of more than 5 percentage points.
Through the significant investment in improving the electricity infrastructures, Timor-Leste continues to show
fast improvement in electrification, chalking up annual access growth of more than 5 percentage points in
2018-20. Creating an enabling environment adapted to complex situations is critical to improving electricity

access in fragile countries.
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Figure 1.20 ¢ Share of population with access to electricity in 2020 and average annual growth rate of access in
fragile and conflict-affected countries between 2010 and 2020
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POLICY INSIGHTS

Strong political commitments, better-targeted policies, disruptive technologies and business models, and
innovative financing tools have helped connect 1.3 billion people to power since 2010. But with only eight
years left to achieve SDG target 7.1, governments and the international community face the challenge of
drastically increasing the pace of progress in a context of high uncertainty and transition towards net-zero
energy systems.

A paradigm shift on how policy and investments are directed is needed if the world is to meet the target.
The UN High-Level Dialogue on Energy (box 11) has issued recommendations to make universal access
to electricity a political, economic, and environmental priority, aligned with an inclusive COVID-19 recovery
(UN n.d)).

Box 1.1 ¢ Accelerating the transition to universal access to modern energy services through the High-Level
Dialogue on Energy

The UN Secretary-General convened the High-Level Dialogue on Energy in September 2021. The goal of the first
leader-level meeting on energy held under the auspices of the UN General Assembly in 40 years was to promote
accelerated implementation of SDG 7 and the other targets of the 2030 Agenda for Sustainable Development, as
well as the climate objectives of the Paris Agreement. The far-reaching preparatory process included stakeholders
representing the public and private sectors, civil society, international organizations, and governments.

The Dialogue had five themes: energy access; the energy transition; enabling the SDGs through an inclusive, just
energy transition; innovation, technology, and data; and finance and investment. Thematic technical working groups
prepared reports and presented recommendations at a ministerial forum. These recommendations were summarized
in a “Global Roadmap for Accelerated SDG 7 Action in Support of the 2030 Agenda for Sustainable Development
and the Paris Agreement on Climate Change” (UN n.d.).

The World Bank’s Energy Sector Management Assistance Program co-led Technical Working Group 1 on energy
access. Its report (UN 2021) included recommendations on how to achieve universal access to electricity and clean
cooking by 2030, along with intermediate targets. Implementing these recommendations will require accelerated
and sustained progress in four areas:

. Reinforcing enabling policy and regulatory frameworks

. Enhancing the social and economic inclusiveness of energy access

. Aligning the costs, reliability, quality, and affordability of energy services

. Catalyzing, harnessing, and redirecting energy-access financing as needed to deliver universal energy access

by 2030.

Another outcome of the Dialogue was the formation of more than 200 energy compacts—voluntary commitments
from stakeholders to undertake specific actions, with targets and timelines to further enhance progress on SDG 7.
The World Bank developed an energy access compact to assist client countries in achieving SDG 7 targets by 2030
as an integral part of a just energy transition. The compact supports actions to provide 50-60 million people with
new or improved access to electricity and 20-100 million people with access to clean cooking by 2025 (IISD 2021).
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First, the achievement of the SDG 71 target should be an integral part of the just energy transition and
therefore embedded in countries’ socioeconomic development and climate commitments. Reaching universal
access to electricity is essential to achieving net-zero emissions in a just and inclusive way and should be
tailored to meet low-income countries’ needs. In a context of “building back better,” access to electricity must
be positioned as an enabler for more inclusive, sustainable and resilient growth, exploiting synergies with
other SDGs.

Second, to maximize socioeconomic impacts, political commitments and financing with respect to access to
electricity should be coordinated with those on access to clean cooking.

Third, communities—their needs and aspirations for energy for households, farms, enterprises, and
public facilities—should be at the center of efforts to deliver universal access. Decision-makers should
view communities as co-creators of energy systems that meet their needs and align with their practices,
affordability, and cultural contexts.

Fourth, the most remote, vulnerable and poorest unserved populations, often described as the last mile to
be connected, should be given special attention to ensure no one is left behind. Those population segments
include women and girls; communities experiencing fragility, conflict, and displacement; and people living
in LDCs. Agendas for gender equality must include empowering women in the design, production and
distribution of modern energy services.

Fifth, the role played by the private sector is critical to provide creative, cost-effective, and scalable solutions.
Context-sensitive and innovative business models can help create sustainable approaches to connecting
poor and rural communities. Public financing will still have a crucial role to play in bridging the affordability
gap, funding an inclusive energy access ecosystem and infrastructure, and, where needed, leveraging private
capital into the sector (IRENA and SELCO Foundation 2022). Investing in knowledge exchange, capacity
building. and partnership building will drive further innovation to accelerate the pace of access expansion.
Lastly, good-quality data are needed to inform more effective access interventions.

As noted in box 11, the Technical Working Group on Energy Access produced a report setting forth strategic
priorities and recommendations to promote system-level approaches and focused investment to expand
access to energy (UN 2021). Those priorities and recommendations are explored in the four subsections that
follow.

Achieving universal access to sustainable, reliable, affordable and modern energy must be an integral
part of the just energy transition. The goal of universal access should be embedded in countries’ climate
commitments and their strategies and actions for net-zero energy systems. All access-deficit countries
should adopt comprehensive national electrification and clean cooking strategies and integrate energy
access priorities within broader economic development and climate strategies, as well as their Nationally
Determined Contributions under the 2015 Paris Agreement on climate change. The national strategies and
accompanying plans should have specific targets and milestones, be kept up to date, be publicly available,
and make good use of best practices. Plans should provide targets for tiers of access, specifically targeting
the highest tiers, while ensuring that everyone gains access at least to basic and affordable energy access in
the shortest possible time period.

Comprehensive national plans must be backed by dedicated policies and regulations for effective
implementation and for ensuring inclusivity and permanence of supply. The policy needs vary depending
on local contexts and the chosen electrification solution. Scaling up renewables-powered mini-grids, for
instance, requires careful regulatory design to address key aspects of licensing, tariff setting, arrival of the
main grid, and delivery of public financing support (IRENA and AfDB 2022). Stable fiscal incentives and robust
quality standards have also played a crucial role in improving affordability for decentralized renewables and
supporting market development.
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More and better data are needed to design and implement sustainable electrification programs. Improving the
availability and quality of open-source, verifiable energy data that are pertinent to national, subnational, and
local contexts is critical. Policy makers and private companies need end-user and supply-side data to understand
market dynamics; analyze the enabling environment for investments; produce effective, tailored projects; and
track progress. Policy makers need data on the various dimensions of access (reliability, affordability, usage) to
refine electrification strategies in ways that better meet people’s needs. These data could be gathered by adding
a module on energy to regular household surveys, following the Multi-Tier Framework approach (box 1.2).

Box 1.2 ¢ Modifying household surveys to measure energy access more accurately

More granular household energy data can facilitate energy policy analysis and energy infrastructure planning. Because
the data collected from national household surveys do not capture the dimensions needed to understand the role
energy services play in poverty reduction, they do not allow for extensive policy analysis. Specialized, stand-alone
energy surveys, meanwhile, do not have the breadth of topics and geographical scope of many national household
surveys, such as surveys conducted by the World Bank’s Living Standards Measurement Study.

Although the geographic coverage of energy access data has increased, most household surveys that collect and
report information on energy access provide only very limited data, often reported as a binary metric. The simplistic
guestions in these surveys do not consider other dimensions of energy access, such as the use of multiple fuels and
devices, varying levels of access and use, the quality and safety of the energy source, the affordability of consumer
electricity service, and the importance of other household energy services (such as space heating and lighting).

To track these indicators and respond to the recommendations of the UN High-Level Dialogue on Energy for improved
availability and quality of energy data, the World Health Organization and the World Bank’s Energy Sector Management
Assistance Program, in close collaboration with the Living Standards Measurement Study and other contributors, have
developed core questions on household energy use and a guidebook for survey practitioners.

The household energy access questionnaire consists of a series of modules that can be incorporated into existing
household surveys. The questions include those essential for measuring household access to electricity and clean
cooking fuels, monitoring SDG indicators 711 and 7.1.2, and conducting detailed analysis of the limits of and barriers to
access. An additional set of questions for fully assessing household energy use and its health impacts is also provided.
As the questionnaire targets people in vulnerable regions, it includes a module on the status of energy access for
displaced communities and refugees.

The following modules are included:

. Household electricity: Questions on the main source of electricity, appliances powered, hours of electricity
available each day and each evening, and frequency and duration of unscheduled blackouts.

. Household cooking: Questions on the main cookstove used, the brand of the main stove, and the fuels used by
the device.

. Household heating: Questions on the number of months the main heating device was used for heating, the main
fuel used for heating the home, the brand of the heating device, and the main fuel used.

. Household lighting: Question on the main lighting sources.

. Household energy and gender: Recommended guestions on the primary collector of fuel and the primary cook,
the time spent collecting fuel, injuries sustained while collecting or transporting fuel, the time spent preparing the
stove and fuel, and time spent cooking.

The guidebook provides practitioners with the tools and technical support they need to integrate
the new energy access questions into existing national household surveys, including a manual for
training enumerators and a photo guide containing visual and descriptive examples of cooking,
heating, and lighting energy options. The guidebook and questionnaire can be downloaded using
the QR code.

Source: World Bank and the World Health Organization 2021.
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The use of geospatial and digital tools has yielded more accurate and real-time data and made the data
more accessible in different geographies and at various levels of granularity. Better data on current and
projected demand have facilitated the modeling of national electrification systems over time, informing
decision-making processes. Technological advances such as system optimization, network design tools, and
online platforms have reduced the cost of project preparation and planning, significantly increasing projects’
effectiveness. Digital tools have brought innovations to new areas of action, such as community engagement.
They have also enabled the creation of state-of-the art integrated energy plans at the national level that
span electrification, clean cooking, and productive uses, including demand-side attributes like affordability
and propensity to adopt. They have significantly improved the efficiency of mini-grid projects, saving both
time and costs. They have been used to facilitate site prospecting, demand analysis, project packaging,
solicitation of financing, procurement, and remote monitoring and verification (ESMAP 2022a). The tools
are also strengthening cross-sectoral decision-making, fostering integrated planning between clean cooking
and electrification and between energy and agriculture. The latter achievement makes it possible to identify
opportunities to link electrification efforts with anchor loads such as existing and planned agro-processing
infrastructure (IRENA and FAO 2022). Expanding the use and adoption of digital tools should be promoted
for the benefit of both private developers and public sector players.

Technology has also allowed decision-makers and practitioners to share knowledge more easily and to build
on what has worked and what has not. Accelerating the advancement of knowledge exchange, capacity
building, and partnership building is essential to create more robust frameworks for policy and regulation.
Investments in human development targeting policy makers, technicians, and local entrepreneurs, with a
focus on women and youth, would increase the pace of innovation in technology, business models, financing,
and policy, thereby helping to close the access gap.

Providing access to electricity does more than just connect people to power. It facilitates inclusive, sustainable,
and resilient economic recovery and growth. Approaches that use targeted demand-side subsidies to support
business models focusing on last-mile service and affordability help ensure that poor, remote, and vulnerable
households (including displaced people and their host communities) share fully in the benefits of access. In
addition to reaching the most vulnerable, inclusive planning for access to electricity also implies factoring
in the achievement of other development outcomes under other SDGs through a cross-sectoral approach.
Tailoring programs in this way increases their chances of success and improves people’s access to public
services (e.g., health care, education) and a wider range of possible livelihoods.

Productive uses of energy and rural business development are another area in which synergies with other
sectors should be explored. Affordable and efficient appliances; access to finance for small businesses;
and skills training, market linkages, and community engagement are all key elements in the design and
implementation of robust mechanisms to support productive uses of electricity.*

The electrification of public institutions, which has received much attention in the context of the COVID-19
pandemic, illustrates the nexus between access and other sectors and the opportunity to maximize the
socioeconomic benefits of access to electricity. Traditional business models for electrifying public institutions
have not been made sustainable in most cases, however. To date, most projects for procuring solar PV assets
have been grant based, with little attention to what happens after the systems are installed. Fortunately,
growing attention is now being paid to service delivery, performance, and long-term operation and
maintenance, all parts of a shift to a service-based model that opens new opportunities for the private sector
(SEforAll 2021a).

14 In Indonesia and Peru, for example, partnerships between energy providers (private developers, utilities) and nongovernmental
organizations with deep knowledge of local socioeconomic contexts have increased the impact of rural electrification on jobs, income, and
productivity (Finucane, Besnard, and Golumbeanu 2021).

TRACKING SDG 7: The Energy Progress Report 2022



Inclusiveness also implies prioritizing support for populations living under conditions of fragility, conflict,
and violence. About 594 million people live in such countries and in the world’s least-developed countries.
Reducing energy poverty in these settings will depend on finding approaches that match the country context
while also including the poor explicitly in national access plans, implementing dedicated access programs,
improving enabling environments (e.g., for the development of renewables-based mini-grids), and scaling up
both public and private financing. Supporting innovation and encouraging exchanges of knowledge derived
from successful business models can contribute, as well.

More than 90 percent of refugees living in camps and settlements lack sustainable, reliable, and affordable
access to energy, affecting their safety, security, well-being, and health. Poor access also limits opportunities
for socialization, learning, and self-reliance (UNHCR 2022). Integrated, inclusive approaches to overcoming
the challenges faced by such refugees and their host communities are sorely needed. Such approaches must
ensure that energy infrastructure plans, policies, and regulatory frameworks aimed at refugees and host
communities are well integrated with overall energy sector development.

Women and girls are disproportionally affected by the lack of access. Thus, there is a pressing need to
enhance gender equality in energy-access interventions. Sharing global knowledge on ways to accomplish
that goal is critical, because reducing gender gaps reduces poverty. Data that quantify gender inequities in
diverse contexts must be collected and shared.” Women'’s groups and groups working to close gender gaps
in the sector should be included as key stakeholders in planning and policy making. Similarly, women should
be equally represented in decision-making bodies in energy institutions. Policy makers should encourage
women’s participation as primary agents of change in households and communities. Adequate resources
should be allocated to monitoring and evaluating gender-related programs.

Access to electricity does not mean simply getting a connection; it means having a reliable, sufficient ,and
affordable source of power. Improving the reliability of grid services implies strengthening generation capacity
and transmission and distribution systems; reducing losses; and improving utilities’ overall performance.

Under certain circumstances, fostering private sector participation through public-private partnerships and
encouraging companies to adopt innovative and scalable business models and technologies can help improve
the quality of service, reach last-mile end users, and reduce costs. A prime example is that households remain
underserved by electric utilities in most parts of Sub-Saharan Africa, where the largest access deficits are
found. Therefore, more comprehensive measures are required to incentivize utilities to improve their technical
and financial performance by adopting customer-centric approaches, entering into innovative partnerships,
engaging the private sector, and stimulating demand for appliances and productive uses of electricity.

Modern mini-grids are another good example. ESMAP’s research on mini-grids—including a detailed analysis
of mini-grid costs from more than 400 individual projects in Africa and Asia and a database of more than
40,000 installed and planned mini-grids around the world—has identified five key drivers of better electricity
service at lower cost (ESMAP 2022a). These drivers are as follows:

Private sector companies develop portfolios of mini-grids instead of one-off projects, thus increasing
economies of scale and the pace of deployment.

Mini-grid developers engage with customers and communities to promote income-generating uses of
electricity while increasing the up-time of their mini-grids to close to 100 percent.®

15 At a minimum, data on gender gaps in access to electricity by male- and female-headed households and by male- and female-owned
businesses should be collected.

16 According to 2022 benchmarking study by the Africa Mini-grid Developers Association, out of 35 mini-grid sites surveyed for the study
only two reported service up time of less than 99 percent.
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Countries work to ensure the underlying conditions for private sector mini-grid development at scale,
including support for public-private partnerships, light-handed yet well-codified regulations, and
initiatives that cut bureaucratic red tape.

Investors and development partners collaborate to find new ways to assemble financing for private
mini-grid developers, consisting of results-based grants, private equity, affordable debt, and de-risking
mechanisms.

Leading mini-grid developers drive down their own costs by leveraging cost reductions in key components
such as solar PV and batteries, deploy new strategies such as remote monitoring to reduce operating
expenses, and innovate their supply chains to more easily mount projects in hard-to-reach locations.

Building the ecosystem to expand digitally enabled business models such as pay-as-you-go through close
coordination with digital players and financiers has also been identified as a way to bring costs, quality,
and affordability into closer alignment. In addition, service delivery and sustainability can be improved by
incentivizing energy providers—especially utilities. Engaging women as entrepreneurs and employees in the
energy access sector (within energy access companies and across value chains) is another way to contribute
to reliable last-mile energy access.

Raising the quality of off-grid solutions through the adoption of international standards in local markets
will ensure market sustainability. Quality-assurance activities include the adoption and implementation of
international quality standards for off-grid products as well as for energy-efficient appliances.

To meet the energy access target, financing must increase to USD 35 billion annually on generation, electricity
networks, and decentralized solutions by 2030, with priority given to public and private investments in
the LDCs and countries experiencing fragility, conflict, and violence (IEA 2021). Moreover, disbursements
must catch up with commitments. The share of public and private financing going to distributed renewable
technologies (mini-grid and off-grid solar) is presently less than 1 percent of the total 2019 financing
commitments in the electricity sectors of high-impact countries. That share should increase in alignment with
the distributed renewable shares identified in national or regional least-cost electrification plans (SEforAll
2021b). The transition to clean energy will also require additional investments in green connections, both
existing and future.

Comprehensive and gender-responsive financial packages consist of equity, debt, grants, and de-risking
mechanisms. Such packages should first cover the public financing needs of all stakeholders in the energy
access ecosystem using a variety of designs. Secondly, they should deploy proven delivery mechanisms
such as results-based financing. Lastly, the packages should support more innovative instruments, such as
new guarantees and credit-management instruments focused on risk mitigation, to leverage private-sector
investments.

Scaling up digitally enabled consumer financing schemes (such as pay-as-you-go or on-bill financing)
and mobilizing public funding through social security systems or the impact bond market are critical for
reaching the poorest end users and making electricity services affordable. Public funding through results-
based financing and tax exemptions is also needed to test innovative business models and support growth
in nascent and riskier markets.

Innovative financing solutions can be devised for women, who face special barriers both as consumers
and entrepreneurs in the energy sector. Such solutions include integrating gender criteria across funding
windows, linking gender quotas to program incentives, teaching business skills, and focusing on technologies
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that create job opportunities for women or target their productive uses of energy.

End-user subsidies (such as direct cash transfers or results-based financing schemes for very-low-income
households) have emerged to complement supply-side support in bridging the affordability gap (GOGLA
2021b and SEforAll 2022). These enable service providers to reduce product costs for the targeted segments
(or mandate that they do so). Such subsidies are complex, however, and risk distorting markets. Policy makers
should therefore consider them carefully within the broader range of energy access dynamics and financing
mechanisms so that they can be adequately designed and implemented.

In summary, the World Bank has identified six principles to maximize the chance of success of public funding
schemes” (ESMAP 2022b):

Target resources to the people most in need.

Support good-quality products.

Provide support commensurate with need for closing the financing and affordability gaps.
Provide funding in an efficient and timely manner.

Effectively verify program results.

Promote sustainable results.

17 These principles are from the report analyzing funding for off-grid solar, but they can be applied beyond it.
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METHODOLOGY

The World Bank’s Global Electrification Database compiles nationally representative household survey data
and census data for the years between 1990 and 2020. It also incorporates data from the Socio-Economic
Database for Latin America and the Caribbean, the Middle East and North Africa Poverty Database, and
the Europe and Central Asia Poverty Database, all of which are based on similar surveys. At the time of this
analysis, the Global Electrification Database contained 1,270 surveys from 140 countries, excluding surveys
from developed countries (as classified by the United Nations). Since 2010, 21 percent of countries have
published or updated their electricity data at intervals of two to three years in time for global data collection.
Greater investment in data collection and capacity building is needed to permit a more comprehensive and
accurate understanding of the electricity access picture.

Surveys are typically published every two to three years, but they can be irregular and infrequent in many
regions. A multilevel, nonparametric modeling approach developed by the WHO to estimate clean fuel usage
was adapted to project electricity access and then applied to fill in missing data points between 1990 and
2020 (Bonjour et al. 2013).® Where data are available, access estimates are weighted by population. Multilevel,
nonparametric modeling takes into account the hierarchical structure of data (country and regional levels),
using the regional classification of the United Nations.

The model is applied in all countries with at least one data point. In order to use as much real data as possible,
results based on survey data are reported in their original form for all years available. The statistical model
is used to fill in data only for years in which data are missing and to conduct global and regional analyses. In
the absence of survey data for a given year, information from regional trends is used. The difference between
real data points and estimated values is clearly identified in the database. Countries considered “developed”
by the United Nations and classified as high-income are assumed to have electrification rates of 100 percent
from the first year the country joined the category.

For 1990-2010, the statistical model is generally based on insufficient data points or outdated household
surveys. To avoid having electrification trends in this period overshadow efforts since 2010, the model was
run twice, once with survey data assumptions for 1990-2020 (for model estimates for 1990-2020) and once
with survey data and assumptions for 2010-20 (for model estimates for 2010-20). The first run extrapolates
electrification trends for 1990-2020 given the available data points. The second considers only real data
collected from 2010 and estimates the historical evolution in the most recent years. The outputs from the two
model runs are then combined to generate a final value for access to electricity. If survey data are available,
the original observation remains in the final database. Otherwise, taking account of a positive linear trend in
electrification, the larger of the values generated by the model runs is chosen as the final data point.

18 The model draws from the modeling of solid fuel use for household cooking presented in Bonjour and others (2013).
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Data coverage

IRENA collects global data on off-grid renewable energy in Africa, Asia, South America, Central America and
the Caribbean, and Oceania. Its database covers off-grid renewable power capacity (in megawatts), biogas
production (in cubic meters), and energy access (number of inhabitants):

Off-grid power covers hydropower, solar lights, solar home systems (small and large), solar mini-grids,
solar pumps, other solar panels, and biogas and other biomass.

Biogas production includes cooking, electricity generation, industrial uses, the commercial and public
sectors, and agriculture.

Energy access is estimated for (i) people with access to hydropower, solar lights, solar home systems
(small and large), solar mini-grids (Tiers 1 and 2), and biogas; and (ii) people with access to biogas for
cooking.

Data sources and dissemination

IRENA collects off-grid capacity and generation data from a variety of sources. These include IRENA
guestionnaires; national and international databases; and unofficial sources, such as project reports, news
articles, academic studies, and websites. For some countries, IRENA also estimates off-grid solar PV capacity,
based on solar panel import statistics obtained from the United Nations’ COMTRADE Database.

IRENA publishes off-grid statistics by the end of December each year. IRENA provides details on the
methodology used in this report (IRENA 2018).

The annual change in access is calculated as the difference between the access rate in year 2 and the rate
in year 1, divided by the number of years. For the annual change in the number of people with access, UN
population data are used to reflect population growth.

(Access Rate Year 2 - Access Rate Year 1) / (Year 2 - Year 1)

The World Bank and the International Energy Agency (IEA) maintain separate databases of global electricity
access rates. The World Bank’s Global Electrification Database derives estimates from a suite of standardized
household surveys and censuses that are conducted in most countries every two to three years, in conjunction
with a multilevel, nonparametric model to extrapolate data for the missing years. The IEA Energy Access
Database sources data from government reports of household electrification (usually based on connections
reported by utilities). IEA considers a household to have access if it receives enough electricity to power a
basic bundle of energy services. The World Bank uses the Multi-Tier Framework, which classifies access along
a tiered spectrum, from Tier O (no access) to Tier 5 (highest level of access).

The two approaches sometimes vyield different estimates. Access levels based on household surveys
are moderately higher than those based on energy sector data, because they capture a wider range of
phenomena, including off-grid access, “informality” (connections not made by or known to the utility), and
self-supply systems.
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The comparison of the two datasets in the previous edition of this report (updated in this edition) highlights
their respective strengths. Household surveys, typically conducted by national statistical agencies, offer two
distinct advantages for measuring electrification. First, thanks to efforts to harmonize questionnaire designs,
electrification questions are largely standardized across country surveys. Although not all surveys reveal
detailed information on the forms of access, questionnaire designs capture emerging phenomena, such as
off-grid solar access. Second, data from surveys convey user-centric perspectives on electrification. Survey
data capture all forms of electricity access, painting a more complete picture of access than may be possible
from data supplied by service providers.

Government data on electrification reported by national ministries of energy are supply-side data on utility
connections. Such data offer two principal advantages over national surveys. First, administrative data are
often available on an annual basis and may therefore be more up to date than surveys, which are conducted
every two to three years. Second, administrative data are not subject to the challenges that can arise when
conducting field surveys. Household surveys (particularly those implemented in remote and rural areas) may
suffer from sampling errors that may lead to underestimation of the access deficit.
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MAIN MESSAGES

Global trend: In 2020, 69 percent (64-73) percent of the world’s people had access to clean cooking
fuels and technologies, an increase of almost 70 million people over 2019. 2 Much more needs to be done,
as about a third of the global population—some 2.4 (21-2.7) billion people—still lacked access in 2020.
Over the past decade, access to clean fuels and technologies for cooking rose by only 12 percentage
points. If current trends continue, a quarter of the world’s people, mostly in low- and middle-income
countries, will lack access to clean cooking fuels in 2030.

Access and the 2030 target: Between 2010 and 2020, the global rate of access to clean cooking fuels
and technologies increased at an average annual rate of 1 percentage point (0.5-1.8), driven primarily
by increases in large, populous countries in Asia. In Sub-Saharan Africa, however, the number of people
without access is increasing at an accelerating rate. In a business-as-usual scenario, the number of people
without access to clean cooking in Sub-Saharan Africa is set to increase by almost 20 million every year
this decade, rising from 923 million in 2020 to over 1.1 billion in 2030, as small gains in the percentage of
people with clean cooking fail to keep pace with population growth. Achieving global universal access to
clean cooking is impossible without addressing the growing access deficit there.

Regional highlights: Central Asia and Southern Asia—along with Eastern Asia and South-eastern Asia—
accounted for most of the access gains between 2010 and 2020; the annualized increase in access to
clean cooking was 2.5 percentage points (0.5-4.3) in Central Asia and Southern Asia and 2.1 percentage
points (0.8-2.1) in Eastern Asia and South-eastern Asia. Progress in Latin America and the Caribbean
remained stagnant, with the access rate remaining around 88 percent (85-91) and the annual increase
averaging 0.3 percentage points (-0.1-0.3). Marginal increases in access were seen in Sub-Saharan Africa,
with an annualized increase of 0.48 percentage points (0.2-0.5). By 2030, access to clean cooking is
projected to reach 80-90 percent in Central Asia, Southern Asia, Eastern Asia, and South-eastern Asia.
Meanwhile, only about one in five people in Sub-Saharan Africa (17 percent) has access, and access in
Oceania excluding Australia and New Zealand is at just 15 percent, meaning the vast majority of people
in these regions will continue to suffer the negative impacts on health, environment, and livelihoods that
come with polluting cooking. Sub-Saharan Africa remains the only region in which the number of people
without access to clean fuels and technologies is rising. The access deficit there has nearly doubled since
1990, rising more than 50 percent since 2000, to reach 923 million (898-946) people in 2020.

Urban-rural divide: Around the world, urban-rural differences in access to clean cooking fuels and
technologies are large. In 2020, 86 percent of people living in urban areas and just 48 percent of the rural
population had access to clean fuels and technologies. In Sub-Saharan Africa, more than 93 percent of
the rural population lacks access to clean cooking fuels and technologies, compared with 71 percent of
the population living in urban areas.

1 Throughout the chapter, parenthetical figures appearing after estimates are 95 percent uncertainty intervals, as defined in the
methodology section at the end of this chapter.

2 Clean fuels and technologies include stoves powered by electricity, liquefied petroleum gas (LPG), natural gas, biogas, solar, and
alcohol. Clean fuels and technologies are as defined by the normative technical recommendations in the WHO Guidelines for Indoor Air
Quality: Household Fuel Combustion (WHO 2014).




The 20 countries with the largest access deficits: Between 2016 and 2020, the 20 countries with the
largest number of people lacking access to clean cooking fuels and technologies accounted for more
than 80 percent of the global population without access. In 16 of these countries, less than half the
population had access to clean cooking. In most of these countries, little progress had been made, with
only five countries—India, China, Indonesia, Myanmar, and Nigeria—showing average gains in access of at
least 2 percentage points over 2016-20.

The 20 countries with the lowest access rates: Nineteen of the 20 countries with the lowest percentages
of the population with access to clean cooking are least-developed countries in Africa (the one non-
African country is Haiti).

Global and regional fuel trends: Globally, primary cooking with gaseous fuels increased consistently
between 2010 and 2020, reaching 52 percent (46-58) in low- and middle-income countries in 2020
and overtaking biomass as the dominant cooking fuel in 2010. Use of electricity for cooking increased,
reaching 11 percent (7-15) in low- and middle-income countries. Globally, the use of kerosene declined,
but its use remains notable in urban areas of low- and middle-income countries in Oceania excluding
Australia and New Zealand (10 percent [5-18]) and Sub-Saharan Africa (7 percent [4-9]).

Five most populous countries: Between 2010 and 2020, the access rate for the combined populations
of the top five most populous low- and middle-income countries (China, India, Indonesia, Brazil, and
Pakistan) increased 26 percentage points. During the same period, the combined access rate for all other
low- and middle-income countries increased by just 3 percentage points.

Need to increase public and private finance for clean cooking: Annual investment of USD 4.5 billion
is required to achieve clean cooking for all—about USD 1.90 for every person without access in 2020—
according to Sustainable Energy for All (SEforAll) and the International Energy Agency. In 2019, total
investment was only about USD 134 million (SEforAll 2021)— about USD 0.05 for every person without
access, or less than 3 percent what is needed. Scale-up of clean cooking investment flows in Sub-Saharan
Africa is urgently needed. If universal access to clean cooking is not achieved, the cost of inaction—driven
by negative externalities on health, gender, and climate—is estimated at USD 2.4 trillion a year (ESMAP
20200).

Clean cooking during the COVID-19 pandemic: Accelerating access to clean cooking is critical to reducing
the poorest households’ vulnerability to the pandemic and reducing gender inequity. Adoption of clean
cooking solutions can reduce health risks from household air pollution, support a green and healthy
recovery, and spur economic growth in low- and middle-income countries. National governments—with
the support of international organizations and civil society and with strong engagement of the private
sector—must harness recovery efforts to develop and implement regulatory and financial policies. The
implementation of these policies can enhance affordability and better enable and drive the adoption
of clean cooking, especially among the most vulnerable populations, reducing time spent cooking for
women and the burden of unpaid work in the care economy (Clean Cooking Alliance 2021b).
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ARE WE ON TRACK?

n 2020, 69 percent (64-73) of the global population had access to clean cooking fuels and technologies

(stoves powered by electricity, LPG, natural gas, biogas, solar, and alcohol). Some 2.4 billion (21-2.7) people

cooked primarily with polluting fuels and technologies, such as charcoal, coal, crop waste, dung, kerosene,
and wood.® Access to clean cooking must become a higher priority on the global agenda if access rates are
to improve.

Global access to clean cooking increased over the past two decades (figure 2.1). Despite this progress, only
about 76 percent of the population is projected to have access to clean cooking fuels and technologies by
2030. These figures are closely aligned with the projections of the International Energy Agency’s Stated
Policies Scenario, which maps the energy transition assuming current policies and programs are implemented.
Both projections suggest that about 2 billion people will lack access to clean cooking in 2030 unless additional
action is taken.

Figure 2.1 * Percentage of global population with access to clean cooking fuels and technologies, 2000-20
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Globally, the number of people without access to clean cooking continues to shrink. However, the number
of people without access in Sub-Saharan Africa is growing, currently at a rate of almost 20 million people a
year. This trend reflects the fact that gains in the share of people with access are failing to keep pace with
population growth, to the detriment of the almost 1 billion people already suffering the negative health and
socioeconomic impacts of polluting cooking in this region. Most countries with low access rates are in Sub-
Saharan Africa (figure 2.2). Unless the accelerating access deficit in Sub-Saharan Africa is addressed, global
access will stall and begin to decline.

3 Because of the data-driven nature of the analysis and limitations in the data, this chapter examines cooking fuels rather than cookstove
and fuel combinations. The methodology section at the end of the chapter provides additional details.
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Figure 2.2 ¢ Percentage of population with access to clean cooking fuels and technologies, by country, 2020
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Note/disclaimer: This map was produced by the Geospatial Operations Support Team of the World Bank based on the Cartography Unit of
the World Bank. The boundaries, colors, denominations, and other information shown on any map in this work do not imply any judgment
on the part of the custodian agencies concerning the legal status of or sovereignty over any territory or the endorsement or acceptance of
such boundaries.
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LOOKING BEYOND THE MAIN
INDICATORS

ACCESS AND POPULATION

Between 2000 and 2020, the global access rate increased by only about 22 percentage points, to 69 percent
(figure 2.3).

Figure 2.3 * Number of people and percentage of global population with access to clean cooking, 2000-20
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Improvements in the access rate are driven by the most populous low- and middle-income countries:
China, India, Indonesia, Brazil, and Pakistan. Figure 2.4 highlights the effects of these five countries on the
observed increase in access to clean cooking from 2010 to 2020 and the low or minimal progress in other
low- and middle-income countries. This is a stark reminder that countries already making good progress have
diminishing populations that can be converted to clean cooking. The time to address the lack of progress
elsewhere is now, or global rates will eventually stall or even decline.
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Figure 2.4 * Percentage of population with access to clean cooking globally, in five most populous low- and
middle-income countries, and all other low- and middle-income countries, 2000-20
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Number people with access to clean cooking has risen significantly (figure 2.5). However, population growth
has led to an increase in the total number of people lacking access to clean cooking—referred to here as the
“access deficit.” This number remained close to 3 billion people between 2000 and 2010. It fell to 2.4 billion
people (21-2.7) in 20204

Figure 2.5 ¢ Number of people lacking access to clean fuels and technologies, by region, 2000-20
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Source: WHO 2022.
4 Many households that primarily rely on clean fuels and technologies continue to use polluting fuels and technologies for some of their

cooking energy. For this reason, it is not clear whether exposure to household air pollution is decreasing as rapidly as the access deficit,
which only measures the population primarily relying on polluting fuels and technologies.
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The access deficit decreased consistently in Eastern Asia and South-eastern Asia since 2000 and in Central
Asia and Southern Asia since 2010. Sub-Saharan Africa remains the only region in which the number of
people without access is rising. The access deficit in Sub-Saharan Africa nearly doubled between 1990 and
2020; it rose by more than 50 percent since 2000 to 923 million (898-946) in 2020.

In 2000, more than 7 in 10 people without access lived in either Central Asia and Southern Asia or Eastern
Asia and South-eastern Asia; only 2 in 10 lived in Sub-Saharan Africa (figure 2.6). In 2020, 4 in 10 people
without access lived in Sub-Saharan Africa, as a result of decreases in the access deficit in the two Asian
regions and an alarming increase in the access deficit in Sub-Saharan Africa.

Figure 2.6 * Breakdown of global access deficit in the three largest access-deficit regions and rest of world, 2000,
2010, and 2020
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The top 20 access-deficit countries—the countries with the largest populations lacking access to clean
cooking fuels and technologies—accounted for 82 percent of the global population without access to
cleaning cooking in 2016-20 (figure 2.7).° India accounted for the largest share of the access deficit (548
million people), followed by China (352 million).

Figure 2.7 » Twenty countries with largest number of people lacking access to clean fuels and technologies
(average for 2016-20)
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In 16 of the 20 countries, less than half of the population had access to cleaning cooking; in 6 of them (the
Democratic Republic of Congo, Madagascar, Mozambique, Niger, Uganda, and Tanzania), just 5 percent or
less of the population had access. India was the largest population without access to clean cooking, but it
enjoyed the largest increase in access between 2016 and 2020, with an annual increase of 4.1 percentage
points. Other countries that experienced annual gains in access of more than 2 percentage points were
Indonesia (3.3 percentage points), Myanmar (2.3 percentage points) and China (2.1 percentage points).

The 20 countries with the lowest access rates showed little to no sign of improvement (figure 2.8). In none
of these countries did access increase by more than 0.4 percentage points, and in some countries access
decreased. All of these countries except Haiti are in Sub-Saharan Africa. These Sub-Saharan countries also
have the least finance dedicated to clean cooking (SEforAll 2021).

5 The top 20 access-deficit countries are Afghanistan, Bangladesh, China, the Democratic Republic of Congo, Ethiopia, Ghana, India,
Indonesia, Kenya, the Democratic People’'s Republic of Korea, Madagascar, Mozambique, Myanmar, Niger, Nigeria, Pakistan, Philippines,
Uganda, Tanzania, and Vietnam.
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Figure 2.8 » Twenty countries with lowest rates of access to clean fuels and technologies, average 2016-20
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URBAN-RURAL DIVIDE

Urban areas have greater access to clean cooking than rural areas, but the gap is narrowing. The percentage
of people with access to clean cooking increased by about 22 percentage points over the past 20 years.
Between 2000 and 2010, the global difference in access to clean cooking between urban and rural areas
was relatively constant, at about 50 percentage points (48-51) in 2010. In the past decade, the gap fell to 38
points (34-40) (figure 2.9).

Figure 2.9 ¢ Percentage of people with access to clean cooking in urban and rural areas, 2000-20
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Access to clean cooking rose at an annual rate of 1.8 (0.1-2.5) percentage points in rural areas and 0.5
percentage points (0.4-0.8) in urban areas. The regions with the greatest progress in rural areas were Central
and Southern Asia, with an annual increase of 3 (1-4) percentage points over the past 10 years, followed by
Eastern and South-eastern Asia (2.7 [0.5-4.5] percentage points). In Sub-Saharan Africa, the access rate in
rural areas was stagnant, with annualized increases of only 0.1 percentage points over this period. Globally,
there was a slight decrease in rural areas between 2017 and 2020 (figure 2.10). In contrast, the annual increase
in urban areas fell consistently over the past decade. Access thus accelerated in rural areas and decelerated
in urban areas. If these trends continue and population growth outpaces gains in access to clean cooking, the
proportion of the population with access to clean cooking is projected to stall and possibly decline in urban
areas.

Figure 2.10 ¢ Annual increase in access to clean fuels and technologies in urban and rural areas, 2000-20

2.5

N

//

\

\

yd
~

/  ——

|
/

Annualized increase in access to clean fuels and
technologies (percentage points)

2000 2005 2010 2015 2020

— Urban e RUT AN

Source: WHO 2022.

The wider gap in access to clean cooking in rural areas resembles that for access to electricity, although urban
access has plateaued at a much higher level (97 percent since 2016).

In low- and middle-income countries, the use of gaseous fuels for cooking increased consistently, from 36
percent (31-41) in 2000 (1.8 billion people) to 52 percent (46-58) in 2020 (3.4 billion people), overtaking
unprocessed biomass fuels as the dominant cooking fuel over the past decade (figure 2.11). Electricity is
emerging as a leading clean fuel of choice after gas. Use of electricity for cooking rose from 3 percent (2-4)
in 2000 (140 million people) to 11 percent (7-15) in 2020 (690 million people), with most of the increase
occurring in urban areas. In 2020, this value was highest in Eastern Asia and South-eastern Asia, where 25
percent (15-37) of the population (530 million people) relied mainly on electricity for cooking, compared with
only 1 percent (0.7-2.5) of the population (24 million) in Central and Southern Asia. This difference highlights
the importance of advancing integrated approaches to energy planning that take into account access to both
electricity and clean cooking.

TRACKING SDG 7: The Energy Progress Report 2022



Figure 2.11 ¢ Main cooking fuels used overall and in urban and rural areas of low- and middle- income countries,
2000-20
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Between 2000 and 2010, increases in the use of clean fuels were accompanied by steep declines in the use
of coal, particularly in rural areas, where the use of coal dropped from 11 percent (7-17) in 2000 to 1 percent
(0.1-2) in 2020. Use of kerosene decreased, particularly in urban areas, where it dropped from 8 percent (7-
10) in 2000 to 2 percent (1-3) in 2020. The use of unprocessed biomass fuels (wood, crop waste, and dung)
declined, primarily in rural areas, where use of unprocessed biomass fuels dropped from 68 percent (63-72)
in 2010 to 52 percent (45-59) in 2020.

Use of kerosene has dwindled worldwide (figures 2.13 and 2.14), but it remained prominent in urban areas of
low- and middle-income countries in both Oceania (10 percent [5-18]) and Sub-Saharan Africa (7 percent
[4-9]) in 2020. Globally, the proportion of the population relying on charcoal is low (3 percent [2-4]), but
charcoal overtook unprocessed biomass in Sub-Saharan African cities (27 percent [23-32]) in 2020.

Fuel stacking (the simultaneous use of several different fuels, remains extremely common; the statistics
presented here address only the main cooking fuel. The number of people relying exclusively on clean fuels is
therefore likely to be much smaller than the numbers cited here might imply. Analysis of all cooking fuels used
will be possible with the widespread adoption of survey questions that capture all fuels and technologies
used for cooking (World Bank and WHO 2021).
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POLICY INSIGHTS

he negative impacts associated with the lack of access to modern cooking are estimated to cost USD

2.4 trillion a year, as a result of negative externalities for health (USD 1.4 trillion), gender (USD 0.8

trillion), and climate (USD 0.2 trillion) (ESMAP 2020c¢). The cost of inaction far exceeds the annual
investment needed to achieve the universal access target.

Health is one of the largest costs associated with polluting cooking. Daily exposure to very high levels of
household air pollution puts household members, particularly women and children, at greater risk of ischemic
heart disease, stroke, chronic obstructive pulmonary disease, pneumonia, and cancers. New estimates from
the World Health Organization (WHO) show that 3.2 million deaths are attributed to household air pollution
exposure from using polluting fuels and technologies for cooking, with the greatest health losses seen in
Eastern and South-eastern Asia and Sub-Saharan Africa.

The health toll is even greater when accounting for the morbidity and disability caused by household air
pollution. Most diseases directly linked to household air pollution are chronic in nature. People with these
diseases often have symptoms that reduce the quality of their lives and limit day-to-day activities, including
employment, socialization, and schooling. As many as 82 million healthy life years are lost each year to
exposure to household air pollution, with the greatest disability experienced by women and children.

Researchers have investigated how policies to increase access to clean fuels affect gender roles and
inequalities. Some studies show that on average, households headed by women have less access to electricity
and are more likely to report the cost of the connection as the main barrier to gaining access than households
headed by men (Padam and others 2018; Koo and others 2018; Dave and others 2018; Samad and others
2019; Dubey and others 2020; Koo and others 2019; Luzi and others 2019; Pinto and others 2019; Brutinel and
others 2020). Women spend as much as twice as much time as men acquiring fuel for cooking. In Rwanda
and Cambodia, far more female-headed households use rudimentary traditional stoves than do male-headed
households; however, the opposite trend was found in Ethiopia and Nepal (Padam and others 2018; Koo and
others 2018; Dave and others 2018; Pinto and others 2019). In Uganda, women 15 and older spend an average
of 3.8 hours a day cooking, and girls spend almost 30 minutes a day doing so. Men and boys are virtually
uninvolved in cooking. Female household members in Uganda spend 3.4 hours a week acquiring cooking
fuels and preparing foods—7.5 times more than men (ESMAP 2020c¢). Use of clean cooking technologies thus
has a disproportionately large effect on women.

The global temperature rise cannot be limited to 1.5°C without reducing emissions from cooking. Greenhouse
gas emissions from unsustainable harvesting and incomplete combustion of wood fuels for cooking amount
to a gigaton of carbon dioxide (CO2) per year—about 2 percent of global emissions, on par with emissions
from aviation and shipping (Bailis, Broekhoff, and Lee 2016). Use of inefficient stoves and fuels also produces
a range of short-lived climate pollutants, such as black carbon, which has a warming impact on climate that is
460-1,500 times stronger than CO2. More than 65 countries have already included household energy or clean
cooking related goals in their Nationally Determined Contributions in the lead up to the 26th Conference
of Parties (COP26) that took place in late 2021 (Clean Cooking Alliance 2021a). The adoption at COP26 of
compacts focused on clean cooking are an encouraging step that should help the planet combat the negative
impacts of climate change. The compacts on clean cooking were among some two hundred compacts that
emerged from the High-Level Dialogue on Energy convened by the UN Secretary-General in 2021. For more
on the Dialogue, see box 1.1in chapter 1.

TRACKING SDG 7: The Energy Progress Report 2022



A coordinated multisectoral effort is needed to achieve the SDG 7 target of universal access to clean cooking
by 2030. Learning from the successes and challenges faced by countries that have attempted to design and
implement clean household energy policies is critical. The WHO’s Household Energy Policy (HEP) Repository,
developed in partnership with the Stockholm Environment Institute, serves as an online clearinghouse for
policies, regulations, and legislation affecting household energy use at the national, regional, and local levels
(WHO 2021). It includes over 100 policies or policy statements that address clean cooking from nearly 30
countries.

This source of datais complemented by the World Bank’s Regulatory Indicators for Sustainable Energy (RISE),
which evaluate countries’ clean cooking policy frameworks based on four indicators: planning, inclusiveness,
standards and labelling, and incentives to increase uptake (ESMAP 2020b). The 2019 RISE evaluation found
that eight countries with deficits in access to clean cooking (China, Ethiopia, India, Indonesia, Kenya, the Lao
People’s Democratic Republic, and Nepal) had instituted advanced policy frameworks for clean cooking since
2010; another 22 countries had made moderate progress toward clean cooking policy frameworks; and two
(Myanmar and Senegal) had addressed clean cooking in policies included in the WHO HEP Repository.

Lessons from policies assessed for both RISE and the WHO HEP Repository have demonstrated that financial
support, such as targeted subsidies, is essential for increasing access to clean household energy but that
broader efforts to encourage complete transitions to clean energy are necessary. Cross-sectoral coordination
across health, energy, gender, and climate sectors and institutional champions are key to achieving clean
cooking transitions.

Dedicated policy and financing interventions must be introduced to (a) strengthen the adoption of clean
cooking solutions by addressing affordability and market access challenges and (b) inform the investment
and decision in the clean cooking sector. The latter can be achieved by providing reliable data on consumer
preferences (demand-side) and the use of different clean cooking solutions, so that resources are allocated
to the most viable solutions. Bringing electricity and clean cooking planning closer together—through the
development of integrated energy access planning approaches as advanced by SEforAll, the Clean Cooking
Alliance, and others, for example—is also important.

Policies and programs also need to raise awareness and build robust supply chains. Lessons from the Africa
Renewable Energy Market Analysis launched by IRENA and the African Development Bank suggest that
a clean cooking policy framework should include enabling policies to support the uptake of various clean
cooking solutions, deployment policies for disseminating solutions, policies to support the integration of
the solutions into the energy system, and policies to ensure a just and inclusive transition to clean cooking
(IRENA and AfDB 2022).

What is needed to close the access gap in Sub-Saharan Africa in terms of finance? Stated briefly, governments
must make clean cooking a national priority; public finance must be better targeted to leverage and de-risk
private capital to mobilize more finance; and tracking of finance to energy access projects must be improved
to ensure that gender equality is achieved (SE4All 2022) (figure 2.13).

Some governments have plans to promote clean cooking solutions at the national level (box 21). The
government of Uganda lists promotion of an uptake and sustained use of clean, modern cooking technologies
as part of its new energy policy (Ministry of Energy and Mineral Development of Uganda 2019). The data from
SEforAll (2021) showed that there has been an increase in clean cooking financing in Uganda from USD 7.2
million in 2018 to 12.9 in 2019.

Furthermore, the potential benefits of using geospatial data platforms in the context of integrated energy
plans cannot be overstated. With the use of multiple layers of data and further geospatial modelling, the
plan can benefit from low-cost, dynamic and data-driven intelligence. One successful example of geospatial
tools that have been developed in sub-Saharan Africa is the Nigeria Integrated Energy Planning Tool, which
includes extensive geospatial functionality (Rockefeller Foundation 2022).
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Figure 2.13 ¢ Four steps to good clean cooking policy
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BOX 2.1 ¢ Allocating financing for clean cooking in Sub-Saharan Africa

Financing commitments for clean cooking are urgently needed in Sub-Saharan Africa. The Democratic Republic
of Congo, Madagascar, and Mozambique (where 96 percent of the population lacks access to clean cooking
solutions) each received less than USD 1 million in finance commitments in 2019—Iless than 1 percent of the annual
investment needed in each country. The finance flowing to clean cooking is extremely uneven. Clean cooking
finance commitments have stagnated over the last five years, falling critically short of the investment required
(SEforAll 2021).

The use of clean cooking fuels and technologies increased in most Sub-Saharan countries between 2010 and 2020
(figure B2.1.1).

Total financing commitments for clean cooking projects in Kenya were 62 percent of all committed finance
tracked in high-impact countries in 2019, down from 75 percent in 2018, as it did not receive significant finance
commitments from development finance institutions.2 Kenya received 47 percent of total 2019 high-impact country
commitments, with USD 62 million committed by commercial financiers (fund managers, private equity, and
institutional investors), directed primarily to LPG and ethanol companies. Ethiopia saw an eight-fold increase in
finance commitments compared with 2018, to over USD 7 million. Madagascar and Mozambique saw decreases in
committed finance from 2018 levels.

a. High-impact countries—which together are home to more than 80 percent of people without energy access— include Afghanistan,

Bangladesh, China, the Democratic Republic of Congo, Ethiopia, Ghana, India, Indonesia, Kenya, the Democratic People’s Republic of
Korea, Madagascar, Mozambique, Myanmar, Niger, Nigeria, Pakistan, the Philippines, Tanzania, Uganda, and Vietnam.
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Figure B2.1.1 ¢ Change in access to clean fuels and technologies for cooking in Sub-Saharan African
between 2010 and 2020, by country

Change in access to clean fuels and technologies from 2070 to 2020 (pp)
-0.1 0 0.1 0.2 0.3

Congo
Eswatini

Cote d'lvoire
Nigeria

Kenya

Cabo Verde
South Africa
Lesotho
Gabon

Togo
Namibia
Ghana
Angola
Botswana
Ethiopia
Comoros
Burkina Faso
Chad

Djibouti
Tanzania
Cameroon
Rwanda

Sédo Tomé and Principe
Mozambique
Somalia
Equatorial Guinea
Eritrea

Guinea

Niger
Mauritania -
Congo, Dem. Rep.
Sierra Leone n
Zimbabwe
Central African Republic
Benin

Burundi
Guinea-Bissau
Liberia
Madagascar
Mali

Mauritius
Seychelles
South Sudan
Uganda [
Gambia, The
Malawi
Zambia
Senegal

Source: IEA (2021d).

CHAPTER 2: Access to Clean Fuels and Technologies for Cooking



OUTLOOK

The pace with which the world is moving toward universal access to clean fuels and technologies must be
accelerated. Continuation of a business-as-usual agenda is not possible: Clean cooking fuels must be made
a top political priority, with targeted policies. The COVID-19 pandemic has exacerbated the vulnerability of
people lacking access to clean fuels and technologies and highlighted the value of women’s unpaid work
in the care economy (Clean Cooking Alliance 2021b) (box 2.2). COVID-19 also affected the access of other
vulnerable groups of people, such as refugees, to clean cooking fuels and technologies (box 2.3) The economic
crisis caused by the pandemic will affect household fuel use, in some countries reversing the progress made.
However, the crisis provides an opportunity to set new priorities; innovate policies, institutions and businesses;
and establish measures that guarantee universal clean cooking by 2030.

BOX 2.2 ¢ How has COVID-19 affected clean cooking and access to clean energy?

The lengthy lockdowns and changes in mobility and goods delivery during the COVID-19 pandemic were often
followed by periods of economic stagnation and disruptions in supply chains. In 2021, these problems deepened
inequalities in several areas, including the cooking energy sector. Lack of access to modern energy solutions
exacerbated by the pandemic is also a barrier to achieving several other SDGs, especially for the poorest and most
vulnerable populations.

Empirical evidence on the negative impact of COVID-19 on access to clean cooking is limited. Pachauri and others
(2021) conclude that as a result of the pandemic universal access may not be achieved even in 2050, hindering
progress on other SDGs, including on health, gender, inequality, and climate.

A World Bank study of Kenya (Zhang and Li 2021) illustrates how the onset of the COVID-19 pandemic and the
associated lockdown reduced mobility, raised food and fuel price, reduced household income, and increased the
number of household members at home during the day. These and other factors have had interacting effects on
cooking and fuel use. The types and amount of food cooked, the person doing the cooking, and the fuels used
have all changed to varying degrees.

Some population-based data relevant to clean cooking were collected during the pandemic. The newly established
Multiple Indicator Cluster Surveys (MICS) Plus surveying framework presented a new opportunity for data collection
through a nationally representative sample of respondents to a regular MICS survey using telephone interviews.
This methodology has proven effective in emergency settings and crises.

With the growing need to measure the impact of COVID-19, the 2021 MICS survey conducted in Mongolia (National
Statistical Office of Mongolia and UNICEF 2021) added guestions on the financial impact of the pandemic. Figure
B2.2.1 presents a snapshot of differences in clean and polluting fuel usage for cooking in 2018 (before the pandemic)
among people in Mongolia who report that their income was affected by COVID-19 and those whose income was
either not affected by the pandemic or was affected by external factors. Although the access rate to clean cooking
increased from 34.7 percent in 2018 to 37.0 percent in 2020, polluting fuel usage increased among the two poorest
quintiles. In the second-highest wealth quantile, use of polluting fuels increased from 871 percent to 90.3 percent;
among people whose income was affected by COVID, the share rose to 93.6 percent.

Intergovernmental and national policy making should accelerate the timely analysis of short- and long-term
impacts of external situations, such as COVID-19, on clean cooking.
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Figure B2.2.1 ¢ Change in access to clean fuels and technologies for cooking in Sub-Saharan African
between 2010 and 2020, by country
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Examples of innovation can be seen in some of the solutions that have captured the attention of the
investment market. Globally, the number of people using some biogas for cooking reached 125 million in 2019,
driven by national and regional bio-digestor programs in Asia and Sub-Saharan Africa (IRENA 2021, IRENA
and AfDB 2022). Electricity is increasingly being used for cooking. Cooking with electricity, even in a mini-grid
context or via solar energy, is competitive with cooking with other fuels (ESMAP 2020a). Some countries are
prioritizing electricity for cooking in place of LPG and other fossil fuels as a means to reduce costs, increase
energy security, and mitigate climate impacts. Ecuador—which has subsidized LPG since 1970—is shifting its
subsides away from LPG to clean, sustainable, and local sources of renewable electricity. Nepal is seeking
reduce reliance on LPG imports from India by promoting the use of electricity, much of which is renewably
generated, for cooking.

Achieving universal access to clean cooking would cost approximately USD 1.5 trillion over 10 years (USD
148-USD 156 billion a year). This figure is dwarfed by the benefits to health, gender, and climate, negative
externalities to which are estimated to cost USD 2.4 trillion a year (ESMAP 2020c¢). Overcoming cost challenges
is only part of the problem, however; understanding cooking practices, promoting behavior change when
possible, and adapting solutions to the way of life of consumers is key for lasting results.

Strategic policies and financial incentives will be key to recovering from setbacks caused by the COVID-19
pandemic. National governments must expand targeted policies and subsidy support to accelerate progress
toward universal clean cooking access, especially in Sub-Saharan African, where progress is critically needed.
Although some progress has been made in Africa, it is concentrated in countries with larger populations, such
as Nigeria and Kenya, and stronger government support. The population relying on polluting cooking in Sub-
Saharan Africa is growing by nearly 20 million people a year. Achieving global universal access is impossible
without tackling this trend.

Several tools are available to help countries design programs and policies that enhance clean cooking as part
of clean household energy transition efforts. The World Bank’s Clean Cooking Planning Tool is designed to
help energy planners, decision makers, program developers, and researchers visualize potential transition
pathways to universal access to clean cooking solutions by 2030. Other tools—such as SEforAll's Integrated
Energy Planning Tool and the Clean Cooking Alliance’s Clean Cooking Explorer—leverage geospatial data
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to facilitate energy planning for clean cooking. The World Health Organization’s Clean Household Energy
Solutions Toolkit includes six modules to help countries design and implement clean household energy policies
and programs to achieve the WHO air quality guidelines. It includes the Household Energy Assessment
Rapid Tool for evaluating the national household energy context and identifying key energy and health
stakeholders; the Benefits of Action to Reduce Household Air Pollution tool for assessing the costs and
benefits of different interventions that aim to reduce cooking-related household air pollution; and the Clean
Household Energy Policy and Programme Planning Guide, which provides guidance on how to identify and
develop an action plan for implementing and monitoring a clean household energy policy or program. These
and other resources can help countries determine which clean cooking interventions are the most feasible,
affordable, adoptable, and impactful to inform integrated energy planning at the national level.

BOX 2.3 e Transitioning to clean cooking in refugee camps during COVID-19

Globally, there were an estimated 72 million people refugees and internally displaced people worldwide in 2020.
Among those living in refugee camps, 88 percent use biomass for cooking (Bisaga and To 2021). Camp residents
have limited options for cooking fuels; they typically receive firewood as part of aid from humanitarian partners or
collect it from the surrounding areas. Residents who receive fuelwood allocations often must collect supplementary
firewood, as the allocations are often insufficient to satisfy all of their cooking needs.

Recognizing these challenges, several efforts have been undertaken to encourage clean fuel transitions. In Rwanda,
the Red Cross donated 3,481 cooking gas cylinders to refugees in the Mahama camp in April 2020. These cylinders
provided almost half of the 7000 households previously lacking access with the initial equipment necessary to
transition to clean fuel for cooking (UNHCR 2020). In Bangladesh, the United Nations High Commissioner for
Refugees (UNHCR) and the World Liquid Petroleum Gas Association continued a program that aimed to transition
the Rohingya refugees in Cox’s Bazaar to LPG during the COVID-19 pandemic. The program reduced demand for
firewood from 462,000 million tons (MT) a year to 37,000 MT.

Environmentally and financially sustainable models for clean cooking in humanitarian settings are urgently needed.
Policies on increasing access to clean cooking should be prioritized as part of the humanitarian agenda and more
broadly, given the critical role they play in building resilience to shocks, including epidemics and pandemics.

Source: UNHCR 2020, 2021; Bisaga and To 2021.
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METHODOLOGY

The WHO Household Energy Database contains regularly updated nationally representative household
survey data (WHO 2018) from a number of sources (table 2.1). It serves as the basis for all modelling in this
report (currently using the methods of Stoner and others 2020; and previously those of Bonjour and others
2013). The database draws on more than 1,400 surveys conducted in 171 countries (including high-income
countries) between 1960 and 2020; 21 percent of the surveys cover the years 2013-18, and around 8 percent
of the surveys cover 2016-21. Modelled estimates for low- and middle-income countries are provided only
if there are underlying survey data on cooking fuels; there are no estimates for Bulgaria, Lebanon, or Libya.

Population data are from United Nations Population Division.

Table 2.1 ¢ Sources of data on clean fuels and technology

. . Number of Share of data .
Source Producing entity countries (percent) Question asked
National statistical HHANRIE 15 e msiln Seuitee
Census agencies 109 18.8 of cooking fuel in your
9 household?
Funded by the
) Us Ager_wcy for What type of fuel does
Demographic and International :
98 16.9 your household mainly use
Health Survey (DHS) Development .
L for cooking?
(USAID; implemented
by IDF International
Living Standard
Measurement Survey, National statistical . .
i . . What is the main source of
income expenditure agencies, supported 42 7.2 eneray for cooking?
survey, and other by the World Bank oy 9
national surveys
R What type of fuel does
Multi-indicator cluster UNICEF 89 15.3 your household mainly use
survey (MICS) )
for cooking?
Survey on Global World Health 6 Ol NA
Aging (SAGE) Organization
World Health Survey \/\/or\d.HeaIth 50 8.6 NA
Organization
National surveys NA 107 18.4 NA
Other NA 79 13.6 NA

NA = not applicable.
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As household surveys are conducted irregularly and reported heterogeneously, this report used the WHO
Global Household Energy Model (GHEM) (developed in collaboration with the University of Exeter and
maintained in collaboration with the University of Glasgow) to estimate trends in household use of six fuel
types: unprocessed biomass (such as wood), charcoal, coal, kerosene, gaseous fuels (such as LPG), and
electricity.

Trends in the proportion of the population using each fuel type were estimated using a Bayesian hierarchical
model, with urban and rural disaggregation, drawing on country survey data. Smooth functions of time are
the only covariate. Estimates for “polluting” fuels (unprocessed biomass, charcoal, coal, and kerosene) and
“clean” fuels (gaseous fuels, electricity, and an aggregation of any other clean fuels, such as alcohol) were
produced by aggregating estimates of relevant fuel types. Estimates produced by the model automatically
respect the constraint that total fuel use equals 100 percent.

The GHEM was implemented using the R programming language and the NIMBLE software package for
Bayesian modelling with Markov chain Monte Carlo. Summaries can be obtained to provide both point
estimates (means) and measures of uncertainty (95 percent credible and 95 percent prediction intervals). The
GHEM was applied to the WHO household energy database to produce a comprehensive set of estimates,
together with associated measures of uncertainty, of the use of four polluting fuels and two clean fuels for
cooking, by country, for each year from 1990 to 2020. (For more details on the modelling methodology and
validation, see Stoner and others 2020; for detailed analysis of individual fuel use, se Stoner and others 2021.
The complete set of estimates can be downloaded from the WHO Global Health Observatory website.®)

Only surveys with less than 15 percent of the population reporting “missing,” “no cooking,” or “other fuels”
were included in the analysis. Surveys were also discarded if the sum of all mutually exclusive categories
reported was not within 98-102 percent. Fuel use values were uniformly scaled (divided) by the sum of all
mutually exclusive categories, excluding “missing,” “no cooking” and “other fuels.” Countries classified by the
World Bank as high income (57 countries) in the 2022 fiscal year were assumed to have transitioned to clean
household energy. They were therefore reported as having more than 95 percent access to clean fuel and
technologies; no fuel-specific estimates are reported for high-income countries. No estimates are reported
for low- and middle-income countries without data suitable for modelling (Bulgaria, Lebanon, and Libya).
Modelled specific-fuel estimates are reported for 131 low- and middle-income countries and 3 countries
with no World Bank income classification (Niue, the Cook Islands, and Republica Bolivariana de Venezuela).
Estimates of overall clean fuel use are reported for 191 countries.

Many of the point estimates provided are accompanied by 95 percent uncertainty intervals, which imply a
95 percent chance that the true value lies within the given range. Small annual changes in the point estimate
may be statistical noise arising from either the modelling process or survey variability and may therefore not
reflect real variation. The uncertainty intervals should therefore be considered when assessing changes in
access rates or the use of specific fuels.

6 https:/www.who.int/data/gho/data/themes/topics/topic-details/GHO/household-air-pollution.
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Population data from the 2018 Revision of World Urbanization Prospects were used to derive the population-
weighted regional and global aggregates. Low- and middle-income countries without data were excluded
from all aggregate calculations; high-income countries were excluded from aggregate calculation for specific
fuels.

The annualized increase in the access rate is calculated as the difference between the access rate in year 2
and year 1, divided by the number of years to annualize the value:

(Access Rate Year 2 - Access Rate Year 1) / (Year 2 - Year 1)
This approach takes population growth into account by working with the final national access rate.

Projected access rates, access deficits, and fuel use can be estimated using the GHEM. Uncertainty increases
the farther into the future estimates are calculated.

Projections are hypothetical scenarios in which no new policies or interventions (positive or otherwise) take
place, and as such are useful as baseline scenarios for comparing the effect of interventions.
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CHAPTER 3
RENEWABLES




MAIN MESSAGES

Global trend: In 2019, the global share of renewable energy sources in total final energy consumption
(TFEQO), inclusive of traditional uses of biomass, was 17.7 percent, just 0.4 percentage points higher than
the year before. Despite notable growth in renewable energy consumption over the decade between
2010 and 2019, the share of renewable sources in TFEC, excluding traditional uses of biomass, increased
by just 2.7 percentage points and represented only 11.5 percent of TFEC in 2019. This modest pace of
growth points to the importance of containing energy consumption through energy efficiency and
energy conservation. Trends differ across end uses, with the largest increase in the share of renewables
continuing to be in the generation of electricity, while the transport and heat sectors have seen much
slower progress.

Target for 2030: Ensuring access to affordable, reliable, sustainable, and modern energy for all implies
an accelerated deployment of renewable energy sources in all three conventional categories: electricity,
heat, and transport. Target 7.2 of the Sustainable Development Goals (SDG) for 2030 is “increasing
substantially the share of renewable energy in the global energy mix.” The main indicator used to assess
progress toward that target is the share of renewable energy in TFEC. While no quantitative milestone
has been set for SDG 7.2, custodian agencies assess that the current trend in the indicator is not in line
with the ambition of the target, and much faster renewable energy uptake is needed.

Electricity: Renewable electricity use grew more than 5 percent year-on-year in 2019, bringing the
share of renewables in global electricity consumption to 26.2 percent, up from 25.3 percent in 2018,
the largest share of renewables among the end-use categories. However, electricity represented only a
fifth of global TFEC in 2019. In the face of growing global demand for electricity (+1.6 percent in 2019),
consumption of nonrenewable electricity continued to grow as well (+0.4 percent in 2019), a slower pace
than for renewables but from a significantly larger base. Hydropower remains by far the largest source
of renewable electricity globally, followed by wind and solar PV, the last of which recorded the fastest
growth rate among these technologies. Together, wind and solar PV are responsible for 58 percent of the
increase in renewable electricity consumption observed over the last 10 years, and their deployment has
been accelerating.

Heat: Renewable heat consumption increased by 2.4 percent to 17.8 EJ in 2019, excluding traditional uses
of biomass." Traditional uses of biomass remained almost stable globally, accounting for more than 13
percent (23.5 EJ) of global heat consumption in that year. Overall, as global heat demand continued to
increase (+0.3 percent year-on-year), representing almost half of TFEC, the share of modern renewables
in global heat consumption remained just 10.1 percent in 2019, less than a 2-percentage point improvement
over the last 10 years.

This calculation for the heat sector does not include renewable electricity used for heating or ambient heat harnessed by heat pumps,

due to limited data availability at global scale and the difficulty of quantifying the fraction of electricity consumption used specifically for
heating.




Transport: In 2019, renewable energy used in transport grew by 7 percent to 4.4 EJ, the fifth-largest
increase recorded since 1990 and the largest since 2012. This brought the total share of renewable energy
in the sector to 3.6 percent in 2019, up from 3.4 percent in 2018. Biofuels, primarily crop-based ethanol
and biodiesel, supplied 91 percent of the total. Nevertheless, sales of electric vehicles are leading to
record increases in renewable electricity use in transport. Use grew by 0.03 EJ in 2019, nearly matching
the record single-year increase in 2018.

Regional highlights: The region where renewables constitute the largest share of the energy supply is
in Sub-Saharan Africa, but that is because traditional uses of biomass for heating and cooking are so
widespread. When only modern forms of renewable energy are counted, Latin America and the Caribbean
have the highest share of renewables in TFEC, owing to hydropower generation and to the consumption
of bioenergy in industrial processes and biofuels for transport. In 2019, 44 percent of the global year-
on-year increase in modern renewable energy consumption took place in Eastern Asia—essentially in
China—where hydropower, solar photovoltaics (PV), and wind dominated the growth.

Top 20 countries: The share of renewable energy in TFEC varies widely across countries. Between 2000
and 2019, the share of modern renewables declined in four of the top 20 energy consuming countries
despite expanding use in all. Simultaneous increases in nonrenewable energy use explain the drop in
renewables’ share. In 2019, the largest advance in the share of modern renewables was observed in Turkey
(+2.3 percentage point), owing to higher hydropower generation, followed by the United Kingdom (+1.3
percentage point), where wind power developments and the uptake of biofuels for transport played a
leading role.

Installed renewable energy generating capacity in developing countries: SDG indicator 7.B.1 tracks
installed renewable energy generating capacity in developing countries. In 2020 a record 246 watts
per capita of renewable capacity was installed, a year-on-year growth rate of 11.6 percent. In 2020, four
countries had more than 1,000 watts per capita: Bhutan (3,026), Paraguay (1,238), Uruguay (1,075), and
the Lao People’s Democratic Republic (1,022). Although growth is positive and accelerating, developing
countries are not on track to meet any of the net-zero scenarios or targets by 2030. The positive global
and regional trajectory masks the fact that the countries most in need are being left behind even within
the group of developing countries. Renewables capacity per capita grew at a compound annual growth
rate of 9.5 percent over 2015-20 for the developing world as a whole. Growth lagged in island developing
states (8.3 percent), least developed countries (5.2 percent), and landlocked developing countries (2.4
percent).

Recent trends: Despite continued disruptions in economic activity and supply chains following responses
to the COVID-19 pandemic, renewable energy developments have shown resilience in 2020. However, in
2021, annual additions of new renewable electricity capacity fell 5 percent to 257 GW. Rising commodity,
energy, and shipping prices, in addition to restrictive trade measures, increased the cost of producing
and transporting solar PV modules, wind turbines, and biofuels worldwide, heightening uncertainty about
future renewable energy projects. Getting renewable deployment back on track to reach SDG 7.2 and
7.B.1, as well as the ambitions of the Paris Agreement, will require stronger policy support for renewables
in all sectors and greater mobilization of private capital behind renewable energy projects.
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ARE WE MAKING PROGRESS?

n 2019, global consumption of renewable energy, including the traditional uses of biomass, amounted to

66.6 exajoules (EJ), following a 2.7 percent year-on-year increase. During the same period, nonrenewable

consumption increased by 0.2 percent. As a result, the share of renewables in total final energy consumption
(TFEC) reached 17.7 percent. While being the highest share recorded over the past three decades, it is not
even 2 percentage points higher than in 1990. From 2018 to 2019, modern bioenergy, wind and solar PV made
the largest contributions to the growth of renewable energy use, followed by hydropower and geothermal
energy. ?

Since 1990, the share of renewable energy in TFEC has held steady despite a 70 percent growth in global
consumption of renewable energy. Two simultaneous trends account for this seeming contradiction:
traditional uses of biomass have been slowly declining (-5 percent during 2010-19), while the use of modern
renewables—that is, excluding the traditional uses of biomass (box 3.1)—has increased almost 50 percent,
with its share of TFEC rising from 8.6 percent in 2009 to 11.5 percent in 2019 (figures 3.1 and 3.2). During 2010-
19, all renewable energy sources together accounted for less than one-quarter of the global increase in TFEC.
To achieve SDG 7 and provide access to affordable, reliable, and sustainable energy for all, a considerable
acceleration in the uptake of modern renewables will be required, along with more efficient uses of biomass
and substantial progress on energy efficiency and energy conservation.

Over the last decade, modern bioenergy saw the largest absolute increase among renewable sources,
accounting for more than a third of the increase in modern renewable energy consumption (figure 3.2).
Bioenergy’s share was as much as wind and solar PV combined, though the latter two grew the fastest.
Overall, bioenergy, including the 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 (figure 3.1).

Figure 3.1 * Renewable energy consumption and share in total final energy consumption, by technology,
1990-2019
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2 The data in this report reflect revisions from last year’s edition. Traditional uses of biomass for heat were revised downward by 0.6 EJ

(-2.5 percent) globally for 2018, with most of the change accounted for by India (-0.7 EJ, -15 percent); Nigeria (-0.14 EJ, -3 percent); China
(+0.14 EJ, +5 percent); and Liberia (+0.07 EJ, +626 percent). Global modern uses of biomass was revised upward by 0.97 EJ (+5 percent),
with India accounting for largest change (+11 EJ, +60 percent). Global geothermal heat consumption was also revised upward, by 0.2
EJ (+29 percent), mainly as a result of changes in China. The regional groupings discussed in this section follow the United Nations’ M49
regional classification (https://unstats.un.org/unsd/methodology/m49/).
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BOX 3.1 ¢ Traditional uses of biomass and modern renewables

The term “traditional uses of biomass” refers to the use of local solid biofuels (wood, charcoal, agricultural residues,
and animal dung), burned with basic technigues, such as traditional open cookstoves and fireplaces. Owing to
their informal and noncommercial nature, it is difficult to estimate the energy consumed in such practices, which
remain widespread in households in parts of the developing world. For purposes of this report, “traditional uses
of biomass” refers to the residential consumption of primary solid biofuels and charcoal in non-OECD countries.
Although biomass is used with low efficiency in OECD countries, as well—for example, in fireplaces burning split
logs—such use is not covered by the traditional uses of biomass cited in this report.

Traditional uses of biomass tend to have very low conversion efficiency (5-15 percent) which can cause local demand
to exceed sustainable supply and lead to deforestation and other negative environmental effects. In addition,
emissions of particulate matter and other air pollutants are produced. When combined with poor ventilation, the
result is indoor air pollution, which is responsible for a range of severe health conditions and is 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
on access to clean fuels and technologies for cooking).

“Modern bioenergy” can be used efficiently for electricity generation, for industrial applications, for cooking in
efficient wood and pellet stoves and boilers, and for 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.

Figure 3.2 ¢ Share of modern renewable energy and traditional uses of biomass in total final energy consumption
(left) and increase in renewable energy consumption by technology (right), world, 2009-19
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Renewable installed capacity per capita has continued to expand over the past ten years in the developing
world. The compound annual growth rate (CAGR) of 8.9 percent for the 2010-15 period increased to 9.5
percent between 2015-20, reaching 11.6 percent in 2020 (figure 3.3). Growth in recent years was driven mainly
by solar and wind, which increasingly are less expensive than the cheapest new fossil fuel option.

Figure 3.3 ¢ Renewable installed capacity per capita in developing countries (2000-20) and compound annual
growth rate for selected periods
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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 (21 percent of global TFEC
in 2019), transport (32 percent), and heat (47 percent).

The share of renewables in TFEC is the greatest for electricity, rising from 25.3 percent in 2018 to 26.2
percent in 2019 (figure 3.4). Renewable electricity accounts for almost half of the globe’s modern renewable
energy consumption and three-fifths of the year-on-year increase. The rapid increase in the penetration of
renewables in the electricity sector is driven by the continuous expansion of new capacity additions powered
by wind and solar PV.

In the heat sector, renewable sources accounted for 23.4 percent of the energy used in 2019, most of which
(13.3 percentage points) corresponds to traditional uses of biomass. The consumption of modern renewables
for heat (that is, excluding traditional uses of biomass) increased by 2.4 percent year-on-year in 2019, while
global heat demand saw a slight increase (+0.3 percent year-on-year). This progress failed to displace
nonrenewable energy used for heat, which remained steady in 2019.

The transport sector represented only 10 percent of modern renewable energy consumed globally in 2019.
It is the end-use sector with the lowest renewable energy penetration, at only 3.6 percent of final energy
consumption. Biofuels supply the great majority (91 percent) of renewable consumption in transport, but
renewable electricity use is slowly emerging, thanks to the electrification of railways and the uptake of electric
vehicles.

Figure 3.4 ¢ Renewable energy consumption and share by end use, 1990-2019
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Behind the global figure lie regional disparities (figure 3.5). Sub-Saharan Africa has the largest share of
renewable sources in its energy supply, but traditional uses of biomass represented more than 85 percent of
the renewable energy consumed in the region in 2019. Excluding traditional uses of biomass, Latin America
and the Caribbean show the highest share of modern renewable energy consumption (26 percent of TFEC
in 2019), owing to the significant use 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.

Figure 3.5 ® Renewable energy consumption and share in total final energy consumption by region, 1990 and 2019
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In 2019, 44 percent of the global year-on-year increase in consumption of modern renewable energy occurred
in Eastern Asia—essentially China—owing primarily to the deployment of hydropower and solar PV, followed
by wind (figure 3.6). With leading contributions from Germany and the United Kingdom, Europe accounted
for another 15 percent of the year-on-year growth in modern renewable energy use in 2019, despite less
favorable conditions for hydropower, owing to the development of wind power, modern bioenergy for heat
and transport, and solar PV.

Latin America and the Caribbean and Eastern Asia saw the most rapid annual advances in the share of
renewables in TFEC in 2019: +0.6 and +0.7 percentage points, respectively.
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Figure 3.6 © Year-on-year change in renewable energy consumption and in the share of renewables in total final
energy consumption, by region, 2019
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At the national level, the share of renewable sources in energy consumption varies widely depending on
resource availability, the consistency and effectiveness of regulatory frameworks, financing mechanisms and
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 highest shares of modern
renewables in their energy mix in 2019, owing to heavy reliance on hydro for electricity and bioenergy
for heat and transport (figure 3.7). China alone accounted for almost a fifth of global modern renewable
energy consumption, yet this represented less than 11 percent of its TFEC. Germany, ltaly, and the United
Kingdom achieved the largest advances in the share of modern renewables in TFEC between 2000 and 2019,
mostly through the deployment of bioenergy (in particular for heat), wind, and solar PV, and thanks to the
stabilization or decline of TFEC. In 2019, the largest increase in the share of modern renewables was in Turkey
(+2.3 percentage points), owing to higher hydropower generation, followed by the United Kingdom (+1.3
percentage points) and Germany (+1.1 percentage points). Reductions in total energy demand played a key
role in the latter two countries, together with the rapid uptake of wind power, bioenergy for heat (Germany),
and biofuels (United Kingdom).

Box 3.2 reviews renewable energy deployments in past two years, as the world economy was first disrupted
by the COVID-19 pandemic and then began to recover.
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Figure 3.7 ¢ Share of renewables in total final energy consumption, 2000 and 2019, and renewable energy
consumption, by source, in the top 20 energy-consuming countries, 2019
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Between 2000 and 2019, the share of modern renewables in TFEC declined in four 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 of the 20 (figure 3.7). From 2018 to
2019, eight of the 20 largest energy consuming countries experienced an increase in nonrenewable energy
consumption, despite growing modern renewable energy use in seven of them (figure 3.8). This highlights
the importance of containing overall consumption through energy efficiency and energy conservation, and
phasing out the use of fossil fuels to achieve higher shares of renewables in the energy mix.

CHAPTER 3: Renewables



Figure 3.8 ¢ Annual change in renewable and nonrenewable energy consumption, top 20 countries with the largest
total final energy consumption, 2019
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BOX 3.2 ¢ Accelerating renewable energy deployment in turbulent times: trends in the pandemic
recovery context

Despite continued disruptions in economic activity and supply chains following responses to the COVID-19
pandemic across the world, renewable energy developments have shown resilience. However, progress varies
across end-use sectors.

Additions of renewable electricity capacity did not set a new record in 2021. Instead, they fell from almost 270
GW in 2020 to 257 GW in 2021. Solar PV accounted for over half of all new additions (IRENA 2022a). Solar PV
and onshore wind are becoming the leading choices for renewable power additions. Renewables as a whole have
been growing, but their compound annual growth rate of just 8.7 percent since 2016 is significantly below the 12-15
percent increases through 2030 required by the net-zero scenarios and the qualitative SDG targets.

In the transport sector, following a historic decline in 2020 amid a global disruption of transport, demand for
biofuels returned to pre-pandemic levels in 2021. Expanding demand for renewable diesel in the United States and
biodiesel in Asia offset the lower ethanol demand resulting from high ethanol prices in Brazil and lower gasoline
demand in the United States.

Global modern renewable heat consumption saw an estimated 5 percent growth year-on-year in 2021, while
traditional uses of biomass increased by 1 percent. As total heat demand expanded by an estimated 3 percent over
the same period, the share of modern renewable sources in heat supply rose by only 0.2 percentage points in 2021.

In 2021, rising commodity, energy, and shipping prices raised the cost of producing and transporting solar PV
modules, wind turbines, and biofuels, creating uncertainties for future renewable energy projects. Compared with
commodity prices in 2019, investment costs for utility-scale solar PV and onshore wind were 25 percent higher
by the end of 2021 (IEA 2021b). In addition, restrictive trade measures have caused additional increases in prices
of solar PV modules and wind turbines in key markets such as the United States, India, and the European Union.
These higher prices pose challenges for small companies with limited finances, as well as for developers who won
competitive auctions anticipating continuous reductions in equipment prices. However, higher natural gas and coal
prices also contributed to improved competitiveness for wind and solar PV.
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In the transport sector, some governments—including Argentina, Colombia, Indonesia, and Brazil—have lowered
blending mandates in response to strong increases in biofuel prices, slowing development of biofuels.

Recent renewable energy deployment trends still fall short of meeting Paris Agreement climate ambitions, as
discussed in more detail in chapter 6. Getting renewable deployment on track with SDG 7.2 and 7.B.1, as well as
with the ambitions of the Paris Agreement, will require strengthened policy support in all sectors. For instance,
as renewables—including electricity, heat, biofuels, and biogas—accounted for just 11 percent of governments’
economic recovery spending on clean energy as of October 2021, governments could consider targeting more
recovery spending on renewable energy deployment and implementing additional measures to leverage private
investments.

Electricity accounted for 21 percent of the globe’s TFEC in 2019. It is the fastest-growing energy end use, as
electricity consumption has doubled over the last 23 years, with a 37 percent increase in the last decade.®

In 2019, global consumption of renewable electricity grew by more than 5 percent (+1.1 EJ) year-on-year, while
consumption of nonrenewable electricity grew 0.4 percent (+0.2 EJ). As a result, the share of renewables in
electricity generation increased by 0.9 percentage point to 26.2 percent in 2019 (figure 3.9)—currently the
highest share of all end-use categories.

Figure 3.9 ¢ Global renewable electricity consumption by technology, 1990-2019
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3 Among the largest factors driving this trend is the rapidly growing use of electricity for space cooling, with air conditioners and electric

cooling fans accounting for nearly 16 percent of global electricity consumption in buildings in 2020 (IEA 2021b).
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In 2019, wind and solar PV contributed almost 45 percent and 35 percent, respectively, of the annual increase
in renewable power generation, with most of the remaining growth from bioenergy and hydro. Accounting
for 61 percent of renewable power generation and 16 percent of total electricity generation, hydropower
remained the largest renewable source of electricity globally and in each region.

Latin America and Caribbean has the largest share of renewable sources in power generation (figure 3.10),
with hydropower alone representing 44 percent of regional electricity generation in 2019. That year, the share
of renewables in power generation grew fastest in Western Asia, where it rose by almost 3 percentage points
year-on-year to 9.5 percent of total generation. The increase was driven chiefly by hydropower development
and favorable hydrological conditions, and by the rapid growth of new solar PV capacity and the relative
stability of electricity demand. Thanks to rapidly declining costs and policy support, wind and solar PV
together accounted for almost 60 percent of the global increase in renewable electricity consumption over
the last decade. The share exceeds 80 percent in Europe and Oceania and approaches 90 percent in Northern
America.

Figure 3.10 ¢ Renewable electricity consumption and share of renewables in electricity generation by region, 1990
and 2019
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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 (e.g., Saudi Arabia) to more than 80 percent (Brazil) (figure 3.11). Brazil
and Canada have by far the highest shares owing to their large hydropower capacities. Wind and solar PV
together—i.e, nondispatchable renewables—are the largest sources of renewable electricity in Germany, the
United Kingdom, Spain, the United States, Mexico, and Korea. Their combined share in renewable power
generation ranged from 44 to 73 percent in those countries. Among the top 20 energy consuming countries,
Turkey, Germany, and the United Kingdom saw the largest growth in the share of renewables in electricity
generation, with increases of 11, 5, and 4 percentage points, respectively.
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Figure 3.11 ¢ Renewable electricity consumption by source and country, top 20 countries with the largest total final
energy consumption, 2019
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In 2019, China alone contributed more than 54 percent of the global annual increase in renewable electricity
generation (figure 3.12). Half of China’s growth came from wind and solar PV, while more than 40 percent
came from hydropower. India, Turkey, Germany, and the United States were the next largest contributors to
this growth, together contributing more than a third of it. During the same period, China was also responsible
for the largest increase in nonrenewable electricity consumption, followed by India. Together, these two
countries largely offset declines in nonrenewable electricity consumption observed elsewhere in the world.

Figure 3.12 ¢ Year-on-year change in renewable and nonrenewable electricity consumption by country, top 20
countries with the largest total final energy consumption, 2019
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INSTALLED RENEWABLE ELECTRICITY CAPACITY IN DEVELOPING
COUNTRIES

As population growth, development patterns, and evolving lifestyles drive up electricity demand in developing
countries, the phase-out of fossil fuels will require increases in renewable power generation. For the second
year, this chapter tracks progress toward SDG indicator 7.B.1, which focuses on increasing renewables-fueled
generating capacity in developing countries (in watts per capita).

Developing countries have seen a rising share of renewables in the power sector since the low point of 24.8
percent in 2007 (figure 313). * The highest share of renewables to date, 36 percent, was recorded in 2020,
with 246 watts per capita of renewable capacity installed. This is close to the world average of 36.5 percent
and the 37 percent of developed countries. The 184 GW of renewable power added in developing countries
during 2020 is 65 percent larger than the 111 GW additions of 2019 and an all-time record in renewable power
additions. These dynamics reflect the economic attractiveness and plummeting costs of renewables, among
other factors. Over 60 percent of the total renewable power generation added last year had lower costs than
the cheapest new fossil fuel option in 2020 (IRENA 2021a).

Figure 3.13 ¢ Annual installations of power capacity in developing countries, and share of renewables, 2000-20
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Source! International Renewable Energy Agency (IRENA, 2021b)

Installation of renewables-powered capacity has been accelerating over the past two decades and outpacing
population growth. The first decade of the century saw a CAGR of 4.7 percent, which was surpassed by an
8.9 percent CAGR during 2010-15. Most recently, in the 2015-20 period, the CAGR of renewable capacity
per capita stood at 9.5 percent; in 2020, the growth rate jumped to 11.6 percent (figure 3.14). Nonrenewable
additions decreased by 23 percent between 2019 and 2020—from 99.4 GW to 76.4 GW. It is not clear whether
that decrease represents an emerging trend.

4 The classification of countries included in each group follows the United Nations’ M49 regional classification (https:/unstats.un.org/
unsd/methodology/m49/).
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Across regions, growth in renewables-fueled capacity varied over the past ten years. In Eastern and South-
Eastern Asia, capacity grew from 134 to 460 watts per capita from 2010 to 2020. Much of this staggering
growth was due to additions of wind and solar power. The three countries in the region showing the most
growth are Lao PDR, China, and the Republic of Korea.

In Latin America and the Caribbean capacity increased 49 percent, from 285 to 425 watts per capita, the
chief components being wind energy (35 percent), hydropower (32 percent), and solar energy (22 percent).
Renewables-fueled capacity increased the most in Paraguay, Uruguay, and the Falkland Islands.

Western Asia and North Africa and Central and Southern Asia almost doubled their per capita capacity
during 2010-20, mostly because of solar and wind power (at 71 percent and 6.7 percent CAGR respectively).
Countries in Oceania and Sub-Saharan Africa are lagging, with per capita capacity having grown 25 percent
and 56 percent, respectively, over the period.

Figure 3.14 ¢ Growth in renewable electricity capacity per capita by technology across regions, 2010-20
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Global and regional numbers mask worrying disparities across country groups, with those most in need
lagging behind, even in comparison with other developing countries. While developing countries as a whole
expanded renewable capacity by 9.5 percent annually in the last five years, Small Island Developing States
(SIDS); Least Developed Countries (LDCs); Landlocked developing countries (LLDCs) had lower growth (8.3
percent, 5.2 percent and 2.4 percent, respectively) (figure 3.15). At current annual growth rates, it would take
LDCs and LLDCs almost 40 years and SIDS almost 15 years to reach a level of deployment similar to the
average 2020 level of developing countries.

Since 2015, SIDS have grown more dynamically than the other country groups, but even their rate of growth is
not enough to cover an ever-increasing gap between them and the rest of developing countries, which stood
at 168 watts per capita in 2020.

Much attention is needed to raise the ambition of renewable capacity deployment across regions so as not
to lock in unsustainable and polluting energy choices and create stranded assets. Closing geographic gaps
in the deployment of renewables-based capacity will require tailored policies and investment measures to
ensure a fair, just, inclusive, and comprehensive energy transition in the long-term.
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Figure 3.15 ¢ Renewable capacity per capita by special groups, 2000-20
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Following the United Nations’ High-Level Dialogue on Energy in 2021, the UN secretary-general advanced
a global roadmap of milestones toward achievement of SDG 7, including the decarbonized energy made
possible by renewable capacity (box 3.3).

BOX 3.3 ¢ A global roadmap of milestones toward renewables-powered capacity

Following the High-Level Dialogue on Energy in September 2021 (see box 11), UN Secretary General Antonio
Guterres laid out a global roadmap of milestones to a radical transformation of energy access and transition by
2030, while also contributing to net zero emissions by 2050 (UN 2021a; UN 2021b).

The roadmap emphasizes the importance of rapidly transitioning to decarbonized energy systems, noting that
deployment of renewable energy is lagging, particularly in transport, industry, and heating and cooling.

Building on a set of thematic reports, the document sets out two milestones specific to energy capacity powered
by modern renewables. The two milestones are to double capacity globally by 2025 and to triple it by 2030.

In addition, a number of compacts were announced in October 2021 on the sidelines of the dialogue. They included
private sector investment commitments amounting to 719 GW of renewables-fueled capacity as well as aspirations
for another 4,534 GW through catalytic partnerships.
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HEAT

Heat is the largest energy end use worldwide, accounting for half of global final energy consumption (176
EJ). Industrial processes are responsible for about half of the total, followed by space and water heating in
buildings. Uses in agriculture, mostly for greenhouse heating, round out the total.

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 still account for more than 13 percent (23 EJ) of global
heat consumption and even grew by 0.2 percent from 2018 to 2019 (figure 3.16), in line with growth in total
heat consumption (+0.3 percent). Excluding these traditional uses of biomass and ambient heat harnessed by
heat pumps,®> on which limited data is available, direct renewables-based heat consumption increased by 2.4
percent from 2018 to 17.8 EJ in 2019. This represented only 10.1 percent of total heat consumption, however,
less than two percentage points higher than ten years earlier.

Despite its dominant share in final energy consumption, heating receives limited policy attention and support.
Greater ambition and much stronger policy action are needed to progress toward the targets of SDG 7.1 and
SDG 7.2. Transitioning away from fossil fuels and inefficient and unsustainable uses of biomass will require
combining substantial improvements in energy efficiency, energy conservation, and materials efficiency with
rapid deployment of renewable heat technologies.

Figure 3.16 ¢ Renewable heat consumption by source and sector, 1990-2019
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Source: International Energy Agency (IEA, 2021a) and United Nations Statistics Division (UNSD, 2021).
Note: Indirect consumption of renewable heat through renewable electricity is not represented on this figure.

Bioenergy accounts for about 87 percent (15.4 EJ) of direct modern uses of renewables for heat,® following a
2.1 percent increase between 2018 and 2019, spread equally across industry and the buildings sector. Industry
is responsible for a little less than two-thirds of modern bioenergy use, most of which is concentrated in
subsectors producing biomass residues on-site such as wood, pulp and paper, and sugar and ethanol.

5 The rapid spread of heat pumps over the last 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. For lack of sufficient data, this report does not
account for it, although ambient heat can be credited as a renewable source.

6 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 harnessed by air-source heat pumps, 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 electrification of heat in the form of electric heat pumps and boilers. The buildings sector is the locus of most electricity
consumption for heat.
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Global solar thermal consumption increased by 1.2 percent in 2019, accounting for 7.8 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,
which continue to develop as a niche market. China continued its marked lead in solar thermal development,
accounting for 72 percent of global solar thermal capacity in operation and 71 percent of newly installed
capacity in 2019 (IEA-SHC, 2020). However, China’s market for solar thermal has dropped steadily since
2014 owing to reduced construction activities, phaseouts of incentives, and market competition with other
technologies, such as heat pumps and rooftop solar PV. In this context, the emerging hybrid photovoltaic-
thermal technologies could play an important role. Solar thermal cooling offers great potential to decarbonize
space cooling, especially since the greatest demand coincides with the highest solar irradiance, reducing the
load of electric air conditioners at peak times during summer months (IEA 2021c). However, solar thermal
cooling remains a niche technology.

Geothermal heat consumption grew by more than 9 percent in 2019, representing 5.4 percent (1EJ) of modern
uses of renewables for heat. About 60 percent of geothermal heat worldwide is harnessed by ground-source
heat pumps (Lund and Toth 2020). The large majority of applications are in the building sector, with bathing,
swimming, and space heating (primarily via district heating) being the most prevalent end uses. China is
responsible for four-fifths of global geothermal heat consumption, followed by Turkey and the United States,
which together account for another 10 percent. China’s growth in geothermal heat consumption in 2019
represented more than 130 percent of the global increase in geothermal heat use, more than making up for
the 7 percent year-on-year decline recorded in the United States.

Figure 3.17 ¢ Renewable heat consumption by region, 1990 and 2019
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Note: Indirect consumption of renewable energy through electricity for heat is not included in this figure.

Traditional uses of biomass are primarily concentrated in Sub-Saharan Africa and Asia (figure 3.17), with—in
descending order—Nigeria, India, China, Ethiopia, Pakistan, Democratic Republic of Congo and Indonesia
together accounting for two-thirds of global consumption (figure 3.18). Despite a slightly declining trend
since 2006, traditional uses of biomass in 2019 remain, globally, at a level similar to that of 1990. Trends
differed across regions and countries over the last decade, with significant declines in Eastern Asia, especially

TRACKING SDG 7: The Energy Progress Report 2022



in China, as well as in Indonesia and Vietnam. That improvement was partly erased on the global scale by
population-driven increases in Sub-Saharan Africa—especially in Nigeria, Ethiopia, Uganda and Democratic
Republic of the Congo, as well as in Pakistan.

The United States, China, and India together represented more than three-quarters of the global increase
in modern renewable heat consumption from 2010 to 2019. Together with Brazil, they were responsible for
46 percent of global heat demand and accounted for almost half of modern renewable heat consumption
globally in 2019. This result is shaped by the sizable 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 another quarter of global modern renewable heat consumption, owing to the deployment
of residential wood and pellet stoves and boilers (e.g., in France, Germany, Italy) and the use of biomass in
district heating (e.g., the Nordic and Baltic countries, Germany, France, Austria). In addition, although not
quantified in this report, the growing consumption of renewable electricity through electric heaters and
heat pumps in China, the United States, and the European Union contributed indirectly to renewable heat
consumption (IEA 2019).

Figure 3.18 ¢ Renewables in heat consumption in top 20 countries with the largest total final energy consumption,
2019
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Note: Indirect consumption of renewable energy through electricity for heat is not included in this figure.
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TRANSPORT

Renewable energy in transport grew by 0.27 EJ in 2019 (+7 percent), the fifth-largest annual growth in
absolute terms since 1990 and the largest since 2012 (figure 3.19). Renewable electricity expanded by 0.03
EJ, the second-largest expansion since 1990; biofuels expanded by 0.24 EJ. These advances translated into
a slight increase in the share of renewable energy in transport, which reached 3.6 percent in 2019 from 3.4
percent in 2018. However, this increase in share was not enough to contain nonrenewable energy consumption
in transport, which grew by 0.35 EJ from 2018 to 2019.

Most of the renewable energy consumed for transport in 2019 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.

The expansion of biofuels in 2019, driven primarily by country-level policies, was the largest annual increase
since 2009. Biodiesel represented about half of the increase, while biogasoline (ethanol) contributed 20
percent. More than half of the growth occurred in Brazil and Europe together—primarily ethanol growth in the
former and biodiesel growth in the latter. In Brazil, bioethanol demand grew by 10 percent from 2018 levels to
a record 32 billion litres a year. Three main factors contributed to this growth. First, domestic transport fuel
demand was 6 percent greater in 2019 than in 2018. Since Brazil's government requires ethanol blending, any
increase in gasoline demand also increases ethanol demand. Second, low international sugar prices drove
sugar mills to maximize higher-value ethanol production. Third, relatively low ethanol prices compared with
gasoline also increased domestic demand for ethanol beyond required blending levels. Because Brazil has
a large flex-fuel vehicle fleet, owners 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 by 6 percent, primarily from biodiesel growth.

Renewable electricity used in vehicles and trains grew 0.03 EJ in 2019 but still accounted for just 9 percent
of renewable energy use in transport. A good part of the growth is traceable to an expanding electric vehicle
fleet. The number of electric vehicles on the road grew from 5.1 million in 2018 to 7.1 million in 2019 (IEA
2021d). In addition, the electricity powering these vehicles is increasingly coming from renewable sources: the
renewable share of total electricity use in transport climbed from 20 percent in 2010 to 26 percent in 2019.

Figure 3.19 ¢ Biofuels and renewable electricity consumed for transport and share of renewables in total final
energy consumption for transport, world, 1990-2019
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Over the last decade, the amount of renewable energy used in transport has nearly doubled, but its share
has increased by only 1.2 percentage points. The growth is thanks to country-level policies to expand biofuels
use, electrify transport, and increase the share of renewable sources in electricity 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 just barely kept pace with
rising fossil fuel demand, which explains the small share increase. This situation highlights the need for more
holistic policy approaches that complement renewable energy uptake in transport with energy efficiency and
conservation strategies, in particular through a major modal shift toward more sustainable transport modes,
such as public transport systems and active mobility (e.g., biking, walking).

From a regional and country perspective, the United States, Brazil, and Europe account for almost 80 percent
of renewable energy used in transport, but shares are growing in other regions as well (figure 3.20). In the
United States and Brazil, biofuels—primarily crop-based ethanol and biodiesel—make up 99 percent of the
renewable energy used in transport. In Europe, by contrast, renewable electricity represents 19 percent of the
renewable energy consumed in transport. Between 2009 and 2019, policies have raised renewable shares in
transport from 3.9 percent to 5.9 percent in the United States, and from 3.3 percent to 4.9 percent in Europe.

In China, renewable energy in transport grew by nearly 70 percent between 2014 and 2019 with renewable
electricity accounting for three-quarters of the expansion. In that country, renewable electricity represented
more than half of all renewable energy used in transport in 2019, owing to electrification of transport efforts in
parallel with increasing shares of renewables in power generation, while policy support for biofuels remained
modest. In 2019, 47 percent of the global light-duty electric vehicle fleet was in China, as well as more than
a half-million electric buses. In India, biofuel support policies have more than doubled renewable energy use
in transport since 2014.

Expanding the share of renewable sources in the energy used for transport will require a combination of
policies that support biofuels (while ensuring that all feedstock supplies meet the most stringent sustainability
criteria), nonbiogenic renewable fuels, transport electrification, and renewable electricity generation, as well
as active mobility, transit efficiency (efficiency by design) and phaseouts of fossil fuels. These policies must
be steadily but rapidly increased in countries that already have them and rapidly spread to those countries
where they are not yet found.

Figure 3.20 ¢ Renewable energy consumption for transport, by source, and renewables’ share of total energy
consumed for transport, selected countries, 2009, 2014, and 2019
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In 2019, Brazil, Sweden, Albania, Norway, and Finland, all achieved renewable energy shares above 10 percent
(figure 3.21).

Figure 3.21 ¢ Top ten countries by renewable energy share in transportation, 2019
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POLICY INSIGHTS: THE ENERGY
TRANSITION AND THE HYDROGEN
FACTOR

Switching to renewables-based energy systems is one of the key conditions to address climate and energy
challenges. Yet not all sectors or industries can easily switch from fossil fuels to direct uses of renewables
or renewables-based electricity. Hard-to-electrify and therefore hard-to-abate sectors include steel, cement,
chemicals, long-haul road transport, maritime shipping, and aviation. The petrochemical industry is the major
consumer of hydrogen, most of which is produced from fossil gas and coal (IRENA 2022b).

Renewables-based hydrogen, so-called “green hydrogen”, has been receiving significant attention recently as
a solution to decarbonise these sectors. This momentum is also reflected in its increasingly prominent role in
energy scenarios (IEA 2021e; IRENA 2022¢), as well as in the growing number of over 30 countries that have
adopted or are elaborating hydrogen strategies (IRENA 2022d).

Given the potential role of green hydrogen in the energy transition and its relation to SDG 7, ensuring an
integrated policy approach is essential to inform its use, avoid unnecessary dispersion in electrifiable sectors,
guarantee the “green” nature of the molecules involved, and create an enabling environment. The rest of this
section sketches a policy framework for harnessing the potential of green hydrogen.

Green hydrogen policy making can be broken down into four pillars (IRENA 2020a).

Recently announced hydrogen strategies are the results of a long process and mark the beginning of new
waves of policies. The drafting process clarifies “why hydrogen,” “why here,” and “why now.” It then defines
how the strategy will guide research, industry efforts, and early demonstration programmmes. An early outcome
of the process is an integrated plan setting forth the activities needed to assess the potential for hydrogen,
identify the short-term actions needed to advance deployment, articulate the research areas with the highest
priority, and identify the applications where demonstration projects are most needed. The government must
set targets, present concrete policies, and evaluate their coherence with existing energy policies.

Green hydrogen is no silver bullet for all end uses, and policy makers must set clear priorities for its use.
Despite its great promise, it is just one of several possible decarbonization alternatives that must be weighed
when setting priorities.

The production, transport, and conversion of hydrogen all require energy, resources, and significant
investment (ESMAP 2020; IRENA 2020b; IRENA 2021c). As a result, its extensive use may not be in line
with the requirements of sustainable development and a decarbonized world, in which energy consumption
and capacity deployment will have to be carefully managed. In particular, the production of green hydrogen
requires dedicated renewable energy that could be used for other end uses. Indiscriminate use of hydrogen
therefore carries the danger of missed opportunities for the energy transition. In many cases, direct
electrification using renewable energy, along with energy efficiency, will be a faster and more cost-effective
solution to decarbonizing the energy system than green hydrogen.
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A central role for green hydrogen is in industrial applications where hydrogen is already used, such the
production of ammonia and methanol. The demand from these facilities is large enough to enable economies
of scale in production and infrastructure, making the shift to green hydrogen even more cost-effective
compared with distributed applications, for which distribution infrastructure can be very costly.

Inthe transport sector, the rapidly declining cost and technological improvement of batteries have made electric
vehicles an attractive solution. However, for international aviation and shipping, two transport subsectors
where fewer viable decarbonization 