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Foreword
Today, more than 3 billion people worldwide rely on polluting energy sources such as wood, dung and charcoal for
cooking. Almost 1 billion rely on kerosene lamps and other polluting devices to light their homes.
The health implications of this are terrible. Women inhale thick smoke for hours on end as they prepare meals for
their families and tend fires to keep the home warm. Children, the elderly and other vulnerable people also suffer
disproportionately because, like women, they spend more time in the home than men. In 2012, more than 60% of
all premature deaths from household air pollution were among women and children.
It is imperative these people have the opportunity to replace polluting fuels with clean sources of household
energy. Not only will this benefit their health, it will also advance sustainable development and reduce the emission
of climate-affecting greenhouse gases.
Unfortunately, progress towards this goal is currently far too slow. As this report highlights, the use of polluting
fuels and inefficient energy devices in the home is actually more widespread than previously estimated, with even
greater health impacts. For the first time, the authors take account of the health risks from the use of kerosene,
which is a highly polluting fuel.
They also present new data on the time-consuming and back-breaking work required to gather fuel. Most of
it is performed by women and children, who in the process are exposed to the risk of injury and violence. Girls
in households that cook with polluting fuels were found to spend 18 hours a week on average gathering fuel
compared to five hours a week in those than use clean fuels – time that could be spent in education or at play.
The health inequities that result from household air pollution are stark and tragic. It causes almost half a million
of women’s deaths each year from chronic obstructive pulmonary disease, while many more die from other
noncommunicable diseases related to household smoke. Half a million children under five die each year from
pneumonia caused by exposure to household air pollution. These women and children are killed by the everyday
act of breathing, in what should be the “safety” of their own homes.
These facts are a call to action for the global community, because household air pollution signals a missed
opportunity on a vast scale – an enormous amount of human potential lost to illness, injury, drudgery and
premature death. By replacing polluting fuels with clean sources of energy in their homes, people can lead more
healthy, productive lives. Clean fuels will allow them to meet their basic needs of cooking, heating and lighting,
while also creating and maintaining a safe living environment.
Sustainable Development Goal 7 calls for universal access to “affordable, reliable, sustainable and modern
energy” by 2030, ending energy poverty that prevents almost half of humanity from reaching its full potential.
By expanding access to clean household energy, at affordable prices, the global community can improve the health
and well-being of billions. In parallel this will advance the sustainable development agenda by creating healthy
urban environments, fighting climate change and enabling equity and gender equality.
To achieve these ends we need more comprehensive data on heating, lighting and other energy uses, and more
gender-sensitive surveys and programme design to better understand how women and girls are affected. We need
better insights into why people decide to use different types of household energy, and how access to clean energy
can benefit all members of the household. Dramatically increased investment and strategic cooperation across
sectors are required to make clean fuels more available and to make existing fuels cleaner (such as wood, charcoal
and other biomass).
The global community has the power to rid the world of household air pollution, accelerate progress across the
entire sustainable development agenda and lift a terrible burden from millions of marginalized people. A burning
opportunity now exists to extend access to clean sources of energy to every person on the planet. We should
waste no time, and spare no effort, in seizing it.

Dr. Flavia Bustreo
Assistant Director-General
Family, Women’s and Children’s Health
World Health Organization
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EXECUTIVE
SUMMARY

There is a global consensus and an ever-growing
body of evidence that expanding access to clean
household energy for cooking, heating and lighting
is key to achieving a range of global priorities,
such as improving health, gender equality, equitable
economic development and environmental
protection. In September 2015, Member States of
the United Nations (UN) adopted the Sustainable
Development Goals (SDGs), including Goal 7,
which seeks to “ensure access to affordable,
reliable, sustainable and modern energy for all” by
2030 and would be measured as the percentage
of the population relying primarily on clean fuels
and technology.
This and other important developments, such as the UN
Secretary-General’s Sustainable Energy for All (SE4All)
campaign show that prospects have never been brighter

for cleaning up air in and around the home, throughout
the world.
However, success is not guaranteed. The new analyses
stemming from the WHO Household energy database
demonstrate that progress towards the goal of universal
access remains far too slow: more than three billion
people still rely on polluting, inefficient energy systems
to meet their daily cooking needs. And too many depend
on polluting fuels and devices for heating and lighting.
These key findings, which are described below,
lead to an urgent, inescapable conclusion: the global
community must redouble its efforts to expand and
accelerate access to clean energy. In so doing, we have
an unprecedented opportunity to eliminate an
enormous health burden that currently weighs down
nearly half the world, especially its women and children,
and thereby free up a vast amount of human potential.

A young girl carries a load of biomass in Gatlang, Nepal.
Credit: Practical Action/Nigel Bruce
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Household air pollution (HAP) is driving a global
health emergency.
Household air pollution is the single most
important environmental health risk factor
worldwide. Based on estimates of solid fuel
use for cooking in 2012, exposure to HAP
causes 4.3 million premature deaths each
year. Of those deaths, 3.8 million are caused
by noncommunicable diseases (NCDs): HAP is
estimated to cause 25% of all deaths from stroke,
15% of deaths from ischaemic heart disease, 17%
of deaths from lung cancer, and more than 33%
of all deaths from chronic obstructive pulmonary
disease in low- and middle-income countries
(LMICs). HAP exposure is responsible for close to
one quarter of the disease burden from cataract,
the leading cause of blindness in LMICs.
Women and children are at a particularly high
risk of disease from exposure to HAP. Sixty
percent of all premature deaths attributed to
household air pollution occur in women and
children. Women experience higher personal
exposure levels than men, owing to their greater
involvement in daily cooking and other domestic
activities. The single biggest killer of children
aged under five years worldwide is pneumonia.
This disease cuts short almost a million young lives
each year. More than 50% of those pneumonia
deaths are caused by exposure to HAP.
HAP has other important impacts on disease and
disability. Emerging evidence links exposure to
HAP with risk for other adverse health outcomes,
such as low birth weight and stillbirths, cervical
cancer, tuberculosis, asthma, ear and upper
respiratory infections, and with nasopharyngeal
and laryngeal cancers.
Improving health in urban environments depends
in part on addressing pollution from household
fuel burning. In India, for example, new research
estimates that almost 30% of outdoor air pollution
is from household sources.

EXECUTIVE SUMMARY

1. A
 HEALTH CRISIS

2. GENDER INEQUITIES
IN ENERGY USE AND
FUEL GATHERING
Women and girls are the primary procurers and users
of household energy services, and bear the largest
share of the health and other burdens associated with
reliance on polluting and inefficient energy systems.
Owing to the considerable amount of time spent in
proximity to polluting combustion sources, women and
children are at particularly high risk of disease from
exposure to HAP. Dependence on polluting fuel and
technology combinations can also lead to other negative
health impacts that disproportionately affect women
and children, particularly girls. These include burns,
injuries, poisonings, cataracts, chronic headaches and
many other adverse outcomes. Women and girls are the
primary gatherers of fuel for cooking in most LMICs.
They face safety risks associated with fuel collection
and preparation, and significant constraints on their
available time for education, rest and productive
activities for income generation.
New analyses find that reliance on polluting fuels and
technologies is associated with significant drudgery
and time loss for children – especially girls. Data on
wood and water gathering from 30 countries show that
both boys and girls in clean fuel-using households spent
less time gathering wood or water than those from
homes cooking mainly with polluting fuels. Girls living
in households that cook mainly with polluting fuels bear
the greatest time-loss burden collecting wood or water.
Analysis of surveys from a range of African countries
shows that in households that primarily cook with
polluting fuels, there are high rates – above 70% – of
children collecting wood or water. Both boys and girls
spend a substantial amount of time in this task – but
girls are more likely to gather fuel than boys, and girls
spend more time collecting wood or water than boys
do. In most of the countries reviewed, children of both
sexes who collect wood or water spend at least 15 hours
a week on these tasks, and in some countries they spend
more than 30 hours per week.

Globally, household energy is an important
source of outdoor air pollution as well. HAP from
cooking is responsible for 12% of global ambient
fine particulate matter pollution (PM 2.5 ), and is
estimated to cause some 500 000 of the 3.9
million premature deaths each year attributable
to outdoor air pollution. Clean household energy
is therefore important for reducing the heavy
burden of disease from outdoor air pollution
as well.
Children show off solar powered lanterns that they use at night
when they do their homework for school in Tondo, Manila.
Credit: Corbis/Sherbien Dacalanio/Demotix
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3. ENERGY ACCESS IS KEY TO
SUSTAINABLE DEVELOPMENT
Expanding access to clean cooking, heating
and lighting unlocks progress across the entire
sustainable development agenda. Closing the energy
access gap is now a firmly fixed priority on the global
sustainable development agenda. Accelerating
access to clean energy presents an enormous
opportunity to make progress toward several SDGs,
and exploit the synergies currently offered by
initiatives that encompass energy, gender, health and
climate change, including SE4All, the Global Alliance
for Clean Cookstoves (GACC) and the Climate and
Clean Air Coalition (CCAC).
SDG 7 sets an ambitious target for ensuring
universal access to clean household energy
by 2030. The 2030 Agenda for Sustainable
Development reflects new understanding and
emerging consensus that household energy is
not only the province of environment and energy
ministries, but a central concern in almost every
facet of human development, from health (SDG
3) to sustainable urban environments (SDG 11)
to gender equality (SDG 5) to climate action
(SDG 13).

4. LIMITED ACCESS TO
CLEAN ENERGY
WHO’s new focus on tracking use of “polluting”
and “clean” fuels and technologies enables more
complete estimates of the health and other
impacts of household energy use. In light of the
new WHO Indoor air quality guidelines: household fuel
combustion, WHO has transitioned to a new indicator,
tracking the use of “clean” and “polluting” fuels
and technologies for cooking, heating and lighting.

The focus of the previous household energy indicator
and reporting was on “solid” fuels used as the primary
cooking fuel, as a practical surrogate for dirty fuels
used in the home. The new indicator – used to track
progress towards SDG 7 – is based on scientific
evidence of the health risks associated with the full
range of household energy end-uses beyond cooking,
including space heating and lighting.
This indicator captures the health impacts of
kerosene use, and of fuel-stove stacking – the use
of multiple fuels and devices in parallel for different
purposes. Its focus on polluting fuel and technology
combinations will enable a more complete and
accurate understanding of the scope of the
health challenge posed by HAP. It also facilitates
identification of specific opportunities for displacing
polluting cooking, lighting and heating systems and
mitigating their health impacts.
According to new analysis of data from the WHO
Global Household Energy database, around
3.1 billion people in LMICs rely on polluting fuels
and technologies for cooking. More than 50% of
households in all 128 LMICs surveyed use biomass
as their primary cooking fuel. These analyses
demonstrate that significant differences in energy
use patterns exist among the different regions,
and between urban and rural areas around the world.
According to the new analysis, over 20% of urban
households surveyed rely primarily on polluting fuels
and technologies, while the ratio is reversed in rural
areas, where around 80% rely on polluting fuels and
technologies. Survey estimates from 18 countries
in the WHO African Region show that more than
95% of all households rely primarily on biomass
for cooking. In south-east Asia, biomass is the most
common primary fuel used by households for cooking
(62%), followed by gaseous fuels (32%). These
statistics can inform specific tailored policies at the
regional, country, and subnational level to reduce
dependence on polluting cooking systems.
There is a severe lack of data on heating fuel use.
Fewer than 40 surveys provide reliable data on
primary heating fuels; only 14 were conducted in
LMICs. The available data show, however, that there
are several countries in different parts of the world
where kerosene, a polluting fuel, is an important
source of energy for space heating.

5. WIDESPREAD USE OF
POLLUTING KEROSENE
Clean and polluting fuels and technologies are often ‘stacked’
for daily cooking activites, as in this home, where a traditional
stove and LPG stove are both in use.
Credit: Jessica Lewis

X

Kerosene is a polluting fuel: WHO recommends
that governments and practitioners immediately
stop promoting its household use. New WHO
guidelines provide the first definitive guidance
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Based on extensive evidence reviews, the guidelines
are intended to help policy-makers accelerate
access to clean fuels and technologies, and advance
optimal interim technologies such as efficient
biomass-burning stoves. The indoor air quality
(IAQ) guidelines are an important tool for planning
effective energy, development and public health
policy, as they steer stakeholders away from
polluting fuels, such as kerosene and unprocessed
coal, and towards solutions that are truly clean and
beneficial for health.
New analyses show that kerosene is still widely
used for lighting in most LMICs, and in certain
countries it is also an important polluting heating
and cooking fuel. About one third of households in
LMICs depend on polluting fuels (mostly kerosene)
for lighting. In the WHO African Region, based
on the latest survey data (which cover 71% of the
population), 53% of households use kerosene and oil
lamps as their primary lighting source. In the SouthEast Asia Region – where 79% of the population was
covered by the surveys analysed – 32% of households
rely on kerosene and oil lamps as their primary
lighting source. India has more people using kerosene
for lighting than the nine next highest kerosene-using
countries combined, at almost 400 million people.
The reclassification of kerosene as a polluting
fuel changes our understanding of access to clean
energy dramatically in some countries.
For example, new analysis shows that over 80% of
households in Djibouti use kerosene as their primary
source of energy for cooking. Under the previous
indicator, Djibouti seemed close to achieving
universal access to modern energy. This new
assessment shows that the country has much further
to go before all of its citizens have access to truly
clean energy – and thereby, access to clean air.
New estimates of the burden of disease from
kerosene use in the household – based on
assessments of the relative risks and exposures
associated with its use – will be produced as part of
WHO’s burden of disease estimates.
Recent reports demonstrate that solar lighting
systems and solar lanterns are being more widely
disseminated in many LMICs. However, there are
few data available on their durability and sustained

EXECUTIVE SUMMARY

on what counts as “clean” household energy.
In November 2014, WHO issued the first-ever
health-based normative guidance for household fuel
combustion. The WHO Indoor air quality guidelines:
household fuel combustion include emissions rate
targets for fuel and stove combinations that can be
considered clean for health, and recommendations
against the use of unprocessed coal and discouraging
the use of kerosene as household fuels.

use, or on whether these technologies are being
used alongside other polluting lighting sources.

6. DATA GAPS HINDER PROGRESS
Data collection efforts must be improved to inform
effective, targeted interventions. Significant data
gaps impede global progress towards cleaning up air
in and around the home, especially in LMICs. A lack
of detailed data – on heating and lighting energy
use, on gender roles and decision-making within the
household, and on the gender-related determinants
of health inequities – makes it impossible to properly
target the use of finite resources to reduce health
risks and end energy poverty. These data gaps must
be quickly addressed. More coordinated action is
needed to develop, harmonize and deploy better
survey instruments and indicators.
Harmonized questions on household surveys are
urgently needed in order to gain a more complete
understanding of the range of health, development,
and environmental consequences of household
energy use, and to enable the comparison and
validation of data across countries. Survey
instruments must also be enhanced to capture more
detailed information on energy use for heating and
lighting, as well as on fuel stacking practices and
intra-household decision-making.
More research is needed into the adoption and
sustained use of energy interventions, including
user preferences, behaviour change and complex
factors of decision-making.
Substantial benefits for climate and the environment
could be obtained through improving access to clean
household energy. Rigorous monitoring and evaluation
is essential to track the adoption of those interventions
that are effective for improving health – and to identify
areas that need more focused efforts. The same holds
true for verifying the potential economic benefits and
climate benefits of clean household energy fuels and
technologies. International collaboration between
WHO, SE4ALL partners, UNICEF Multiple Indicator
Cluster Surveys, USAID Demographic and Health
Surveys and national statistical offices play an important
role in tracking progress toward clean energy.

7. THE NEED FOR A
GENDER-RESPONSIVE
RESEARCH AGENDA
Critical data are missing on the gender dynamics of
household energy use and the gender determinants
of related health risks.
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men. Gender statistics reflect questions, problems
and concerns related to specific issues that affect
one sex more than the other or which stem from
gender relations. Even when health data are
disaggregated by sex, many indicators do not
reflect the complex interconnections between
gender as a health determinant and the resulting
health inequities among and between women
and men. A critical first step in ameliorating
gender-based health inequities is to measure
those differences and their determinants with
gender-sensitive indicators, to provide a better
understanding of the complex interconnections
between gender and household energy.
Women gather to bake bread in a dung-fired oven in front of a
home in Zanskar, India.
Credit: Jonathan Mingle

Gender roles are major determinants of decisionmaking about energy in the household.
Adoption and sustained use of clean energy
solutions hinge on a better understanding of these
intra-household dynamics, and of sex-specific
impacts and opportunities related to involvement
in the energy value chain.
Universal energy access cannot be achieved
without more gender-responsive programmes
and policies – which in turn require better data
collection and targeted indicators. To address
the crisis of HAP, programmes and policies must
explicitly take into account the gender dynamics
influencing household decision-making, energy
acquisition and use, and livelihoods. To inform
successful interventions, we need a more robust
understanding of the interests and involvement of
both women and men when it comes to energy.
The relative power of women and men in
household decision-making is a critical and
often overlooked factor in the adoption and
sustained use of clean fuels and technologies.
Many household energy programmes, surveys,
and research studies have historically been
blind to the critical importance of gender roles,
both within the household and within societies.
Women are typically the primary acquirers and
users of energy in the home, and are the ones who
would benefit most from switching to cleaner fuels
for cooking and other uses in the home.
The relative lack of empirical evidence on
gender, household energy use and health
impacts, has impeded the development and
implementation of policies and interventions to
promote clean and safe household energy. Policymakers, health planners and those in charge of
public health programming need relevant data
to characterize the disparities in health status
between and among populations of women and

8. WHO LEADERSHIP
The health sector has an important role to play at
multiple levels in the fight to reduce HAP. Building
on the work of WHO for over a decade, there is
an enormous opportunity waiting to be seized to
improve public health around the globe, through the
development of comprehensive action plans to tackle
HAP at the national level. National governments can
reduce the burden of NCDs and childhood pneumonia
in their populations by formulating and implementing
detailed plans and policies for taking action to clean
up household air. Promising models and pilot efforts
should be identified for testing and scaling up.
Country-level strategies will need to take stock of the
emerging evidence on effective interventions, local
circumstances, including strengths of institutions and
service capacity, as well as opportunities for finance,
and delivery mechanisms. WHO provides global
tracking of household energy use (i.e. for cooking,
heating and lighting) and its health impacts through
the WHO Household energy database and the Global
Health Observatory. WHO will continue to expand
its own efforts to engage the health sector, support
planning and programme delivery at the national level,
and promote research to address critical data gaps.
WHO is increasingly focusing on working with countrylevel agencies on developing and providing specific tools
to support their development of national action plans to
address the HAP crisis.
WHO regional offices, such as South-East Asia,
have already adopted a resolution to intervene to
reduce indoor air pollution as part of their strategy to
prevent NCDs. Actors working to reduce NCDs should
engage much more actively in efforts to reduce HAP
through clean household energy interventions, in view
of the substantial impact of air pollution on NCDs and
of the high levels of exposure to air pollution in the
home. Child survival and other objectives of the Global
Strategy for Women’s, Children’s and Adolescent’s
Health, launched by the UN Secretary-General and
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9. CLIMATE BENEFITS OF CLEAN
HOUSEHOLD AIR
Reducing HAP offers an unparalleled opportunity
to realize climate and health co-benefits. Household
fuel combustion is a significant source of both
greenhouse gases and short-lived climate pollutants
such as black carbon.
Household combustion is estimated to produce
25% of global emissions of black carbon, which is
the second largest contributor to climate change
after carbon dioxide (CO2), and disrupts regional
environmental systems critical to human welfare.
As the most strongly light-absorbing component of
particulate matter, black carbon absorbs a million
times more energy per unit mass than CO2 – but
it exerts its impact over a much shorter period.

Although black carbon is a significant contributor
to global climate change, its impacts are especially
magnified on a regional scale, in areas close to the
source of emissions. Because of black carbon’s short
lifespan in the atmosphere (of the order of days to
weeks), reducing its emissions can lead to immediate
slowing of warming.
Eighty-four per cent of all black carbon emissions
from household combustion come from developing
countries. Within Asia and Africa, residential solid
fuel use accounts for 60–80% of total black carbon
emissions. Particulate emissions from kerosene are
almost 100% black carbon. Kerosene burned for
lighting is the source of 270 000 tonnes of black
carbon per year, contributing the warming equivalent
of 240 million tonnes of CO2.
Accelerating access to clean energy for cooking,
heating and lighting can have an immediate
beneficial impact in reducing local warming and
avert a significant amount of atmospheric warming
in the next few decades, as well as protecting
vulnerable systems such as the Arctic and high
mountain glaciers.

10. ACCELERATING ACTION
Encouraging progress is being made, but the current
global transition from polluting to clean household
energy use is proceeding too slowly. To date,
international and national policies, programmes and
targeted interventions have advanced solutions,
but have failed to substantially alter long-term trends.
Too many people in LMICs continue to lack access to
affordable, life-saving clean energy systems.
Several decades of research, national stove
programmes and international initiatives have yet
to lead to a significant reduction in the population
depending on polluting fuels and technologies to
meet their daily energy needs. Roughly the same
number of people today cook with polluting energy
systems as did 30 years ago. Population growth
has outstripped incremental progress in increasing
access to clean, modern energy systems. If current
trends continue, the total number of people relying
on polluting cooking energy will remain roughly the
same in 2030 as it is today. The World Bank projects
that by 2030, only 72% of the global population will
have access to modern energy services for clean
cooking – well short of the universal target by 2030.1

1

A woman spreads dung to dry for fuel in the shadow of glaciercovered peaks of the Khumbu Valley, Nepal.
Credit: Jonathan Mingle

I nternational Energy Agency (IEA) and the World Bank (2015).
Sustainable Energy for All 2015 – Progress toward sustainable
energy (June). Washington (DC): World Bank. doi: 10.1596/978-14648-0690-2.
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world leaders, alongside the SDGs in 2015, can be
advanced through targeted action to improve household
energy, which has the potential to substantially reduce
the number of pneumonia deaths and help prevent close
to half of the one million annual deaths from chronic
obstructive pulmonary disease in women caused by
HAP. Targeting household energy is a key element
of the Global Strategy for Women’s, Children’s and
Adolescent’s Health 2016–2030.

The global community must redouble its efforts,
and accelerate the pace of its response to this crisis.
The level of historical investment in technology
development for clean delivery of household energy
services is a pittance compared to the estimated
value of their potential benefits. Dramatically
expanded investment, research and development are
needed to develop breakthrough innovations in clean
household cooking, heating and lighting.
To achieve the SDG 7 target of universal access by 2030,
two parallel efforts should be continued and accelerated.
One is the ongoing project of making energy solutions
that are clean for health at the point-of-use – gas,
electricity, biogas, and others – more widely available,
especially among the poor in the developing world.

The other is the task of creating the next generation
of efficient stoves that can cleanly burn biomass fuels
– fuels that are already widely available in many parts
of the world. Supporting research and development of
such innovative, low-emissions technologies to provide
household energy services should be a top priority for
the global development agenda.
Without increased ambition and investment,
more effective targeted policies and interventions, and a
greater sense of urgency, the global community will
miss the target of universal access by 2030. And with
it, we will miss an enormous opportunity to improve
human health, slow down climate change and lift
some of the heaviest burdens from the most
vulnerable among us.

A girl in Mombasa, Kenya with the solar lantern that lets her study at night.
Credit: Corbis/Andrew Aitchison/In Pictures
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Solar panels catch the sun to power homes in Hyderabad, Pakistan.
Credit: Corbis/Rajput Yasir/Demotix
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Doratea, 5, does her homework as her lunch, consisting of corn tortillas,
is toasted on an open flame on the outskirts of Chiquimula, Guatemala.
Credit: REUTERS/Daniel LeClair
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than half of all households in
“ More
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their daily cooking needs. „
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A hot meal. A warm room. Light by which to read or
work at night.

The energy–gender–health nexus

These needs are universal. For about half of humanity,
meeting them requires paying a monthly bill, and simply
flipping a switch or turning a knob. Modern fuels and
technologies – such as gas and electric stoves, heaters
and lights – free these people to turn their own energy to
other productive pursuits.

The heaviest burdens of this widespread dependence
on polluting and inefficient energy fall on women and
children, as they are the ones who spend the most time
in and around the home, breathing in smoke from these
inefficient fires.

But for the other half, meeting those daily needs
demands far more effort, expense and exposure to risk
– especially for women and girls, who are the primary
users of household energy around the world. The heat
that cooks their rice or warms their room comes from
burning wood hauled from kilometres away, or coal
purchased with scarce income. The light cast by their
simple lamps is often fuelled by kerosene, which can be
costly and dangerous to handle.
And for these three billion people, all this burning
can turn the home – which ought to be a place of
safety and refuge – into one of the most healthdamaging environments.
Combustion of fuels like biomass, coal, and kerosene
in traditional stoves, open fires, and wick lamps can
produce large quantities of dangerous pollutants,
from carbon monoxide to particulate matter to volatile
organic compounds. In dwellings with poor ventilation,
emissions of fine particulate matter and other pollutants
can reach 100 times the levels recommended as safe by
WHO guidelines.
This household air pollution (HAP) is the single largest
environmental risk factor for health worldwide: it
caused 4.3 million premature deaths in 2012.
This global crisis is the tragic consequence of acts of
survival performed in hundreds of millions of homes
around the world every day. The health risks of HAP
are determined by, and are themselves perpetuators of,
poverty. The vast majority of these preventable deaths
occur in low- and middle-income countries (LMICs),
in households that lack access to clean alternatives or
the resources to purchase them.
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Women and children accounted for over 60% of all
premature deaths from HAP in 2012. For women
in LMICs, HAP is the single leading cause of
noncommunicable diseases (NCDs) like stroke, chronic
obstructive pulmonary disease (COPD), lung cancer and
heart disease. HAP causes over half of all pneumonia
deaths in children under the age of 5 years. Children
are also frequent victims of burns and poisonings from
accidents involving kerosene stoves and lamps.
Gender roles in the household – including who does the
cooking and other domestic work, who works outside
the home, who makes decisions about buying fuels and
appliances, and other differences in behaviours between
men and women – are major determinants of relative
health risks (WHO 2015a). Of all risk factors for human
health analysed in the most recent Global Burden of
Disease study, HAP was the second-largest overall for
women and girls. In sub-Saharan Africa, HAP exposure
was the single greatest health risk for women and girls.
For men worldwide, HAP was the fifth biggest risk
factor, after tobacco smoking, alcohol use and high blood
pressure (Lim et al., 2012).
Reliance on polluting and inefficient energy systems
imposes other heavy burdens too. In many parts of
the world, people depend on fuel that they can gather
freely, for use in traditional stoves and open fires. And in
many – although not all – societies, traditional gender
norms often assign the tasks of collecting and preparing
this fuel to women and girls. In many places, boys are
expected to earn income in the future, justifying the
time investment in their education. Consequently, girls
must stay at home, and are tasked with hauling water
and wood.
Fuel collection entails much physical effort, and exposes
women and girls to a host of risks. Those who carry
wood in large bundles on their backs or heads over
a lifetime can develop spinal conditions and chronic
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These tasks carry an enormous time cost. One recent
study across 22 African countries found that women
and girls spend an average of two hours each day just
collecting fuel (Kammila et al., 2014). The never-ending
job of feeding the stove prevents many girls from
attending school, and keeps many women from pursuing
opportunities to improve their livelihoods in ways that
could help raise themselves and their families out of
poverty. The daily tedium of collecting, processing and
then using these fuels in inefficient devices also robs
women and girls of time to spend in rest, socializing or
simple leisure – a profound benefit of modern energy
sources like gas and electricity that is often taken for
granted by the half of the world that uses them.
Many aspects of the serious health and other impacts on
women and girls – who are, in most LMICs, the primary
providers and users of energy in the household – are
not extensively studied. If these impacts are not
adequately measured, interventions designed to
alleviate them are less likely to be properly targeted
and monitored to maximize health and other benefits.
Indeed, some studies have suggested that the “slow
transition to modern energy services in some regions is,

in part, intertwined with a failure to address the gender
dimensions of energy poverty” (Pachauri & Rao, 2013).
Closing the energy access gap hinges in large part on
filling these data gaps. An urgent priority is improving
and expanding the evidence base on gender roles and
the gender-specific impacts related to energy use in the
household. Enhanced data collection efforts will inform
the development of better targeted, more effective
interventions and programmes to reduce reliance on
polluting, inefficient fuels and technologies, and thereby
advance human development on almost every front.

Energy access: a global development
imperative and opportunity
In 2016, with so many people leading lives of
unprecedented comfort and opportunity, it is
remarkable that more than three billion people still face
an impossible choice: breathe easy, or live without hot
meals, warmth and light.
Millions die each year from exposure to HAP – but it
is just as true to say that their deaths are caused by
energy poverty. Most of the people relying on these
polluting fuels and technologies live in poor, rural

Women and
children
accounted for over 60% of all
premature deaths from HAP in 2012.

A girl covers cow dung patties with hay to store them for cooking fuel on the outskirts of Lahore, Pakistan.
Credit: REUTERS/Mohsin Raza
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headaches. Out in the forest or on back roads, they are
susceptible to injuries, animal attacks and threats of
physical and sexual violence.

households in the developing world. They use these
fuels because they lack access to clean, affordable,
convenient alternatives such as electricity, gas,
biogas and other low-emission fuels and devices.

did many thousands of years ago is increasingly and
rightly regarded as unacceptable – and a fundamental
impediment to humanity’s shared aspirations for
progress and equitable development.

Because merely venting smoke outdoors can still
expose certain populations to significant levels of
pollution, what is needed most are clean solutions at
the point-of-use. Improving combustion efficiency
reduces the amount of pollution emitted from a
cooking, heating or lighting fire, and can therefore
reduce the exposure to HAP. Technologies that
provide essential energy services without any
combustion at all – such as solar-powered lightemitting diode (LED) lanterns for lighting – are the
safest of all.

Closing the energy access gap is now a firmly fixed
priority on the global sustainable development
agenda – as two recent actions amply demonstrate.
In a galvanizing, unprecedented step in May 2015,
the World Health Assembly unanimously adopted
a resolution on air pollution and health, calling for
increased cross-sectoral cooperation and the integration
of health concerns into national, regional and local air
pollution-related policies. And in September 2015,
Member States of the United Nations (UN) adopted the
Sustainable Development Goals (SDGs), including Goal
7, which seeks to “ensure access to affordable, reliable,
sustainable and modern energy for all” by 2030.

Given a choice, those who depend on polluting energy
sources would make the switch to clean fuels and
technologies, much as residents of today’s developed
countries traded coal stoves for gas burners, and oil
lamps and candles for electricity and light bulbs, almost
a century ago. But, to date, policies, programmes and
targeted interventions have largely failed to make
these life-saving technologies more widely available,
accessible and affordable in many LMICs.
This can, and must, change. This report arrives at a
moment of unprecedented awareness of the role
of household energy in enabling and contributing
to all facets of human development. The fact that
some 3 billion people still burn fuels the way humans

There has recently been a surge in momentum towards
achieving this ambitious goal. Several global initiatives
are pursuing targets for expanding clean energy use in
households. WHO and the United Nations Children’s
Fund (UNICEF)’s Global Action Plan for the Prevention
and Control of Pneumonia and Diarrhoea (GAPPD) aims
to save up to 2 million children every year from deaths
caused by those two diseases, and includes a core focus
on improving indoor air quality. The Global Alliance
for Clean Cookstoves (GACC), launched in 2011 by
the United Nations Foundation, is helping to build a
market ecosystem to deliver clean cooking solutions to
100 million households by 2020 (Cordes, 2011).

Girls gather around the tank of a household biogas system used for cooking in rural Nepal.
Credit: WHO/Heather Adair-Rohani

5

Burning Opportunity: Clean Household Energy for Health, Sustainable Development, and Wellbeing of Women and Children

A girl with a new solar light distributed by SolarAid in East Africa.
Credit: Ashden Awards

One of the three core goals of the Sustainable Energy for
All (SE4All) initiative – a multi-stakeholder partnership
between governments, the private sector and civil

These strategic partnerships and investments reflect
a new understanding of energy as a “nexus” issue,
strongly interconnected with other global priorities
such as health, gender equality, equitable economic
development and environmental protection.
Indeed, extending access to clean energy offers an
unprecedented opportunity to unlock progress on
multiple elements of the 2030 Agenda for Sustainable
Development, including poverty alleviation (SDG 1),
improved health and well-being (SDG 3), gender equality
(SDG 5), good livelihoods and economic opportunity
(SDG 8), sustainable urban environments (SDG 11),
climate action (SDG 13) and more (Figure 1).

Figure 1. Household energy connects many Sustainable Development Goals.
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society, co-chaired by the Secretary-General of the UN
and the World Bank – is focused on achieving universal
access to modern energy services for cooking, heating,
lighting and other end uses. SE4All facilitates the sharing
of best practices, scaling up of private investment,
and transparent tracking of progress towards universal
access to clean energy. Its Global Tracking Framework
(GTF) uses a multi-tiered approach to describe different
levels of access to energy, and helps diagnose and inform
interventions to move people up the “ladder” of those
tiers. In October 2013, SE4All and the World Liquid
Petroleum Gas Association announced a joint goal of
transitioning one billion people from traditional fuels to
liquefied petroleum gas (LPG).

Meanwhile, the past few years have witnessed a
surge in innovation in the household energy sector,
in terms of technology, financing and business
models. In sub-Saharan Africa, solar lanterns
and home lighting systems are spreading rapidly,
displacing dangerous kerosene lamps. From Kenya
to Nepal, emerging entrepreneurs and partnerships
are developing and disseminating affordable
clean energy solutions, based on a more nuanced
understanding of the preferences, needs and
aspirations of their intended users.

for the Prevention and Control of Pneumonia and
Diarrhoea (GAPPD). The GAPPD provides a roadmap
for national governments and their partners to
plan and implement integrated approaches for
the prevention and control of pneumonia and
diarrhoea. One of the GAPPD’s goals is to reduce
the incidence of severe pneumonia by 75% in
children less than 5 years of age compared to 2010
levels, by 2025. Multiple studies suggest that steep
reductions in HAP can significantly reduce the risk of
severe pneumonia.

Given all these developments, the prospects have
never been brighter for cleaning up indoor air
around the world. However, as the analyses in this
report demonstrate, progress still remains too slow
to achieve universal access by 2030. This leads to
one inescapable conclusion: we must leverage all
of this momentum and this moment, and redouble
our efforts to expand and accelerate access to clean
energy. By doing so, we have an unprecedented
opportunity to eliminate an enormous health burden
that currently weighs down nearly half the world,
and thereby free up a vast amount of human energy
and potential.

WHO is integrating resources for promoting clean
household energy into global child health initiatives
and decision-support tools for use by Member
States’ health ministries and other organizations.
WHO is also working with partners at country-level
survey agencies, as well as administrators of global
household surveys such as MICS, Living Standards
Measurement Studies and DHS, to develop, field
test and refine new questions about household
energy use. To date, inconsistencies in the design
of questions and responses used in various surveys
have hampered coordinated monitoring of progress
towards energy access, and comparison of data
across countries. Using harmonized indicators and
questions on national and international household
surveys will enable a more complete understanding
of the range of health, development and
environmental consequences of household energy
use. As women and girls bear most of the burden of
relying on polluting fuels, and are the primary users
of household energy, there is an especially urgent
need to collect more gender-relevant information.

WHO’s agenda to accelerate action
for clean air
Mainstreaming household energy and air quality into the
global public health agenda
WHO is advancing awareness of reducing HAP as a
core preventive public health measure on multiple
fronts, including various global forums addressing
maternal and child health issues.
A focus on HAP is an important component of the
action plan for the control of noncommunicable
diseases (NCDs) in the WHO South-East Asia
Region, where NCDs are the leading cause of
death. The action plan target is a 50% reduction
in the proportion of households where solid fuel
is used as the primary energy source for cooking.
WHO is providing technical support and research
for evaluating interventions aimed at reducing HAP,
and facilitating sharing of best practices among the
Region’s Member States. Reducing HAP is also a key
element of the Every Woman, Every Child campaign
launched by UN Secretary-General Ban Ki-moon
in 2010, which aims to intensify international and
national action to alleviate the health risks for
women and children around the world. Its goals
include reducing by one third premature mortality
from NCDs in women, children and adolescents by
2030. Improving indoor air quality is also one of
the five key strategies for preventing pneumonia in
children laid out in the Integrated Global Action Plan
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In order to develop and refine indicators and
survey questions along these lines, in October
2015 WHO convened a meeting of experts in data
collection on household energy, survey design and
implementation, gender indicators, health and
livelihood impacts, representatives from statistical
bureaus in various countries, and representatives
from the World Bank, the Global Alliance for Clean
Cookstoves and other international institutions.
Valuable progress was made towards developing
a detailed set of harmonized indicators and survey
questions on household energy use and health
impacts. In the wake of the meeting, field testing of
recommended survey questions is being conducted
in several countries, including Ghana and Belize.
WHO is also supporting efforts to build the capacity
of local researchers and public health practitioners to
measure exposure and health outcomes, and assess
the efficacy of various interventions. This will
inform the finalization of questions and modules
for use in relevant national and global household
surveys, and possibly in other monitoring efforts,
including the Global Tracking Framework of the
SE4ALL initiative. These updated survey tools will
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Purpose of report: informing action
This report addresses some key questions:
 What do we know about the current state of access
to clean and polluting fuels and energy devices in
households in the developing world?
 What do we know about the specific health and
other impacts of reliance on clean and polluting
fuels, respectively, for women and children?
 Where are the data gaps? What are the areas –

such as fuel use for space heating or time spent
collecting fuel – where better empirical evidence
is needed?
 How can we collect more accurate, detailed, useful
data to inform policies and interventions to work
towards achieving universal access to clean, safe,
modern energy by 2030?
Drawing on the most up-to-date data from the WHO
Global Household energy database and nationally
representative surveys, this report offers a snapshot
of the current energy access situation in LMICs.
Whereas previous analyses have focused almost
exclusively on “solid fuel” use for cooking, this report
includes a comprehensive analysis of access to
energy, fuels and technologies for cooking, heating
and lighting (see Box 1).

An Afghan girl carries home a new gas stove.
Credit: REUTERS/Fayaz Kabli
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reflect the new SDG indicator’s focus on “clean
fuels and technologies”, and help capture a more
complete picture of different energy activities in
the household.

BOX 1 – Benchmarks for better burning
New indicators to track clean energy progress
To effectively track progress in improving health and
reducing poverty, indicators that help us make meaningful
and accurate measurements and estimates are essential.
So how should we measure progress toward the universal
clean energy access target of SDG 7?
During the Millennium Development Goal era,
the household energy indicator used in large-scale
surveys and monitoring efforts was “percentage of
population with primary reliance on solid fuels for
cooking”. Since most demographic surveys include some
questions on “primary” fuels used, this was a practical
proxy on which to base estimates of the health risks of
exposure to HAP. But new evidence has demonstrated
the serious limits of this indicator. Measuring use of
“solid fuels” for cooking alone does not capture the
full range of health and other impacts from polluting
household energy sources, nor does it allow for new
innovations in efficient biomass-burning technologies to
be considered as a healthy household energy solution.
In October 2015, the International Working Group of the
SDG Intra-Agency Expert Group (IAEG) recommended
a new indicator to track progress towards SDG 7 –
“percentage of population with primary reliance on clean
fuels and technologies at the household level” where
“clean” is defined by the recommendations included
in the WHO Guidelines for indoor air quality: household
fuel combustion (See Box 2). Following the IAEG review,
which includes the recommended disaggregation of all
indicators (by sex, rural/urban, and other categories),
the indicator will be submitted to the UN Statistical
Division for final approval in March 2016. WHO has
accordingly transitioned to using the categories of “clean”
and “polluting” fuels and technologies in its monitoring
and reporting of rates of energy access, in addition to its
regular reporting on the percentage of the population
primarily relying on solid fuels.
This new indicator expands the end uses considered
beyond cooking to include heating and lighting – both
significant sources of HAP. It focuses on fuel–technology
combinations, since real combustion performance and
emissions depend on the interaction of fuel and device,

Building on WHO’s recently issued Indoor air
quality guidelines: household fuel combustion
(see Box 2), this report also presents and
summarizes new aggregated data on the health
impacts of exposure to HAP, as well as other
risks associated with the use of polluting sources
of energy in the home, such as those related
to fuel collection. It highlights the gaps in our
understanding of the implications of household

9

not just on the particular fuel used. For example, burning
a “modern” fuel like liquefied petroleum gas in the wrong
stove can produce significant amounts of pollution.
Likewise, processed biomass fuels like pellets and
briquettes can burn relatively cleanly in stoves designed
for their use, but burn incompletely in traditional stoves.
It also reflects new understanding of the health risks
associated with the use of kerosene, a nonsolid but
nevertheless polluting fuel. And it enables tracking of
intermediate progress in the development and adoption
of transitional technologies such as high-efficiency
biomass cookstoves, which – if demonstrably clean –
can improve health outcomes while using a potentially
renewable energy resource.
As a binary indicator, this indicator remains an imperfect
proxy – a useful but inherently limited tool. Like most
indicators, it represents a compromise, balancing the
imperative of capturing more detailed information
on the full range of energy end uses in the household,
with more pragmatic considerations, such as the
feasibility of conducting surveys and eliciting reliable
information from respondents about their everyday use
of different fuels and devices. Indeed, use of the word
“primary” itself is a compromise, as “secondary” fuels and
technologies can be major sources of pollution. There
are other drawbacks too. This indicator cannot yield
information about the gendered nature of the impacts
and decision-making related to household energy
use. It cannot capture trends in sustained adoption or
detailed information about the availability, affordability
and reliability of various technologies and fuels in
different settings. Other indicators and survey modules
must be developed and used to track these other critical
aspects of household energy use.
Despite these limitations, the new benchmarks
represent a significant step forward, reflecting the new
understanding that focusing on fuels for cooking alone
is inadequate to generate an accurate picture of all the
burning that takes place in and around the home, of the
resulting pollution and exposures, and of the health
consequences for billions of people.

energy use for the health and livelihoods of
women and girls, and identifies areas that are
systematically under-measured and underrepresented in the design, implementation and
monitoring of energy access interventions.
It also suggests ways to address these gaps,
through improved data collection to inform
effective policies at the global, national,
and subnational levels.
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indicators for tracking progress on SDGs for energy,
gender and health.
In summary, this report sheds new light on where and
how progress is being made, and where, as a global
community, we are falling short of the effort and
investment required to provide clean energy to all
by 2030.
INTRODUCTION

The report also summarizes evidence of the climate
impacts of HAP, and the opportunities for realizing
health and climate co-benefits through expanding
access to clean energy. Finally, the report notes the
need for improved, harmonized survey methodology
to measure and track progress towards goals,
and reviews and recommends changes in related

Women in Zanskar, India comb the mountainsides for yak, cow and sheep dung to use as fuel for cooking and heating.
Credit: Jonathan Mingle

Burning Opportunity: Clean Household Energy for Health, Sustainable Development, and Wellbeing of Women and Children 10

BOX 2 – WHO guidelines for indoor air quality:
household fuel combustion
New standards for clean burning in the home
For decades, household energy experts, researchers
and policy-makers focused on developing and
disseminating so-called “improved” stoves to
deliver health and environmental benefits. But what
does “improved” mean? “Improved” relative to
what, and based on what criteria? And how low do
reductions in pollution from stoves and other devices
need to go to achieve meaningful health benefits?
A lack of clarity on these questions, borne of a lack
of standard protocols for cookstoves and other
household energy devices, has frustrated efforts
to promote solutions that achieve measurable
improvements in health. Cleaning up indoor air is
impossible without a clear definition of what is “clean”
at point-of-use.
In November 2014, WHO issued its first ever
Guidelines for indoor air quality: household fuel

combustion. Based on exhaustive evidence reviews of
the health impacts of HAP, these guidelines specify
absolute and interim targets for emissions rates for
carbon monoxide and fine particulate matter from
household fuels and energy devices. They also include
recommendations against the use of unprocessed
coal for cooking and heating, and against the
use of kerosene. These fuels are simply too dirty
and dangerous to burn. WHO recommends that
governments and practitioners immediately stop
promoting their use.
The WHO IAQ guidelines for household fuel
combustion provide the technical basis for
developing a common terminology for describing
and communicating the performance of “clean”
cooking and other energy systems – a critical
step for improving the performance of currently
available technologies.

Cornmeal cooks for breakfast in La Loma, in the eastern Seibo province, Dominican Republic.
Credit: REUTERS/Ricardo Rojas
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in line with WHO-recommended limits– can be an
important step towards cleaning up indoor air. These
targets accordingly offer a benchmark by which to
measure incremental progress towards healthy, clean
household environments (Figure 2).

Figure 2. Hypothetical scenarios for rates of transition from traditional biomass use to
low-emissions biomass and clean fuels across different groups

2015

2020

2025

2030

Urban and
peri-urban

Rural

Rural poor

Traditional biomass

Low emission biomass

Clean fuel

Note: This figure shows the anticipated role for low-emission biomass stoves in rural areas before a transition to clean fuels.
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access to clean, safe and efficient household energy.
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WHO GUIDELINES FOR INDOOR AIR QUALITY

An “improved” stove may perform better in terms of
fuel efficiency over the baselineWHO
of GUIDELINES
a traditional
stove,
FOR INDOOR AIR QUALITY
but it may not produce low enough emissions at Executive summary
point-of-use to result in meaningful
health
benefits.
Well into the
21st century, almost
3 billion of the world’s poorest
people still rely on solid fuels (wood, animal dung, charcoal, crop
wastes and coal) burned in inefficient and highly polluting stoves for
So what is the difference between
“improved”
cooking an
and heating,
resulting in some 4 million premature deaths
among children and adults. Together with widespread use of kerosene
and lamps, these household energy practices also cause many
stove and a “clean” stove? Quitestoves
simply,
anyfromdevice
deaths
and serious injuries
scalds, burns and poisoning. Use of
solid fuel stoves for heating in more developed countries is also
common and contributes significantly to air pollution exposure. Air
– whether it uses a more modern
fuel
suchfuelascombustion
gas or
pollution
from household
is the most important
global environmental health risk today.
electricity, or a forced-draft stove
that burns biomass
Building on existing WHO indoor air quality guidelines for specific
pollutants, these guidelines bring together the most recent evidence
on fuel use, emission
exposure
levels,with
health risks, intervention
– is considered “clean” if its emissions
areandin
line
impacts and policy considerations, to provide practical recommendations
to reduce this health burden. Implementation of these recommendations
will
also
help
secure
additional
benefits
to
society,
development and
the WHO guidelines (See Annexthe 3).
environment – including climate benefits that will result from wider

HOUSEHOLD FUEL

COMBUSTION
Executive Summary
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The guidelines also offer intermediate targets that
recognize the challenge, in many settings, of making
the “leap”, all at once, from polluting to clean fuels
and technologies. Better biomass-burning stoves –
while not yet able to deliver emissions reductions

A girl cooks dinner for her family by candlelight in a makeshift shelter in Palo Leyte, Philippines.
Credit: REUTERS/Athit Perawongmetha
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Household air pollution is an
“emergency
demanding urgent,
coordinated action on multiple levels:
hearth, home, country and planet.
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THE HEALTH IMPACTS OF
HOUSEHOLD AIR POLLUTION

The human health toll of HAP is, by any measure
or comparison, staggering. It is a global disaster
unfolding quietly, on a daily basis, around the globe.

How household air pollution
damages human health

A woman, who is the primary cook in her household, takes
a spirometry test to measure her lung function in a clinic in
Odisha, India.
Credit: Jessica Lewis

Fine particles, carbon monoxide, methane, carcinogenic
polyaromatic hydrocarbons (PAH), volatile organic
compounds (and many other substances) can all be
found streaming out of a hearth fire or stove, in different
quantities. And all are toxic to human beings in different
ways, and to varying degrees.
Of these, the pollutant most commonly and robustly
associated with health impacts is particulate matter
(PM). Although it is difficult to identify the precise
mechanisms by which PM damages human health,
numerous studies have demonstrated a direct
relationship between exposure to PM and adverse
outcomes such as inflammation and oxidative stress.

Generally, the smaller the particle, the more dangerous
it is. Coarser particles (such as dust or pollen) tend to be
captured in the nasal cavity, upper airways or thoracic
cavity. Smaller-diameter particles (PM2.5 or smaller) can
reach deeper into the smaller airways of the body and
deposit on the alveoli – the tiny sacs in the lungs where
oxygen exchanges with carbon dioxide in the blood
(Figure 3). (The burden of disease estimates are based
on the exposure–response functions for exposure to
PM2.5 , or particulate matter less than 2.5 microns in
diameter.) There is less conclusive evidence about the
impacts of ultrafine particles (one micron in diameter
or less), but their ability to penetrate into tissues and
organs suggests they are likely to pose an even greater
risk of systemic health impacts. In addition to particle
size, chemical composition, concentration and surface
area are also important factors.
Black carbon is a fine particulate produced by
household fuel combustion. Some recent studies
suggest that it may also be a better indicator than
PM2.5 of the entire bundle of toxic particles emitted
from an inefficient fire. Several health studies
have found that black carbon is associated with a
7–10-times higher risk per microgram per cubic
metre than PM2.5 (Kinney, 2015). More research
is needed, but some studies suggest that black
carbon is a better indicator of cardiovascular effects
than other forms of PM. One possible reason may
be that black carbon rarely travels alone: other
toxic chemicals can “piggyback” on it. (See Climate
Benefits section for a discussion of black carbon’s
climate impacts.)
Because HAP is a complex, ever-changing stew of
particles, gases and other chemical compounds, it is
difficult to differentiate and pinpoint the precise impacts
of individual constituents. The specific ways in which
pollutants produced by household combustion affect
specific systems in the body demand much further study.
Short-term exposure to high levels of pollution probably
results in different adverse outcomes than long-term,
chronic exposure to low concentrations. But regardless
of the uncertainty surrounding specific mechanisms,
there is robust epidemiological evidence that exposure
to HAP is a significant health risk, in both the near and
the long term.
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SMOKY HOMES
Household air pollution threatens
the most vulnerable

Disease burden in numbers
According to the most recent burden of disease
estimates by WHO, HAP from cooking is responsible for
4.3 million premature deaths each year (WHO, 2016)
– equivalent to 7.7% of global mortality, which is more
than the toll from malaria, tuberculosis and HIV/AIDS
combined (Figure 4). Measured in years of healthy
life lost attributable to it, HAP is the single most
important environmental health risk factor worldwide,
more important even than lack of access to clean water
and sanitation. These terrible distinctions make HAP
perhaps the most overlooked, widespread health risk of
our time.
HAP from cooking causes one quarter of all global
deaths from stroke, 17% of adult lung cancer deaths,
and 15% of deaths from ischaemic heart disease. It is
also responsible for almost one third of all deaths from
chronic obstructive pulmonary disease (COPD) in
LMICs. All told, it is responsible for 3.8 million premature
deaths annually from NCDs (including stroke, ischaemic
heart disease, COPD and lung cancer). HAP is likely to
be the most important cause of COPD in non-smokers.

GENDER

HEALTH TOLL

Gender roles and gender-specific
behaviours are a determinant of
health risks worldwide

HAP is responsible for 3.8 million
premature deaths annually
from NCDs

A child, displaced by fighting in the Democratic Republic of Congo, sits in front of a three-stone fire fed by twigs, in a border area of Uganda.
Credit: REUTERS/James Akena

Burning Opportunity: Clean Household Energy for Health, Sustainable Development, and Wellbeing of Women and Children 16

HEALTH IMPACTS

Figure 3. Smaller PM particles penetrate

Figure 4. Map of deaths per 100,000 population, per year, attributable to HAP from polluting
cooking energy use in 2012

Deaths per 100 000 population
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There is emerging, but still tentative evidence that
HAP increases the risk of other important health
problems, such as asthma, ear and upper respiratory
infections, tuberculosis, nasopharyngeal and
laryngeal cancers, cervical cancer, low birthweight
and stillbirths. A number of epidemiological studies
offer strong evidence that HAP is associated with
cataract formation – which is the main cause of
blindness in adults in developing countries (Bruce &
Smith, 2014).

>90

This immense burden of disease is not distributed
evenly across countries, within countries, or even within
households. These health risks are strongly correlated
with poverty. For cooking, low-income households tend
to depend on solid fuels that can be freely gathered.
Most of the premature deaths occur in the “hotspots”
of south-east Asia (1.69 million), the western Pacific
(1.62 million) and Africa (600 000) (WHO, 2016). India is
the country that bears the heaviest burden in absolute
terms: almost 800 million people depend on polluting
cooking systems, leading to 1.3 million premature
deaths from HAP each year.

A displaced Congolese mother prepares a meal at a border transit camp for refugees in Uganda.
Credit: REUTERS/Peter Andrews
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BOX 3 – From household to outdoor air pollution – and back again

This close linkage between household and outdoor
air pollution is one reason why there are limits to
the benefits of stove hoods, chimneys and other
improved ventilation strategies to move combustion
products outside. Ambient air pollution cycles back
inside and reduces indoor air quality, as air constantly

In most countries, the majority of people using
polluting fuels live in rural areas where access
to clean alternatives is limited. Within those
households, women and children have the highest
relative risk of exposure to dangerous pollutants.
HAP is the second most important health risk factor
for women and girls globally, and is responsible for
more than half of the deaths from pneumonia in
children under five years old.

Labored breaths
How household air pollution threatens the
most vulnerable

Children with respiratory diseases receive treatment at a
hospital in Hangzhou, Zhejiang province, China.
Credit: REUTERS/China Daily.

flows in and out of the house, through open windows,
doors and other gaps. Clean household combustion is
therefore a critical but much-overlooked solution to
the outdoor pollution crisis.

Smoke rises from fires in the courtyard and kitchen of this home
in Odisha, India.
Credit: Jessica Lewis

For millions of children, exposure to household air
pollution (HAP) turns what should be a place of refuge
– hearth and home – into one of the most dangerous
realms they enter. The single biggest killer of children
aged under five years worldwide is pneumonia.
This disease cuts short almost a million young lives each
year, accounting for 15% of all under-5 child mortality.
More than half of those pneumonia deaths are caused
by exposure to HAP.
Children spend much of their time in and around the
home, and thus have high levels of exposure to fine
particles and other products of incomplete combustion
(Box 7). It is a terrible, tragic irony: as parents care for
their children, keeping them close while they perform
routine tasks like cooking, they are also exposing them
to deadly risks (Box 4). More than half a million young
lives each year are snuffed out by the very same fires lit
to sustain them and brighten their days.
Children are particularly sensitive to adverse exposures.
Even for those who avoid or survive respiratory
illnesses, early exposure to HAP can affect them for
the rest of their lives, compromising lung structure
and function. Although the lungs go through dramatic
changes during the embryonic and fetal stages,
this growth and maturation continues after birth until
late adolescence. A baby has about 10 million alveoli;
at the age of 8 years, a child has 300 million alveoli.
Repeated infections and adverse exposures may cause
lung alterations later in life (WHO, 2006). Evidence is
not conclusive, but some empirical studies suggest that
early exposure to HAP might affect children’s cognitive
development too.
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HAP is a major source of outdoor air pollution, as it
escapes through chimneys and openings in the building
envelope. Depending on factors such as weather and
topography, background levels of pollution contributed
by other sources, and the density of the population
exposed, this indoor smoke can degrade outdoor air
quality to unsafe levels. About 12% of global ambient
fine particulate matter (PM2.5 ) comes from cooking with
solid fuels (Smith et al., 2014). HAP is estimated to cause
some 500 000 of the 3.9 million premature deaths each
year attributable to outdoor air pollution (WHO, 2012).
(This is just for cooking; the mortality figures would be
higher if heating and lighting were included.)

Some children are vulnerable to the household smoke
breathed by their mothers even before they are born.
There is a need for further research on the links between
HAP exposure and adverse pregnancy outcomes,
but emerging, and in some cases strong, evidence from
epidemiological studies suggests that exposure to HAP
contributes to low birthweight, stunting and preterm
births. Exposure to toxic pollutants during critical
periods of lung development in utero and during early
childhood may have effects that would not be observed
with exposure later in life. HAP exposure may combine
with other exposures that may have similar effects,
like moulds or mycotoxins (Dietert et al., 2000).

Although further study is needed of the linkages
between exposure to different types and levels of
pollution and specific adverse health outcomes, it is clear
that clean air in and around the home is essential for the
health and well-being of children. If interventions that
lower pollution levels to meet WHO IAQ guidelines are
widely and rapidly disseminated, the risk of outcomes like
low birthweight and acute lower respiratory infection
(ALRI) can be substantially reduced (Bruce et al., 2013).
Polluting energy exacts a terrible toll on the most
vulnerable, but switching to cleaner alternatives can
protect them and provide them with a strong start in life.

Box 4 – Gender, childcare and HAP
Cultural attitudes towards gender can strongly
influence exposure to HAP and associated health
impacts. Citing a study from Gambia (Armstrong
& Campbell, 1991) and one from India (Mishra et
al., 2000), Margaret Matinga compared divergent
outcomes largely driven by different prevalent
cultural norms in those two societies around gender
roles and childcare:
“(Armstrong & Campbell’s study) found that the risk
of pneumonia had an increased association with
smoke exposure in girls, but not in boys. This was
because girls were kept in kitchen environs with their

mothers until an older age than were boys. They also
found that children strapped on their mothers’ backs
during cooking were six times more likely to develop
Acute Respiratory Infections (ARI) than unexposed
children. Strapping children on the back is a common
way of carrying them, so that a woman or a young
girl can look after the child while working. In India,
(Mishra et al., 2001) found that the incidence of fuelrelated ARI was higher among boys than among girls.
Here, the keeping of boys in the kitchen until a later
age was linked to Indian parents’ social preference
for male children which results in mothers allocating
longer care times to male children.” (Matinga, 2010)

Conclusions

been such a familiar sign of the warm hearth, regarded
as a by-product of survival, a necessary evil.

These numbers should shock us all. And yet the number
of people who rely on polluting cooking systems to meet
their basic needs has not changed appreciably in over
three decades. The global community has not treated
this problem with an urgency commensurate with its
impact. Reducing HAP has not been a global priority
until relatively recently.

The evidence clearly shows that HAP is no mere
nuisance, but a grave threat to health and wellbeing, and a serious impediment to equitable global
development. The lack of access to clean, affordable
alternatives to polluting fuels and technologies consigns
billions to daily levels of exposure to smoke in their
own homes that would cause most people in the
developed world to rush out of the room and call the
fire department.

Why has this crisis largely been overlooked? Perhaps
because it is a slow-motion catastrophe: breathing
smoke can take years to manifest as an illness. Perhaps
because it has the greatest impacts on affects the most
marginalized – the rural poor, especially women and
children (See Box 6). Perhaps because smoke has long

As shocking as these statistics are, being shocked is
not enough. HAP is an emergency demanding similarly
urgent, coordinated action on multiple levels: hearth,
home, country and planet.

19 Burning Opportunity: Clean Household Energy for Health, Sustainable Development, and Wellbeing of Women and Children

BOX 5: Reducing HAP for healthy and sustainable urban environments
Clean household air is key to SDG 11

Although vehicles and industry are the predominant
sources of air pollution in most cities, HAP is
often a significant contributor. A recent analysis
estimates that, across India, household energy
consumption contributes 29.6% of ambient PM2.5
concentrations and accounts for up to 72 000 of the
premature deaths attributed to outdoor air pollution.
Many residents of India’s capital burn wood,
waste or other solid fuels to stay warm in winter;
some continue to use these fuels for cooking too.
In densely populated South Delhi, the contribution
of HAP to outdoor PM2.5 is actually higher than
the national average, and space heating accounts
for two thirds of total household PM2.5 emissions
(Guttikunda, 2016). In certain parts of Ulaanbaatar,
Mongolia, migrants from rural areas live in ger,
the tents that serve as their homes on the steppe.
Ulaanbaatar’s average yearly PM2.5 concentrations

are at least seven times WHO standards. During
Mongolia’s harsh winter, many households burn
coal or wood for heating (Guttikunda et al., 2013).
The resulting smoke contributes to sharp seasonal
spikes in the city’s outdoor air pollution – which
is why a World Bank project is currently helping
residents in the outlying ger districts of Ulaanbaatar
to switch to cleaner-burning stoves and fuels.

HEALTH IMPACTS

Reliance on polluting energy systems is not a
phenomenon limited to rural areas. HAP is a problem
in many urban areas as well. In fact, the goal of
creating safe, resilient and sustainable cities (SDG
11) cannot be achieved without addressing the risks
posed by HAP.

A woman cooks on an improvised stove as a train passes through
an informal settlement in Dhaka, Bangladesh.
Credit: REUTERS/Andrew Biraj

A woman cooks for her family in Najaf, south of Baghdad, Iraq.
Credit: REUTERS/Alaa Al-Marjani
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BOX 6 – The gendered nature of household energy and health
“Gender” is often mistakenly conflated with “having
to do with women”. The term “gender” refers to
a social construct, one that varies according to
different norms and values in different cultures,
and which encompasses expected and socially
sanctioned roles and behaviours of men and women.
As such, gender issues impact both women and
men, throughout their lifetimes, and influence their
respective opportunities, entitlements and roles in
society.
Although women and girls tend to bear most of
the health burdens of unclean energy use in the
household – and stand to gain the most from access
to clean energy – a gender-sensitive approach to the
problem means developing a richer understanding
of how women, men, girls and boys make decisions
about and use household energy.
Gender-responsive programming means going
beyond merely counting the number of women
participating in a project, or disaggregating
household data by sex. It means developing strategies
and solutions based on a deeper understanding of
the gendered nature of the health burdens linked to
household energy use, from the laboured breaths of
someone suffering from COPD, to the headaches of a
woman who “headloads” 20 kg of wood for her family
every day in rural Kenya. The respective and relative
social, cultural and historical roles of women and
men affect these health outcomes in profound ways,
even though they are little studied (Matinga, 2010).
Gender roles and gender-specific behaviours are
a determinant of health risks worldwide. To take
just one example, men in developing countries
tend to work more outside the home than women
do; the proportion of the total disease burden
attributable to occupational risk factors – injuries
that happen on the job or at the workplace – is 18.5
times higher for men than women (Lim et al., 2012).
Meanwhile, because women and girls tend to spend
the most time working around the home, they suffer
from higher exposure to the smoke produced
by burning household fuels, and have a higher
relative risk for illnesses such as COPD, stroke and
respiratory illness.
Gender-sensitive indicators highlight the different status
and roles of women and men, which accordingly impact
decision-making, health risks and health outcomes.
Such indicators can help us capture and track genderrelated changes in household energy use and impacts
over time. They can also help us focus more precisely on

important areas such as time use, access to information
or financing, monthly expenditures by women and men,
domestic unpaid care work, labour participation in the
formal energy sector, and others.
The lack of empirical evidence and data on gender
and household energy presents challenges for the
development and implementation of evidence-based,
gender-responsive policies and interventions to promote
clean and safe household energy. Even when health data
are disaggregated by sex, many indicators fail to reflect
the complex interconnections between gender as a
health determinant and the resulting health inequities
among and between women and men. A critical first
step in ameliorating gender-based health inequities
is to identify, measure and monitor them, and their
determinants, with gender-sensitive indicators.
WHO is coordinating an effort to refine and harmonize
survey questions, in order to better capture a range
of critically important gender-specific information.
These include the health impacts of HAP exposure;
time use related to gathering and preparing fuel;
other health impacts including burns, musculoskeletal
injury and poisonings; perceptions of safety and risk
of violence associated with fuel collection; purchasing
decision-making and other roles within the household;
livelihoods, quality of jobs and income generated
from involvement in the energy value chain; access to
credit and financing for clean energy; and awareness
of, access to, and satisfaction with various fuels and
energy technologies.
Building this evidence base, and mainstreaming genderresponsive actions into energy programme design and
monitoring, will improve the lives of all – women, men,
girls and boys.

A woman prepares cow dung cakes to be used as cooking fuel in
a village on the outskirts of Chandigarh, India.
Credit: REUTERS/Ajay Verma.
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BOX 7 – Putting solutions to the test

A woman in rural Guatemala cooks with an improved wood
cookstove equipped with a chimney.
Credit: WHO/Heather Adair-Rohani

The Randomized Exposure Study of Pollution Indoors
and Respiratory Effects (RESPIRE) study was the first
randomized controlled trial (RCT) ever to investigate
the health effects of cooking interventions. It focused
on children in rural homes in the highlands of
Guatemala. Half of the more than 500 homes that
participated received an improved plancha stove with
a chimney, while the other half continued to cook
with wood on open fires. Researchers tracked the
children in the households for 18 months, and found
that those in the households with improved plancha
stoves were exposed to 50% less smoke on average
(Smith et al., 2011). But the results for health were
mixed: there was no statistically significant reduction
in incidence of pneumonia in children up to 18
months of age. There was, however, a significant
reduction of one third in the number of physiciandiagnosed cases of severe pneumonia. The findings,
while not conclusive, suggest that much cleanerburning stoves may be required to make substantial
reductions in the incidence of childhood pneumonia.

An ongoing trial in the Brong-Ahafo region of
central Ghana is investigating that very question.
Researchers from Columbia University and the
Kintampo Health Research Centre have launched a
five-year study, the first of its kind in Africa, called
the Ghana Randomized Air Pollution and Health
Study. They are following more than 1000 pregnant
women, assigning each of their households to a
control group or to one of two different intervention
groups, one of which will receive LPG fuel and stoves,
while another will receive the BioLite Home Stove,
a new, forced-draft efficient biomass stove. The study
will track birthweight and physician-assessed severe
pneumonia incidence within the first year of life (Jack
et al., 2015).
Other RCTs are ongoing in Nepal and Malawi,
assessing whether households with advanced
biomass cookstoves have a lower incidence of
ALRI and pneumonia, respectively. An RCT being
conducted in Nigeria is providing intervention
households with bioethanol stoves and gathering
data on adverse pregnancy outcomes (GACC, 2014).
Which interventions are clean enough to achieve
measurable benefits for the health of mothers
and children? Which distribution strategies are
most effective? Is providing access to clean fuels
and technologies in a given household sufficient
to improve the health of children, or must all of its
neighbouring households make the switch, too,
to meaningfully reduce exposure to HAP?
Carefully designed studies such as these studies
will shed light on some possible answers, helping
government health officials weigh up whether
to include clean cooking systems in the standard
prenatal care package for women of childbearing age
in low-income countries.
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Randomized trials inform targeted interventions for child health

A family eats dinner in a home newly illuminated by solar-powered
lights, in the village of Meerwada, Madhya Pradesh, India.
Credit: REUTERS/Adnan Abidi
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How many devices do you use to cook your food and
make hot drinks every day? If you stop to count them
all, you may be surprised at the variety and amount.
Because we eat a wide range of foods, and cook in
so many different ways, we typically use a suite of
devices tailored to specific tasks. This is as true in the
rural households of the developing world as it is in
the kitchens of developed countries.

The clean cooking roster

What counts as a “clean” stove or cooking system?
At point-of-use, one of the cleanest
fuels in terms of exposure to healthdamaging pollutants is electricity,
whether used to power standard
stovetops, specific-use devices such as rice cookers,
or induction cookers. When properly used and
maintained, liquefied petroleum gas (LPG) and piped
natural gas (PNG) stoves also produce very low levels
of emissions of particulate and other by-products of
incomplete combustion. Stoves that use alcohol fuels
and solar cookers are also clean for health.

Biogas is a promising alternative that
burns as cleanly as LPG and PNG but, as a
renewable fuel, has no negative climate
impacts. Household biogas systems turn
organic material from livestock manure, human
waste, or crop residues and food waste into methane
and other combustible gases through anaerobic
digestion. This gas is then piped into the house and
used for cooking, lighting or powering an electric
generator. The remaining slurry is a valuable fertilizer
that many families sell for income or use on their own
agricultural fields. Biogas systems can also improve
hygiene and sanitation in homes, by collecting animal
and human waste in one location and reducing
exposure to harmful pathogens, which get broken
down by anaerobic digestion. Biogas has some
disadvantages: it requires sustained maintenance,
and a reliable supply of waste and water.

A woman prepares a meal on an electric cookstoe in Northern India.
Credit: Jessica Lewis

Solar cooking devices – including panel,
box and parabolic cookers – directly
convert the sun’s energy into useful
heat. They produce no harmful
emissions, and cost nothing to operate, but they tend
to require longer cooking times and greater
adjustment in user behaviour, and they can only be
used during times and seasons when there is
adequate sunshine. Hence they can be an
appropriate, clean complement to a household
cooking system.
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Given the diversity of cooking practices and preferences
across cultural and economic contexts, there is no
one-size-fits-all answer. All of these solutions – LPG,
PNG, electricity, biogas, solar energy and more efficient
biomass devices – have roles to play in the effort to
achieve universal access to clean cooking energy by
2030. New definitions, measurement tools and test
protocols for establishing what is “clean” for health will
make it possible to track progress towards this goal,
and to ensure that better burning actually translates to
better health outcomes for billions of people (see Box 8).

The messy, complex reality of
fuel stacking
Understanding how people really use energy in
the home
Researchers describe this parallel use of multiple
types of fuel and technologies in a single
household as “fuel-stove stacking”.
The old model to describe the household
transition to modern fuels was of an “energy
ladder” that people climb linearly as their incomes
rise, swapping a traditional stove completely for
a new gas one, for example. But the “stacking”
model offers a much more realistic picture of
how people actually use energy in their homes
(Figure 5). Even after gaining access to LPG,
members of a household might continue to cook
or heat their home with an open fire or with a
traditional wood-burning stove. Or they may
continue to use kerosene lamps in certain rooms
to supplement electric lights, even after being
connected to the grid.

COOKING
Less than half of households in LMIC
primarily cook with clean fuels

A worker fashions the body of an electric cooking device out of clay in Bhaktapur, Nepal. Demand for electric cookers has risen in the
midst of fuel shortages in Nepal.
Credit: REUTERS/Navesh Chitrakar
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Biomass-burning stoves that meet WHO
guidelines for emissions rates are still not
widely available. New forced-draft biomass
stoves offer potential for meaningful fuel
savings – an important consideration for many
household cooks – as well as reductions in pollution
exposures relative to traditional stoves or open fires.
Currently, emissions from these stoves are not as clean
as those from LPG or electric cooking, and field-based
measurements of real-world usage show higher rates of
PM2.5 and other emissions than in laboratory tests.
But further innovation, research and investment may
indeed produce affordable biomass stoves that meet the
IAQ guidelines.

Figure 5. An example of the household energy fuel progression from polluting to cleaner energy
sources, showing household fuels typically used for cooking, heating and lighting at low-, middle-,
and high-income levelsa
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As countries transition to higher income levels, households transition to cleaner cooking, lighting and heating energy sources.

a

Source: Adapted from Sovacool (2012).

There are many reasons why people stack fuels and
devices. A given stove may have some benefits for the
user – convenience, reliability, affordability – but still not
meet all of the user’s preferences. For instance, a cook
may decide to continue using her inefficient older stove
because her pots do not fit on a new “improved” one.
A family that cooks with gas may keep a solid fuel stove
in operation, as a backup in case the supply of LPG is
disrupted. In some colder areas, traditional stoves may
be kept in use for heating, even though LPG is used for
cooking. And in many places, such as in parts of rural
China, people may cook their own meals with gas or
electricity but still use open fires and simple stoves to
prepare feed for their animals.
If a household adopts one clean fuel–device
combination, it does not necessarily mean that the
air in that home will be cleaner – or will become clean
enough to significantly improve the occupants’ health.
Serious health risks can persist even if a household uses
a clean fuel like gas for its primary cooking needs. If an
inefficient stove or device is used alongside a newly
adopted clean one, pollution levels inside the home
may remain dangerously high, and the intended health
benefits may not be realized.
This is why some researchers emphasize that the “disadoption” of old stoves is even more important than the
adoption of new, more efficient ones (Barrett, 2015).
To meet WHO IAQ emissions limits, the use of three-

stone fires or simple charcoal stoves for cooking must be
virtually eliminated (Johnson & Chiang, 2015).
Programmes and interventions must be based on an
understanding of the whole range of cooking, heating
and lighting devices that people actually use in the
household. Surveys need to be refined and improved
to capture the complex reality of stacking. There are
relatively few studies that examine how fuel stacking
patterns change over time. This data gap creates a risk of
missing trends with critical implications for exposure to
HAP and health outcomes. For example, one study found
that between 1987 and 2010 in India, fuel stacking for
lighting decreased, but increased for cooking – meaning
that increasing access to LPG did not replace traditional
biomass use (Cheng & Urpelainen, 2014).
Fuel stacking is one major reason why the transition
to exclusive use of clean energy at the household level
is a complex challenge. A failure to understand users’
actual needs and preferences can limit the efficacy
of interventions to improve health in the household.
Some researchers therefore advocate a “portfolio”
approach to substituting clean for polluting energy
technologies, tailoring a suite of options to meet users’
preferences and needs in specific cultural, geographical
and economic contexts (Ruiz-Mercado & Masera, 2015).
In order to develop strategies that improve health in a
durable, meaningful way, it is essential to measure and
take into account the full range of energy tasks and end
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uses – and then design programmes and interventions
based on that textured understanding of how people
really use energy in their homes.

Stove stacking (use of LPG stove, electric stove, a kerosene lamp,
and a traditional mud chulha stove in parallel) in Uttarakhand, India.
Credit: Jessica Lewis

What drives sustained adoption
and use?

meet their various needs, and perform specific tasks.
The relative advantages of each energy system – in
terms of cleanliness, convenience, durability, ease of use
and fuel processing, availability of fuel, affordability and
cultural appropriateness, to name but a few factors –
must be carefully weighed up and considered.
How fast can it cook a meal? Does it require chopping
wood into small pieces, or otherwise preparing the fuel?
Does it reduce smoke? Does it save fuel? Will it make the
home cleaner or reduce the soot that builds up on pots?
How much does it cost to purchase? If the stove breaks,
how easy and how costly is it to get it fixed? How far
must one travel to replace the stove or have it repaired?
Does the household have enough livestock to sustain
a biogas system? What kinds of dishes are being made
on the stove, and how robust must it be to withstand
vigorous stirring? Is there an aspirational quality to the
device? What design elements help determine whether
new fuels and devices will be used properly, and for a
sustained period of time? Who makes the decision to
purchase a new stove or lighting system in a household?

This may seem like an obvious point, but many well
intentioned stove programmes and household energy
interventions have failed to produce anticipated health
and environmental benefits because the technology
did not meet the users’ needs and expectations – and
therefore it was not kept in use for a sustained period.
This problem has particularly plagued efforts to design
and disseminate better-burning biomass stoves in rural
areas of low-income countries. In the wake of India’s
national improved stove programme in the 1980s and
1990s, for example, follow-up visits to many homes
found that newly distributed stoves had fallen into
disuse. Lessons from other past efforts to disseminate
“improved” stoves likewise show that the sustained
adoption and use aspects of fuel stacking are complex
(Hanna et al., 2012). Cost and household income
are important considerations, but there are many
other factors involved, from personal eating habits,
to availability of freely gathered fuel, to the perceived
fuel savings of the stove or even safety risks from
cleaner alternatives like LPG (Rehfuess et al., 2013).
People with limited resources engage in elaborate
decision-making calculations when it comes to new
purchases. The stakes of making the wrong choice are
much higher for the poor, given that the share of income
they spend on energy is much higher.
So how can sustained use of truly clean energy
solutions be encouraged? Those working to develop
and disseminate household energy interventions and
programmes must take into account how the intended
users employ different fuel–technology pairings to

A woman cooks on a LPG stove in Dujana village on the outskirts of
New Delhi, India.
Credit: REUTERS/Anindito Mukherjee

Burning is a complicated business. Cooking rhythms
and fuels used can shift from season to season,
week to week, and even from hour to hour. In the
winter, a stove might be kept going all day for space
heating. How people actually use energy in their
homes is therefore not easy to measure. But it is
essential that these measurements are made, in order
to understand how interventions perform in actual
kitchens, and to verify that they reduce pollution as
intended (Ruiz-Mercado et al., 2011). Developing
accurate estimates of pollution exposure demands a
textured understanding of the complex interactions
between people and fuel, food and hearth, temperature
and appetites. New sensor-based tools, for example,
enable continuous, objective monitoring of how people
use the different energy systems (Ruiz-Mercado et al.,
2013). Combined with the data yielded by expanded
and improved survey instruments, and observational
studies, these new tools can help provide a much richer,
more realistic picture of how, and for how long, people
adopt and use fuels and devices for cooking, heating
and lighting.
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The mere presence of a clean energy device in a
household cannot ensure health benefits. It must
actually be used, regularly and properly, to make a
difference for health.

Living Standard and Measurement Survey and
USAID’s Demographic and Health Surveys) and is
being used to inform the SE4All GTF, to monitor
progress towards the achievement of SDG 7, as well
as to create burden of disease estimates and support
national-level policy planning and monitoring.

A boy waits to fill jerrycans with kerosene in Jakarta, Indonesia
in 2007, at the start of the Indonesian government’s program
to shift over 50 million households from kerosene to LPG for
cooking. Credit: REUTERS/Supri

Household energy analyses
How many people rely on clean fuels to meet their daily
needs for cooking, heating and lighting? How many use
polluting fuels? What fuels and devices do people in
cities mostly use? What do those in rural areas depend
on? How has access to clean fuels and devices expanded
over time? In what parts of the world do these life-saving
solutions remain out of reach of the people who need
them most?
Some answers to these critical questions can be
found in the WHO global household energy database.
This database compiles nationally representative
data on household energy use (i.e. cooking, heating
and lighting fuels, stoves, time spent collecting fuel,
and incidence of acute lower respiratory infection
for 157 countries. The database is regularly updated
with new data from national censuses and largescale household surveys (such as UNICEF’s Multiple
Cluster Indicator Survey (MICS), the World Bank’s

The following sections use both survey data and
statistical modelling estimates to provide a preliminary
analysis of the new indicator of “percentage of
population with primary reliance on clean fuels and
technologies at the household level”. This indicator was
given initial approval in October 2015 by the member
states of the Inter-Agency Expert Group (IAEG) on
Sustainable Development Goal Indicators to track
progress towards SDG 7. The categories of “clean” and
“polluting” fuels and technologies, as defined by the
emission rate target and fuel use recommendations
within the WHO IAQ guidelines on household fuel
combustion replace the previous focus on “solid fuels”
(see Boxes 1 and 2). This represents a significant step
forward in generating a more accurate and complete
understanding of the health-related risks of household
energy use worldwide and provides the impetus for
collection of more comprehensive data on household
energy use and its health impacts.
Owing to constraints and inconsistencies in the
currently available data on technologies and devices
used in the home for cooking, heating and lighting,
this analysis focuses solely on the primary fuels for
the different end-uses (cooking, heating and lighting).
When possible, these are disaggregated by urban and
rural areas. For cooking and lighting, national-level
statistics are complemented by WHO regional averages
where there were sufficient data available (see Figure
6 for a map of the WHO regions). Further information
about the methods used for the analysis is provided in
the relevant sections.

Figure 6. WHO Member States divided into six regional groups, 2015a

African Region
Region of the Americas
a

South-East Asia Region
European Region

Eastern Mediterranean Region
Western Paciﬁc Region

See Annex Table A1.18 for a list of countries in each WHO region.
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BOX 8 – New global standards for clean cooking solutions

Acknowledging that shifting to exclusive use
of clean household energy will take years if not
decades in some settings, recommendation 2 of the
IAQ guidelines is designed to guide policy during
this transition. It advises prioritizing fuels and
technologies that offer substantial health benefits
in the interim. For instance, the performance of new
biomass burning stoves should be measured in the
laboratory and in the home, to ensure they achieve
meaningful reductions in emissions of harmful
pollutants. The IAQ guidelines include interim
emissions rate targets for carbon monoxide and
PM2.5 that reflect the reality that, in some low-income
households, baseline levels of pollution are very high,
and meeting the guideline recommendations in the
near-term might not be feasible.
These standards will ensure that near-term
opportunities for improving health, and lowering

The International Organization for Standardization
(ISO) is currently developing the first-ever
global standards for clean cooking solutions.
When completed, they are likely to provide a
voluntary framework for rating cookstoves against
five tiers of performance for a series of indicators,
including fuel use, emissions indoor and overall,
and safety. These tiers are being informed by
the WHO guidelines emissions rate targets and
recommendations for pollutant concentrations.
The Global Alliance for Clean Cookstoves,
meanwhile, maintains a “clean cooking catalog”
(GACC 2016) that documents the testing results
of many different stoves and fuels. It is updated
regularly with results submitted by institutions from
around the world. Together with the ongoing ISO
process, this catalogue offers an important resource
for identifying and monitoring technologies that can
truly be considered clean.

Cooking energy use – analyses
Worldwide, 2.9 billion people are
estimated to rely primarily on solid
fuels for their cooking needs. Using the
new SDG indicator categories of
“polluting” and “clean” fuels, the scope of the
challenge is revealed to be even greater: more than
three billion people in LMICs rely primarily on
polluting fuels and technologies for cooking
(Figure 7).
A woman prepares lunch for children at a camp for displaced
people in eastern Uganda.
Credit: REUTERS/Euan Denholm
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A woman cooks on a gas stove in her home in Kuala
Lumpur, Malaysia.
Credit: REUTERS/Samsul Said

the risks and costs associated with inefficient
consumption of traditional fuels, are not overlooked.
In settings where the infrastructure for distributing
LPG and supplying electricity is not yet in place –
especially rural areas that lie well beyond existing
supply chains and grid networks – people will
continue to burn the fuel they can most easily access
and afford (Foell et al., 2011). Efforts to extend
access to gas, electricity and associated cooking
devices, such as through the Global LPG Partnership,
should be accelerated – while entrepreneurs and
researchers should continue to work in parallel
to create truly clean biomass stoves, and build
the sustainable supply chains to make them
widely available.

Figure 7. Global polluting fuel use in 2014 (for low- and middle-income WHO Member States)

Population (%)
<5
5–25
26–50
51–75
76–95
Data not available
Not applicable

>95

These categories reflect the recommendations
in the most recent WHO IAQ guidelines (see Box
2). Polluting fuels include biomass (wood, dung,
crop residues and charcoal), coal (including coal
dust and lignite) and kerosene. Clean fuels include
electricity, LPG, piped natural gas (PNG), biogas, solar
and alcohol fuels.
The majority of the population in LMICs relies
primarily on clean fuels, but that does not imply that
these individuals have no exposure to HAP (Tables 1
and 2; Figures 8 and 9). The well-documented reality
of fuel stacking in many households suggests that

many continue to use polluting fuels as a secondary
or supplementary energy source for cooking.
Almost 3.1 billion people, or just over half (53%) of
the population in LMICs cook with polluting fuels;
this is 43% of the global population (including highincome countries) (Figure 8). Reliance mainly on
polluting cooking fuels varies widely from region
to region: the African Region, the South-East Asia
Region and the Western Pacific Region have by far
the highest proportions of households primarily
using polluting fuels for cooking (Figure 9, Table 2).

A woman tends her cooking fire.
Credit: Ajay Pillarisetti
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Residents of a slum in Dhaka, Bangladesh try to put out a fire - started by a cooking oven - that killed a child and destroyed hundreds of homes.
Credit: REUTERS/Andrew Biraj

While they may substantially reduce the risks of
exposure to HAP, not all clean household energy
solutions are equally safe when it comes to use and
handling. Certain fuels and technologies pose safety
risks that are important to consider.
LPG cylinders, bottles and valves can sometimes
fail, resulting in leaks. Explosions, although rare,
can occur, and are a concern commonly expressed by
users in surveys. Both distributors and users of LPG
must be properly trained to handle it safely. Pipes
in natural gas and biogas delivery systems can also
corrode or fail, causing leakage of harmful gases.
Relatively few studies have examined the safety risks
of LPG, PNG or biogas.

Kerosene has its own unique safety concerns. Kerosene
is frequently sold in old soda or water bottles in
many parts of the developing world, contributing to
unintended ingestion and poisonings of children. Burns,
scalds and house fires caused by tipped-over kerosene
lamps and heaters are sadly common. (Over 95% of
deaths from burns occur in LMICs.) Burns and scalds are,
of course, common injuries associated with use of solid
fuels and traditional stoves, as well.
Registries are being developed to better monitor
the incidence and cause of burns. Safety is a core
consideration in the ongoing development of the ISO
standards for clean cooking (see Box 8). Alcohol-fuelled
stoves have a much lower risk of leaks, explosions or
burns. Solar cookers pose very few safety risks.
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Box 9 – Safety and household energy

Table 1. Population coverage of the WHO Global Household energy database for cooking fuel
use by low- and middle-income countries (LMICs) in 2014

WHO regions

Population of LMICs

LMICs with survey
data
(%)

No, of LMICs with
survey data

AFR

963 265 031

100

46

AMR

525 235 457

100

24

EMR

573 448 114

99

14

EUR

186 687 966

71

18

SEAR

1 906 087 231

100

11

WPR

1 633 441 197

100

21

Global population

5 788 164 996

98

134

AFR, WHO African Region; AMR, WHO Region of the Americas; EMR, WHO Eastern Mediterranean Region; EUR, WHO European Region; SEAR,
WHO South-East Asia Region; WPR, WHO Western Pacific Region.
Notes: Countries with survey data that were analysed for this report are only WHO Member States. Surveys were used only if they were conducted
after the year 2000, are nationally representative, and contained disaggregated cooking fuel categories (for additional details, please see Annex
2. Population numbers from UNDESA 2014 (http://esa.un.org/unpd/wup/CD-ROM/). Designation of LMICs from World Bank (2015), which
categorizes high-income countries as those with gross national income per capita of US$ 12 746 or more. Equatorial Guinea was reclassified as an
LMIC owing to its high use of polluting fuels.
Source: WHO Household energy database, 2016

Table 2. Estimates of global population relying on polluting fuels for cooking, with 95%
confidence intervals

Population using polluting fuels
(%)

Population exposed, millions

(95% CI)

(95% CI)

AFR

84 (87–81)

809 (835–784)

AMR

16 (21–10)

82 (113–52.1)

EMR

31 (35–28)

179 (200–159)

EUR

13 (16–0.01)

WHO region

23 (29.6–17.0)

SEAR

65 (0.73–0.56)

1230 (1400–1070)

WPR

44 (0.52–0.36)

718 (852–583)

World

43 (0.46–0.40)

3048 (3280–2830)

AFR, WHO African Region; AMR, WHO Region of the Americas; EMR, WHO Eastern Mediterranean Region; EUR, WHO European Region;
SEAR, WHO South-East Asia Region; WPR, WHO Western Pacific Region.
CI, confidence intervals.
Note: Estimates are provided for WHO member states with available survey data. Regional fractions using polluting fuels vary, with the most intensive use being in the African and South-East Asia regions.
Source: WHO Household energy database, 2016
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Figure 8. Total population relying primarily on
polluting and clean fuels for cooking in 2014
8
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Notes: The left bar shows the entire world population including highincome countries, 43% of which cook primarily with polluting fuels;
the right bar shows only the LMIC population, 53% of which cooks
with polluting fuels. These estimates are derived using a multilevel
nonparametric model based on data from the WHO Household
energy database (see Annex 2 for methodology). Polluting fuels
include biomass fuels (such as wood, charcoal, or agricultural waste
and dung), kerosene and coal. Population numbers do not include
Libya and Turkey for which no data were available

A woman cooks with a stove fueled by biogas generated from
the dung she gathers from her buffaloes in India.
Credit: Jessica Lewis

Source: WHO Household energy database, 2016

Percentage of population cooking with polluting fuels

Figure 9. Proportion of the population, by WHO region, mainly relying on polluting fuels for cookinga
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AFR, WHO African Region; AMR, WHO Region of the Americas; EMR, WHO Eastern Mediterranean Region; EUR, WHO European Region;
SEAR, WHO South-East Asia Region; WPR, WHO Western Pacific Region.
a

Error bars indicate 95% confidence intervals.

Note: There is significant regional variation ranging from just over 10% reliance on polluting fuels in the European Region to over 80% in the African
Region. These estimates are derived using a multilevel nonparametric model based on data from the WHO Household energy database (see Annex 2
for methodology). Polluting fuels include biomass fuels (such as wood, charcoal, or agricultural waste and dung), kerosene and coal. Data are available
for all WHO Member States except Libya and Turkey.
Source: WHO Household energy database, 2016
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Population (billions)

6

Highlighting the penetration of clean
fuels in LMICs
From all available global data (on LMICs), China and
South Africa have the highest number of people who
report mainly cooking with electricity, followed by
Zimbabwe (Figure 10). However, when looking at
the proportion of households that mainly cook using
electricity, a different story emerges: only around
5% of households in China primarily cook with
electricity. Only eight LMICs report that the majority
of their households use mainly electricity for cooking.

Almost 700 million households in China report primarily
cooking with gas, almost double the number of gas users in
any other country (Figure 11). Over 100 million households
have transitioned to cooking with gas in India, Brazil as
well as Indonesia. Several other countries have very high
fractions (over 99%) of the population mainly cooking with
gas, including Egypt, Jordan, Tunisia and Turkmenistan.
Unsurprisingly, in China and India significantly higher
proportions of the populations rely on polluting fuels
than in other countries (Figure 12), although this
accounts for a much lower proportion of their respective
total populations than in many other countries.
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Figure 10. Top 10 countries by population mainly using electricity for cooking
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Note: The figure shows high absolute populations cooking mainly with electricity, although in some countries, like China, the proportion can be quite low.
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Figure 11. Top 10 countries by population using gas as primary cooking fuel

Source: WHO Household energy database 2016

Note: The figure shows the large populations cooking with gas in China and India, although the proportion of the population varies significantly
between these countries.
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Figure 12. Top 10 populations using polluting fuels as primary energy source for cooking, based
on most recently available national survey data
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Urban and rural differences
The majority of the LMIC households surveyed
rely on polluting fuels for cooking however these
overall trends fail to tell the whole story. There
are significant differences in energy use patterns
between urban and rural areas. More than 75% of
urban households surveyed rely primarily on clean
fuels (Figure 13), ratio is reversed in rural areas,
where more than 75% rely on polluting cooking fuels.
In every region of the world, a significantly higher
fraction of rural households than urban households
report cooking with polluting fuels (Figure 14).
For example, in the Western Pacific Region 82% of

Source: WHO Household energy database 2016

rural households cook with polluting fuels, whereas
only 13% of urban households mainly rely on
these fuels.
Even though polluting fuel use is lower in urban
than rural areas, it accounts for a significant
fraction of fuel use in several regions. Among rural
households in the African Region, just 2% and 3%
of households report using electricity and gas,
respectively, as their primary cooking fuel; 91%
use biomass. However, in the urban areas of the
African and South-East Asia regions, especially,
biomass is still widely used (in 53% and 25% of
households, respectively) (Table 3).

A woman gathers charcoal into sacks at a village about 30 km
south of South Sudan’s capital Juba.
Credit: REUTERS/Andreea Campeanu
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Clean

Figure 13. Percentage of population in urban and
rural areas of LMICs with primary reliance on
polluting and clean fuels and technologies for cooking
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Improved stoves that cook, heat water and warm homes in
Northern Pakistan.
Credit: Aga Khan Planning and Building Service (AKPBS)
project, Ashden Awards.
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Figure 14. Percentage of population using polluting and clean fuels by WHO region
disaggregated by urban/rural, population weighted using modelled regional estimates
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Note: This figure shows rural areas have a higher proportion of households cooking with polluting fuels.
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Table 3. Primary reliance on cooking fuel disaggregated by individual fuel typea

a

Electricity
(%)

Gas
(%)

Kerosene
(%)

Coal
(%)

Biomass
(%)

Other
(%)

No. of
LMICs
with
survey
data
(and
total)

African Region

6

9

6

<1

77

2

46
(out of 46)

Urban

11

19

14

<1

53

2

46

Rural

2

3

2

<1

91

1

46

Region of the
Americas

2

80

<1

<1

17

1

22
(out of 24)

Urban

2

91

<1

<1

6

1

21

Rural

1

47

<1

<1

51

1

21

Eastern
Mediterranean
Region

<1

64

<1

<1

34

<1

13
(out of 15)

Urban

<1

90

<1

<1

9

<1

13

Rural

<1

43

1

<1

55

<1

13

European Region

13

70

<1

<1

12

<1

17
(out of 19)

Urban

15

81

<1

<1

3

<1

17

Rural

11

58

<1

<1

23

<1

17

South-East Asia
Region

<1

32

3

2

62

<1

11
(out of 11)

Urban

<1

63

7

3

25

1

11

Rural

<1

14

1

<1

83

<1

11

Western Pacific
Region

4

49

<1

4

43

<1

18
(out of 21)

Urban

3

88

<1

6

3

<1

13

Rural

5

12

<1

2

81

<1

13

See Annex 2 for additional details on methodology.

Source: WHO Household energy database, 2016

Burning Opportunity: Clean Household Energy for Health, Sustainable Development, and Wellbeing of Women and Children 38

A GLOBAL SNAPSHOT
OF ENERGY ACCESS

WHO
Region

Regional trends
Primary global reliance on polluting fuels for cooking
has decreased to varying degrees in all WHO regions
over the past several decades (Figure 15). Recent
regional estimates for 2014 show the WHO African
Region (84%) as having the highest percentage of the
population with primary reliance of polluting fuels for
cooking, followed by the South-East Asian Region (65%),
the Western Pacific Region (44%), and the Eastern
Mediterranean Region (31%). Both the Americas and
European Regions both show the lowest proportions
of polluting cooking fuel use in 2014, with regional
averages of 16% and 12% respectively.

Percentages fail to capture the whole story. Looking
at the total number of people relying on polluting
fuels for cooking, the South East Asia Region reports
the highest number of people exposed to HAP from
cooking, with over 1.2 billion people mainly using
polluting fuels for cooking, followed by the African
Region with over 800 million people and the Western
Pacific Region with almost 720 million people mainly
using polluting fuels for cooking. Estimates for
the WHO Region are significantly lower with the
estimates from the Eastern Mediterranean showing
around 180 million people cooking with polluting
fuels, the Americas and the European Regions both
showing less than 100 million people.

Figure 15. WHO regional trends for the percentage of the population mainly cooking with
polluting fuels in LMICs, 1980–2014
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Differences in regional and national
cooking energy usage
The countries making up the different WHO regions
are extremely diverse in terms of cultural practices,
socioeconomic conditions and available resources
– all of which can directly influence households’
choices of cooking fuels and technologies. Therefore,
looking only at regional averages of the sources of
energy for cooking fails to capture the dynamic range

of cooking energy choices worldwide. The following
sections offer a more in-depth analysis of the fuel
and technology choices at both a regional and a
national level.
For example, around 65% of households in the
Eastern Mediterranean Region primarily cook with
clean fuels. However, a close look at the cooking
fuels reported by the countries in this Region reveals
substantial heterogeneity of polluting and clean fuel
use by countries (Figure 16).

Figure 16. Regional averages of individual cooking fuels in the WHO Eastern Mediterranean
Region (left bar) paired with data on fuel used for cooking by country in the Region
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Figure 17. African Region

Survey data available
High-income country
No survey data available
Not part of WHO African Region
Not applicable

Recent data were available from every country in the
African Region (Figure 17). With 6% of its population
mainly using electricity for cooking, the African Region
ranks second after the WHO European Region in terms
of cooking with electricity. However this average is
strongly influenced by just six countries in the Region:
Botswana, Namibia, Swaziland, South Africa, Zambia
and Zimbabwe. The most recent surveys in these six
countries show that more than 10%, or in the case
of South Africa more than 70%, of households rely
primarily on electricity for cooking. In most other
countries of the African Region, the use of electricity
is much less – 25 of the Region’s countries report that
less than 0.1% of households use mainly electricity
for cooking.
Biomass fuels are by far the most commonly used
primary cooking fuel in the Region. Survey estimates
from 18 countries in the African Region show that
95% or more of households rely primarily on biomass
for cooking. Charcoal is a far more important part of
the biomass fuel mix in this Region, especially in its
urban areas, than in other WHO regions. Compared
to other regions (where charcoal use is more scarce),
the collection of data on charcoal use in the African
Region was far more systematic, and was included in
almost every recent national survey, allowing for a more
refined regional analysis separating charcoal from other
biomass fuels. The results show that, on average, close
to 15% of households in the African Region mainly use
charcoal for cooking, accounting for almost one quarter
of urban households, and for a smaller fraction of
rural households.

The use of gas, mostly LPG, for cooking is common in a
few African countries. Algeria and Mauritius show an
almost complete transition to LPG, with 98% or more
of their populations using gas for cooking. Cabo Verde
and Gabon follow, with over 70% of households
using gas. Botswana has the next largest proportion,
with around 43% of the population reporting relying
primarily on gas for cooking. However, the large
majority of countries in the Region (i.e. 30) report that
10% or less of households rely primarily on gas with
13 of these 30 countries, reporting that less than 0.1%
of households use mainly gas for cooking.
Kerosene is an important contributor to the fuel mix
in a few of the Region’s countries. Surveys from three
African countries (i.e. Equatorial Guinea, Eritrea and
Nigeria) show between one quarter and one third of
households use kerosene as their main cooking fuel.
The large majority of countries, however, report little
or no kerosene use for cooking, with 30 countries
reporting that less than 1% of households cook
primarily with kerosene.
Coal is not very commonly used in the African Region.
Only three of its countries report that about 1%
of households use coal for cooking. The other 43
countries in the Region report that less than 0.5% of
households use coal, and the vast majority of these
countries report no coal use at all.

Figure 18. Region of the Americas

Survey data available
High-income country
No survey data available
Not part of WHO Region of the Americas
Not applicable
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Recent survey data were available for 22 countries or
55% of the low- and middle-income population in the
Region of the Americas (Figure 18).

Figure 19. Eastern Mediterranean Region

Gas is by far the most commonly used cooking fuel in
the Region of the Americas with 80% of households
using it as the main cooking fuel, including over
90% of urban areas and almost 50% of rural areas.
Five countries (i.e. Brazil, Ecuador, Grenada, Saint
Lucia, and Saint Vincent and the Grenadines)
report that 90% or more of households cook mainly
with gas, representing almost one quarter of the
population of the LMICs of the Region.

Electricity is not a common fuel in the Region of the
Americas. Sixteen countries report that 1% or less
of households use electricity for cooking. Only two
countries, Costa Rica and Honduras in the Region
report that more than 15% of their population uses
electricity for cooking. The percentage in Costa
Rica is substantially larger (55%) than in Honduras,
where around 20% of households report reliance on
electricity for cooking.
Cooking with coal or kerosene is also not
very common in the Region of the Americas.
Most countries report little or no coal or kerosene
use for cooking, with one exception, Guyana, where
around one third of households use kerosene
for cooking.

Survey data available
High-income country
No survey data available
Not part of WHO Eastern
Mediterranean Region
Not applicable

Gas followed by biomass are the most commonly
used fuels for cooking in the Eastern Mediterranean
Region (Figure 19). On average, almost two thirds
of the Region’s population use gas, and one third
use wood and other biomass for cooking. Seven of
the 11 Eastern Mediterranean Region countries for
which data are available report that 90% or more of
households cook primarily with gaseous fuels. Egypt,
the Islamic Republic of Iran, Jordan and Tunisia
reported that almost 100% of households use gas.
Like other regions, there is much higher usage of gas
by urban households than by rural ones. Around 90%
of urban households rely on gas, compared to just
over half of households in rural areas.
Heavy reliance on biomass for cooking predominates
in five LMICs of the Region. Country estimates range
from about one third of households in Yemen to
almost all households in Somalia. In contrast to urban
areas, where we see a heavy reliance on gas and little
use of biomass, in rural areas more than half of all
rural households cook with it.
The other fuels (i.e. electricity, coal and kerosene)
are not very commonly used in the Eastern
Mediterranean Region for cooking, except in
Djibouti. Over 80% of households in Djibouti use
kerosene as their primary cooking fuel. All other
countries in the Region report little, if any, kerosene
use for cooking. Only two countries (Yemen and
Djibouti) report that 1% or close to 1% of their
population use electricity, and virtually no coal is
used for cooking in any of the Region’s households.
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Biomass is the second most commonly used fuel
(i.e. 17%), particularly in rural areas where more
than half of all households use biomass for cooking.
In comparison to other countries in the Region,
Haiti – where over 90% of households mainly use
biomass, particularly charcoal – has by far the largest
proportion of households using biomass in the
region. The distant second-highest use is reported
by Guatemala with 61%, followed by Honduras
and Nicaragua where slightly more than half of the
population reported that biomass was the main fuel
used for cooking.

Figure 20. European Region

Like the Region of the Americas, very little cooking
with coal or kerosene is reported in the European
Region. Only Kazakhstan and Montenegro report
that 5% or less of their population use coal for
cooking. The former Yugoslav Republic of Macedonia,
which reports that 9% of the population cooks with
kerosene, is the only LMIC country in the Region to
report any use of kerosene.

Figure 21. South-East Asia Region

Survey data available
High-income country
No survey data available
Not part of WHO European Region
Not applicable

The sources of energy for cooking vary significantly
in the European Region (Figure 20). Gas, followed by
electricity and biomass are the leading sources of
cooking energy. A large majority of homes (i.e. 70%)
in both rural and urban areas of the European Region
use mainly gas for cooking. Armenia, Belarus,
the Republic of Moldova and Turkmenistan all report
that 90% or more of households mainly use gas,
with Turkmenistan showing almost universal
(i.e. 99%) usage of gas for cooking.
Electricity is used by around 13% of the Region’s
homes overall with similar levels of usage in
both urban (i.e.15%) and rural areas (i.e. 11%).
Montenegro shows the highest electricity usage with
two thirds of the population cooking with electricity.
Over half of the households in the former Yugoslav
Republic of Macedonia, Kyrgyzstan, Tajikistan and
Serbia also cook mainly with electricity.
On average, a little over 10% of households in the
European Region rely primarily on biomass fuels for
cooking. Biomass is most commonly used in Bosnia
and Herzegovina (69%), and Georgia (54%). About
one third of households in the Republic of Albania,
the former Yugoslav Republic of Macedonia, Serbia
and Tajikistan mainly use biomass for cooking.
Striking differences exist in biomass use between
urban and rural areas of the European Region.
Almost one quarter of all LMIC households in
rural areas mainly use biomass for cooking,
whereas only around 3% of homes in urban areas
do so. Georgia, for example, reports that almost
90% of its rural households and only 18% of the
urban population in 2005 used mainly biomass
for cooking.

Survey data available
High-income country
No survey data available
Not part of WHO South-East Asia Region
Not applicable

Biomass and gas are the two main cooking fuels used
in the South-East Asia Region (Figure 21).
A population-weighted average of the recent country
surveys shows biomass as the most common primary
fuel used by households for cooking (62%), followed
by gaseous fuels (32%), and kerosene (3%).
Coal makes a small contribution to the regional fuel
mix, being the main cooking fuel in only around 2% of
households, and electricity makes an even smaller
contribution, being used in less than 1% of
all households.
Four countries in the South-East Asia Region (i.e.
Bangladesh, Myanmar, Sri Lanka and Timor-Leste)
report that more than 80% of households rely mainly
on biomass for cooking, whereas Nepal and India
report biomass use in 74% and 66% of households,
respectively. Primary reliance on biomass fuels is
more common in rural areas than in urban areas.
Over 80% of rural households use mainly biomass,
compared to only one quarter of urban homes.
The Maldives has the largest fraction of the
population (90% of households) relying on gas for
cooking in this Region.
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Survey data available
High-income country
No survey data available
Not part of WHO South-East Asia Region
Not applicable

Two cooking energy sources, biomass and gaseous
fuels, account for over 90% of households’ choices of
cooking fuels in the Western Pacific Region
(Figure 22). Coal and electricity account for a small
(i.e. 4%) but significant proportion of the Region’s
cooking energy mix (see Box 10). In countries in the
Western Pacific Region, the use of gas for cooking is
much more common in urban areas (i.e. 88%) than in
rural areas (i.e. 12%). In contrast, biomass is most
commonly used in rural areas of the Region’s
countries, where a population-weighted regional
average of 13 countries shows that 81% of rural
homes cook with biomass, compared to only 3% in
urban areas.
Owing to the substantial variation in population
size of the Region’s countries, regional averages fail
to capture the variations in cooking energy choices
between countries. For example, in four countries
(i.e. Niue, Mongolia, Cook Islands and Marshall
Islands), from 20% to over 50% of households

primarily use electricity for cooking. Likewise several
island states of the Western Pacific Region (i.e. Fiji,
Marshall Islands and Tuvalu) report that between
one quarter and one half of households mainly use
kerosene for cooking.
Around 90 to 95% of households in Cambodia,
Lao People’s Democratic Republic, Solomon Islands,
and Vanuatu cook mainly using biomass. Only four
countries in the Western Pacific Region for which
data are available report any coal use: Mongolia,
China, Viet Nam and Lao People’s Democratic
Republic. Mongolia reports a much larger fraction
than any other country with one fifth of households
cooking with coal, whereas the other countries
report that coal is used for cooking in ≤ 5% of
households. Owing to China’s substantial population
size, however, the 5% of households using coal
amounts to 70 million people, which is more than
the total population of all the Region’s island states,
Cambodia, Mongolia and Lao People’s Democratic
Republic combined.

Conclusions
More than 50% of households in all 128 countries
surveyed use biomass as their primary cooking fuel.
These analyses demonstrate the significant differences
in energy use patterns between regions, countries and
urban and rural areas around the world. According
to the new analysis, over 75% of urban households
surveyed rely primarily on clean fuels and technologies,
while the ratio is reversed in rural areas, where more
than 80% rely on polluting fuels and technologies.
Survey estimates from 18 countries in the African
Region show that more than 95% of all households rely
primarily on biomass for cooking. In the South-East
Asian Region, biomass is the most common primary
fuel used by households for cooking (62%), followed by
gaseous fuels (32%), and kerosene (3%). These statistics
can inform specific tailored policies at the regional,
country, and subnational levels to reduce dependence
on polluting cooking systems.
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Figure 22. Western Pacific Region

Heating energy use – analyses
In many places, when winter arrives – or
even just when the sun goes down – lighting
a fire to stay warm is a matter not only of
comfort, but of survival. Heating is an
essential energy service for people of all ages, but it is
especially important for the health of infants, children,
the elderly and those who are ill. Even though it is such a
fundamental need for so many, space heating is a largely
overlooked source of HAP and health risk. Effective
household energy interventions must take the whole
picture into account – and heating is a critical
component of many households’ energy needs.
Even if a household has shifted to cooking primarily
with gas, electricity or biogas, indoor air quality may not
necessarily improve enough to yield meaningful health
benefits. Those systems may not provide sufficient
radiant heat to keep a living space warm on a cold
winter night. Likewise, the improved insulation of a
cleaner biomass stove might lead to better combustion,
but more energy put into the pot means less energy
available to warm the living space (and a closed firebox
also reduces light from the flames to illuminate the
home).
In other words, a stove that is efficient for cooking may
not be very efficient for heating, so a household with a
clean cooking system may continue to rely on burning
polluting fuels on open fires or in traditional stoves for
heating. And its inhabitants will continue to face serious
health risks as a result.
For instance, many households in high-altitude regions,
from Bhutan to northern Pakistan, use LPG for
cooking and fast-boiling tea, but also continue to burn
dung or wood to heat their homes through the long,
cold Himalayan winter. In cold regions, the same stoves

that are used for cooking are frequently also used for
space heating. This dual use – with pots simmering all
day on the stove, which itself is fed regularly throughout
the day – makes it difficult to quantify how much fuel
is burned for heating relative to other end uses. This,
in turn, makes it hard to determine how much the
fuel used for heating contributes to HAP and other
health risks.
Developing a clean-burning dual-use stove that satisfies
both cooking and heating needs is a technical challenge.
Indeed, relatively few stove programmes and design
efforts have attempted to develop advanced dual-use
devices, especially for use in high-altitude settings
where fuel is scarce, air is thin, and the demand for space
heating remains high all year round. Some research
institutions, for example, are currently developing
prototype stoves that use stored solar thermal energy
for a variety of cooking tasks and space heating, but this
is an area that requires further experimentation
and innovation.
Central heating systems fuelled by gas or electricity are
clean point-of-use solutions that effectively move the
combustion off-site, but may not always be feasible in
rural or remote settings. Expanding access to LPG for
use in gas space heaters and to biomass pellet heating
stoves can reduce exposure to HAP from traditional
heating stoves and open fires. In certain climates,
passive solar heating techniques – such as Trombe walls,
attached greenhouses, and direct gain systems – can
be appropriate strategies to reduce demand for space
heating and the associated combustion of solid fuels
like wood, dung or coal. Improvements in the building’s
thermal envelope, through increased insulation and
reducing unintended air leaks, can reduce loss of heat
to the outdoors, but care must be taken to maintain
adequate introduction of fresh air and ventilation.

A woman warms her hands over the stove in her home outside of Moscow, Russia.
Credit: REUTERS/Sergei Karpukhin
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BOX 10 – The dangers of unprocessed coal
The WHO IAQ guidelines for household combustion
include a recommendation that unprocessed
coal should not be used as a household fuel.
Most households in LMICs burning coal for cooking
and heating use a raw, unprocessed form, which
has not been treated by chemical, physical or other
means to remove contaminants. It can therefore
contain toxic elements such as arsenic, lead, fluorine,
selenium and mercury. Burning this coal does not
destroy these dangerous substances; instead it
makes them airborne, increasing the risk of a variety
of additional adverse health effects like fluorosis.
Indoor emissions from coal combustion have been
determined by the International Agency for Research
on Cancer (IARC) to be a Group 1 carcinogen.

A GLOBAL SNAPSHOT
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Coal burning for household space heating is a
major public health problem in China. A recent

study examining the region of north China where
the government provided free coal for winter
heating between 1950 and 1980 found that levels
of particulate matter were 55% higher than levels
reported south of the Huai River. There was an
associated increase in cardiorespiratory deaths;
on average, lives of residents of northern China
were 5.5 years shorter than those living in southern
China (Chen et al., 2013). Despite its widespread
use in China and elsewhere as a heating fuel, there
are limited data available to estimate the population
at risk from use of coal for heating, as most of the
data relating to household coal use are for cooking.
To gain a fuller understanding of the health risks
from household coal burning around the world,
it is essential that household surveys include more
questions about fuel use for space heating.

Women laborers rest as they watch a boy play with their tools at a coal yard in the western city of Ahmedabad, India.
Credit: REUTERS/Amit Dave
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A dearth of data on heating in LMICs
Historically, the overwhelming focus of demographic
household surveys has been on measuring fuel use
for cooking. Epidemiological studies of HAP have
also primarily focused on measuring exposure during
cooking activities. There are very few comprehensive
studies or reliable sources of data on energy use for
space heating.

Children warm themselves around a fire in a metal barrel in eastern
Ghouta near Damascus, Syria.
Credit: REUTERS/Mohammed Abdullah

A global estimate of current household fuel use for
space heating is therefore not feasible. The following
analyses are country-level estimates of averages for
primary fuel use for space heating. Statistics on space
heating with solid fuels reported in national surveys
are typically for either biomass (e.g. wood, dung,
grass) or coal.
A comprehensive search for recent national-level
surveys found fewer than 40 surveys with data on
primary heating fuel, representing 13 LMICs (Figure
23). This reveals the critical need for enhanced
and expanded efforts to collect information on the
range of fuels being used for space heating. In many
warmer countries, where heating is not a significant
end use, this will of course not be applicable. But for
most countries, a more detailed understanding of
the range of fuels being used to stay warm – often in
parallel with modern fuels – is essential to informing
policies and programmes to reduce the health risks
associated with burning polluting fuels for heating.

Figure 23. LMICs with available data from national surveys on primary heating fuel use

Survey data available
High-income country
a

No survey data available
Not applicable

This map shows the paucity of nationally representative data on heating fuels currently available and the limited geographical areas with data.

For this analysis, clean fuels include central heating,
electricity, fuel oil, natural gas, LPG and solar
systems. Polluting fuels include kerosene, coal,
firewood, dung, and grass or crop waste (see Box 11).
Electricity, natural gas, and central heating systems
are the most commonly reported clean energy
sources for space heating at point-of-use. Firewood,

followed by kerosene and coal, are the most
commonly reported polluting energy sources used
for space heating.
Four of the 14 countries with data primarily reported
using clean fuels for heating (>50%), including Turkey,
Armenia, the Islamic Republic of Iran and South Africa.
The penetration of clean fuels and technologies within
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these four countries varies substantially. Turkey
reported a universal reliance on clean energy (i.e.
100%) for space heating in 2011, whereas in Armenia,
the Islamic Republic of Iran and South Africa, the choice
of fuels and technologies for space heating is more
varied. For example, a survey from Armenia in 2011
revealed that around 60% of households use clean
energy for space heating, with the rest using polluting
sources, particularly firewood. Likewise, two surveys
from South Africa in 2007 showed that between 55%
and 60% of households mainly used clean fuels for
space heating, whereas around 40% of the population
used polluting fuels, such as firewood (~20%), kerosene
(~12%) and coal (~4%).

Although few countries have national survey data
on space heating, the country-level data on space
heating that are available show that a substantial
proportion of households use polluting fuels
and technologies for space heating. The lessons
are twofold. There is an urgent need for more
comprehensive data collection on space heating. And,
more importantly, heating in the home is a critical but
often overlooked risk for health.

Unlike other countries, Bhutan and the Democratic
People’s Republic of Korea showed a heavy reliance
on coal for space heating. Kerosene also serves as
an important fuel for heating in some countries
like Jordan and Lesotho, where, in the most recent
survey, 64% and 34% of households respectively,
reported kerosene as their primary heating
energy source.

Households using clean heating fuels (%)

A family gathers around a sagarh, a traditional heater,
in Uttarakhand, India.
Credit: Jessica Lewis
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 urvey data show a generally increasing trend in use of clean fuels
S
for heating over time.

Sixty-six-year-old Sofya Mozol carries a log as her son Nikolai
waits with a saw as they pile firewood in the small village of
Kozlevschina in Belarus.
Credit: REUTERS

Burning Opportunity: Clean Household Energy for Health, Sustainable Development, and Wellbeing of Women and Children 48

A GLOBAL SNAPSHOT
OF ENERGY ACCESS

In the six countries where data heating were
available over multiple years, each country revealed
a slow but steady increase in the use of clean energy
for heating. Armenia showed the most marked
increase in reliance on clean energy for heating.
In just one decade, the share of households using
clean energy for space heating in Armenia grew from
40% in 2001 to 61% in 2011, a net increase of 21%
(Figure 24).

Figure 24. Primary use of clean household

BOX 11 – Curtailing kerosene
A household fuel that is not solid – but not clean either
If the electricity goes off in your home, what do you use
for light?
For most people in the developed world, the answer –
for a short time until their utility restores power – is a
battery-powered torch. But for most of the 1.3 billion
who live without electricity every day, the answer is
kerosene. Kerosene (also known as paraffin) has been
commonly used as a lighting fuel since the mid-nineteenth
century. At that time, whale oil was the fuel of choice for
illuminating homes. Then along came kerosene – a cheap,
widely available by-product of petroleum distillation.
It soon became the dominant lighting fuel.
But within half a century, most households in today’s
high-income countries had transitioned away from
kerosene to electric lighting. In the developing world,
however, many households still burn kerosene – typically
in simple wick lamps, made of a bit of cloth in a container
– for lighting. Almost one third of households in India,
for example, use kerosene as their primary lighting fuel.
(See analysis below)
It is also a common fuel for cooking, used in wick or
pressurized stoves. In cold mountain regions, including
those in higher income countries such as Chile and
Japan, kerosene is an important heating fuel. And on cold
nights, kerosene is a source of warmth in countries of the
Eastern Mediterranean Region, such as Jordan.

Studies that have measured emission rates and pollutant
concentrations in households using kerosene find
pollution levels that are consistent with substantially
increased risks of adverse health outcomes. One recent
study conducted in the city of Bhaktapur, Nepal
found that children in households where kerosene
was used for cooking had a significantly higher risk of
acute lower respiratory infection (ALRI) than those
living in homes where electricity is used (Bates et al.,
2013). A systematic review found that levels of PM2.5
emissions from wick-type kerosene lamps exceed WHO
guidelines, and that use of kerosene was associated with
elevated risk of cancer, respiratory infections, asthma,
tuberculosis, cataract, adverse pregnancy outcomes
and ALRI in children (Lam et al., 2012b). This evidence
was one of the primary reasons for the shift away from
reporting on “solid” fuel use, to a new indicator focused
on “polluting” versus “clean” fuels (see Box 1).
Kerosene use can also lead to poisonings, injuries and house
fires. Millions of people suffer burns from using kerosene
lamps every year. Unintended ingestion of kerosene is one
of the most common causes of child poisoning worldwide,
particularly in LMICs. These risks are well -documented
and yet also likely to be underestimated, as many injuries go
unreported (Mills, 2016).
Kerosene use poses dangers far beyond the boundaries
of the home or village. Particulate matter emitted by
burning kerosene is almost pure black carbon, a form
of fine particulate pollution that is the second biggest
contributor to global warming after carbon dioxide.
As a fossil fuel, kerosene also produces carbon dioxide
when combusted. As a source of serious health risks,
and of both short-lived and long-lived climate pollutants
(including 6% of global black carbon emissions),
kerosene is a ripe candidate for rapid replacement.

A boy buys kerosene from a vendor in the Kibera slum in
Nairobi, Kenya.
Credit: REUTERS/Thomas Mukoya.

Kerosene used to be lumped in with LPG, biogas,
and electricity as a “modern” fuel. It was certainly an
improvement over whale oil. But despite its continued
widespread use, kerosene can no longer be considered
a “clean” fuel. The fourth recommendation of the
WHO IAQ guidelines for household fuel combustion
discourages the use of kerosene for any household
purpose. (see Annex 3)

A woman uses a kerosene stove to prepare a meal in Dar es
Salaam, Tanzania.
Credit: REUTERS/Sala Lewis
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Lighting is a basic need. When the sun goes
down, every household needs light to
perform simple tasks or engage in simple
pleasures, such as cooking or reading.
Lighting enables businesses to stay open after dark,
increasing productivity and income. Better lighting in
the home helps prevents accidents, and enables children
to study and learn in the evening. In community settings
and refugee camps, streetlights improve safety and give
people a sense of security.
Soon after Thomas Edison invented the electric light
bulb in 1879, with the goal of rendering gas and oil
lamps obsolete, he predicted, “We will make electric
light so cheap that only the wealthy can afford to burn
candles.” Affordable, accessible electricity has indeed
transformed the way many people light their homes:
in the developed world today, lighting is fuelled almost
exclusively by electricity.
But Edison’s goal has not been fully realized. That light
has still not reached a huge proportion of those alive
today, more than 130 years later. At least 1.3 billion
people – one sixth of humanity – still lack access to
electricity. To light their homes, they rely on kerosene
lamps and, to a lesser extent, other polluting sources
such as biomass and candles.
Many more households are connected to the grid but
have only sporadic, unreliable access to electricity.
The mere presence of a connection does not ensure
that a household uses “clean” energy for lighting,
or that associated health risks are therefore reduced.
Concerns about affordability or other factors mean
these households may still use kerosene for light when
the power cuts out, or in other rooms or spaces without
an electric light.
Global lighting trends are characterized by deep
inequity: those without access to electricity spend up to

1000 times more per unit of light than those who have a
reliable electricity supply. The poor spend far more, as a
proportion of their income, on light of far lower quality,
than the rest – totalling around US$ 40 billion per year
worldwide (Mills 2005).
There are serious health consequences of this lighting
gap. While much of the focus in the global development
community is on the importance of extending electricity
access for economic productivity, there are substantial
health and environmental benefits to be realized from
transitioning households to electric lighting and other
clean lighting fuels.

Analysis of survey data on lighting in LMICs
An analysis of WHO’s lighting database reveals that
much work remains to be done before Edison’s prophecy
comes true. The database includes lighting survey data
from 58 countries (Table 4). These limited data highlight
the need to expand collection of data on lighting fuel use.
Owing to the limited data coverage, we do not present
global lighting trends. Details on specific lighting fuels
used are presented only for those WHO regions that
have lighting survey data representing at least 50%
of the regional population (African Region, Eastern
Mediterranean Region and South-East Asia Region).
Household lighting sources at point of use that are
considered clean include electricity (grid and generator),
LPG, PNG, solar and battery-powered lights or devices.
Polluting lighting sources include biomass (firewood,
grass and dung), candles, kerosene and oil lamps (WHO,
2014a). Oil lamps were categorized as a polluting fuel in
this analysis because, in the LMICs, oil lamps are similar
in efficiency or are fuelled in similar ways to kerosene
lamps. However, the collection of more precisely
categorized lighting data in future surveys would
facilitate more accurate analysis of clean and polluting
lighting fuels.

A woman stands in her shack in the state of Guarico, Venezuela.
Her mud hut still has a black stain on the wall from the kerosene
lamp she used for twenty years, but she proudly stands beneath
a ceiling light bulb - a sign she finally has power.
Credit: REUTERS/Francesco Spotorno (VENEZUELA)
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Lighting energy use – analyses

Table 4. Population coverage of surveys with lighting data in the WHO Household energy database
Population from countries
with lighting data
(thousands)

No. of countries

Percentage of population in
LMICs covered (%)

AFRO

675 823

25

70

AMR

61 315

10

12

EMR

377 848

7

66

EUR

6 169

2

3

SEAR

1 476 247

5

77

WPR

210 079

9

13

Total

2 807 480

58

49

AFR, WHO African Region; AMR, WHO Region of the Americas; EMR, WHO Eastern Mediterranean Region; EUR, WHO European Region; SEAR,
WHO South-East Asia Region; WPR, WHO Western Pacific Region.
Notes: Countries with survey data that were analysed for this report are only WHO Member States. Surveys were used only if they were conducted
after the year 2000, are nationally representative, and contained disaggregated cooking fuel categories (for additional details, please see Annexes
2 and 6.. Population numbers from UNDESA 2014 (http://esa.un.org/unpd/wup/CD-ROM/). Designation of LMICs from World Bank (2015), which
categorizes high-income countries as those with gross national income per capita of US$ 12 746 or more. Equatorial Guinea was reclassified as an
LMIC owing to its high use of polluting fuels.
Source: WHO Household energy database, 2016

A look at lighting data
Looking at the countries with survey data, the main
sources of energy for lighting are electricity followed
by kerosene (see Box 12). As already mentioned,
kerosene has recently been classified as a polluting

household fuel with significant adverse health
impacts, but it remains widely used as a household
lighting fuel (see Box 11). Primary reliance on
polluting lighting fuels is particularly marked in subSaharan Africa and South-East Asia (Figure 25).

A girl studies by kerosene lamp due to a power cut-off in the remote village of Lingsey, India.
Credit: REUTERS/Rupak De Chowdhuri
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BOX 12 – Lighting the way
A range of new ventures are supplanting kerosene with solar-powered light
The new WHO recommendation discouraging the use
of kerosene coincides fortuitously with a number of
promising market-based efforts to reach households
that still rely on this polluting fuel. Clean alternatives
to kerosene lamps have never been more accessible
or reliable.
Solar-powered home lighting systems are becoming
increasingly affordable for low-income households.
New LED lamps are much more energy efficient,
and provide much higher quality light, than kerosene
lamps. Supply chains and retail sales operations
for these clean alternatives are rapidly expanding
throughout markets such as East Africa and India,
home to many of the 1.3 billion without electricity.

Many governments subsidize kerosene; this remains
a huge obstacle to creating incentives for the
use of alternatives. More research and targeted
interventions are needed to address kerosene use
for cooking and heating. But if the early strides made
by these new entrepreneurial approaches, creative
financing models, and cross-sectoral partnerships are
sustained and accelerated, then kerosene, just like
whale oil before it, may soon become a hallmark of
a bygone era – and not a moment too soon for the
billions exposed to the risks of its continued use.

Meanwhile, a host of new start-ups are trying to sell clean
energy products and services, promising better quality
light and reduced expenses to customers who still rely on
dangerous kerosene. Companies such as Off Grid Electric
in the United Republic of Tanzania are capitalizing on
the widespread use of mobile phones to offer customers
“pay as you go” financing options, which lower the
upfront costs of these products for the rural and urban
poor alike, and lets customers divert the money they
spend on kerosene each month to micro-payments
that incrementally pay off the cost of the solar system,
instead. Through a partnership with the government,
the company plans to provide power to one million
homes in the United Republic of Tanzania by 2017.

Of countries with lighting data, the most recent
surveys from Madagascar (2010), Sierra Leone
(2007) and Uganda (2005) all report that more than
three quarters of their populations rely primarily
on kerosene or oil lamps for lighting. In India,
400 million people, or 31% of households, still
mainly use kerosene for lighting, representing the
largest absolute kerosene-using population of all
57 countries included in the WHO Household energy
database (Figure 25).
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Public–private partnerships are working to lower
costs for consumers even more quickly. The joint
International Finance Corporation (IFC)–World
Bank Lighting Africa programme aims to bring clean
off-grid lighting and energy products to 250 million
Africans by 2030. The “Energy Africa” campaign
launched in October 2015 by the United Kingdom’s
Department for International Development (DFID)
is working to expand the market for household solar
systems and devices, rallying donor support and
helping to remove policy and regulatory barriers to
investment in Africa’s household energy sector.

A man in rural Guangxi Province, China, uses a light and
a cooking stove that are both fueled by biogas from his
household’s digester.
Credit: Corbis/Andrew Rowat

It should be noted that some more recent survey
data suggest that clean lighting fuels are rapidly
displacing kerosene in some countries, especially
in sub-Saharan Africa (see Box 12). In the past few
years, there has been a marked rise in sales of solar
lanterns and in the installation of solar home lighting
systems in Malawi and Rwanda, for instance (Rwanda
Fourth Household Living Conditions Survey, 2014).
These fast-moving trends are not always reflected in
the most recently available, comprehensive surveys.
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However, there are encouraging signs that the
transition to clean lighting is accelerating in certain

parts of the world, displacing the use of polluting
candles, kerosene and wood.

250

50

200

40

150

30

100

20

50

10

0

0

ca
20 r
10

as

M

ad

ag

an

gh
Af

pp
ili

Ph

U

ni

te

Ke

hi
Et

la

Ba

ng

ig
N

Percentage of population relying on kerosene for lighting (%)

60

ist
a
20 n
05

300

in
e
20 s
00

70

ny
20 a
09

350

d
R
Ta ep
nz ub
an lic
ia o
20 f
10
U
ga
nd
20 a
05

80

op
20 ia
11

400

de
s
20 h
11

90

er
20 ia
06

450

In
d
20 ia
11

Population (millions)

Figure 25. Top 10 LMICs by population relying on kerosene as primary lighting fuel (total)

Source: WHO Household energy database 2016

In the WHO African Region, the majority of
households use polluting fuels as their primary
lighting fuel (49% use kerosene or oil-lamps),
although a substantial and growing fraction (41%)
use electricity to light their homes (see Table 5 and
Figure 26). In Madagascar, Sierra Leone and Uganda

more than 80% of households rely on kerosene as
the primary lighting fuel. Around 3% of households
in the African Region report that they use “candles”,
another polluting source of energy for lighting.
Likewise “straw” or “grass” is used in a small fraction
of the households of Malawi and South Sudan.

A Surinamese woman uses a solar lamp to illuminate her kitchen in the village of Botopasi, along the upper Suriname River in district Sipaliwini.
Credit: REUTERS/Ranu Abhelakh
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Table 5. Fuels used as primary lighting source by households in WHO African Region
(25 countries included)

Population weighted
average
(%)
Electricity

Median
(%)

Range
(%)

41

42

Gas

0

0

0–1.1245

Solar

1

0

0–3.4

Biomass

3

0

0–50

49

36

0.65–85.75

Candles

3

3

0–65.7

All others

2

1

0–27

Kerosene and oil

2.6–91.83

Figure 26. Fuels used as primary lighting
source by households in WHO African Region
(25 countries included)
AFRO
Population Weighted Average
Candles
3%

All Other
2%

Electricity
41%

Kerosene
and Oil
49%

Biomass Solar
3% 1%

Gas
1%

In the Eastern Mediterranean Region and the
South-East Asia Region, the two other regions
with sufficient data to derive regional averages,
the majority of households (86% and 66%
respectively) report mainly using electricity for
lighting (Tables 6 and 7; Figures 27 and 28).
Looking only at population-weighted regional
averages, however, can be misleading, as they hide
the inherent intra-regional variation. For example,
the main lighting sources of Afghanistan are
substantially different from those of Tunisia,
although both countries are in the Eastern
Mediterranean Region. In Afghanistan, over three
quarters of households rely primarily on polluting
fuels for lighting, whereas in Tunisia, the entire
population reports mainly using clean energy, such as
electricity, for lighting. Similar differences between
countries are seen in the South-East Asia Region.
For example, 40% of households in Bangladesh rely
on polluting fuels for lighting, compared to only 9% of
households in Bhutan.

Source: WHO Household energy database, 2016

A woman works with a solar-powered sewing machine in Nieuw
Aurora village in Suriname.
Credit: REUTERS/Ranu Abelakh
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Source: WHO Household energy database, 2016

Table 6. Fuels used as primary lighting source by households in WHO Eastern Mediterranean
Region (seven countries included)

Population- weighted
average (%)
Electricity

Median (%)

Range (%)

87

98

18.2–99.53

Gas

1

0

0–3.8

Solar

0

0

0–0.54

Biomass

0

0

0–0.52

12

1

0.31–75.5

Kerosene and oil
Candles

0

0

All other

1

0

0–0.9
0.06–4.01

Note: See Annex 2: methodology.
Source: WHO Household energy database, 2016

Figure 27. Fuels used as primary lighting source
by households in WHO Eastern Mediterranean
Region (seven countries included)

EMR
Population Weighted Average
Kerosene and Oil
12%

All Other
1%

Gas
1%

Electricity
87%

Source: WHO Household energy database, 2016

An Afghan woman and her child use a kerosene light.
Credit: Peter Turnley/Corbis
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Table 7. Fuels used as primary lighting source by households in WHO South-East Asia Region
(five countries included)

Population- weighted
average (%)

Median (%)

Range (%)

Electricity

66

67

57–88

Gas

0

0

0–0.3

Solar

1

2

0–7

Biomass

0

0

–

32

18

8–40

Kerosene and oil
Candles

0

0

0–0.2

All other

1

1

0–7

Note: See Annex 2: methodology.
Source: WHO Household energy database, 2016

Figure 28. Fuels used as primary lighting
source by households in WHO South-East Asia
Region (five countries represented)

Kerosene
and Oil
32%
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SEAR
Population Weighted Average
All Other
1%

Electricity
66%

Solar
1%

A man rents gasoline lanterns from his shop in Karachi.
Credit: REUTERS/Akhtar Soomro

Source: WHO Household energy database, 2016

For the Region of the Americas, the European Region
and the Western Pacific Region, for which data are
more limited, we do see some general trends when
looking at national-level estimates. In the European
Region, for which there are recent data for two of its
LMICs, Albania and Armenia, both countries report
almost complete reliance on clean energy sources for
lighting (99% and 98%, respectively). Similar trends
can be seen in the Region of the Americas, where
eight of the 10 countries for which data are available
report that 80% or more of households primarily

use clean sources of lighting. In the Western Pacific
Region, all but two of the eight countries with lighting
data report that two thirds or more of households
use clean sources of energy for lighting, whereas
the neighbouring Western Pacific Region countries,
the Solomon Islands and Vanuatu, each report that a
large proportion of households use polluting fuels for
lighting (76% and 62% respectively). (Further national-level data for each of the regions can be found in
Annex 6.)

Burning Opportunity: Clean Household Energy for Health, Sustainable Development, and Wellbeing of Women and Children 56

BOX 13 – Voices from Uttar Pradesh: the many benefits of clean lighting
The people of the small village of Kaharan Purwa,
in the state of Uttar Pradesh in north India,
understand the dangers of kerosene all too well.
“One of my customers, his whole house burned
down, because of the kerosene lamp,” says the village
shopkeeper. “In many places, children are burned by
them.” Ramesh, a tenth-class student, says, “Before
when I tried to read, smoke from the lamp would get
in my eyes.” Now, thanks to the solar home systems
installed by a new company, Mera Gao Power,
he studies in the smoke-free glow of LED lamps.
On his fingers, he ticks off the benefits of these
simple systems, which include a cell-phone charger,
and cost less per month than a typical household’s
spending on kerosene. “First, we save money.
Second, we save our houses and children – safety.
Third, we can study. In the wet season, the flame is
moving in lamp, but with light, no problem.” In the
neighbouring village of Bhitauli, Betti Devi, a young
mother, says she no longer uses five litres of kerosene

every month – an important savings on her family’s
meagre farming income. But even more important is
that “the children can study.” “It’s easier to prepare
food,” she adds. “We are saved from smoke.” Her
neighbour, village headman Krishna Kumar, agrees:
“Before with kerosene burning, the house was always
black. Now there is less smoke and soot. We like
that there is less smoke now, and seven hours of
light each day.” Other villagers point out a range of
other benefits. They can now see dangerous snakes
that like to coil and lurk in the dark corners of their
kitchens. The light deters thieves who might come
in the night to steal their grain. “People come and sit
and talk because of the light”, says a shopkeeper. “The
tailor is sitting up late, working. The doctor is looking
at patients at night.” The light has brought people
together.
Adapted from Fire and ice: soot, solidarity and survival
on the roof of the world (Mingle, 2015).

The Energy and Resources Institute (TERI) provides rural Indian household with electric lights charged by solar-powered PV stations
as part of their “Lighting a Billion Lives” initiative.
Credit: TERI
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In 2016, roughly as many people depend on polluting
energy systems for cooking as did three decades ago
(Figure 29). More than half of all households in LMICs
rely on polluting energy to meet their daily cooking
needs. The number of households using solid fuels for
cooking nearly doubled in Africa between 1980 and
2010 (Bonjour et al., 2013).
The vast majority of people who lack access to clean,
modern energy for cooking live in rural areas of
the African, South-East Asia and Western Pacific
Regions. In the African Region, more than half
of households primarily use kerosene and other
polluting fuels for lighting. About a third of people
in India depend on kerosene to light their homes.
Population growth has outstripped the modest rate
at which access to clean energy has expanded in
these regions.
This presents an enormous challenge for the global
community. If current trends continue, the world will
fall far short of achieving the goal of universal access
to clean energy by 2030.

clean and polluting fuels from 1980 to 2014
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Clean fuels
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Source: WHO Household energy database 2016

This plateau in the share of households using clean
energy must be bent quickly into a sharply rising curve
(see Box 14). Without a swift redoubling of effort –
including expanded research into impacts and solutions,
greater financial investment and more innovative
financing mechanisms, and more effective policies – the
absolute number of people bearing the heavy burdens
of reliance on polluting, inefficient household energy will
only increase in the coming decades.

BOX 14 – The investment gap and the cost of inaction
Estimates from the International Energy
Agency (IEA)’s World Energy Outlook
(WEO) 2014 suggest that a US$ 45 billion
investment will be needed annually up to
2030, to meet the universal access target for electricity.
That is a fivefold increase over the amount invested in
2010, which was US$ 9 billion (IEA, 2014). To achieve
universal access to “modern” cooking solutions,
investment will need to increase from US$ 0.1 billion
invested in 2010 to US$ 4.4 billion annually until 2030
– a 44-fold increase. About US$ 0.6 billion per year is
needed for investment in clean cooking solutions such as
LPG stoves, cleaner biomass stoves and biogas systems
(IEA and World Bank, 2015).
These are not trivial sums. But the cost of inaction
is much, much higher. An analysis conducted for
the Intergovernmental Panel on Climate Change’s

report Climate change 2014: impacts, adaptation,
and vulnerability estimated that the total economic
cost of the lost years of healthy life due to particulate
pollution worldwide – both household and outdoor
combined – in 2010 was US$ 1.9 trillion (US). Another
modelling study by UNEP in 2011 found that enacting
a suite of 16 measures to reduce methane and black
carbon measures would avoid 2.4 million premature
deaths each year, most of them from exposure to
emissions from biofuel combustion in households.
The value of those avoided deaths would be over
US$ 5 trillion (UNEP/WMO, 2011). These estimates
do not include the value of avoided climate impacts
or avoided crop losses. When these and other
environmental and economic impacts are taken into
account, reducing household air pollution emerges as
one of the most cost-effective strategies for jointly
improving health and slowing climate change.
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The data tell a sobering story: progress towards
achieving universal access to clean energy remains
much too slow (see Box 19).

Figure 29. Global population relying on

Population (billions)

Closing the energy and ambition gap

WHO’s agenda to accelerate action
for clean air
Mainstreaming household energy and air quality into the
global public health agenda
WHO is advancing awareness of reducing HAP as a
core preventive public health measure on multiple
fronts, including various global forums addressing
maternal and child health issues.
A focus on HAP is an important component of the
action plan for the control of noncommunicable
diseases (NCDs) in the WHO South-East Asia
Region, where NCDs are the leading cause of
death. The action plan target is a 50% reduction
in the proportion of households where solid fuel
is used as the primary energy source for cooking.
WHO is providing technical support and research
for evaluating interventions aimed at reducing HAP,
and facilitating sharing of best practices among the
Region’s Member States. Reducing HAP is also a key
element of the Every Woman, Every Child campaign
launched by UN Secretary-General Ban Ki-moon
in 2010, which aims to intensify international and
national action to alleviate the health risks for
women and children around the world. Its goals
include reducing by one third premature mortality
from NCDs in women, children and adolescents by
2030. Improving indoor air quality is also one of
the five key strategies for preventing pneumonia in
children laid out in the Integrated Global Action Plan
for the Prevention and Control of Pneumonia and
Diarrhoea (GAPPD). The GAPPD provides a roadmap
for national governments and their partners to
plan and implement integrated approaches for
the prevention and control of pneumonia and
diarrhoea. One of the GAPPD’s goals is to reduce
the incidence of severe pneumonia by 75% in
children less than five years of age compared to 2010
levels, by 2025. Multiple studies suggest that steep
reductions in HAP can significantly reduce the risk of
severe pneumonia.
WHO is integrating resources for promoting clean
household energy into global child health initiatives
and decision-support tools for use by Member

States’ health ministries and other organizations.
WHO is also working with partners at country-level
survey agencies, as well as administrators of global
household surveys such as MICS, Living Standards
Measurement Studies and DHS, to develop, field
test and refine new questions about household
energy use. To date, inconsistencies in the design
of questions and responses used in various surveys
have hampered coordinated monitoring of progress
towards energy access, and comparison of data
across countries. Using harmonized indicators and
questions on national and international household
surveys will enable a more complete understanding
of the range of health, development and
environmental consequences of household energy
use. As women and girls bear most of the burden of
relying on polluting fuels, and are the primary users
of household energy, there is an especially urgent
need to collect more gender-relevant information.
In order to develop and refine indicators and
survey questions along these lines, in October
2015 WHO convened a meeting of experts in data
collection on household energy, survey design and
implementation, gender indicators, health and
livelihood impacts, representatives from statistical
bureaus in various countries, and representatives
from the World Bank, the Global Alliance for Clean
Cookstoves and other international institutions.
Valuable progress was made towards developing
a detailed set of harmonized indicators and survey
questions on household energy use and health
impacts. In the wake of the meeting, field testing of
recommended survey questions is being conducted
in Ghana and Peru. WHO is also supporting efforts
to build the capacity of local researchers and public
health practitioners to measure exposure and
health outcomes, and assess the efficacy of various
interventions. This will inform the finalization of
questions and modules for use in relevant national
and global household surveys, and possibly in other
monitoring efforts, including the Global Tracking
Framework of the SE4ALL initiative. These updated
survey tools will reflect the new SDG indicator’s
focus on “clean fuels and technologies”, and help
capture a more complete picture of different energy
activities in the household.
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Light bulbs illuminate the Himalayan village of Namche Bazar, Nepal. Light bulbs replaced kerosene lamps when Namche got electricity
from a hydroelectric plant.
Credit: REUTERS/Laurence Tan
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A woman carries wood to use for cooking in
her home in a slum in Islamabad, Pakistan.
Credit: REUTERS/A. Ali
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Gender roles and fuel collection
If you rise at dawn on a dry season day, and go out to
the road leading west from the town of Birendranagar,
Nepal, you are likely to find a parade of hunched figures,
slowly approaching in the half light. As they come nearer,
you will see they carry towering bundles of wood on
their backs, secured by lines around their foreheads.
And as they draw still closer, you will hear their voices,
see their faces, and you will realize they are all women.
These women have already spent many hours in the
forest, on this and prior visits, cutting and stacking
wood. Now they are hauling it back to use for cooking in
their homes, or to sell in the market to earn income for
their families.
The types of fuel may vary, but a scene quite similar
to this one plays out every day, from Botswana to
Myanmar and beyond. As in Nepal, so in much of
the world, fuel collection is typically considered
women’s work. The gender dynamics of household
energy use vary from place to place, but they tend
to be driven both by deep-seated cultural norms and
economic factors (see Box 15). In Ghana, national
surveys find that women spend three times as many
hours per week collecting wood as men do, and they
spend more than 10 times as many hours cooking
(FAO, 2012). From Senegal to the United Republic of
Tanzania, surveys show that women in most, if not all,
African countries do the bulk of fuel wood collection
for use in the home. (In many urban areas of the
developing world, men collect wood to sell for profit,
or are employed as porters of charcoal and fuel
wood; very few studies have examined the health and
safety risks they face.) In rural areas of Guatemala,
collecting wood is almost exclusively considered
women’s work (Rath, 2005). But even in urban areas
– where there is more access to LPG and electricity
– female-headed households are significantly more
likely to use wood than those headed by males
(Heltberg, 2003). That is because women-headed
households generally have fewer financial resources,
and are more sensitive to the price of modern fuels,
than male-headed ones.
There are some exceptions. For example, as new analysis
has found, boys in Haiti spend more time in wood

gathering than girls. One interpretation of this finding
may be that boys are sent out to gather fuel, to protect
girls in settings where security is a major concern.
Women and girls often carry loads of wood, dung and
other fuels, which can weigh 40 kg or more, on their
backs or heads. They are responsible for harvesting,
bundling, chopping, storing and burning them. Common
sense suggests that the cumulative physical strain of
performing these tasks, day after day, year after year,
is considerable. But there are few empirical studies on
the injuries and types of chronic discomfort – muscle
strains, spinal injuries, headaches, bone fractures,
back aches, rheumatism and complications of pregnancy,
to name but a few – that women incur in the process of
procuring wood and other polluting fuels.
Reliance on polluting fuels imposes other heavy costs
on women and girls: it robs them of their time. This is
an aspect of energy poverty that is nearly universal,
and almost as nearly universally overlooked. There are
relatively few empirical studies of the time cost and
drudgery involved in fuel collection and preparation
by women and girls, but those few that exist paint a
picture of unrelenting tedium, strain and risk. The SelfEmployed Women’s Association in India conducted a
recent survey of its members, and found that women in
rural Gujarat spend as much as 40% of their waking time
collecting fuel or cooking (World LP Gas Association,
2014). One survey of more than 700 rural households in
Himachal Pradesh in northern India found that women
walked an average of two kilometres to collect wood.
Finding, harvesting, and transporting fuel to keep hearth
fires burning took each household an average of 40
hours per month. Procuring LPG was almost exclusively
done by men, while women were mostly responsible for
gathering wood, dung and crop residues (Parikh, 2011).
Broadly speaking, the impacts of energy collection have
received much less attention from researchers and
policy-makers than the impacts of energy use. Formal
economic indicators mostly fail to capture the value of
domestic work performed by women in the developing
world. This constitutes a significant “blind spot”,
with important consequences for planning effective
interventions: if something is not measured, it is less
likely to be addressed in public health programmes and
policies. Without a large evidence base to motivate
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action, other health priorities will of course eclipse what
may be a large, but uncertain, burden.
But even as more research into the linkages between
health impacts and fuel collection proceeds, action
need not wait. After all, the burdens of inefficient home
energy are plain to see for anyone who goes to watch
the women walking with their heavy loads at dawn back
into Birendranagar. But the avenues for transforming
energy from a burden to an opportunity, for those
determined women and their families, are increasingly
coming into focus. Rapidly transitioning to clean energy
systems in the home will largely help alleviate these real
and heavy burdens, however “hidden” they may be today
from official measures.

A girl carries a LPG cylinder as she follows her mother in Kabul,
Afghanistan.
Credit: REUTERS/Adnan Abidi

TIME LOST
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Girls in households that cook with
polluting fuels spent up to 35 hours a
week collecting wood and water

Women carry wood for their stoves in La Fuente, Guatemala.
Credit: REUTERS/Daniel LeClair
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BOX 15 – Gender, energy and decision-making
How gender roles influence household energy choices
Why hasn’t there been more widespread adoption
of cleaner fuels and technologies in recent decades?
One part of the answer is surely that many household
energy programmes (and surveys and studies as well)
have historically been blind to gender roles within the
household, and within societies.
The relative power of women and men in household
decision-making is a crucial and often overlooked
factor in the adoption and sustained use of clean fuels
and technologies. In many cultures and countries,
men and women often make different choices about
energy, and use energy in different ways. In most
societies, men have more control than women over
household budgets, and therefore more influence
over the decision to purchase a new stove or device.
Meanwhile, women are typically the primary
gatherers and users of energy in the home, and the
ones who would benefit most from switching to
cleaner cooking, heating and lighting systems. But if
women lack decision-making authority within the
household, their preferences for healthier options
may be trumped by men’s concerns about costs.
One study in Bangladesh found that men generally
placed more value on fuel savings and associated
costs, while women were more likely to acknowledge
the value of the health benefits of a more efficient
stove – leading to lower adoption rates of healthimproving stoves (Miller & Mobarak, 2013). Another

study, in Ethiopia, found a correlation between higher
rates of adoption of electric cookstoves with higher
education levels of women in the household (and with
the number of educated household members overall)
(Alem et al., 2013). This suggests that education
may lend more status in decision-making, and more
educated women may have more negotiating power
within the household. Other studies have found that
households with women who have their own source
of income or savings are also more likely to purchase
cleaner cooking devices (Puzzolo et al., 2014).
Efforts to make the cleanest cooking, heating
or lighting solutions more widely available and
affordable will not necessarily close the energy
access gap, if those who control the finances do not
assign or acknowledge the value of their benefits for
other members of the household. (The same holds
true for women in high-income households who
employ someone else to do the cooking, and who
therefore may not prioritize investing in clean
cooking.)
To successfully address the health crisis of HAP,
programmes and policies must explicitly account for
this and other important gender dynamics. And to
inform such policies and successful interventions,
we need a much more robust understanding of the
varied interests and involvement of both women and
men when it comes to energy use.

A man watches his stove light, fueled by his household biogas system, which runs on cow manure. Guazapa, El Salvador.
Credit: REUTERS/Luis Galdamez
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Fuel collection by children – analysis
So just how much time do households spend collecting
fuel? How much does it vary between countries? Is there
an unequal fuel collection burden for girls compared
to boys?
Data from national surveys shed a little light, as they
generally ask a few questions on the amount of time
spent gathering wood for household uses. The most
widely available questions are from child labour
modules on the USAID DHS and UNICEF MICS, which
include questions assessing whether wood or water
was collected in the past week, and if so, how much time
was spent on this task (in hours) over the past week.
Although these questions do not exclusively focus on
wood collection, they serve as practical surrogates to
estimate the prevalence of fuel collection by children,
and children’s time lost to fuel collection. To better
understand the degree to which the household cooking
fuel type relates to drudgery and time loss, the data on
fuel collection are disaggregated by households that
mainly cook with clean and polluting cooking systems
(including wood).

Proportion of children collecting
wood or water
The overall prevalence of children aged 5 to 14
years gathering wood or water is generally higher in
households that primarily rely on polluting cooking fuels.
There are large differences among the LMICs surveyed
in the proportion of children who collect wood or water.
Rwanda, Burundi and Malawi have the highest rates of
girls or boys collecting wood or water – all are above
80% for households cooking with polluting fuels (see
Figure 30). Rwanda has the highest rate of the countries
with available data – almost 85% of girls and boys
reported collecting wood or water in the past week.
A few countries show more substantial differences
between the percentages of children who collect wood
or water based on the type of cooking fuel mainly
used. In particular, Haiti, Niger and Vietnam report
far larger percentages of children collecting wood or
water coming from homes where cooking is done with
polluting fuels, than from homes where cooking is done
with clean fuels. For example, over 20% of girls and boys
report collection of wood or water in polluting fuel-using
households, compared to 3% in clean fuel households.
This analysis also suggests that even households that
primarily use clean fuels still have children who gather
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Considering available data from these sources
collected since 2010, the African Region has the
most data available on wood and water collection
(for 16 countries), followed by the Region of the
Americas (5 countries), the European Region (four
countries), the Eastern and Mediterranean Region,
Western Pacific Region (two countries each) and SouthEast Asian Region (one country). Data presented here

for the ten countries show the highest proportion of girls
and boys collecting wood or water. Data for all available
countries is presented in Annex 7.

A young girl of Afghan descent carries dry wood for cooking to her home in a refugee settlement on the outskirts of Karachi, Pakistan.
Credit: REUTERS/Akhtar Soomro
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wood or water, which might signal that fuel-stove
stacking is taking place (although it is not possible to
distinguish whether wood, water or both are collected
using these data).
The results of this analysis also indicate that a higher
proportion of girls gather wood or water than boys in
most of the countries analysed. Results from Burkina

Faso showed the greatest difference between the
proportion of girls and boys collecting fuel and water:
in households that cook with polluting fuels, 60% of
girls gather wood or water, but only 35% of boys do;
in Malawi homes that cook with polluting fuels the
situation is similar with 82% of girls in collecting and less
than 45% of boys.

Figure 30. Top ten countries for percentage of boys and girls who collected wood or water in the
past week , disaggregated by household cooking fuel
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Source: WHO Household energy database 2016
Note: The percentage of children who report collecting wood or water in the past week is disaggregated by country and by gender, showing that
children from households that primarily cook with polluting fuels spend more time collecting wood or water than those whose households cook with
clean fuels and that girls generally spend more time collecting than boys. Data from USAID DHS and UNICEF MICS collected since 2010.
See Annex 7 for complete data. Countries with missing bars for clean fuels had fewer than 25 children using each of the individual clean fuels,
therefore no rates were calculated.

How much time is lost to wood and
water collection?
In all countries with sufficient data on fuel collection
paired with data on the main cooking fuel used, it is
evident that children living in households that cook
mainly with clean fuels spend less time gathering
wood or water than those from households primarily
relying on polluting fuels (data from the ten countries
with greatest average time burdens collecting wood
or water shown in Figure 31). Children in Benin,
Togo and Rwanda spend the most time collecting
wood or water – on average, girls in households that
cook with polluting fuels spend more than 30 hours
per week.

Both girls and boys spend a substantial amount
of time gathering wood or water, although girls
generally spend more time than boys. Limited data
are available on the amount of time spent gathering
wood or water by children from households
that primarily cook with clean fuels. However,
the available results show that both boys and girls in
clean-fuel using households spent less time gathering
wood or water than those from homes where
mainly polluting fuels are used for cooking. Girls in
Benin, for example, spend almost 12 hours per week
gathering wood or water in households that cook
mainly with clean fuels –this is less than half of the
time that girls in polluting-fuel households spend.
Other striking differentials in time burden between
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households with polluting and clean cooking fuels are
observed for children from countries such as Iraq,
Mongolia and Togo.
Not surprisingly, these empirical data suggest
that girls living in households cooking mainly with

polluting fuels bear the greatest time-loss burden
collecting wood or water. The time differential
is particularly striking in Benin, where girls in
households that cook with polluting fuels spend over
10 hours more on weekly wood or water collection
than boys.

Figure 31. Top ten countries for average number of hours spent collecting wood or water in the past
week among boys and girls who collect wood or water, disaggregated by household cooking fuel
Afghanistan
2010
Benin
2011
Burundi
2010
Comoros
2012
Iraq
2011
Mali
2012
Mongolia
2010
Niger
2012
Rwanda
2010
Togo
2010
0

5

10

15

20

Boys (Polluting fuel HH)

Girls (Polluting fuel HH)

Boys (Clean fuel HH)

Girls (Clean fuel HH)

25

30

35

40

Note: Children in households that cook with polluting fuels spend more time gathering wood or water than children in households that cook with
clean fuels. Data are from USAID DHS and UNICEF MICS collected since 2010. Data for all available countries are presented in Annex 7.

A girl carries dried shrubs that she gathered for use as a cooking and heating fuel in her home on the outskirts of Kabul, Afghanistan.
Credit: REUTERS/Omar Sobhani
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BOX 16 – The potential of clean energy livelihoods

A boy studies by the light of a solar lamp sold by an enterprise set up
by SolarAid, a nonprofit operating in different parts of Africa.
Credit: Ashden Awards

Even as it brightens living spaces and kitchens,
clean energy can brighten a household’s economic
prospects. Livelihood opportunities offered by the
clean energy sector – from sales to manufacturing,
installation, maintenance, and marketing – are an
increasingly significant avenue for earning income,
receiving training and securing reliable employment.

A variety of case studies have found that women
are effective energy entrepreneurs, employees
and sales agents (Khan, 2001) (see Box 16).
Empower Generation has built a network of
women-led rural energy enterprises in Nepal,
providing start-up loans to entrepreneurs selling
solar lights and mobile-phone chargers in rural
areas. In Kenya, BURN Manufacturing makes
and distributes its “jikokoa” charcoal-burning
stove (which reduces particulate emissions by
over 60% compared to a conventional stove).
Almost half of BURN’s employees working in
production of the stove are women, and two thirds
of those in sales, management and administration
are women (Ashden, 2015). There are similar
opportunities across the clean energy sector
and its various value chains. But, despite these
bright spots, women’s overall employment in the
clean household energy sector remains quite low
(Practical Action, 2014).
Meanwhile, a lack of access to clean, reliable
energy compounds the many challenges women
face each and every day. Without adequate light,
the simplest tasks take longer and are harder to
do, increasing the amount of time that has to be
spent on domestic chores. Spending scarce income
on kerosene limits investments in education
or productive enterprises. There is emerging

These opportunities can be especially transformative
for women. And, given their firsthand experience of
the costs and benefits of energy use, women can be
especially effective in developing and disseminating
clean energy solutions at the household level.
Among the participants of an entrepreneurship
training project in Kenya, for example, women sold
almost three times as many new cookstoves as men
(Shankar et al. 2015). The Africa Biogas Partnership
Programme (ABPP) was launched in 2009 to promote
household biogas systems across Burkina Faso,
Ethiopia, Kenya, Uganda and the United Republic of
Tanzania; as of June 2015, more than 51 000 units
had been constructed, serving more than 205 000
people. From its outset, the ABPP has been focused
on mainstreaming gender issues into the programme
implementation and monitoring.This approach,
informed in part by lessons learned from the
dissemination of biogas systems in Nepal, has proven
successful: many women are employed as masons
in construction of the systems, and the ABPP has
found that training women in digester maintenance
can increase the efficiency and output of the biogas
system (Energia, 2010).

evidence that clean energy can lift these various
burdens from women and girls: for example, fuels
such as LPG can reduce the amount of time it
takes to cook certain meals. The nutrient-rich,
pathogen-free slurry produced by biogas systems
can be sold as a fertilizer for added income.
Fuel savings from the use of more efficient solid
fuel stoves can translate to savings of time and
money – which can, in turn, be spent on productive
investments, health and education (or simply
rest and leisure). However, these benefits cannot
simply be assumed – they must be measured and
monitored (Pachauri and Rao, 2013). Some studies
have found that gaining access to electricity,
for example, can actually increase the amount of
time women spend working: light and appliances
extend the time they spend on income-generating
work, even as domestic demands on their time
remain the same (Costa et al., 2009).
This paradox highlights the need for surveys
to capture more information on how domestic
energy-related and other chores constrain
women’s time and mobility, and how involvement
in the clean energy value chain influences
livelihood opportunities for both women and
men (Pachauri and Rao, 2013) (see Box 17).
One example would be tracking the income
generated in a household by participating in the
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clean energy value chain. Another would be the
number and quality of jobs created by the solar
lighting or clean cookstove markets – including
opportunities in manufacturing, distribution, sales
and maintenance – in a given area.

THE HEAVY BURDENS OF
HOUSEHOLD ENERGY

Will having access to clean cooking, heating
and lighting systems empower women and girls,
and free up their own energy for more productive
and life-enriching activities? The answers depend

on the context, on whether available technologies
truly align with their preferences and needs,
and on whether they have the freedom to
express those preferences. But the lessons from
populations that have already made the transition
to clean energy suggest that, if gender-sensitive
policy and social norms emerge, women are indeed
likely to be more empowered and to benefit from
access to cleaner fuels and technologies in a
variety of ways.

A girl carries dried shrubs home to use for cooking and heating in Bagram, Afghanistan.
Credit: REUTERS/Erik De Castro
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The retreat of snowfields and glaciers in the Himalayan region threatens
communities dependent on meltwater to irrigate subsistence crops.
Credit: Jonathan Mingle
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The climate impacts of household
air pollution
The damage wrought by HAP extends far beyond the
boundaries of the home, village or neighbourhood.
Once aloft in the atmosphere, the smoke that
streams up from hundreds of millions of hearth fires
and kerosene lamps alters the climate in both the
short and long term.
Household energy use is a significant source of climatewarming pollution. Indeed, recent research suggests
that the climate impact of HAP is greater than previously
thought. Emissions from the incomplete combustion
of both biomass and fossil fuels in traditional stoves,
open fires or wick lamps can include both greenhouse
gases and short-lived climate pollutants (SLCPs) such as
methane, black carbon and volatile organic compounds
that contribute to the formation of ozone (a powerful
warming agent). All of these pollutants are dangerous to
human health. And all contribute to climate change to
varying degrees.
Household combustion of fossil fuels adds carbon
dioxide to the atmosphere. But new estimates
suggest that household burning of biomass is also
a significant source of greenhouse gas emissions.
Bioenergy accounts for about 10% of global primary
energy use; the majority of this consumption is
the burning of biomass for household cooking
and heating in the developing world (IEA, 2010).
More than half of all wood harvested globally is used
for fuel. Even as this demand for wood and other
biomass fuels causes widespread deforestation,
and disrupts ecosystems and wildlife habitat on a
large scale, it also contributes to global warming.
A recent study found that burning wood for fuel
accounts for more than one gigaton of carbon
dioxide-equivalent emissions per year, about 2% of
total global emissions. This is because about one third
of global wood fuel harvesting is unsustainable –
trees and plants are not replanted to replace what is
harvested, resulting in a net addition of heat-trapping
carbon to the atmosphere (Bailis et al., 2015).
This would be true even if that wood were burned
efficiently. Under ideal conditions, the combustion

of any fuel produces only useful heat, carbon dioxide
and water. But household combustion is far from
ideal – rather, it is always incomplete, and often
quite inefficient. Thus wood fires emit “products
of incomplete combustion”, such as methane,
volatile oganic compounds, black carbon and other
particulate matter. While carbon dioxide can linger
in the atmosphere for several decades before it
cycles out, these pollutants persist for weeks to
years. These SLCPs are also major contributors to
climate change.
Methane and black carbon, in particular, are powerful
warming agents on shorter timescales. Black carbon
can disrupt regional systems such as the south Asian
Monsoon, and it has been shown to be a major,
if not the primary, driver of glacier retreat and
thinning in the Himalaya and Tibetan Plateau region
(Ramanathan & Carmichael, 2008). When these
SLCPs are accounted for, the use of biomass fuels
compares unfavourably, in terms of climate impacts,
with fossil fuels such as LPG, which burns much more
completely (WHO, 2015) (Figure 32). Methane is a
strong greenhouse gas, and also a precursor to the
formation of tropospheric ozone, a greenhouse gas
that impedes the growth of agricultural crops and
directly damages human health. Ozone exposure led
to an estimated 150 000 premature deaths in 2010
(Lim et al., 2012).

A mud stove used for both cooking and heating in a household in
northern Nepal.
Credit: Jonathan Mingle
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Figure 32. Global black carbon emissions from residential combustion, in Gigagrams (Gg). This
includes emissions from fossil fuels and biofuels such as household biomass (i.e., wood, charcoal,
dung, crop waste) used for cooking.
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Note: Estimates are based on 2000 emissions. Data source and map production by Tami Bond, developed using materials from the United States
National Imagery and Mapping Agency and reproduced with permission.

There is increasing evidence that many household
energy solutions that are “clean” for health are
also clean and beneficial for the environment
(see Box 17). A recent report prepared by WHO,
in partnership with the Climate and Clean Air
Coalition (CCAC), examined a suite of measures
that would reduce exposure to air pollution and
have environmental, climate and economic benefits.
In the household energy sector, three actions were
modelled: switching to low-emission cookstoves
and fuels; improving lighting to replace kerosene

lamps; and implementing passive design principles
to reduce fuel consumption for space heating
(together with ventilation and daylighting). These
measures would result in significant reductions of
both carbon dioxide and SLCP emissions. Reduced
demand for biomass for cooking and heating would
lead to reduced deforestation rates, and increased
absorption of carbon dioxide by trees. Clean-burning
stoves can also reduce emissions of methane and
carbon monoxide.

BLACK CARBON
THE CLIMATE BENEFITS OF
CLEAN HOUSEHOLD ENERGY

The rapid transition of three billion
people from using polluting to clean
fuels and technologies could be one
of the most effective black carbon
mitigation opportunities of all

Household air pollution contributes to climate-warming emissions
that accelerate the loss of snow and ice in mountain regions.
Credit: Jonathan Mingle
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BOX 17 – Taking the long view
The life cycle impacts of fuels
solar panels and lead-acid batteries can also produce
toxic by-products, as well as a carbon footprint.
For these reasons, the entire value chain behind the
fuel and device must be considered.

Indonesian workers prepare LPG (liquid petroleum gas) tanks
in Semarang, Central Java province, as part of a program to
accelerate the switch from kerosene to LPG for cooking.
Credit: REUTERS/Stringer

When evaluating household energy solutions, the full
life cycle of any fuel must be taken into account.
Electricity may be the cleanest way to cook in the
kitchen, but that is because it takes the combustion
out of the household and effectively moves it
elsewhere.
If that electricity is generated by a coal-fired power
plant, for example, it is a source of climate-warming
pollution. Depending on how that plant’s emissions
are controlled and where it is located, it may expose
some distant community to health-damaging
pollution. And electricity starts to look like a very
inefficient way to cook a meal, once you take into
account the thermal efficiency of the power plant,
the losses during transmission and distribution,
and the losses when the current is turned into heat –
only some of which may enter the cooking pot. If the
electricity is generated renewably on-site, these
concerns are less relevant – but the manufacture of

As fossil fuels, LPG and PNG are also sources
of climate-warming pollution. Their extraction,
processing, refining and distribution can also have
negative environmental impacts and negative health
impacts for communities close to their point of
production. Leaks from gas pipelines or containers
send methane, a potent greenhouse gas, into the
atmosphere. The use of LPG and PNG for cooking,
however, is not a major source of global greenhouse
gas emissions compared to other sectors such as
power generation, transport and industry. Even if
more than a billion people switched from burning
solid fuels to using LPG for cooking, the projected
effect on petroleum demand and greenhouse gas
emissions would be very small (IEA, 2010). When the
climate-warming effects of short-lived pollutants
from combustion of solid fuels – such as methane
and black carbon – are considered, switching to LPG
and PNG could even provide net climate benefits,
according to some analyses (WHO, 2015).
Balancing climate and health goals in the household
energy sector can entail trade-offs, or at least careful
consideration of how to target climate policies to
minimize their impact on the poor and maximize
health benefits. One recent modelling study found
that aggressive climate mitigation policies could
translate to higher energy prices in south Asia,
putting clean cooking fuels such as LPG beyond the
reach of 20% of the population. This would make it
difficult to achieve universal access to clean cooking
by 2030 in India, forcing more than 700 million south
Asians to continue to rely on polluting solid fuels and
stoves for cooking. To avoid this scenario, policies to
offset the anticipated rise in the price of LPG will be
needed, such as subsidies to cover the upfront costs
of gas stoves, as well as to support consumers’ regular
purchase of the fuel (Cameron et al., 2016).
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A key research recommendation in the recent WHO
IAQ guidelines calls for policies designed to harness
climate and health synergies, and more research
to support the development of these “co-control”
policies (see Annex 3) (Figure 33). Maximizing both
climate and health benefits via mitigation measures
in the household energy sector will require greater
interdisciplinary collaboration between practitioners
and scientists in their respective fields, and an
integrated approach to turning their findings and
recommendations into sound policy at the local,
national and global levels. The alternative – health
and climate policies developed and pursued in
isolation from each other – could lead to unintended
adverse effects, and missed opportunities to
gain significant leverage on two of the great,
and interconnected, challenges of our time.

Expanding access to clean and efficient fuels and
technologies will thus be critical to achieving climate
mitigation goals at both the national and global
levels. WHO’s SLCP study builds on previous work by
the United Nations Environment Programme (UNEP)
and others, which concluded that implementation
of 14 measures reducing black carbon and methane
emissions could avoid 0.5 degrees Celsius of warming
by 2050 (Shindell et al., 2012). This aggressive action
on SLCPs would substantially increase the likelihood
of meeting the global target, agreed upon by 195
nations at the UN Conference of Parties (COP)21
meeting in Paris in December 2015, of “holding
the increase in the global average temperature to
well below 2 °C above pre-industrial levels,” and of
pursuing efforts to limit the increase to 1.5 °C above
pre-industrial levels.

Figure 33. Illustrative co-benefits comparison of the health and climate cost-effectiveness of
selected household, transport, and power sector interventions
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Source: Smith and Haigler (2008). Reproduced with kind permission of the Annual Review of Public Health.
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Clean energy and climate resilience
Reductions of emissions from household combustion
would improve health in other, more indirect ways.
SLCPs influence regional climate systems, increasing
the likelihood of disasters such as glacial lake outburst
floods as a result of melting glaciers, and disruption of
monsoon rains on which billions depend (see Box 18).
Ozone damages crops and black carbon reduces the
sunlight reaching them, reducing yields of staples like
wheat and rice, threatening food security and nutrition
in vulnerable populations.
Expanding energy access will be critical for helping
communities adapt to climate change as well. In the
summer of 2012, the largest power outage in history
unfolded in 22 of India’s 28 states, affecting more than
620 million people. Trains stopped running, traffic lights
winked out, water treatment plants shut down and
life-saving equipment in hospitals had to be operated
manually. A variety of factors precipitated the crisis.
They included extreme high temperatures that caused
power demand for cooling to reach record levels. A late
monsoon had led farmers to increase their use of electric
pumps to irrigate their fields with well water, and also
left hydropower stations operating at low capacity.
The outage highlighted the vulnerability of India’s
infrastructure – including its electrical grid – to climate
change. India is far from alone in this respect: climate
change is expected to lead to increased intensity
and frequency of severe weather events, floods and
droughts in many parts of the world. Floods can block
roads and energy supply chains. Droughts can lead to
stress on forests and ecosystems upon which many
people depend for fuel, food and other essentials.

Such events are a direct threat to health, but they
also threaten health indirectly, by undermining
access to energy, water and food for large, already
vulnerable populations. Climate change is likely
to impact rural people in the developing world
more than any other population group. And in
those areas, it is the poorest citizens who have,
by definition, the least capacity to withstand the
shocks of displacement, crop failure, or the stresses
of extreme weather.
Because energy touches every facet of life, energy
system failure can imperil development on every
front. Hospitals cannot function, vaccines cannot
be stored, children cannot go to school. Businesses
cannot operate, and workers lose income and risk
sliding into poverty.
Fortunately, even as access to clean energy directly
reduces the health impacts of pollution, it builds
the capacity of the poor to adapt to climate change.
Access to reliable sources of energy is an essential
characteristic of a resilient household or community.
Solar microgrids, solar home lighting systems and
other decentralized and distributed clean and
renewable energy systems can expand economic
opportunity and reduce vulnerability to extreme
weather events and other disasters, even as they
obviate the future need for fossil-fuel-generated
electricity to meet growing demand from growing
populations. These and other innovative household
energy solutions offer the potential to save lives,
increase local resilience to environmental change,
and reduce climate-warming emissions (Alstone,
Gershenson and Kammen, 2015).

Women cooking in Varanasi, India.
Credit: Corbis/David Lefranc
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BOX 18 – The household climate opportunity
Black carbon and the co-benefits of clean household energy

The primary SLCP of concern found in HAP is black
carbon, a light-absorbing aerosol and component of fine
particulate matter (PM2.5). Black carbon is scientists’
term for the fine particles in soot that make it dark.
Black carbon contributes to climate change in a variety
of ways. Aloft in the atmosphere, black carbon absorbs
solar energy and re-radiates it as heat, and influences
cloud formation. When it settles out onto snow and
ice surfaces, it reduces the amount of light they reflect,
accelerating the melting of glaciers and snowfields
from the Himalayas to the Arctic. Among all warming
pollutants, black carbon is estimated to be the secondmost important contributor to positive radiative forcing
(net addition of energy to the atmosphere) after carbon
dioxide (Bond et al., 2013). Household combustion is one
of the leading sources, producing a quarter of total global
black carbon emissions (Figures 32 and 33). The vast
majority of those residential emissions come from
developing country households (UNEP/WMO, 2011).
In Asia and Africa, residential solid fuel use accounts for
between 60 and 80% of total black carbon emissions
(Bond et al., 2013)
Black carbon washes out of the atmosphere after one
to two weeks, on average. Concentrations therefore
tend to be higher – and the associated impacts tend
to be greater – closer to the source of emissions.
In cold mountain regions, for example, many people
burn polluting fuels for space heating, producing black
carbon that may contribute to the deterioration of
nearby glaciers and snowfields on which they depend
for seasonal water supplies. But, for all the damage it
wreaks, soot also presents an opportunity: due to its
short lifespan in the atmosphere, reducing black carbon
will almost immediately slow warming. A recent study
modelled various mitigation options for SLCPs and found
that “in terms of volume, the largest contribution to the
reduction in Arctic warming comes from an improved
domestic heating and cooking sector in Asia and in the
rest of the world” (Sand et al., 2015). These benefits
would be realized in large part through reductions in
black carbon.

Tackling black carbon thus offers leverage on the two
biggest challenges facing humanity in the twenty-first
century: poverty and climate change. The rapid transition
of three billion people from using polluting to clean fuels
and technologies might be one of the most effective
black carbon mitigation opportunities of all. The climate
mitigation case for addressing HAP is even stronger when
carbon dioxide emissions from kerosene use, and the
emissions of other SLCPs such as methane and carbon
monoxide from solid fuel combustion, are considered.

Filter papers collected from homes to monitor household air
pollution in Uttarakhand, India.
Credit: Jessica Lewis

In recognition of this opportunity, in 2012, UNEP,
together with the US State Department, launched the
Climate and Clean Air Coalition (CCAC). The CCAC is a
voluntary initiative comprising more than 60 countries
and institutional partners. It works to accelerate
efforts to reduce emissions of black carbon, methane,
hydrofluorocarbons (HFCs), and other SLCPs by
bolstering existing efforts and spurring new research
and action. The CCAC is working to reduce SLCP
emissions from cooking and heating through new
finance mechanisms, supporting the development of
new standards and testing protocols with partners such
as GACC, and funding research and pilot programmes to
deploy clean cooking solutions.
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THE CLIMATE BENEFITS OF
CLEAN HOUSEHOLD ENERGY

Villagers walk on a street as the haze shrouds Pulau Mentaro
village in Muaro Jambi, on the Indonesian island of Sumatra. Credit:
REUTERS/ Beawiharta Beawiharta

Because black carbon is often co-emitted with cooling
aerosols, there is some uncertainty around the climate
mitigation potential of certain measures. Smoke
from some sources, however – such as combustion
of kerosene, diesel, and certain biofuels – is richer in
black carbon. Targeting these sources offers a higher
likelihood for realizing climate and health co-benefits.
Kerosene particulate emissions, for example, are almost
100% black carbon. Kerosene burned for lighting is the
source of 270 000 tonnes of black carbon per year (Lam
et al., 2012). These emissions contribute the warming
equivalent of 240 million tonnes of carbon dioxide
(Jacobsen et al., 2013). With many clean, affordable
alternative technologies for lighting coming onto the
market, replacing kerosene lamps is “low-hanging fruit”
for achieving climate and health goals (see Box 11).

A family in China’s Guangxi Province uses a biogas digester - fed with waste
from the pigs they keep - to provide fuel for both lighting and cooking.
Credit: Corbis/Andrew Rowat
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Closing the energy access gap
“is now
a firmly fixed priority on the
global sustainable development
agenda. As a global community,
we can choose to extend clean
energy to every corner of
the world.

„
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	THE OPPORTUNITY

Key conclusions
 Household air pollution (HAP) is a global health
crisis. Exposure to HAP is responsible for
4.3 million premature deaths each year, making it
the single most important environmental health
risk factor worldwide.
 New WHO indoor air quality guidelines on
household fuel combustion provide the first
definitive guidance on what counts as “clean”
household energy – including emissions rate
targets for fuel and stove combinations,
and recommendations to avoid the use of
unprocessed coal and kerosene as household
fuels. These guidelines will inform efforts by
countries, relevant international agencies and
other institutions to promote energy solutions that
result in meaningful reductions in the health risks
associated with household combustion.
 Ensuring access to clean household energy will
unblock progress towards multiple SDGs and
targets. Accelerating the rate at which poor
households gain access to clean energy presents
an invaluable opportunity to make progress
towards several SDGs, via current synergistic
initiatives that encompass energy, gender and
health. But current trends suggest that the global
community is moving too slowly (see Box 19).
Without dramatically increased effort and
investment, we are likely to fall short of SDG 7.

 A new focus on “polluting” and “clean” fuels and
technologies enables more complete estimates
of the impacts of household energy use on health
and other factors. The new indicator used to track
progress towards SDG 7 is based on new evidence
of the health risks associated with the full range
of household energy end-uses beyond cooking,
including space heating and lighting. It also
encourages innovation in renewable household
energy technologies and highlights their important
role not only for sustainable development but
also health.
 Universal energy access cannot be achieved
without more gender-responsive programmes
and policies – which in turn require better
data collection and indicators. These and other
significant data gaps must be addressed to
inform effective action. There is an urgent need
for harmonized indicators and questions for use
in household surveys, in order to gain a more
complete understanding of the range of health,
development, and environmental consequences of
household energy use.
 Reducing HAP offers an unparalleled opportunity
to realize climate and health co-benefits.
Accelerating access to clean energy for cooking,
heating and lighting can avert a significant amount
of atmospheric warming in the next few decades,
and help protect vulnerable systems such as the
Arctic and high mountain glaciers.

COOKING
Today, roughly the same number of
people cook with polluting energy
systems as did 30 years ago

gender
Universal energy access cannot
be achieved without more genderresponsive programmes and policies
– which in turn require better data
collection and indicators

A woman in Cambodia cooks with an efficient biomass stove.
Credit: Faraz Usmani
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BOX 19 – The state of energy access in 2016
Key findings from new analyses of clean and polluting fuel use for cooking, heating and lighting

The WHO African Region reports the highest proportion
of households – an average 84% of the population –
mainly using polluting cooking fuels. The situation is
worse in rural areas, where on average almost 95%
of the population mainly use polluting cooking fuels,
compared to about 70% of the urban population.
In terms of sheer numbers, the South-East Asia region is
home to the greatest number of people exposed to the
health risks associated with polluting cooking methods.
More than 1.2 billion people in the South-East Asia
Region – equivalent to around 65% of the population
– mainly used polluting fuels for cooking in 2014. As in
the African Region, the situation is much bleaker in rural
areas of the South-East Asia Region, where around 85%
of the rural population cook mainly with polluting fuels,
compared to one third of the urban population.
Currently collection of data on the types of cooking
stoves used in the home is neither comprehensive nor
harmonized enough to permit the derivation of global
and/or national estimates of the health risks posed by
cooking fuels paired with the stove technologies in use.
As surveys are enhanced to gather more data on the
types of cooking stoves used, our tracking of the health
impacts from household energy will also be improved.
Heating: Few data are available on the fuels and
technologies used for space heating. Even with a
comprehensive search of household surveys, censuses
and related reports, data from only 14 countries could
be identified. This paucity clearly illustrates the need for
more comprehensive data collection on both the fuels
and technologies used by households for keeping warm.
One striking finding from this small set of countries,
however, is the important role that kerosene plays in
the space heating energy mix. In some countries of the
Eastern Mediterranean and African Regions, kerosene is
used by a large fraction of the population. For example,
recent surveys from Lesotho and Jordan report 34% and
64% of households, respectively, use mainly kerosene

for space heating. This small sample of surveys also
highlights the importance of biomass for space heating,
even in those countries that mainly use cleaner fuels
for cooking. For example, in Armenia less than 5% of
the population use mainly polluting fuels for cooking,
but over 50% of households rely on biomass fuels for
heating. Statistics from countries like Bhutan and the
Democratic People’s Republic of Korea are a bleak
reminder that coal also poses an important health risk
that cannot be overlooked.
Lighting: Although not as complete as the data on cooking
fuels, the data on primary lighting energy highlight both
the important health risk still posed by inefficient lighting
and the increasing feasibility of transitioning to clean
lighting sources. Of the households surveyed, two thirds
rely primarily on clean fuels for lighting (mostly electricity)
and one third on polluting lighting fuels (mostly kerosene).
The highest proportion of kerosene use is in Rwanda
and Sierra Leone, where around 94% of households use
kerosene as their primary lighting fuel. As in the case
of use of polluting fuel for cooking, in terms of sheer
numbers, the South-East Asia Region dominates. India
has more people using kerosene for lighting than the nine
next highest countries combined, with almost 400 million
people relying mainly on kerosene lamps. This substantial
dataset also reveals the significant roles that other energy
sources, both clean and polluting play in the household
lighting mix. For example, the use of clean and renewable
solar energy systems has become more widespread
in some countries, like Nepal, where around 8% of
households mainly use solar energy for lighting. On the
other hand, these surveys also reveal that more than half
of the population still uses firewood, candles and other
biomass fuels for lighting.
These findings highlight the importance of addressing
all polluting household energy end-uses, and doing so
with targeted interventions based on understanding
of the national context, as substantial inter-country
variations exist that are not necessarily evident when
looking at regional or global figures.
All told, these analyses reveal some encouraging
progress: worldwide, primary reliance on polluting
fuels for cooking declined from over 65% to 42%
between 1980 and 2010 (Figure 15). But they also
reveal that the decline in regions such as Africa
and South-East Asia is not steep enough – a stark
reminder of the significant distance we as a global
community must travel before reaching the goal
of access to clean energy for cooking, heating and
lighting in every household.
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Cooking: Building upon the estimates using the previous
indicator (i.e. “primary reliance on solid fuels for cooking”),
this analysis of “polluting fuels” (i.e. solid fuels plus
kerosene) confirms that the rate of the global transition to
using clean cooking energy is slow at best. The inclusion of
kerosene within this indicator has pushed previous global
estimates of 2.9 billion people exposed to HAP associated
with cooking to more than three billion people (3.1 billion).
For some countries, such as Djibouti, Fiji and Guyana,
the inclusion of kerosene has significantly increased the
percentage of households mainly using polluting fuels for
cooking, compared to previous estimates reporting only
on solid fuel use.

BOX 20 – Making the clean available
Providing choices to consumers is key to increasing the
uptake of clean household energy solutions. Examples
include investing in portable filling stations, and offering
smaller LPG bottle sizes that are easier to transport in
rural areas. Tailored consumer financing mechanisms,
via micro-credit products or mobile-phone-based “pay
as you go” services, can also align payment schedules
with individual household budgets, which can fluctuate
widely, especially in poorer, rural settings.

So how can these proven clean cooking solutions be
made available to the billions who currently depend on
polluting fuels and technologies?

Targeted subsidies can help low-income households
afford LPG refills, for example. These investments
can create virtuous cycles: studies demonstrate that
households are often willing to spend more on clean
energy, if they have access. In many settings, fuels like
gas and electricity have an aspirational quality for
many people, and are perceived as more convenient,
hygienic and “modern”, than biomass or coal. Indonesia
offers an encouraging example. In 2007, its government
reallocated subsidies for kerosene to LPG, resulting in
50 million households (40% of the population) shifting to
cooking primarily with LPG by 2011 (Budhya & Arofat,
2011). This strategic shift resulted in enormous savings
in subsidy payments for the government. Indonesia’s
experience shows that, with the right policies and
committed political leadership, the clean can be made
available quickly, and on a large scale.

To be able to use electric cooking devices, including new,
highly efficient induction cookers, people need reliable,
affordable electricity. That means expanding the power
grid to those living without electricity, or installing
decentralized power systems such as micro-grids, but it
also means improving the reliability of supply to those
who already have connections. For wider and more
rapid adoption of LPG, governments need to work with
the private sector to create enabling environments.
Behind the gas burner and cylinder in the kitchen lies
an extensive infrastructure: gas bottling and storage
facilities, distribution networks and points, facilities
for maintenance, and retail outlets for associated
equipment like stovetop burners.

Both grass-roots and government-supported social
campaigns can play a role in expanding access, too.
In 2015, the government of India launched the “Give It
Up” campaign, which calls on middle-class households
that can afford the market price to voluntarily cancel
their right to an LPG subsidy, and transfer it to a lowincome household. More than 5.8 million households
elected to give up their subsidies in 2015, transferring
hundreds of millions of dollars to the poor to enable
them to use clean energy in lieu of dung and wood.
India’s Ministry of Petroleum and Natural Gas has
partnered with Indian Oil to bring LPG cooking to rural
residents across the country, as part of its “smokeless
village” campaign.

A woman makes tea using a stove fueled by liquefied petroleum
gas (LPG) in a village near New Delhi, India. Credit: REUTERS/
Anindito Mukherjee

Over half of the world’s population cooks with gas or
electricity, using proven technologies that are widely
available in both urban and rural areas of the developed
world (and in many urban areas of the developing world).
These cooking systems have emissions rates that meet
WHO’s new rigorous IAQ standards for “clean” air.
They are familiar and tested, safe and convenient to use.
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The way forward

the use of finite resources to reduce health risks
and end energy poverty. These data gaps must
be quickly addressed. More coordinated action
is needed to develop, harmonize and deploy
better indicators and survey questions. Rigorous
monitoring and evaluation are essential to track
the adoption of those interventions that are
effective for improving health – and to identify
areas that need more focused efforts. The same
holds true for verifying the potential economic
benefits and climate benefits of clean household
energy fuels and technologies.
Past efforts to measure fuel use and to monitor
and evaluate the effectiveness of various
interventions have suffered from a lack of clarity
on what is clean – on what produces meaningful
reductions in health risks from HAP and household
energy use. The new WHO IAQ guidelines have
provided the health benchmark and, together
with the new ISO cookstove standards, the SE4All
GTF and other initiatives, significant steps have
been made towards establishing common points
of reference and protocols for measuring and
tracking clean household energy use.

A woman and her electric light in Bhubaneswar, India.
Credit: Dinodia/Corbis

These findings present us with some stark lessons,
and an urgent imperative.
Serious data gaps are impeding global progress
towards cleaning up air in and around the home,
especially in LMICs. A lack of detailed data – on
heating and lighting energy use, on gender roles
and decision-making within the household,
and on the gender-related determinants of health
inequities – makes it impossible to properly target

Several decades of research, national stove
programmes and international initiatives have
yet to produce a significant reduction in the
population depending on polluting fuels and
technologies to meet their daily energy needs.
Today, roughly the same number of people cook
with polluting energy systems as did 30 years ago.
If current trends continue, the total number of
people relying on polluting cooking energy will
remain roughly the same in 2030 as it is today
(GTF, 2015). The World Bank projects that by
2030, only 72% of the global population will have
access to modern energy for clean cooking – well
short of the target of universal access by 2030.

BOX 21 – A biogas success story in Nepal
for replication and scaling up in other settings, especially
rural areas where people rely on polluting fuels and
technologies for cooking, and where keeping livestock
is common.
Effective policies and creative partnerships that increase
the accessibility and affordability of proven clean fuels
are urgently needed, at the national, regional and
global levels. Increased investment in supply chain and
distribution infrastructure, and new household financing
mechanisms, are essential to expand access to already
proven and clean cooking solutions that can save lives,
time and money for the world’s poorest.
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The Biogas Sector Partnership (BSP) is a unique
public–private partnership that has installed more than
260 000 household biogas systems across all of Nepal’s
75 districts. BSP subsidizes the upfront installation
cost, sets up supply chains and maintenance protocols,
supervises the construction and trains the household
members on how to operate the system safely. The units
can last 20 years. Dung and other materials added to the
tank and mixed with water every day are free, and so is
the gas that comes out of the pipe. The fuel savings from
avoided LPG, wood and kerosene usage exceed the cost
of the system within three years. The BSP is a model ripe

At the national level, however, there have
been promising examples of rapid, wide-scale
improvements in household energy practices.
In China, the National Improved Stoves
Program disseminated about 180 million fuelsaving stoves. In Indonesia, the government
transitioned 50 million people from cooking
primarily with kerosene to much cleaner LPG.
The Biogas Sector Partnership in Nepal has built
260 000 household biogas systems covering
every district of the country (see Box 21).
These impressive achievements hint at what is
possible with concerted, effectively targeted,
coordinated action. Meanwhile, the adoption of
SDG 7 demonstrates that the global development
community is finally treating HAP and energy as
the urgent crisis – and vast opportunity – that it is.
The stakes could not be higher, and time is short.
As a global community, we must learn from our
failures, build on recent successes, and leverage
new momentum to achieve universal access to
clean household energy for all.

The role of WHO and its
international partners

interventions to reduce exposure to emissions from
polluting energy systems, and efforts to monitor
their progress.

2. Building the evidence base on effective
interventions to address the sources of HAP
and reduce adverse health outcomes
Based on extensive evidence reviews, the WHO
guidelines for indoor air quality: household fuel
combustion (IAQ guidelines) provide emissions rate
targets for fuel and stove combinations that can be
considered clean for health. These guidelines can
help policy-makers accelerate access to clean fuels,
and advance optimal transitional technologies,
such as highly efficient biomass-burning stoves.
The IAQ guidelines are an important tool for
planning effective energy, development and public
health policy, as they steer stakeholders away from
polluting fuels, such as kerosene and unprocessed
coal, and towards solutions that are truly clean and
beneficial for health.
Further development of the evidence on effective
interventions should continue to be summarized and
disseminated using the strict criteria for evaluation
developed by WHO, to ensure the impartiality and
scientific rigour of those assessments.

Building on successes
WHO and its Member States and partners have made
great strides in terms of monitoring the exposure
to HAP from household energy use, estimating
the related burden of disease and, more recently,
in harnessing the evidence for effective interventions
in cooking, heating and lighting for protecting health.
These successes should be leveraged and built upon,
in particular with regard to the following categories
of action.

1. Tracking change and evaluating progress
For more than a decade, WHO has been regularly
reporting information on energy use for cooking
from its global Household energy database.
This database is now being upgraded in association
with international and national surveys and censuses
to include data on heating and lighting fuels and
technologies and emission rates, and to disaggregate
data by sex and age whenever possible.
The burden of disease estimates based on these
data will continue to be regularly updated, based
on ongoing assessments of the relative risks and
exposures associated with the use of fuels and
technologies for cooking, heating and lighting –
including kerosene (now categorized as a polluting
fuel). These estimates will inform targeted

A health worker checks the blood pressure of a woman the primary cook in her household - in Odisha, India.
Credit: Jessica Lewis

3. Engagement with governments in support
of concerted action to reduce HAP and
expand access to clean household energy
In May 2015, the World Health Assembly (WHA)
unanimously adopted a resolution on air pollution
and health, calling for increased cross-sector
cooperation and the integration of health concerns
into national, regional and local air pollution-related
policies. A draft road map defining an enhanced

85 Burning Opportunity: Clean Household Energy for Health, Sustainable Development, and Wellbeing of Women and Children

The road map outlines four categories of work:
a. expanding the knowledge base;
b. monitoring and reporting;
c. global leadership and coordination; and
d. institutional capacity strengthening.
Each category includes activities that build the capacity
of Member States and other stakeholders to improve
public health by addressing HAP, and to regularly review
their own progress.
One key activity that spans the four categories is the
development of a clean household energy toolkit for
policy-makers at a national or local level. The toolkit
is intended to provide the means for bringing the
evidence and recommendations found in the WHO IAQ
guidelines to the attention of health sector decisionmakers and professionals. At the same time, it should
provide them with the knowledge and resources to
assist them in engaging effectively with and influencing
the energy planning process. Another fundamental
activity is enhancing the capacity of Member States
to monitor household energy use and its health
impacts. This will be done through the updating and
harmonization of national-level surveys, the continued
improvement of the WHO Household energy database
to include data on all household energy end uses
and on gender differentiated impacts such as fuel
wood collection. WHO will also develop an updated
catalogue of methods that give specific guidance on
diverse evaluation options, and how to develop an
evaluation strategy.
In the near-term, WHO will continue to expand its own
efforts to engage the health sector, support planning and
programme delivery at the national level, and promote
research to address critical data gaps.

Engaging the health sector
WHO will continue to identify and pursue opportunities
for mainstreaming household energy and fuel
interventions as part of the health sector’s activities
to reduce NCDs, promote maternal, child and
adolescent health, and deliver primary health care at the
community level.
 The global strategy for the prevention of
noncommunicable diseases adopted at the UN
General Assembly does not include air pollution as
one of the key risk factors to prevent NCDs, partly
because the evidence of the link between NCDs, heart
disease and strokes and air pollution has only been
accumulated over the past 10 years. Some WHO
regional offices, such as the one in South-East Asia,
have already adopted a resolution to intervene to

reduce indoor air pollution as part of their strategy
to prevent NCDs. Actors working to reduce
NCDs should engage much more actively with the
reduction of HAP through clean household energy
interventions, in view of the considerable impact of air
pollution on NCDs and of the high levels of exposure
to air pollution in the home.
 Child survival and other objectives of the Global
Strategy for Maternal, Newborn and Adolescent
Health, recently adopted by the UN General
Assembly, can be achieved through targeted action
to improve household energy, which has the potential
to halve the pneumonia deaths (the highest cause of
death in children aged under five years), as well as
helping to prevent the almost half a million annual
deaths from COPD in women caused by HAP.
Targeting household energy should be considered as
a key element of the Global Strategy for Women’s,
Children’s and Adolescents’ Health.
 Clinical practitioners and nurses have made
substantial contributions to the prevention
of diseases associated with tobacco smoking,
unhealthy diets, physical inactivity or excessive use
of alcohol, by providing advice to patients and to
the communities they work with. These physicians
and health-care professionals are trusted sources
of information and guidance. The power of health
workers in advising individuals, households and
communities on preventive measures to reduce
their exposure to HAP could be unleashed through
targeted programmes to build capacity in the primary
health-care sector.
 Women’s health programmes could take up access to
clean household energy fuels and technologies as a
key area of focus. Such efforts would help empower
women in their daily decisions to address the health
risks of energy use in the home, informed by evidence
of the roles that women and women’s organizations
can play to support a transition towards clean energy
in the home.

Planning and programme delivery
There is an immense opportunity waiting to be realized
to improve public health around the globe, through the
development of comprehensive action plans to tackle
HAP at the national level. Governments can reduce
the burden of NCDs and childhood pneumonia in their
populations by formulating detailed national action
plans and policies to promote clean household energy
in their countries. Promising models and pilot efforts
should be identified for testing and scaling up. Countrylevel strategies will need to take stock of the emerging
evidence on effective interventions, local circumstances,
including strengths of institutions and service capacity,
as well as opportunities for finance and delivery
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global response to the adverse effects of air pollution in
line with this resolution has been developed and should
be adopted at the 2016 Health Assembly.

mechanisms. International agencies and stakeholders
can improve their coordination to channel investments
and provide technical support to accelerate access to
clean energy for health and climate co-benefits.

Filling the evidence gap
WHO will continue to promote research efforts
comparing the relative effectiveness of household
energy interventions for improving health, including
identifying the interactions between exposure levels and
fuel stacking and sustained adoption. Rigorous impact
evaluation of the health and other benefits of proposed
household energy interventions – whether they include
adoption of LPG or electricity, or cleaner-burning
biomass stoves – is essential.
Likewise, more research is needed into the complex
factors of user preferences, behaviour change,
adoption and sustained use. Gender roles are
especially important and overlooked determinants
of decision-making on energy in the household.
Adoption and sustained use of clean energy solutions
hinge on improved understanding of these intrahousehold dynamics, and of sex-specific impacts
and opportunities related to involvement in the
energy value chain. A lack of reliable, consistent
empirical evidence on these varied impacts impedes
the development of gender-responsive policies and
interventions to improve and expand access to clean,
safe, reliable energy.
Planning for interventions should consider all
sources of HAP – from cooking, heating and lighting
– and their impacts should be comprehensively

evaluated, taking into account fuel stacking, as well
as impacts on energy efficiency, on indoor air quality,
and on health.
More research is needed on these varied impacts,
which are often overlooked by existing surveys and
data collection efforts. There is a general consensus
that a failure to acknowledge and investigate gender
roles and intra-household dynamics, as a determinant
of health outcomes, and of the resulting health
inequities among and between women and men,
has impeded the global transition to clean energy.
Much more detailed measurements and analyses of
those inequities and their determinants are required.
Even as this evidence base is expanded, focused action
need not wait. The level of historical investment in
technology development for clean delivery of household
energy services is a pittance compared to the estimated
value of their potential benefits. Dramatically expanded
investment, research and development are needed to
develop breakthrough innovations in clean household
cooking, heating and lighting. To achieve the SDG 7
target of universal access by 2030, two parallel efforts
should be continued and accelerated. One is the ongoing
project of making energy solutions that are clean for
health at the point-of-use – gas, electricity, biogas and
others – more widely available, especially among the
poor in the developing world (see Box 20). The other
is the task of creating the next generation of efficient
stoves that can cleanly burn biomass fuels – fuels that
are already widely available in many parts of the world
(see Box 22). Supporting research and development of
such innovative, low-emissions technologies to provide
household energy services should be a top priority for
the global development agenda.

Survey of household energy use in Uttarakhand, India.
Credit:Jessica Lewis
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BOX 22 – Making the available clean

A host of entrepreneurs, development agencies and
research institutions are producing, testing and selling
stoves that burn solid fuels much more completely than
traditional stoves and fires. But are they clean?
Not quite. The systematic review of available
interventions made for the 2014 WHO Guidelines for
indoor air quality did not identify any solid fuel stoves
currently available for purchase that meet the stringent
emissions rate targets. Although some promising new
devices are available in certain regions, their emissions
reductions are not steep enough to lower health risks to
acceptable levels.
This makes clear the need for more technological
innovation in advanced solid fuel stoves. A large
fraction of the world’s population still burns solid fuels
in a polluting manner to cook their daily meals, mainly
because these fuels – whether wood, dung, crop waste,
coal or charcoal – are either free to gather or relatively
cheap to purchase. In other words, people depend
on these fuels because they are readily available and
affordable for people living in poverty. And most live
in rural areas, where supply chains for modern fuels
have yet to reach, or are often disrupted or unreliable.
So they harvest wood from the forest, gather woody
brush from the roadside, glean straw and other crop
residues from their fields, and then burn those “free”
fuels – with high, hidden health and other costs. These
households will not gain access to clean fuels such as
gas and electricity overnight. Even with accelerated
efforts to expand access, this transition will take time.
In the meantime, how can devices that burn biomass
and coal be improved to produce less health damaging
pollution, and approach WHO recommended limits in
their emissions performance? In other words, how can
the available be made clean?

How can wood be burned like gas? Thorough mixing of
fuel and air is key to achieving more complete combustion,
and reducing particulate and other emissions. Gaseous
and liquid fuels are much easier to burn almost
completely, because they can be premixed with air,
avoiding the formation of oxygen-starved pockets of
fuel. (Simple kerosene stoves and lamps that are not
pressurized are the exception –they can produce copious
particles because the fuel and air are unevenly mixed.)
Breaking solid fuels down into smaller pieces improves
heat transfer and mixing of oxygen. Stoves that use
uniformly sized, small biomass pellets and coal briquettes
are cleaner burning in part for this reason.
Although this principle has been long understood,
creating stoves that burn solid fuels cleanly remains
a daunting engineering challenge. Combustion is an
extremely complex process, with many stages. Fuels vary
in composition, energy density and moisture content.
Users have different habits, and operate stoves in
different ways. Designing a device that can handle this
variability and produce reliably clean emissions is not
easy. A number of new and established companies have
taken up that challenge in recent years: BioLite, Philips,
StoveTec, Burn Manufacturing and EnviroFit are just a
few of the firms that have rolled out new, cleaner-burning
stoves for sale in low-income settings, using advanced
manufacturing techniques and novel engineering
strategies. Forced-draft stoves, some of which use
electricity to power fans to dramatically improve
combustion efficiency, and two-stage combustion are
two such strategies that seem to offer the most promise
for reducing emissions (Kar et al., 2012). These advances
offer hope of finally solving an ancient problem – one that
has confronted humanity since the very first hearth fire.
But producing a stove that is robust, versatile, durable,
and affordable enough to meet the needs of demanding
consumers and cooks from Bangladesh to Ghana – and
that is truly clean for health – will require sustained
investment, iteration and innovation.
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THE OPPORTUNITY

Newly manufactured clay cooking devices are laid out to dry before
electric coils are fitted onto them, in a workshop in Bhaktapur, Nepal.
Credit: REUTERS/Navesh Chitrakar

Most past efforts, including national programmes such
as those undertaken in India and China in the 1980s and
1990s, to develop “improved” stoves were focused on
increasing fuel efficiency relative to traditional stoves
and open fires. These large-scale efforts were largely
motivated by concerns about deforestation and fuel
scarcity. Other smaller-scale programmes implemented
by development agencies and civil society groups, in a
variety of different settings, have produced incremental
improvements in the performance of solid fuel stoves.
But despite more than 50 years of experimentation and
dissemination, little progress has been made in alleviating
the burden of disease from HAP associated with burning
solid fuels for cooking (Smith & Sagar, 2014).

A call to action
Many cultures have some variation on this old
proverb: “If you want fire, you must endure the
smoke.” For much of human history, pollution seemed
to be the price people had to pay to unlock the useful
energy stored in fuels like wood and coal.
As this report shows, the latest evidence on the
extent of household dependence on smokeproducing energy systems – and on the associated
health risks – suggests that that price is much higher
than we realized. About half of the world’s people
cook their meals, and heat and light their homes
using dangerously polluting fuels and devices.
The consequences are tragic: 4.3 million dead each
year, just from breathing in smoke from fires lit
for cooking alone. Most of them are women and
children. These deaths are preventable – as are those
caused by pollution from combustion for heating
and lighting. So too are the countless and uncounted
hours lost to gathering wood, and the significant
contribution to atmospheric warming made by
pollution from all household combustion.
The scourge of HAP is one of the largest overlooked
health crises of our time. Like a quietly smouldering
fire that has finally burst into full flame, we can no
longer ignore it.

Fortunately, the proverb no longer holds true.
The benefits of fire – vital energy services such as
light and heat – can be harnessed without exposing
the most vulnerable among us to dangerous smoke.
Clean alternatives exist – indeed, the majority of
humanity already uses the main ones: electricity and
gas. Meanwhile, efforts to develop and disseminate
affordable transitional solutions such as cleanerburning biomass stoves are gaining momentum.
The potential benefits for averting climate chaos,
for expanding economic opportunity, and for
reducing human suffering and protecting human
health – especially for women and children – make
investing in household energy interventions one of
the most effective ways to spark progress towards a
whole range of sustainable development goals.
As a global community, we can choose to extend
clean energy to every corner of the globe. And,
by doing so, we can turn the tale of cleaning up the
twenty-first century hearth into one of the great
success stories of human history.
A hot meal. A warm room. A well-lit home.
These will always be fundamental human needs.
With coordinated and concerted effort, we can make
the use of polluting fuels and devices to meet them a
relic of the past.

A woman cooks under her new solar-powered light, installed by a social enterprise called Mera Gao Power, in a village in Sitapur District,
Uttar Pradesh, India.
Credit: Karan Vaid
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THE OPPORTUNITY

Children stand beneath a wind turbine that produces clean energy for a village northwest of Karachi, Pakistan.
Credit: REUTERS/Akhtar Soomro

Annex 1: WHO regions

Table A1.1. List of WHO regions (LMIC countries)
African Region

Rwanda

Algeria

South Africa

Angola

South Sudan

Benin

Swaziland

Botswana

Togo

Burkina Faso

Uganda

Burundi

United Republic of Tanzania

Cabo Verde

Zambia

Cameroon

Zimbabwe

Central African Republic

Region of the Americas

Chad

Antigua and Barbuda

Comoros

Argentina

Congo

Barbados

Côte d’Ivoire

Belize

Democratic Republic of the Congo

Bolivia, Plurinational States of

Equatorial Guinea

Brazil

Eritrea

Chile

Ethiopia

Colombia

Gabon

Costa Rica

Gambia

Cuba

Ghana

Dominica

Guinea

Dominican Republic

Guinea-Bissau

Ecuador

Kenya

El Salvador

Lesotho

Grenada

Liberia

Guatemala

Madagascar

Guyana

Malawi

Haiti

Mali

Honduras

Mauritania

Jamaica

Mauritius

Mexico

Mozambique

Nicaragua

Namibia

Panama

Niger

Paraguay

Nigeria

Peru

91 Burning Opportunity: Clean Household Energy for Health, Sustainable Development, and Wellbeing of Women and Children

Saint Lucia

Turkey

Sao Tome and Principe

Saint Vincent and the Grenadines

Senegal

Suriname

Seychelles

Trinidad and Tobago

Sierra Leone

Uruguay

Eastern Mediterranean Region

Venezuela, Bolivarian Republic of

Afghanistan

Turkmenistan

Djibouti

Ukraine

Egypt

Uzbekistan

Iran (Islamic Republic of)

South-East Asia Region

Iraq

Bangladesh

Jordan

Bhutan

Lebanon

Democratic People’s Republic of Korea

Libya

India

Morocco

Indonesia

Pakistan

Maldives

Qatar

Myanmar

Saudi Arabia

Nepal

Somalia

Sri Lanka

Sudan

Thailand

Syrian Arab Republic

Timor-Leste

Tunisia

Western Pacific Region

United Arab Emirates

Cambodia

Yemen

China

European Region

Cook Islands

Albania

Fiji

Armenia

Kiribati

Azerbaijan

Lao People’s Democratic Republic

Belarus

Malaysia

Bosnia and Herzegovina

Marshall Islands

Bulgaria

Micronesia (Federated States of)

Croatia

Mongolia

Czech Republic

Nauru

Estonia

Niue

Georgia

Palau

Kazakhstan

Papua New Guinea

Kyrgyzstan

Philippines

Latvia

Republic of Korea

Montenegro

Samoa

Republic of Moldova

Solomon Islands

Romania

Tonga

Russian Federation

Tuvalu

Serbia

Vanuatu

Slovakia

Viet Nam

Slovenia
Tajikistan
The former Yugoslav Republic of Macedonia

Burning Opportunity: Clean Household Energy for Health, Sustainable Development, and Wellbeing of Women and Children 92

Annex 2: Additional notes
on methodology

Cooking fuel analysis
Survey data on household cooking fuels were
obtained from the WHO Household energy database,
which is a systematic compilation of estimates of
household energy use from nationally representative
surveys and censuses. Cooking fuel data are
routinely collected at the national and subnational
levels in most countries using censuses and surveys.
Household surveys found in the database include:
United States Agency for International Development
(USAID)-supported Demographic and Health
Surveys (DHS); United Nations Children’s Fund
(UNICEF)-supported Multiple Indicator Cluster
Surveys (MICS); WHO-supported World Health
Surveys (WHS); World Bank’s Living Standard and
Measurement Study and other reliable and nationally
representative country surveys censuses. At the time
of analysis, the WHO database contained data from
824 surveys on household cooking fuels collected
from 161 countries (including high income countries)
between 1970 and 2014.
Only those surveys that included a breakdown of
individual clean fuel types were included, in order to
be certain that the “clean” fuel category comprised
only fuels meeting the WHO guidelines. Therefore,
electricity, gas (e.g., LPG and natural gas) and solar
energy were considered clean fuels but biomass,
solid fuels and kerosene were considered polluting
fuels. It was not possible to distinguish whether
cooking devices fuelled with biomass had been
produced using advanced technologies, therefore
all use of biomass and solid fuels was considered
“polluting”. If a survey was missing a fuel category,
it was assumed that there was no use of that fuel or
that it was included under “others”.

Global aggregate analysis of clean
and polluting cooking fuels
To derive global estimates of the fuel and
technologies used for cooking, a multilevel statistical

model using around 700 nationally representative
data sources with cooking fuel data from the WHO
Household energy database was used.
The statistical model used only accounts for regions,
countries and time as a spline function, and resulting
estimates were restricted to values ranging from
zero to one. More details on the model are published
elsewhere1. All analyses were conducted using
Stata software.
Countries classified as high-income with a gross
national income (GNI) of more than US$ 12 746
per capita2 are assumed to have made a complete
transition to using clean fuels and technologies as
the primary source of domestic energy for cooking.
When no information on cooking was available for
the LMIC, the regional population-weighted mean
was used. Note that this approach was also applied to
Equatorial Guinea, instead of the one used for highincome countries.
The fuel category “other” was used if surveys recorded
use of “other” as a fuel, if the households did not cook,
or if the data were missing. Country-level estimates
of polluting fuel use were obtained by dividing the
proportion of the population using polluting fuels by the
total population not using “other” fuels.
Countries are population-weighted to obtain
regional aggregates; for countries with no data,
the regional mean exposure is assumed; for countries
with less than 5% of polluting fuel use, 0% is assumed
for the calculation of regional or global means;
for countries with more than 95% of polluting fuel
use, 95% is assumed in the calculation of the mean.
There may be discrepancies between internationally
reported and nationally reported figures for the
following reasons:

1

 onjour, S. et al., 2013. Solid Fuel Use for Household Cooking:
B
Country and Regional Estimates for 1980-2010. Environmental
health perspectives, 784(7), pp.784–790. Available at: http://www.
ncbi.nlm.nih.gov/pubmed/23674502.

2

 he World Bank, http://data.worldbank.org/news/2015-countryT
classifications, accessed December 2015.
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 modelled estimates have been used instead of
survey data points;
 estimates expressed as a percentage of population
using polluting fuels as compared to percentage of
households using solid fuels;
 use of different total population estimates;
 in the estimates presented here, values above 95%
solid fuel use are reported as “>95%”, and values
below 5% as “<5%”.

Regional analysis of individual
cooking fuels
Owing to inconsistences in the available survey data
for countries, use of individual cooking fuel types
(e.g. wood, charcoal, coal, kerosene and LPG) are
only presented here as regional averages rather than
country-level or global estimates. The regional values
are derived using data from the most recent survey
for a country, with no survey dated earlier than 2000.
One hundred and thirty LMICs are included in the
regional analysis of individual fuel use.

Lighting analysis
The lighting analysis utilizes nationally
representative country-level survey data for
primary lighting fuels. Survey data disaggregated
by individual lighting fuels were included; surveys
that only reported clubbed variables, i.e. “solid”
and “clean” were excluded owing to discrepancies
in the definition of these categories. Surveys from
before 2000 were excluded. For the WHO African,
Eastern Mediterranean and South-East Asia regions,
a population-weighted regional average and median
are presented in addition to the range of households
lighting with different fuels. The range is defined by
the minimum and maximum country-level estimates
for each fuel type. “Electricity” includes electricity,
generators and batteries. “Biomass” includes wood,
straw and dung. “All other” includes households that
report no source of lighting, missing households
and households that record use of “other” for their
lighting fuel.
At the time of analysis, the WHO lighting database
contained a total of 171 surveys collected between
1963 and 2014. After selecting the most recent
record for each country, the final dataset included
75 countries, 57 countries of which were LMICs.
The analysis presented here covers only LMICs

classified according to the World Bank designations.3
For lighting, “clean” fuels are LPG, natural gas,
electricity, battery, generator, solar, and oil lamps.
Polluting fuels are kerosene, biomass (firewood,
grass and dung), and candles. (“Other” refers to
households that reported no lighting, those that
recorded “other” on surveys, and missing data.) Note:
A few countries use grass and wood for lighting.
Grass is used for lighting in Malawi (2%) and South
Sudan (15%). Dung is used for lighting in South Africa
(negligible) and Iraq (negligible). Firewood is reported
as a lighting fuel in South Sudan (35%), Rwanda
(15%), Ethiopia (11%), Zambia, Kenya, and several
other countries.

Heating Analysis
The analysis of household space heating uses
nationally representative country-level data for
primary space heating fuels from the WHO space
heating database. Only the most recent survey
data are analysed for each country. Survey data
disaggregated by individual space heating fuels
were included; surveys that only reported clubbed
variables, i.e. “solid” and “clean” were excluded owing
to discrepancies in the definition of these categories.
Surveys from before 2000 were excluded. At the
time of analysis, the WHO space heating database
contained a total of 42 surveys collected between
1980 and 2012. After selecting the most recent
record for each country, the final dataset included
75 countries, 57 countries of which were LMICs.
The analysis presented here covers only LMICs
classified according to the World Bank designations.4
For household space heating, “clean” fuels are central
heating, electricity, fuel oil, natural gas, LPG and solar.
“Polluting” space heating fuels are kerosene, coal,
firewood, dung, grass and crop waste.

Methodology for analysis of
firewood or water collection time
The analysis of wood or water collection uses survey
data from nationally representative USAID DHS and
UNICEF MICS household and child labour surveys
undertaken since 2010. Surveys were omitted if they
were not nationally representative or if there was

3

http://data.worldbank.org/news/2015-country-classifications,
accessed December 2015.

4

http://data.worldbank.org/news/2015-country-classifications,
accessed December 2015.
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no use of polluting fuels in the surveyed population.
Two questions are included on a subset of these
surveys and were analysed in relation to the main
type of cooking fuel used:
1.
2.

During the past week, did [NAME] fetch water or
collect firewood for household use?;
Since last [DAY OF THE WEEK], about how many
hours did he/she fetch water or collect firewood,
for household use?

Survey questions on wood or water collection are
addressed to the mother of the children in the survey.
The questions pertain to children aged 5 to 14 years
in all countries except Rwanda (5 to 16) and Serbia,
Democratic Republic of Congo, Monetnegro, Malawi,

Mongolia, Macedonia, Bhutan and Vietnam (5 to
17). For the Montenegro and Serbia MICS surveys,
MICS data is separated into national population and
Roma populations; the national population data is
presented here.
Survey points exceeding 50 hours of wood or
water collection in the past week for a child were
recoded as 50 hours. Data points for the number of
children collecting and/or the amount of time spent
collecting wood or water were excluded if fewer
than 25 children surveyed lived in homes using a
particular fuel type. It is important to note that the
data analysed for hours spent collecting wood or
water could include time spent gathering either
wood or water or both.
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Annex 3: Summary of
recommendations from
WHO guidelines for indoor
air quality: household
fuel combustion (2014)

Specific recommendations
Recommendation 1: Emission rate targets
Recommendation
Emission rates from household fuel combustion
should not exceed the following emission rate
targets (ERTs) for PM2.5 and CO.

Emission rate
targets
PM2.5 (unvented)
PM2.5 (vented)

0.23 (mg/min)
0.80 (mg/min)

CO (unvented)
CO (vented)

0.16 (g/min)
0.59 (g/min)

Remarks
1. T
 hese emission rate targets will result in 90% of
homes meeting WHO Air quality guideline values
for PM2.5 (annual average) and CO (24-hr average).
This assumes model inputs for kitchen volume,
air exchange rate and duration of device use per
24 hours, as set out in Table R1.1.
2. I ntermediate emission rate targets (IERT) show
the rates that will result in 60% of homes meeting
interim target-1 (IT-1) for PM2.5 (Table R1.2) and
60% of homes meeting the 24-hr AQG for CO
(Table R1.3). The value of 60% is arbitrary, but was
selected so that a majority of homes would meet
the specified guideline level.
3. S
 eparate guidance is provided for unvented
and vented stoves as those technologies with
chimneys or other venting mechanisms can
improve indoor air quality through moving a
fraction of the pollutants outdoors.

Strength of
recommendation
Strong

4. T
 able R1.2 illustrates the percentage of homes
that would meet IT-1 (35 μg/m3) for PM2.5.
5. D
 evices should meet both PM2.5 and CO emission
rate targets to be considered to have met
the recommendation.
6. F
 or this recommendation, a high quality
of evidence was available on the average
concentrations of PM2.5 and CO at which health
risks are minimal, as described in previously
published WHO Air quality guidelines (i.e. WHO
Air quality guidelines, 2005 update, WHO guidelines
for indoor air quality: selected pollutants (4, 5)).
A moderate quality of evidence was available
for laboratory testing of emissions from fuel and
technology combinations, and for the emissions
model. A low quality of evidence was available
for field testing of emissions from fuel and
technology combinations.
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Table R1.1: Input distributions for air exchange rates, kitchen volumes and device burn times
used in the development of the ERTs

Range

Unit

Geometric
mean

minimum

maximum

Air exchange rate (a)

per hour

15

5

45

7.5

Kitchen volume (V)

m3

30

5

100

15

hours per day

4

0.75

8

2

Parameter

Device burn time

SD*

* Standard deviation

Table R1.2: Emission rate targets for meeting WHO annual mean AQGs for PM2.5

Emission rate
(mg/min)

Percentage of
kitchens meeting
AQG
(10 μg/m3)

Percentage of
kitchens meeting
AQG IT-1
(35 μg/m3)

Intermediate ERT

1.75

6

60

ERT

0,23

90

100

Intermediate ERT

7,15

9

60

ERT

0,80

90

100

Emissions rate targets (ERT)

Unvented

Vented

Table R1.3: Emission rate targets for meeting WHO 24 h. AQGs for CO

Emission rate (g/min)

Percentage of kitchens
meeting 24 h. AQG

Intermediate ERT

0,35

60

ERT

0,16

90

Intermediate ERT

1,45

60

ERT

0,59

90

Emissions rate targets (ERT)
Unvented

Vented
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Recommendation 2: Policy during transition to low emission technologies
Strength of
recommendation

Recommendation
Governments and their implementing partners should develop strategies to accelerate
efforts to meet these air quality guidelines ERTs (see Recommendation 1). Where
intermediate steps are necessary, transition fuels and technologies that offer
substantial health benefits should be prioritized.

review ‘Health risks of HAP’ (Review 4) can
be used as a guide to assessing the magnitude
of the health benefit from the intervention
under consideration.

Remarks
1. I mplementing agencies should work to increase
access to, and sustained use of, clean fuels as
widely and rapidly as is feasible. Selection of
optimal ‘interim’ technologies and fuels should be
made on the basis of evidence provided in these
guidelines, as outlined below.
2. E
 vidence provided in the systematic review of
‘Intervention impacts on HAP and exposure’
(Review 6) demonstrated that despite achieving
large percentage reductions of PM2.5 compared
to baseline (solid fuels with traditional stoves)
none of the improved solid fuel stoves reviewed
reached the WHO IT-1 for annual average kitchen
PM2.5 (and therefore did not meet the AQG). A few
types of vented (chimney) stoves did reach levels
close to WHO IT-1, in the range of 40–60 μg/
m3. These findings can be used as a guide to
the current ‘in field’ performance of a range of
technology and fuel options.
3. E
 vidence provided on the relationship
between exposure and risk of child acute lower
respiratory infection described in the systematic

Strong

4. T
 echnologies and fuels being considered for
promotion should have emission rates tested (See
Recommendation 1), and where possible, actual
air pollution levels in everyday use in homes
should be measured.
5. P
 lans for the development of guidance and
tools to assist with the assessment of optimal
interventions are described in Section 5 of
the guidelines.
6. F
 or this recommendation, quality of evidence was
moderate for health risks, the integrated exposure
response (IER) functions and population levels
of exposure to HAP. The quality of evidence for
impacts of interventions on HAP
was moderate for natural draft solid fuel stoves,
but low for advanced solid fuel stoves and clean
fuels. The quality of evidence available for factors
influencing adoption was moderate.

Recommendation 3: Household use of coal
Strength of
recommendation

Recommendation
Unprocessed1 coal should not be used as a household fuel. Strong

Remarks
1. T
 his recommendation is made for the following
three reasons, over and above the documented
health risks from products of incomplete
combustion of solid fuels.
i.	Indoor emissions from household
combustion of coal have been determined
by the International Agency for Research on
Cancer (IARC) to be carcinogenic to humans
(Group 1).
ii. 	Coal – in those parts of the world where coal
is most extensively used as a household fuel
and the evidence base is strongest – contains

Strong

toxic elements (including fluorine, arsenic,
lead, selenium and mercury) which are not
destroyed by combustion and lead to multiple
adverse health effects.
iii.	There are technical constraints on burning
coal cleanly in households.
2. F
 or this recommendation, a high quality of
evidence was available from the IARC assessment
of carcinogenicity, while a moderate quality of
evidence was available for the risk estimates for
lung cancer and toxic contaminants.
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Recommendation 4: Household use of kerosene1
Strength of
recommendation

Recommendation
The household use of kerosene is discouraged while further research into its health
impacts is conducted Conditional
1

Strong

‘Unprocessed’ coal refers to forms of this fuel that have not been treated by chemical, physical, or thermal means to reduce contaminants. Unless
otherwise specified, this applies throughout the discussion of this recommendation, as the great majority of the available evidence reviewed draws
on studies in which households used unprocessed coal. Where reference is made to one of the few studies on the use of coal which has been
processed to reduce toxic emissions this is stated.

Remarks
1. E
 xisting evidence shows that household use
of kerosene can lead to PM levels that exceed
WHO guidelines, substantially so in developing
country homes using simple unvented
combustion technologies (e.g. wick cookstoves
and lamps). Levels of CO, nitrogen dioxide (NO2),
polyaromatic hydrocarbon (PAH) and sulfur
dioxide (SO2) may also exceed guideline levels
provided in the WHO Air quality guidelines: 2005
update and the WHO guidelines for indoor air
quality: specific pollutants (4, 5).

2. E
 pidemiological evidence on risks of respiratory
and other health outcomes is currently
not conclusive.
3. T
 he risk of burns, fires and poisoning, associated
with the use of kerosene in developing countries
is a cause for concern.
4. F
 or this recommendation, a low quality of
evidence was available for disease risks from
kerosene combustion emissions, and a moderate
quality of evidence for safety risks with
kerosene use.

Good practice recommendation: Securing health and climate co- benefits
Good practice recommendation
Considering the opportunities for synergy between climate policies and health, including financing, we recommend that
governments and other agencies developing and implementing policy on climate change mitigation consider action on
household energy and carry out relevant assessments to maximize health and climate gains.

Remarks
1. E
 vidence reported in these guidelines, in particular
the IER functions describing risk of important health
outcomes with increasing levels of PM2.5 exposure,
provide an initial basis for assessing the health
benefits of specific climate change mitigation actions
on household energy.
2. G
 uidance and tools for further characterization of
health impacts of climate change mitigation strategy
that involves household energy, including both
benefits and harms, need to be developed.

Implementation of the guidelines
Although these guidelines are global, the main focus of
the evidence review has been on LMIC where the health
burden from household fuel combustion is by far the
greatest. WHO is also focusing technical support for

implementation of the guidelines in LMIC, recognizing
that higher income countries will have mechanisms and
resources to address the risks identified – mainly from
use of solid heating fuels – more easily.
Implementing these recommendations may be
challenging, particularly for lower income and/or more
rural populations. This will require a coordinated effort
by ministries, other national stakeholders (NGOs,
public and private sectors), supported by international
development and financial organizations.
WHO will work with countries to support this process
through its regional and country offices, and is
preparing web-based guidance and tools that build on
the evidence reviews used to inform these guidelines,
available at: http://www.who.int/indoorair/guidelines/
hhfc. In addition to general support provided in this way,
WHO will work closely with selected countries to learn
from initial implementation of the guidelines, and use
this experience to revise the guidance and tools.
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Annex 4: Country data for
household cooking fuels

Table A4.1. List of all countries, sorted by reliance on clean fuels and technologies.

Households
primarily
relying on
clean cooking
fuels (%)

Country

Population
primarily relying
on polluting fuels
for cooking

Country income
level

WHO
region

Note

Primary reliance on clean fuels and technologies for household cooking
Algeria

>95

3 893 LMIC

AFR

Andorra

>95

Antigua and Barbuda
Argentina
Armenia

>95

Australia

>95

– High income

WPR

*

Austria

>95

– High income

EUR

*

Azerbaijan

>95

Bahamas

>95

– High income

AMR

*

Bahrain

>95

– High income

EMR

*

Barbados

>95

71 High income

AMR

Belarus

>95

Belgium

>95

– High income

EUR

*

Brunei Darussalam

>95

– High income

WPR

*

Canada

>95

– High income

AMR

*

Chile

>95

605 787 High income

AMR

Costa Rica

>95

192 695 LMIC

AMR

Cyprus

>95

– High income

EUR

Czech Republic

>95

1 054 High income

EUR

Denmark

>95

– High income

EUR

Ecuador

>95

307 788 LMIC

AMR

Egypt

>95

8 958 LMIC

EMR

Finland

>95

– High income

EUR

*

France

>95

– High income

EUR

*

Germany

>95

– High income

EUR

*

Greece

>95

– High income

EUR

*

– High income

EUR

>95

9 High income

AMR

>95

61 206 High income

AMR

865 LMIC

294 962 LMIC

1 815 LMIC

*

EUR

EUR

EUR

*
*
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Grenada

>95

32 LMIC

Hungary

>95

– High income

EUR

*

Iceland

>95

– High income

EUR

*

Iran (Islamic Republic of)

>95

71 869 LMIC

EMR

Iraq

>95

663 852 LMIC

EMR

Ireland

>95

– High income

EUR

*

Israel

>95

– High income

EUR

*

Italy

>95

– High income

EUR

*

Japan

>95

– High income

WPR

*

Jordan

>95

Kuwait

>95

– High income

EMR

Latvia

>95

52 182 High income

EUR

Lebanon

>95

Lithuania

>95

– High income

EUR

*

Luxembourg

>95

– High income

EUR

*

Malaysia

>95

2 990 LMIC

WPR

Maldives

>95

1 791 LMIC

SEAR

Malta

>95

Mauritius

>95

Monaco

>95

Morocco

>95

209 056 LMIC

EMR

Nauru

>95

383 LMIC

WPR

Netherlands

>95

– High income

EUR

*

New Zealand

>95

– High income

WPR

*

Norway

>95

– High income

EUR

*

Oman

>95

– High income

EMR

*

Poland

>95

– High income

EUR

*

Portugal

>95

– High income

EUR

*

Qatar

>95

217 High income

EMR

Republic of Korea

>95

5 007 High income

WPR

Russian Federation

>95

27 546 High income

EUR

Saint Kitts and Nevis

>95

– High income

AMR

Saint Lucia

>95

228 LMIC

AMR

Saint Vincent and the
Grenadines

>95

11 LMIC

AMR

San Marino

>95

– High income

EUR

Saudi Arabia

>95

3 089 High income

EMR

Seychelles

>95

53 High income

AFR

Singapore

>95

– High income

WPR

Slovakia

>95

542 High income

EUR

Slovenia

>95

37 060 High income

EUR

Spain

>95

– High income

EUR

*

Sweden

>95

– High income

EUR

*

Switzerland

>95

– High income

EUR

*

Syrian Arab Republic

>95

Trinidad and Tobago

>95

742 LMIC

561 LMIC

– High income
9 183 LMIC
– High income

1 877 LMIC
135 High income

AMR

EMR
*

EMR

EUR

*

AFR
EUR

*

*

*

*

EMR
AMR
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Tunisia

>95

1 113 LMIC

EMR

Turkmenistan

>95

531 LMIC

EUR

Ukraine

>95

1 112 824 LMIC

EUR

United Arab Emirates

>95

909 High income

United Kingdom

>95

– High income

EUR

*

United States of America

>95

– High income

AMR

*

Uruguay

>95

27 205 High income

AMR

Venezuela, Bolivarian
Republic of

>95

899 478 High income

AMR

Croatia

94

239 402 High income

EUR

Republic of Moldova

93

265 465 LMIC

EUR

Jamaica

93

187 713 LMIC

AMR

Brazil

93

14 134 713 LMIC

AMR

Dominican Republic

92

838 310 LMIC

AMR

Dominica

92

5 873 LMIC

AMR

Kazakhstan

92

1 416 303 LMIC

EUR

Estonia

92

Colombia

91

4 211 113 LMIC

AMR

Niue

91

145 LMIC

WPR

Suriname

91

49 340 LMIC

AMR

Uzbekistan

90

2 865 772 LMIC

EUR

Cuba

87

1 455 812 LMIC

AMR

Belize

87

45 004 LMIC

AMR

Mexico

86

17 351 610 LMIC

AMR

Panama

86

556 115 LMIC

AMR

El Salvador

83

1 060 610 LMIC

AMR

Romania

82

3 553 148 LMIC

EUR

South Africa

82

9 802 177 LMIC

AFR

Cook Islands

80

4 134 LMIC

WPR

Bolivia, Plurinational States of

79

2 191 396 LMIC

AMR

Bulgaria

79

1 502 393 LMIC

EUR

Kyrgyzstan

76

1 378 044 LMIC

EUR

Thailand

76

16 354 180 LMIC

SEAR

Montenegro

74

161 589 LMIC

EUR

Gabon

73

453 109 LMIC

AFR

Tajikistan

72

2 348 857 LMIC

EUR

Serbia

71

2 561 244 LMIC

EUR

Cabo Verde

71

149 769 LMIC

AFR

Bhutan

68

244 493 LMIC

SEAR

Peru

68

10 032 968 LMIC

AMR

Albania

67

951 320 LMIC

EUR

Paraguay

64

2 370 383 LMIC

AMR

Tonga

63

38 562 LMIC

WPR

Botswana

63

832 081 LMIC

AFR

Yemen

62

9 911 759 LMIC

EMR

109 410 High income

EMR

EUR
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The former Yugoslav
Republic of Macedonia

61

799 152 LMIC

EUR

Guyana

61

297 098 LMIC

AMR

Palau

58

8 792 LMIC

WPR

China

57

589 335 104 LMIC

WPR

Indonesia

57

110 335 864 LMIC

SEAR

Georgia

55

1 816 533 LMIC

EUR

Viet Nam

51

45 377 676 LMIC

WPR

Nicaragua

49

3 057 794 LMIC

AMR

Honduras

48

4 133 844 LMIC

AMR

Angola

48

12 683 557 LMIC

AFR

Namibia

46

1 299 720 LMIC

AFR

Philippines

45

54 677 512 LMIC

WPR

Pakistan

45

102 061 808 LMIC

EMR

Mauritania

45

2 193 654 LMIC

AFR

Marshall Islands

41

31 052 LMIC

WPR

Bosnia and Herzegovina

40

2 299 720 LMIC

EUR

Fiji

37

562 683 LMIC

WPR

Guatemala

36

10 228 762 LMIC

AMR

Senegal

36

9 415 951 LMIC

AFR

Swaziland

35

821 066 LMIC

AFR

India

34

852 814 464 LMIC

SEAR

Mongolia

32

1 981 035 LMIC

WPR

Lesotho

32

1 438 742 LMIC

AFR

Zimbabwe

31

10 474 969 LMIC

AFR

Papua New Guinea

31

5 129 255 LMIC

WPR

Sao Tome and Principe

30

129 621 LMIC

AFR

Tuvalu

30

6 951 LMIC

WPR

Samoa

27

139 114 LMIC

WPR

Nepal

26

20 823 498 LMIC

SEAR

Micronesia (Federated
States of)

25

78 195 LMIC

WPR

Sudan

23

30 358 860 LMIC

EMR

Equatorial Guinea

22

644 173 LMIC

AFR

Ghana

21

21 228 052 LMIC

AFR

Sri Lanka

19

16 637 584 LMIC

SEAR

Côte d’Ivoire

18

18 068 922 LMIC

AFR

Congo

18

3 709 970 LMIC

AFR

Cameroon

18

18 765 398 LMIC

AFR

Afghanistan

17

26 154 140 LMIC

EMR

Zambia

16

13 193 828 LMIC

AFR

Vanuatu

16

217 307 LMIC

WPR

Eritrea

14

4 407 531 LMIC

AFR

Cambodia

13

13 272 191 LMIC

WPR

Djibouti

10

787 188 LMIC

EMR

Bangladesh

10

142 992 016 LMIC

SEAR
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Myanmar

9

48 582 564 LMIC

SEAR

Somalia

9

9 563 719 LMIC

EMR

Solomon Islands

9

521 266 LMIC

WPR

Haiti

9

9 659 056 LMIC

AMR

Comoros

7

716 332 LMIC

AFR

Burkina Faso

7

16 365 340 LMIC

AFR

Democratic People’s
Republic of Korea

7

23 368 714 LMIC

SEAR

Benin

7

9 903 015 LMIC

AFR

Togo

6

6 666 112 LMIC

AFR

Kenya

6

42 085 700 LMIC

AFR

Democratic Republic of the
Congo

6

70 438 400 LMIC

AFR

Guinea

6

11 582 149 LMIC

AFR

Burundi

<5

10 588 741 LMIC

AFR

Central African Republic

<5

4 707 681 LMIC

AFR

Chad

<5

13 102 984 LMIC

AFR

Ethiopia

<5

95 019 560 LMIC

AFR

Gambia

<5

1 851 852 LMIC

AFR

Guinea-Bissau

<5

1 745 848 LMIC

AFR

Kiribati

<5

106 976 LMIC

WPR

Lao People’s Democratic
Republic

<5

6 383 519 LMIC

WPR

Liberia

<5

4 308 560 LMIC

AFR

Madagascar

<5

23 100 280 LMIC

AFR

Malawi

<5

16 163 654 LMIC

AFR

Mali

<5

16 744 302 LMIC

AFR

Mozambique

<5

26 020 794 LMIC

AFR

Niger

<5

18 515 886 LMIC

AFR

Nigeria

<5

173 365 408 LMIC

AFR

Rwanda

<5

11 114 713 LMIC

AFR

Sierra Leone

<5

6 189 315 LMIC

AFR

South Sudan

<5

11 536 815 LMIC

AFR

Timor-Leste

<5

1 116 042 LMIC

SEAR

Uganda

<5

37 027 312 LMIC

AFR

<5

United Republic of Tanzania

50 786 168 LMIC

AFR

Libya

Data not available

LMIC

EMR

Turkey

Data not available

LMIC

EUR

Note: Percentage of the population relying on clean fuels for cooking is derived from modeled estimates (see Annex 2). Designation of LMICs from
World Bank (2015), which categorizes high-income countries as those with gross national income per capita of US$ 12 746 or more. Equatorial
Guinea was classified as an LMIC owing to its high use of polluting fuels.
* For high income countries with no information on polluting fuel use, the estimate is assumed to be <5%.
Source: WHO Household energy database, 2016
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Annex 5: Country-level data
on household heating

Table A5.1. Survey estimates of on primary energy source for household heating in LMIC

Country

Year

WHO
region

Households primarily
relying on clean fuels for
space heating (%)

Source

Albania

2005

EUR

40

LSMS

Armenia

2011

EUR

61

National Survey

Bhutan

2012

SEA

21

National Survey

Bosnia-Herzegovina

2007

EUR

17

National Survey

Democratic People’s
Republic of Korea

2008

SEA

6

National Census

Iran

2011

EMR

98

National Census

Jordan

2004

EMR

30

IPUMS

Lesotho

2006

AFR

5

National Census

Poland

2011

EUR

87

Other

Romania

2002

EUR

44

IPUMS

Serbia

2007

EUR

39

LSMS

South Africa

2007

AFR

60

National Survey

Turkey

2011

EUR

100

National Census

Note: AFR, African Region; AMR, Region of the Americas; EMR, Eastern Mediterranean Region; EUR, European Region; SEAR, South-East Asia
Region; WPR, Western Pacific Region.
IPUMS, Integrated Public Use Microdata Series; LCMS, Living Conditions Monitoring Survey.
Source: WHO Household energy database, 2016
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Annex 6: Country-level data
on household lighting

Table A6.1. Survey estimates of primary energy source for household lighting in LMIC

Households primarily
relying on clean
lighting fuels (%)

Source

EMR

22

Other

EUR

99

LSMS

2001

EUR

98

NatCen

Bangladesh

2011

SEAR

60

NatCen

Belize

2010

AMR

89

NatCen

Year

WHO
region

Afghanistan

2005

Albania

2005

Armenia

Country

Benin

2008

AFR

33

Other

Bhutan

2012

SEAR

88

NatSur

Burkina Faso

2009

AFR

64

NatSur

Cambodia

2009

WPR

66

NatSur

Cameroon

2007

AFR

48

NatSur

Cabo Verde

2014

AFR

85

NatCen

Chad

2011

AFR

68

NatSur

Congo

2011

AFR

42

DHS

Dominican Republic

2012

AMR

97

NatSur

Egypt

2010

EMR

100

NatSur

El Salvador

2011

AMR

93

NatSur

Ethiopia

2011

AFR

36

NatSur

Fiji

2007

WPR

79

NatCen

Gabon

2005

AFR

82

NatSur

Ghana

2008

AFR

50

LSMS

Grenada

2000

AMR

87

NatCen

Guinea-Bissau

2010

AFR

6

NatSur

India

2011

SEAR

67

NatCen

Iraq

2006

EMR

98

LSMS

Jamaica

2001

AMR

79

IPUMS

Jordan

2004

EMR

98

IPUMS

Kenya

2009

AFR

25

NatCen
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Lesotho

2006

AFR

10

NatCen

Liberia

2013

AFR

91

DHS

Madagascar

2010

AFR

13

NatSur

Malawi

2014

AFR

84

NatSur

Nauru

2011

WPR

99

NatCen

Nepal

2011

SEAR

75

NatCen

Nicaragua

2005

AMR

69

NatCen

Nigeria

2006

AFR

38

NatCen

Pakistan

2008

EMR

91

NatSur

Panama

2010

AMR

86

IPUMS

Peru

2012

AMR

90

DHS

Philippines

2000

WPR

69

IPUMS

Rwanda

2013

AFR

66

NatSur

Saint Lucia

2010

AMR

93

NatCen

Saint Vincent and the Grenadines

2007

AMR

86

NatSur

Samoa

2011

WPR

97

NatCen

Senegal

2014

AFR

94

DHS

Sierra Leone

2004

AFR

7

IPUMS

Solomon Islands

2009

WPR

21

NatCen

Somalia

2002

EMR

7

NatSur

South Africa

2011

AFR

84

NatSur

South Sudan

2009

AFR

4

NatSur

Sri Lanka

2009

SEAR

87

NatCen

Togo

2011

AFR

63

NatSur

Tonga

2006

WPR

92

Other

Uganda

2009

AFR

12

NatSur

United Republic of Tanzania

2012

AFR

36

DHS

Vanuatu

2009

WPR

36

NatCen

Viet Nam

2009

WPR

97

IPUMS

Yemen

2013

EMR

76

DHS

Zambia

2010

AFR

36

LSMS

AFR, African Region; AMR, Region of the Americas; EMR, Eastern Mediterranean Region; EUR, European Region; SEAR, South-East Asia Region;
WPR, Western Pacific Region.
DHS, Demographic and Health Surveys; IPUMS, Integrated Public Use Microdata Series; LCMS, Living Conditions Monitoring Survey; NatCen,
national census; NatSur, national survey.
Note: Clean lighting fuels include electricity, gas, LPG, solar and batteries. Polluting lighting fuels include biomass (wood, straw, dung), kerosene and
oil lamps. Households that did not report a source of lighting, recorded “other” as primary lighting fuel, or were missing from households surveys were
omitted from this table.
Source: WHO Household energy database, 2016
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Annex 7: Country-level data
on wood and water gathering

AFR

AMR

EMR

EURO

SEAR

WRP

Figure A7.1 Percentage of boys and girls gathering wood or water in the past week
disaggregated by primary household cooking fuel
Vietnam
2015
Mongolia
2010
Bhutan
2010
Ukraine
2012
Serbia
2014
Montenegro
2013
Macedonia
2011
Iraq
2011
Afghanistan
2010
Suriname
2010
St. Lucia
2012
Jamacia
2011
Haiti
2012
Belize
2011
Togo
2010
Swaziland
2010
Sierra Leone
2010
Rwanda
2010
Niger
2012
Mali
2012
Malawi
2013
Guinea
2012
DR Congo
2010
Côte d'Ivoire
2011
Comoros
2012
Chad
2010
Central African
Republic 2010
Burundi
2010
Burkina Faso
2010
Benin
2011

Boys (Polluting fuel HH)
Boys (Clean fuel HH)
Girls (Polluting fuel HH)
Girls (Clean fuel HH)

0%

10%

20%
30%
40%
50%
60%
70%
Percentage of children collecting wood or water in past week

80%

90%

Source: WHO Household energy database 2016
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AFR

AMR

EMR

EURO

SEAR

WRP

Figure A7.2 Hours spent by boys and girls gathering wood or water in the past week,
disaggregated by primary household cooking fuel
Vietnam
2015
Mongolia
2010
Bhutan
2010
Ukraine
2012
Serbia
2014
Montenegro
2013
Macedonia
2011
Iraq
2011
Afghanistan
2010
Suriname
2010
St. Lucia
2012
Jamacia
2011
Haiti
2012
Belize
2011
Togo
2010
Swaziland
2010
Sierra Leone
2010
Rwanda
2010
Niger
2012
Mali
2012
Malawi
2013
Guinea
2012
DR Congo
2010
Côte d'Ivoire
2011
Comoros
2012
Chad
2010
Central African
Republic 2010
Burundi
2010
Burkina Faso
2010
Benin
2011

Boys (Polluting fuel HH)
Boys (Clean fuel HH)
Girls (Polluting fuel HH)
Girls (Clean fuel HH)

0

5

10

15
20
25
Hours collecting wood or water per week

30

35

40

Source: WHO Household energy database 2016

Note: USAID DHS surveys: Benin, Burkina Faso, Burundi, Comoros, Côte d’Ivoire, Guinea, Haiti, Mali, Niger Rwanda; UNICEF MICS surveys:
Afghanistan, Belize, Bhutan, Central African Republic, Chad, Democratic Republic of Congo, Iraq, Jamaica, Macedonia, Mongolia, Malawi,
Montenegro, St. Lucia, Serbia, Sierra Leone, Suriname, Swaziland, Togo, Ukraine, Viet Nam.
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