
The boTTom line

Population growth and 
economic development, 
aggravated by climate change, 
will increase pressure on 
energy and water resources. 
Integrated planning can make 
the most of these two essential 
and scarce resources. Thirsty 
Energy, a World Bank initiative, 
helps countries address these 
issues and ensure sustainable 
development of both resources.

Thirsty energy: Understanding the linkages  
between energy and Water

Why is this issue important?

Water and energy are equally vital and inextricably 
linked, and integrated planning is needed to 
maximize both

Both water and energy are essential for economic activity and to 
sustain life. And both are scarce. Some 780 million of the world’s 
people lack access to improved water, while 2.5 billion, more than a 
third of the world’s population, do not have basic sanitation. Another 
third (2.8 billion people) lives in areas of high water stress (WWAP 
2012). On the energy side, more than 1.3 billion people around the 
world have no access to electricity, and 1.2 billion have unreliable 
access (IEA 2012).

Population growth and economic development, aggravated 
by climate change, will increase pressure on energy and water 
resources. Integrated planning can make the most of these two 
essential and scarce resources. Energy (mainly electricity) is needed 
to pump, treat, transport, and desalinate water. Conversely, significant 
amounts of water are needed in almost all energy generation pro-
cesses. Water is used to generate electricity in hydropower plants, of 
course, but many people are unaware that almost all thermal power 
plants (coal, nuclear, solar-thermal, geothermal, biomass, and natural 
gas combined-cycle) require large amounts of water, especially for 
cooling purposes. Water is also needed to extract, process, and 
generate fuels.

This note focuses on the water needs of the power sector.

Do power plants need all that much water?

Thermal power plants need water for cooling,  
but efficient plants and the right cooling system  
save water

Largely because of their cooling needs, thermoelectric power plants 
account for about 40 percent of the freshwater withdrawn each year 
in the United States and Europe—as much as the agriculture sector 
(USGS 2005; Rubbelke and Vogele 2011).

About 80 percent of the world’s electricity is generated in 
thermal power plants (IEA 2013). Most thermal power plants heat 
water to produce steam to drive the turbines to produce electricity.1 
The water is heated using various energy sources (coal, oil, natural 
gas, uranium, solar energy, biomass, geothermal energy) depending 
on the type of power plant, but the principle is the same. After 
passing through the turbine, the steam is cooled, usually with water 
drawn from a river, lake, or ocean and condensed to start the cycle 
again (figure 1).

Because most of the water needed in thermal power plants is 
used for cooling,2 the amount of water withdrawn and consumed by 

1 Open-cycle power plants (mainly used as peak power plants) do not use the steam cycle 
to turn turbines and thus do not require water for cooling. 
2 The other processes for which water is required include the steam cycle, ash handling, 
and flue-gas desulfurization, among others. Although these processes consume relatively little 
water, their effluents contain pollutants and should be treated before being returned to the 
water source. From a plant-level economic standpoint, therefore, such processes can incur very 
significant costs related to wastewater treatment.
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 “Largely because of 

their cooling needs, 

thermoelectric power 

plants account for about  

40 percent of the 

freshwater withdrawn  

each year in the United 

States and Europe—as 

much as the agriculture 

sector.”

the power plant depends chiefly on the type of cooling system used 
(Rodriguez and others 2013).

Once-through cooling, the simplest and cheapest system, 
requires large amounts of water but consumes a small fraction of it. 
The water is withdrawn from the water source and run once through 
the power plant (hence the name) to cool steam. The water is then 
discharged back into the source a few degrees warmer, which can 
cause thermal pollution. The withdrawal of large quantities of water 
can be harmful to fish and other aquatic organisms. Once-through 
cooling systems are more susceptible than others to drought or 
extreme heat (van Vliet and others 2012).

•	 Closed-loop systems are characterized by cooling towers 
that often are mistaken for nuclear power plants. Closed-loop 
systems withdraw much less water but consume most of it 
through evaporation. These cooling systems are more complex 
and expensive than once-through systems, but since they 
withdraw less water, they have fewer environmental effects and 
are less susceptible to drought.

•	 Dry cooling systems use air instead of water to cool steam. 
Their high cost and negative impact on plant efficiency limit  
their use.

•	 Hybrid cooling systems combine wet and dry cooling 
approaches.

Figure 1. The steam cycle in a thermal power plant

Source: Authors.
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“The system employed by 

the power plant affects 

power plant efficiency, 

capital and operating 

costs, water consumption, 

water withdrawal, and 

environmental impacts. 

Tradeoffs must be 

evaluated case by case, 

taking into consideration 

regional and ambient 

conditions and existing 

regulations.”

The system employed by the power plant affects power plant 
efficiency, capital and operating costs, water consumption, water 
withdrawal, and environmental impacts. Figure 2 illustrates the 
tradeoffs between various systems. Those tradeoffs must be eval-
uated case by case, taking into consideration regional and ambient 
conditions and existing regulations.

Among plants with the same type of cooling system, the amount 
of cooling water withdrawn and consumed is determined largely by 
the plants’ efficiency (Delgado 2012). Figure 3 illustrates the correlation 
between power plants’ water use and their efficiency (“heat rate”).

Because a new solar thermal power plant equipped with a 
given cooling system is still less efficient today than a new coal 
power plant equipped with the same system, it will require more 
water. However, it will require significantly less water than an old 
and inefficient coal power plant. This is because as power plants 

Figure 3. Correlation between water use and efficiency in 
thermal power plants

Source: Delgado 2012.

PC = pulverized coal; FGD = flue-gas desulfurization; CCS = carbon capture and storage; NGCC 
= natural gas combined cycle; IGCC = integrated gasification combined cycle.

Figure 2. Tradeoffs between different types of cooling systems

Source: Authors.
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“To compare power 

plants in terms of their 

water needs without 

specifying the type of 

cooling system they use 

and their efficiency is very 

misleading, but this has  

not stopped the media 

from reporting, for 

example, that coal power 

plants require more water 

than nuclear plants and 

less than solar thermal 

plants.”

become more efficient, less “waste heat” remains to be dissipated 
after driving the turbines. This means that the cooling requirements 
per unit of electricity produced diminish. In figure 4, the yellow arrow 
becomes bigger and the blue arrow smaller.

To compare power plants in terms of their water needs without 
specifying the type of cooling system they use and their efficiency is 
very misleading, but this has not stopped the media from reporting, 
for example, that coal power plants require more water than nuclear 
plants and less than solar thermal plants.

What about other types of plants?

other power generation technologies— 
hydropower, wind energy, and solar  
photovoltaic (PV)—vary in their water needs

Because hydropower plants use the energy of moving water to turn 
turbines and generate electricity, hydropower planners have been 
aware of the linkages between energy and water for a long time. In 
hydropower plants, water loss is due to evaporation from dammed 
water upstream from the plant. Evaporation losses vary greatly 
depending on site location, design, and operation. So-called run-
of-river hydropower plants, which store no water, have evaporative 

losses near zero. (However, unlike dammed hydropower, a run-
of-the-river site cannot be used to generate peak loads or during 
dry seasons when the flow of the river drops.) Except for losses to 
evaporation, the water that passes through hydropower plants can 
be used downstream for other purposes, such as irrigation and 
urban water supply. Hydropower dams can even increase water 
availability for downstream users when that water is needed the 
most, as during periods of drought.

In a world of severe energy shortages and increasing water 
variability, hydropower dams and their multipurpose water infra-
structure will play an expanding role in providing clean energy and in 
allocating scarce water resources. The careful planning and equitable 
use of sustainable power and water infrastructure in river basins will 
be critical in meeting the challenge posed by the linkages between 
energy and water.

Wind turbines require no water for their operation. Solar PV 
systems require minimal quantities of water for washing the solar 
panels (to maintain efficiency), but because most such systems are 
located in arid places, the water required could be scarce.

Hydropower, wind, and solar energy plants will not replace ther-
mal plants in the near future. Hydropower is location-specific—that 
is, only certain areas of the world have substantial potential. Wind 
and solar energy are intermittent and present challenges of integra-
tion into the grid. Until electricity storage becomes practical on a grid 
scale, thermal power plants will be needed to generate dispatchable 
power (except in some cases where hydropower is plentiful).

What are the challenges?

Water–energy risks will grow over time,  
but the impacts are already being felt

The private energy sector has already recognized the inherent 
tension between energy and water resources. In 2012, General 
Electric’s director of global strategy and planning stated that water 
scarcity could rule out expansion of coal power plants in China and 
India (Pearson 2012). A 2013 report on the water risks facing the 
private sector found that, of the companies surveyed, 82 percent of 
energy and 73 percent of power utility companies believe that water 
presents a substantial risk to business operations. Moreover, 59 

Figure 4. heat balance of a thermal power plant

Source: Authors.
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“In a world of severe 

energy shortages and 

increasing water variability, 

hydropower dams and 

their multipurpose water 

infrastructure will play 

an expanding role in 

providing clean energy and 

in allocating scarce water 

resources.”

percent and 67 percent, respectively, had experienced water-related 
business impacts in the past five years (CDP 2013). The 2012 UN 
Water Report, which surveyed more than 125 countries, found that 
nearly half said that the importance of water for energy was high 
or very high, compared with 9 percent that said that it was not a 
problem. The World Economic Forum has listed water scarcity as one 
of the three global systemic risks of highest concern (WEF 2014).

Given the growth of many developing countries we can antici-
pate that problems at the nexus of water and energy will increase 
as population, economic growth, and climate change intensify 
competition for water resources. In the United States, France, and 
India, power plants have down owing to the unavailability of water 
for cooling or to its high temperature (U.S. Department of Energy 
2013; Kanter 2007; NDTV 2013). Projects to build thermal power 
plants have been called into question because of their impact on 
water resources (Woody 2009). More frequent and longer droughts 
are challenging the hydropower capacity of some countries (Sirilal 
and Aneez 2012; Stanway 2011; Stauffer 2013).

What are our options?

The interdependencies of water and energy  
must be better understood and translated into 
policies and plans

There are ways to reduce the water requirements of the power 
sector—among them fostering the use of alternative cooling systems 
such as dry cooling (Maulbetsch 2004); expanding the role of wind 
and solar PV energy, which require little or no water for their opera-
tion; using alternative water sources for cooling, such as municipal 
waste water (U.S. Department of Energy 2009); exploring the use of 
multipurpose dams; improving power plant efficiency; and reusing 
waste heat (for example, to heat buildings or homes).

At a regional level, there is much to be gained by bringing 
together two sectors that traditionally have been planned and 
managed separately, understanding the trade-offs they present, and 
seeking integrated and efficient solutions consistent with sustainable 
development.

To make informed decisions and avoid irreversible conse-
quences, it will be crucial to improve our understanding of water and 

energy interdependencies. In January 2014 the World Bank launched 
the Thirsty Energy initiative, the aim of which is to help countries 
address their water and energy challenges by:

•	 Identifying synergies and quantifying trade-offs between energy 
development and water use

•	 Piloting cross-sectoral planning to ensure sustainability of energy 
and water investments

•	 Designing assessment tools and management frameworks 
to help governments coordinate decision-making and to 
mainstream water requirements into energy planning.

More information on the initiative can be found at:  
www.worldbank.org/thirstyenergy.
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THE BOTTOM LINE

where does the region stand 

on the quest for sustainable 

energy for all? in 2010, eaP 

had an electrification rate of 

95 percent, and 52 percent 

of the population had access 

to nonsolid fuel for cooking. 

consumption of renewable 

energy decreased overall 

between 1990 and 2010, though 

modern forms grew rapidly. 

energy intensity levels are high 

but declining rapidly. overall 

trends are positive, but bold 

policy measures will be required 

to sustain progress.
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Tracking Progress Toward Providing Sustainable Energy  

for All in East Asia and the Pacific

Why is this important? 

Tracking regional trends is critical to monitoring  

the progress of the Sustainable Energy for All 

(SE4ALL) initiative 

In declaring 2012 the “International Year of Sustainable Energy for 

All,” the UN General Assembly established three objectives to be 

accomplished by 2030: to ensure universal access to modern energy 

services,1 to double the 2010 share of renewable energy in the global 

energy mix, and to double the global rate of improvement in energy 

efficiency relative to the period 1990–2010 (SE4ALL 2012).

The SE4ALL objectives are global, with individual countries setting 

their own national targets in a way that is consistent with the overall 

spirit of the initiative. Because countries differ greatly in their ability 

to pursue the three objectives, some will make more rapid progress 

in one area while others will excel elsewhere, depending on their 

respective starting points and comparative advantages as well as on 

the resources and support that they are able to marshal.

To sustain momentum for the achievement of the SE4ALL 

objectives, a means of charting global progress to 2030 is needed. 

The World Bank and the International Energy Agency led a consor-

tium of 15 international agencies to establish the SE4ALL Global 

Tracking Framework (GTF), which provides a system for regular 

global reporting, based on rigorous—yet practical, given available 

1  The universal access goal will be achieved when every person on the planet has access 

to modern energy services provided through electricity, clean cooking fuels, clean heating fuels, 

and energy for productive use and community services. The term “modern cooking solutions” 

refers to solutions that involve electricity or gaseous fuels (including liquefied petroleum gas), 

or solid/liquid fuels paired with stoves exhibiting overall emissions rates at or near those of 

liquefied petroleum gas (www.sustainableenergyforall.org).

databases—technical measures. This note is based on that frame-

work (World Bank 2014). SE4ALL will publish an updated version of 

the GTF in 2015.

The primary indicators and data sources that the GTF uses to 

track progress toward the three SE4ALL goals are summarized below.

•	 Energy access. Access to modern energy services is measured 

by the percentage of the population with an electricity 

connection and the percentage of the population with access 

to nonsolid fuels.2 These data are collected using household 

surveys and reported in the World Bank’s Global Electrification 

Database and the World Health Organization’s Household Energy 

Database.

•	 Renewable energy. The share of renewable energy in the 

energy mix is measured by the percentage of total final energy 

consumption that is derived from renewable energy resources. 

Data used to calculate this indicator are obtained from energy 

balances published by the International Energy Agency and the 

United Nations.

•	 Energy efficiency. The rate of improvement of energy efficiency 

is approximated by the compound annual growth rate (CAGR) 

of energy intensity, where energy intensity is the ratio of total 

primary energy consumption to gross domestic product (GDP) 

measured in purchasing power parity (PPP) terms. Data used to 

calculate energy intensity are obtained from energy balances 

published by the International Energy Agency and the United 

Nations.

2  Solid fuels are defined to include both traditional biomass (wood, charcoal, agricultural 

and forest residues, dung, and so on), processed biomass (such as pellets and briquettes), and 

other solid fuels (such as coal and lignite). 
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THE BOTTOM LINE

where does the region stand 

on the quest for sustainable 

energy for all? The region 

has near-universal access to 

electricity, and 93 percent of 

the population has access 

to nonsolid fuel for cooking. 

despite relatively abundant 

hydropower, the share 

of renewables in energy 

consumption has remained 

relatively low. very high energy 

intensity levels have come 

down rapidly. The big questions 

are how renewables will evolve 

when energy demand picks up 

again and whether recent rates 

of decline in energy intensity 

will continue.
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Tracking Progress Toward Providing Sustainable Energy  

for All in Eastern Europe and Central Asia

Why is this important? 

Tracking regional trends is critical to monitoring  

the progress of the Sustainable Energy for All 

(SE4ALL) initiative 

In declaring 2012 the “International Year of Sustainable Energy for 

All,” the UN General Assembly established three global objectives 

to be accomplished by 2030: to ensure universal access to modern 

energy services,1 to double the 2010 share of renewable energy in 

the global energy mix, and to double the global rate of improvement 

in energy efficiency relative to the period 1990–2010 (SE4ALL 2012).

The SE4ALL objectives are global, with individual countries setting 

their own national targets in a way that is consistent with the overall 

spirit of the initiative. Because countries differ greatly in their ability 

to pursue the three objectives, some will make more rapid progress 

in one area while others will excel elsewhere, depending on their 

respective starting points and comparative advantages as well as on 

the resources and support that they are able to marshal.

To sustain momentum for the achievement of the SE4ALL 

objectives, a means of charting global progress to 2030 is needed. 

The World Bank and the International Energy Agency led a consor-

tium of 15 international agencies to establish the SE4ALL Global 

Tracking Framework (GTF), which provides a system for regular 

global reporting, based on rigorous—yet practical, given available 

1  The universal access goal will be achieved when every person on the planet has access 

to modern energy services provided through electricity, clean cooking fuels, clean heating fuels, 

and energy for productive use and community services. The term “modern cooking solutions” 

refers to solutions that involve electricity or gaseous fuels (including liquefied petroleum gas), 

or solid/liquid fuels paired with stoves exhibiting overall emissions rates at or near those of 

liquefied petroleum gas (www.sustainableenergyforall.org).

databases—technical measures. This note is based on that frame-

work (World Bank 2014). SE4ALL will publish an updated version of 

the GTF in 2015.

The primary indicators and data sources that the GTF uses to 

track progress toward the three SE4ALL goals are summarized below.

Energy access. Access to modern energy services is measured 

by the percentage of the population with an electricity connection 

and the percentage of the population with access to nonsolid fuels.2 

These data are collected using household surveys and reported 

in the World Bank’s Global Electrification Database and the World 

Health Organization’s Household Energy Database.

Renewable energy. The share of renewable energy in the energy 

mix is measured by the percentage of total final energy consumption 

that is derived from renewable energy resources. Data used to 

calculate this indicator are obtained from energy balances published 

by the International Energy Agency and the United Nations.

Energy efficiency. The rate of improvement of energy efficiency is 

approximated by the compound annual growth rate (CAGR) of energy 

intensity, where energy intensity is the ratio of total primary energy 

consumption to gross domestic product (GDP) measured in purchas-

ing power parity (PPP) terms. Data used to calculate energy intensity 

are obtained from energy balances published by the International 

Energy Agency and the United Nations.

This note uses data from the GTF to provide a regional and 

country perspective on the three pillars of SE4ALL for Eastern 

2  Solid fuels are defined to include both traditional biomass (wood, charcoal, agricultural 

and forest residues, dung, and so on), processed biomass (such as pellets and briquettes), and 

other solid fuels (such as coal and lignite). 
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Understanding CO2 Emissions from the Global Energy Sector

Why is this issue important?

Mitigating climate change requires knowledge of the 

sources of CO2 emissions

Identifying opportunities to cut emissions of greenhouse gases 

requires a clear understanding of the main sources of those emis-

sions. Carbon dioxide (CO2) accounts for more than 80 percent of 

total greenhouse gas emissions globally,1 primarily from the burning 

of fossil fuels (IFCC 2007). The energy sector—defined to include 

fuels consumed for electricity and heat generation—contributed 41 

percent of global CO2 emissions in 2010 (figure 1). Energy-related 

CO2 emissions at the point of combustion make up the bulk of such 

emissions and are generated by the burning of fossil fuels, industrial 

waste, and nonrenewable municipal waste to generate electricity 

and heat. Black carbon and methane venting and leakage emissions 

are not included in the analysis presented in this note.

Where do emissions come from?

Emissions are concentrated in a handful of countries 

and come primarily from burning coal

The geographical pattern of energy-related CO2 emissions closely 

mirrors the distribution of energy consumption (figure 2). In 2010, 

almost half of all such emissions were associated with the two 

largest global energy consumers, and more than three-quarters 

were associated with the top six emitting countries. Of the remaining 

energy-related CO2 emissions, about 8 percent were contributed 

by other high-income countries, another 15 percent by other 

1 United Nations Framework Convention on Climate Change, Greenhouse Gas Inventory 

Data—Comparisons By Gas (database). http://unfccc.int/ghg_data/items/3800.php

middle-income countries, and only 0.5 percent by all low-income 

countries put together.

Coal is, by far, the largest source of energy-related CO2 emissions 

globally, accounting for more than 70 percent of the total (figure 3). 

This reflects both the widespread use of coal to generate electrical 

power, as well as the exceptionally high CO2 intensity of coal-fired 

power (figure 4). Per unit of energy produced, coal emits significantly 

more CO2 emissions than oil and more than twice as much as natural 

gas. 
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THE BOTTOM LINE

the energy sector contributes 

about 40 percent of global 

emissions of CO2. three-

quarters of those emissions 

come from six major 

economies. although coal-fired 

plants account for just 

40 percent of world energy 

production, they were 

responsible for more than 

70 percent of energy-sector 

emissions in 2010. despite 

improvements in some 

countries, the global CO2 

emission factor for energy 

generation has hardly changed 

over the last 20 years.
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Figure 1. CO2 emissions  

by sector

Figure 2. energy-related CO2 

emissions by country
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Notes: Energy-related CO2 emissions are CO2 emissions from the energy sector at the point 

of combustion. Other Transport includes international marine and aviation bunkers, domestic 

aviation and navigation, rail and pipeline transport; Other Sectors include commercial/public 

services, agriculture/forestry, fishing, energy industries other than electricity and heat genera-

tion, and other emissions not specified elsewhere; Energy = fuels consumed for electricity and 

heat generation, as defined in the opening paragraph. HIC, MIC, and LIC refer to high-, middle-, 

and low-income countries.

Source: IEA 2012a.
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THE BOTTOM LINE

where does the region stand 

on the quest for sustainable 

energy for all? The region 

has near-universal access to 

electricity, and 93 percent of 

the population has access 

to nonsolid fuel for cooking. 

despite relatively abundant 

hydropower, the share 

of renewables in energy 

consumption has remained 

relatively low. very high energy 

intensity levels have come 

down rapidly. The big questions 

are how renewables will evolve 

when energy demand picks up 

again and whether recent rates 

of decline in energy intensity 

will continue.
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Tracking Progress Toward Providing Sustainable Energy  

for All in Eastern Europe and Central Asia

Why is this important? 

Tracking regional trends is critical to monitoring  

the progress of the Sustainable Energy for All 

(SE4ALL) initiative 

In declaring 2012 the “International Year of Sustainable Energy for 

All,” the UN General Assembly established three global objectives 

to be accomplished by 2030: to ensure universal access to modern 

energy services,1 to double the 2010 share of renewable energy in 

the global energy mix, and to double the global rate of improvement 

in energy efficiency relative to the period 1990–2010 (SE4ALL 2012).

The SE4ALL objectives are global, with individual countries setting 

their own national targets in a way that is consistent with the overall 

spirit of the initiative. Because countries differ greatly in their ability 

to pursue the three objectives, some will make more rapid progress 

in one area while others will excel elsewhere, depending on their 

respective starting points and comparative advantages as well as on 

the resources and support that they are able to marshal.

To sustain momentum for the achievement of the SE4ALL 

objectives, a means of charting global progress to 2030 is needed. 

The World Bank and the International Energy Agency led a consor-

tium of 15 international agencies to establish the SE4ALL Global 

Tracking Framework (GTF), which provides a system for regular 

global reporting, based on rigorous—yet practical, given available 

1  The universal access goal will be achieved when every person on the planet has access 

to modern energy services provided through electricity, clean cooking fuels, clean heating fuels, 

and energy for productive use and community services. The term “modern cooking solutions” 

refers to solutions that involve electricity or gaseous fuels (including liquefied petroleum gas), 

or solid/liquid fuels paired with stoves exhibiting overall emissions rates at or near those of 

liquefied petroleum gas (www.sustainableenergyforall.org).

databases—technical measures. This note is based on that frame-

work (World Bank 2014). SE4ALL will publish an updated version of 

the GTF in 2015.

The primary indicators and data sources that the GTF uses to 

track progress toward the three SE4ALL goals are summarized below.

Energy access. Access to modern energy services is measured 

by the percentage of the population with an electricity connection 

and the percentage of the population with access to nonsolid fuels.2 

These data are collected using household surveys and reported 

in the World Bank’s Global Electrification Database and the World 

Health Organization’s Household Energy Database.

Renewable energy. The share of renewable energy in the energy 

mix is measured by the percentage of total final energy consumption 

that is derived from renewable energy resources. Data used to 

calculate this indicator are obtained from energy balances published 

by the International Energy Agency and the United Nations.

Energy efficiency. The rate of improvement of energy efficiency is 

approximated by the compound annual growth rate (CAGR) of energy 

intensity, where energy intensity is the ratio of total primary energy 

consumption to gross domestic product (GDP) measured in purchas-

ing power parity (PPP) terms. Data used to calculate energy intensity 

are obtained from energy balances published by the International 

Energy Agency and the United Nations.

This note uses data from the GTF to provide a regional and 

country perspective on the three pillars of SE4ALL for Eastern 

2  Solid fuels are defined to include both traditional biomass (wood, charcoal, agricultural 

and forest residues, dung, and so on), processed biomass (such as pellets and briquettes), and 

other solid fuels (such as coal and lignite). 
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