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Foreword
Evaluation of the health impacts of climate mitigation strategies is
critical to informed decisions that will attain the greatest combined
gain for health, well-being and sustainable development.
This report considers the scientific evidence regarding possible
health gains and, where relevant, health risks of climate change mitigation measures in the residential housing sector. The report is one
in a Health in the Green Economy series led by WHO’s Department
of Public Health and Environment. Other reports in the series focus
on transport, household energy in developing countries, agriculture
and health care facilities.
The focus of analysis is mitigation measures discussed in the Fourth Assessment Report i
of the Intergovernmental Panel on Climate Change, which represents the UN system’s
most broad-based scientific assessment of mitigation options. The aim is thus to provide
health-oriented review of mitigation strategies around which broad scientific consensus
already exists as to impact and feasibility.

(Photo: Nic Bothma/
Kuyasa CDM)

The report documents how certain mitigation options can yield substantial co-benefits
to health. Some choices, however, may be better than others in terms of health impacts,
or reducing health risks. New and sometimes overlooked opportunities are also examined where health gains and sustainability objectives can be mutually reinforcing.
These findings have a two-fold relevance.
For the health community, they represent a major opportunity to promote “primary
prevention” by informing policy-makers and the public about how better health can be
obtained from economic investments in housing.
Also, evaluation of health impacts touches to the core of a debate that has stalled climate
change negotiations – the debate about who ‘gains’ – and who might ‘lose’. Looking at
health co-benefits creates a different paradigm – one that is ‘win-win’ for most people,
and for the planet.
In fact, there is good evidence that many climate mitigation strategies can yield both
immediate and more sustained global public health benefits – in rich and poor societies, temperate or tropical, urban and rural.
Often these health benefits can be derived at comparatively low cost – and at almost no
cost to resource-strapped health services – but rather through more careful, strategic,
and health-focused development investments.

i

Metz, B et al. eds. Climate Change 2007: Mitigation of Climate Change. Contribution of Working Group
III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, 2007. Cambridge
& New York, Cambridge University Press, 2007.
Foreword

v

In terms of housing, for instance, health benefits may be derived when mitigation policies also: improve indoor air quality; reduce exposure to heat waves and extreme cold;
prevent vector and pest infestations; prevent home injuries; improve safe drinking-water
and sanitation access; avoid use of toxic and hazardous construction materials; reduce
vulnerability to floods, mud slides and natural disasters; and support slum redevelopment and better environmental design of transport, energy and utility infrastructure in
fast-growing developing cities.
For some key measures, there is quantifiable evidence of economic savings in health care
costs. For instance, investments in home insulation have reduced health care costs of
chronic respiratory disease in some settings, justifying investments made in large-scale
housing improvement programmes. More such cost-benefit evaluation would likely
make the case for action even more compelling.
This report identifies key “co-benefits” themes and possibilities. More evidence, however, is needed about health impacts of specific interventions. Also, development
policies, subject to multiple political and economic forces, can be difficult to implement
– even with the powerful logic of health. Still, the challenges of action are no excuse for
inaction.
Addressing pressing public health priorities through mitigation strategies is clearly better than not doing so. Such strategies, once understood, are likely to receive broad public
and political support. By identifying what health gains are expected and how health may
benefit, we also contribute to the dialogue about how different models of production and
consumption impact on the epidemic of noncommunicable disease, on resurgence or
emergence of new disease epidemics and on the stubborn intransigence of certain diseases of poverty.
Let us also acknowledge that the ultimate goal of climate change mitigation is better
human health and well-being. So why not make it central to our strategies as well?
By refocusing the debate around health, with responsible use of evidence, we translate
abstract climate concepts into impacts on diseases and issues that people know and care
about. This series makes the fundamental case that investments in climate change mitigation can produce better health, at lower cost, if informed decisions are made. This
advances the goal, as articulated in WHO’s 1948 Constitution, to promote “the highest
attainable standard of health” as “one of the fundamental rights of every human being
without distinction of race, religion, political belief, economic or social condition.” This
series seeks to outline such important opportunities.

Dr Maria Neira
Director of Public Health and Environment
World Health Organization
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Executive summary

Key messages
Health co-benefits of housing-related climate change mitigation

■■ The right mix of mitigation policies could lead to very
large health co-benefits, including reductions in noncommunicable and infectious diseases.

■■ Noncommunicable

diseases: heart disease, strokes,
injuries, asthma and other respiratory diseases can
be reduced through mitigation measures that: reduce
exposure to extreme heat and cold; reduce mould and
dampness; improve natural ventilation and provide for
safer, more energy-efficient home heating and appliances. There is also evidence that housing improvements
increase well-being and mental health.

■■ Infectious

diseases: vector-borne diseases such
as malaria, waterborne diseases (diarrhoea), and
airborne diseases, including tuberculosis, can be prevented through low-energy and climate-friendly designs
to: improve natural ventilation; limit vector and pest
infestations (e.g. sealing of cracks, window screening);
and improve access to safe drinking water and sanitation
as part of planning and siting.

■■ Good

ventilation is critical to ensure health gains
from energy-efficient and weather-tight housing.
Insufficient natural ventilation is associated with higher
risk of airborne disease transmission, dampness and
accumulation of indoor pollutants that are risk factors
for allergies and asthma. Unless outdoor air is heavily
polluted, natural ventilation also reduces buildup and
exposure to toxic indoor air pollutants from interior
design materials, furnaces (e.g. carbon monoxide) and
naturally-occurring radiation (radon).

■■ Energy-efficient biomass and gas cookstoves can help
avert a large proportion of chronic obstructive pulmonary disease (COPD) in poor countries. Over 1 million
COPD deaths every year are due to indoor cookstove
smoke exposure, mostly among poor women.i Coal

i

smoke from cookstoves kills another 36 000 people annually from lung cancer; poor women are at greater risk.

■■ Cleaner

home energy also can help avert nearly 1
million deaths annually from pneumonia among children under 5. Half of all childhood pneumonia deaths
(2004) were due to indoor smoke from biomass and coal
cookstoves.

■■ Health risks from insulation and construction mate-

rials can be avoided by using healthier substitutes.
The health risks of asbestos and lead paint use are
well documented. Other hazardous materials include
arsenic-impregnated timber and formaldehyde binders in insulation foams and pressed-wood products.
Construction workers are most at risk.

■■ “Smart

growth” strategies that integrate land use
with climate-friendly housing can yield health gains
for populations in rapidly growing cities. Most of the
world’s growth in the next four decades will be in cities
of poor countries, and by 2050, most of the world’s urban
population will live in Asia and Africa. Better land use
planning and planned housing development can avoid
risks and create synergies. For instance, clustering homes
around green areas and providing pedestrian/cycle ways
and clean rapid transit/public transport promote healthy
air quality and physical activity, and reduce traffic injury
risks as well as the urban “heat island” effect.

■■ Health co-benefits of housing-related climate change

mitigation strategies require more systematic assessment by the Intergovernmental Panel on Climate
Change (IPCC). The IPCC’s Fourth Assessment Report,
the focus of this review, does not systematically consider
health. That constitutes a “missed opportunity” for identifying strategies that benefit society.
>>

See the companion Health and Green Economy report: Co-benefits to Health of Climate Change Mitigation: The Household
Energy Sector in Developing Countries (Adair-Rohani H, Bruce N, 2011).
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Win-win strategies for health and climate change mitigation

■■ Health can be a driver of cost-effective housing climate

change mitigation strategies. Particularly in low-income
settings, health savings from improved housing are
immediate and tangible. For instance, improved insulation has been shown to reduce illness from cold and
dampness. In economic terms, these savings may be far
larger than energy savings; thus health may provide a
good economic argument for mitigation measures. This
requires the involvement of many actors, from construction and funding agencies to public health institutions
and health insurers.

■■ Better thermal insulation, with adequate management

comfort, reducing asthma and respiratory illnesses as
well as home injuries (e.g. from burns).

■■ Climate-friendly

housing designs that make more
effective use of active and passive natural ventilation for
cooling can help decrease heat stress. Adequate fresh air
exchanges can help reduce risks of airborne infectious
diseases as well as exposure to toxic chemicals and other
indoor air pollutants, e.g. radon. Screens, bednets and/
or air duct filters are needed, however, to reduce transmission of vector-borne diseases.

■■ Access to safe drinking-water and improved sanita-

tion can save lives and reduce the climate footprint
associated with poor wastewater management, water
resource degradation and water resource extraction. In
addition to the 880 million people lacking access to safe
drinking-water, some 2.6 billion people had no access
to improved sanitation facilities and 1.1 billion were defecating in the open in 2008. Unsafe drinking water,
sanitation and hygiene were estimated to cause 1.9 million deaths in 2004.

of energy sources and ventilation, reduces exposure to
extreme temperatures and risk of respiratory and infectious diseases, as well as reducing exposure to damp
mould and pests. Thermal comfort is also associated
with better mental health.

■■ More energy-efficient heating and more energy-effi-

cient biomass and biogas cookstoves in developing
countries can significantly reduce health-damaging
indoor air pollution exposures and improve thermal

Improving health equity

■■ About

40% of urban growth is in slums. Climatefriendly housing initiatives should focus more on slum
areas, where simple innovations such as insulated roofs,
low-energy/solar lighting and water heating could
improve health equity and reduce the health impact of
heat waves and extreme weather. These should be coupled with access to safe drinking water, sanitation and
healthy transport.

■■ Many low-income cities are experimenting with cost-

effective, healthy climate change mitigation strategies
for housing; these should be studied, expanded and evaluated. Examples include inexpensive passively cooled
homes and apartments using underground earth-pipe
cooling, passive solar water heating that improves access
to hot water and hygiene, and improved building design
for natural ventilation to offer relief from heat stress along
with better control of tuberculosis and other infections.

■■ Air

conditioning is associated with certain health
risks, although it may also be the only way to rapidly
reduce heat load in some structures. Large heating,
ventilation and air conditioning (HVAC) systems may
increase risks of bacterial proliferation and infectious
disease transmission if not well maintained, and in the
absence of sufficient air exchanges.

■■ Air conditioning can reinforce health inequities by

adding to overall urban noise and urban heat generation,
which negatively affect the health of others, particularly
those who cannot afford air conditioners. Also, since
air conditioners typically have a larger carbon footprint
than passive or other mechanical modes of natural ventilation, they add to long-term climate change.

■■ Replacing kerosene lamps with LED lanterns pow-

ered by small solar photovoltaic panels can potentially
reduce risk of injuries and eye diseases as well as indoor
pollution exposures in poor countries. Expanding
access of poor households to DC (direct-current)
household appliances (e.g. refrigerators, phones, computers) that can be powered directly by photovoltaic
solar panels may offer health equity as well as climate
benefits.

■■ Stronger building codes and housing finance measures can support investment in healthier and more
energy-efficient housing while avoiding excessive fuel
costs or “energy poverty.”

■■ Improved international and national climate finance
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mechanisms are needed to help fund and implement
climate change mitigation interventions in housing, particularly among the poor.

Background and rationale
This analysis reviews and evaluates the potential health impacts of mitigation strategies
and technologies for the residential building sector, with a focus on strategies reviewed
in the: Mitigation of Climate Change. Contribution of Working Group III to the Fourth
Assessment Report of the Intergovernmental Panel on Climate Change, also referred to
here as the IPCC mitigation review.ii
Residential buildings are responsible for nearly 18% of direct carbon dioxide emissions
(International Energy Agency, 2008), with 11% due to household grid consumption of
electricity and district heating, and the remainder from household-level cooking and
heating (e.g. with natural gas, LPG or biomass/coal). The residential and commercial
building sector was described by the IPCC mitigation review as having the greatest
potential for reducing greenhouse gas (GHG) emissions cost-effectively, within a short
time using available and mature technologies. This is in comparison to other IPCCassessed sectors including transport, agriculture, industry, forestry, energy supply and
waste generation. Housing is therefore a significant factor in greenhouse gas emissions
and climate change.
At the same time, housing and the built environment have a profound impact on human
health. Healthy housing conditions can significantly decrease risk of communicable and
noncommunicable diseases. Demographic and migration trends mean that the world’s
urban population will double by 2050, with most urban growth occurring in low- and
middle-income cities. That, in turn, translates into an explosion of urban housing construction and/or informal settlement and slum expansion. Clearly, then, the way in
which new housing is developed will have far-reaching impacts on urban health risks
– as well as on urban safety, energy efficiency, heat wave resilience, access and mobility,
and other urban health determinants.
Not all mitigation measures, however, have identical health impacts. Some measures may
be highly positive for health, while others may generate new and unforeseen health risks
if simple preventive measures are not incorporated. For instance, insulation improvements in temperate climates need to include measures to ensure adequate ventilation so
as to avoid transmission of airborne infections, such as tuberculosis, or accumulation
of indoor air pollutants, including toxic chemicals and radon. At the same time, lowenergy buildings in warm climates and malaria-endemic regions that include design
features to promote cooling with natural ventilation need to consider screening or other
measures to protect from vector-borne diseases. Health-informed choices between mitigation measures in housing and construction can thus significantly impact strategies,
but also ensure the best benefit-to-cost ratio for investments made by reducing concrete
costs of disease and injury and also improving public health.

ii Levine M, Urge-Vorsatz D. Residential and commercial buildings In: Metz, B et al. eds. Climate Change

2007: Mitigation of Climate Change. Contribution of Working Group III to the Fourth Assessment Report
of the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge and New
York, 2007.
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Scope and methods
This report looks first at the climate and environmental impact of housing (Chapter 1)
and then at how housing impacts health (Chapter 2) with respect to building siting and
land use, choices of construction materials, design features, ventilation and energy, and
also inhabitant behaviour. Summaries of key evidence are presented in two categories,
which often overlap:

• Housing-related risks to health, such as: poor indoor air quality – e.g. indoor smoke
from heating and cooking, moulds and moisture, exposure to carcinogenic or otherwise harmful chemical pollutants from building materials such as asbestos, lead
and formaldehyde, as well as radon underground; thermal conditions – exposure to
extremes of heat and cold; pests and infestations; noise and urban design – which
may facilitate or deter healthy physical exercise and childhood mobility.
• Housing-related diseases and injuries, where significant evidence exists, including: tuberculosis and other air-borne infectious diseases, asthma, water-borne
diseases impacted by lack of clean drinking-water and sanitation access, vector-borne
diseases, home injuries, and mental health.
Chapter 3 examines specific mitigation measures considered by IPCC alongside the
body of evidence about the health impacts of housing. Identified health studies of specific intervention measures are given special attention, e.g. studies of health impacts of
insulation and energy efficiency programmes. This brings the broad knowledge about
housing and health into focus on measures proposed for climate mitigation.
While the IPCC assessment covers both residential and commercial buildings, this analysis was limited to residential buildings.
IPCC-reviewed measures that were considered included strategies for: improving the
“thermal envelope”iii of buildings; use of more energy-efficient heating systems; use of
passive solar systems for heating and domestic hot water production; reduction of building cooling requirements (“cooling load”)iv; design and landscaping; and ventilation
measures. Also considered are measures for heating, ventilation and air conditioning
(HVAC) systems; daylighting and lighting, including photovoltaic solar panels for electricity generation; and certain efficiencies in household appliances.

Summary of findings
Climate change mitigation strategies in the housing sector can yield both immediate
health gains and long-term mitigation objectives, as long as the choice of measures to
be adopted explicitly considers potential health benefits and risks. Health inequalities
can be addressed by deploying low-carbon climate change mitigation measures adapted
to slums and other poor communities. Implementation of climate change mitigation
iii Thermal envelope refers to the shell of the building as a barrier to unwanted heat or mass transfer

between the building interior and outside conditions. (Source: IPCC Working Group III – Fourth
Assessment Report).

iv The hourly amount of heat that must be removed from a building to maintain indoor comfort,

measured in British thermal units (BTUs). (Source: US EPA, Terms of Environment: Glossary,
Abbreviations and Acronyms; http://www.epa.gov/OCEPATERMS/bterms.html)
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measures should consider occupational health risks and relevant exposures of workers
engaged in construction or retrofits of homes. Home occupant behaviour should also be
considered, as it influences the effectiveness of certain mitigation measures and impacts
on health (e.g. regulation of indoor temperature and ventilation). Findings reflect an
urgent need for including health into housing policies, for example in improved building
standards and in the enforcement of housing codes. Climate-related finance and other
housing finance mechanisms should consider the health benefits and risks of climatefriendly construction or retrofits alongside carbon savings. More careful evaluation of
potential health benefits and risks from all strategies, as well as monitoring and follow-up of their impacts, can ensure “win-win” outcomes for health and environment in
accordance with the following principles:

• Consider health co-benefits and risks at the planning stage. Health impact assess-

•

•

•
•

•

ment (HIA) of proposed housing climate change mitigation strategies can be applied
to a specific intervention or package of measures. This can provide information about
the expected health impacts of alternative scenarios as well as practical recommendations to improve the health performance of climate change mitigation strategies.
Ensure that housing strategies include land use and transport planning for walking, cycling and rapid transit/public transport, as well as access to green areas to
enhance health and climate benefits and reduce risks (e.g. urban heat island effect).
Ensure that appropriate standards and codes are in place, particularly to safeguard basic structural features such as access to electricity, safe drinking water,
proper sanitation, natural ventilation and lighting, and to avoid use of materials with
health hazards.
Develop/use healthy housing criteria, checklists and good practice guidance, to
select strategies and investments and to monitor healthy housing indicators.
Document reductions in risks to health, benefits to health and savings in health
care costs related to housing interventions; this information is useful in communicating health gains and related savings.
Build capacity of health and non-health professionals regarding mitigation measures and their potential health impacts using a systems approach that considers GHG
impacts at all stages of building construction and use.

The main findings of this review are summarized in Table 1. The potential for mitigation strategies to provide health co-benefits or generate health risks are classified
as: -- (strongly negative health impact); – (negative health impact); + (positive health
impact); ++ (strongly positive health impact). These are weighted classifications relating to two factors: 1) qualitative evaluation of the evidence based upon expert opinion,
as well as 2) number and quality of scientific studies available (e.g. study design, sample size, and consideration of potential confounding factors, etc.). These classifications
should be regarded as indicative, rather than definitive.
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Table 1. Appraisal of health implications of selected mitigation strategies
Mitigation strategy

Likely health co-benefits

Improved thermal
performance of
building envelope

Environmental exposure

(IPCC 6.4.2)

Thermal comfort
Noise exposure reduction

Impact
of health
co-benefit

Health risks to be avoided

Impact
of health
risk

Risk of inadequate ventilation:

++
+

Disease risk reduction
Reduced cardiovascular diseases,
bronchial obstruction, asthma and other
respiratory conditions

++

Reduced vector-borne disease due to
infestations and pests

++

Better mental health through thermal
comfort

+

a) Reduced indoor air quality leading to
potentially increased concentrations of
indoor air pollutants (e.g. radon, mould
and moisture) as a cause of asthma,
bronchial obstruction and other illnesses

--

b) Increased airborne infections
transmissions (e.g. TB); risk of exposure
to health damaging insulation materials
and fibres that cause cancer and other
illnesses

--

Equity impacts
Depends on access of poor to
improvements

Low-carbonemissions heating
systems and
passive solar
design
(IPCC 6.4.3,
6.4.6–7)

+

Environmental exposure
Thermal comfort
Hygiene

++
+

Disease risk reduction
Reduced asthma and respiratory
symptoms related to cold exposure,
damp and mould

++

Reduced pneumonia and COPD (in case
of reduced biomass use)

++

Better mental health due to better
thermal comfort

Field studies have found that more
cost- and energy-efficient heating do
not always reduce net household energy
use (and thus energy-related greenhouse
gasses and air pollutants) by an
equivalent amount.
This is because some households may
allocate a portion of their cost savings to
increase their energy (electricity or heat)
consumption, a phenomenon described
as the “take-back effect”

0

+

Equity impacts
Depends on access of poor to
improvements

+

Reduced cooling
loads on buildings
through design
features and
improved natural
ventilation

Environmental exposure

Reduced asthma/respiratory illness from
particulates, radon, mould, etc.

++

(IPCC 6.4.4)

Reduced TB and other airborne
infection transmission risk

++

Thermal comfort

May not work when night temperatures
remain high; need to be adapted to
regional humidity

0

Design must take account of winter as
well as summer risks

0

Natural ventilation without house
screening may increase vulnerability to
vector-borne diseases

--

+

May increase exposure to high outdoor
air pollution concentrations, causing
respiratory symptoms, unless filters
are used

--

+

Avoid use of lead in paint (e.g. white
paint for albedo effect)

++

Disease risk reduction

Less airborne disease transmission via
air-conditioning systems

Equity impacts
High equity co-benefit from broader
access to effective cooling and
ventilation, particularly when design
measures are adopted in low-income
settings

Strongly positive health impact ++; Positive health impact +; Strongly negative health impact: - - ; Negative health impact: -
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-

Mitigation strategy

Likely health co-benefits

More energyefficient and
better-maintained
heating,
ventilation and
air conditioning
systems (HVAC)

Environmental exposure

Greater reliance
on building design
and natural
ventilation
(IPCC 6.4.4–5)

Impact
of health
co-benefit

Thermal comfort

++

Reduced noise exposure

+

Disease risk reduction

Health risks to be avoided

Impact
of health
risk

Greater risk of airborne infectious
diseases (e.g. tuberculosis) and upper
and lower respiratory symptoms in AC
rooms/spaces lacking sufficient fresh air
exchanges

--

Increased urban dependence on AC
stimulates vicious cycle of exacerbated
urban heat island effect

-

In settings with significant outdoor air
pollution, reduced respiratory symptoms
and asthma

++

Less risk of cardiovascular disease due
to heat exposure

++

More noise and pollution exposure for
those not using air conditioning

-

Less risk of vector-borne disease due to
closed windows

+

Bacterial proliferation/legionellosis in
very large HVAC tanks/cooling towers

--

Equity impacts
Those least able to afford AC suffer the
most from its noise and heat island
impacts.

-

Passive solar
hot water and
photovoltaic solar
electricity

Environmental exposure

(IPCC 6.4.7–8)

Less asthma and respiratory disease
due to decreased use of kerosene
lighting in developing countries

+

Fewer burns from kerosene appliances

+

Hygiene and sanitation

+

Disease risk reduction

Delayed climate-related health impacts
from added greenhouse gas emissions of
air conditioners

-

Greater initial cost outlays pose barriers
for poor families if not offset by subsidies

-

New technology risks require more
assessment, including of occupational
and environmental risks of production
and exposure to waste byproducts, e.g.
respiratory irritations and impacts of
exposures to toxics or heavy metals

0

Household injury from inadequate
indoor/proximity lighting

-

Equity gains dependent on increased
access of poor to new low-energy
cookstove technologies and other
appliances

-

In developed countries, more efficient
appliances may not decrease GHG and
air pollution emissions if there is not a
equivalent decrease in overall energy use

-

Equity impacts
More access to electricity among poor
and rural populations

++

Lower long-term electricity cost once
initial investment is made

+

Lighting and day
lighting: window
positioning to
reduce heat/cold
impacts; highly
energy-efficient
indoor lighting

Environmental exposure

Less asthma and respiratory disease
due to natural ventilation through
windows

+

(IPCC 6.4.9–10)

Fewer home injuries (falls)

++

Positive effect of light on metabolic
function and mental health

+

Household
appliances and
electronics: more
low-energy and
direct-current
appliances,
including
improved biomass
cookstoves
(IPCC 6.4.11;
6.6.2)

Thermal comfort

++

Disease risk reduction

Environmental exposure
Reduced indoor air pollution

++

Improved food safety, kitchen hygiene

+

Disease risk reduction
Reduced asthma and respiratory
disease

+

Fewer injuries from burns due to
inadequate cooking and heating
appliances

++

Less COPD, cancer and cardiovascular
disease

+

Equity impacts
Access to cleaner biomass and biogas
cookstoves

++
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He Jianqing

Pinggu District, China: Photovoltaic (PV)
solar-powered lights illuminate the streets of
this new neighborhood in the Beijing region,
and solar-embedded rooftop panels support
household energy needs.
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Introduction
Background and rationale
Residential buildings contributed close to 18% of direct carbon dioxide emissions from
energy combustion in 2008, with 11% due to household use of grid electricity and district heating, and the remainder due to emissions at household level (e.g. cooking and
heating with gas, coal, oil, etc.).
The residential and commercial building sector has been described by the Intergovernmental Panel on Climate Changei as having the greatest potential for reducing greenhouse
gas (GHG) emissions cost-effectively within a short time, using available and mature
technologies. This is in comparison to other IPCC-assessed sectors including transport,
agriculture, industry, forestry, energy supply and waste generation. At the same time,
IPCC notes that in a high-growth scenario, total building-related greenhouse gas emissions could nearly double by 2030, with developing country emissions exceeding those
in North America, Europe and the Caucasus and Central Asia regions. Housing is therefore a significant factor in greenhouse gas emissions and climate change.
Housing and the built environment in general have profound impacts on human health.
Healthy housing can significantly decrease communicable and noncommunicable disease risks. At the same time, public health is impacted by the vulnerability of housing
environments to climate change effects such as flooding and extreme weather. This leads
to a vicious cycle that can only be broken by integrated mitigation efforts that address
housing, environment and health linkages.
Additionally, the world’s urban population will nearly double by 2050, increasing from
about 3.3 billion people in 2007 to about 6.4 billion, and most of that growth will take
place in low- and middle-income countries.ii Therefore, housing is an important entry
point for addressing critical urban health concerns. Also, the home’s role in health is all
the more important to vulnerable population groups (the poor, sick, children, elderly
and disabled) who spend comparatively more time in this setting and are particularly in
need of healthy living environments.

i

Levine M, Urge-Vorsatz D. Residential and commercial buildings. In: Metz, B et al., eds. Climate
Change 2007: Mitigation of Climate Change. Contribution of Working Group III to the Fourth Assessment
Report of the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge and
New York, 2007.

ii World Urbanization Prospects, the 2007 revision. Executive Summary. New York, United Nations, 26

February 2008. accessed at: http://www.un.org/esa/population/publications/wup2007/2007WUP_
ExecSum_web.pdf .
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Scope and methods
This analysis reviews potential health impacts of mitigation strategies and technologies
for the residential building sector, focusing on strategies considered in IPCC’s Mitigation
of Climate Change: Contribution of Working Group III to the Fourth Assessment Report.
While most focus is placed on mitigation strategies considered by the IPCC, some strategies not mentioned by the IPCC are considered. These strategies take advantage of
opportunities offered by urban development, behavioural change and other factors to
generate health and environment co-benefits.
This analysis reviews
the health impacts of
mitigation in housing
considering the physical house design and
structure, as well as
the neighborhood and
the community.

Mitigation options of household energy systems and health co-benefits are considered
separately in another report in this series (Household energy in developing countries)
with particular reference to emissions-intensive biomass and coal-burning systems in
developing countries. Another report in this series (Health care facilities) deals with
IPCC-reviewed mitigation options for buildings that are a primary site for health sector activities.

Parameters of health and housing considered
WHO has adopted a broad definition of healthy housing that refers to four related
dimensions: the house structure, the home social environment, the neighbourhood and
the community. In light of existing knowledge, healthy housing is regarded as a means
of protecting inhabitants’ health from a variety of risks in the built and natural environment – physical, chemical, biological and psycho-social.
WHO thus undertook this review of potential health co-benefits and risks of mitigation
strategies relevant to buildings with reference to the mitigation strategies considered by
the IPCC. While the IPCC review covered both residential and commercial buildings,
this review is limited to residential buildings.

Scope of literature review
Mitigation strategies were reviewed in light of evidence relating to three key parameters
for potential health impacts (co-benefits or risks):

• Impacts on housing-related health risks to inhabitants, construction workers and/or
the community;
• Impacts on specific communicable and noncommunicable diseases, including home
injuries and mental health diseases/conditions, for inhabitants/construction workers
and/or the community;
• Impacts on health equity and access to healthy housing conditions.
Overall, IPCC refers to three main principles for reducing building-related emissions:
increasing buildings’ energy efficiency, reducing energy use and shifting to renewable
energy sources. In this context, the IPCC-reviewed mitigation strategies appraised in
terms of their health co-benefits and risks included the following:
1. Improvement of the thermal envelope of buildings (IPCC 6.4.2)
2. Heating systems including passive solar thermal measures (IPCC 6.4.3; 6.4.6–7)
10 Health co-benefits of climate change mitigation – Housing sector

3. Cooling loads (IPCC 6.4.4)
4. Air conditioning and heating, ventilation and air conditioning systems (HVAC)
IPCC 6.4.4–5)
5. Passive solar water heating and photovoltaic solar electricity (IPCC 6.4.7–8)
6. Lighting and day lighting (IPCC 6.4.9–10)
7. Household appliances (including cookstoves) and electronics (IPCC 6.6.2; 6.4.11)

Search strategies of databases and literature review
Overall literature review
Current knowledge about key health risks associated with housing conditions was
reviewed. Also documented was the climate change mitigation potential of key mitigation strategies relevant to residential buildings. This focused on peer-reviewed literature
in engineering, architecture and design, as well as assessment of energy efficiencies
gleaned from development, water and sanitation, engineering and architectural reviews.
In addition to the resources included in the above mitigation matrix, approximately 100
additional sources were used throughout chapters 1, 2, 5, 6 & 7.

Core analysis of health co-benefits from mitigation strategies
The potential health impacts of the seven key IPCC-reviewed strategies and additional
strategies were appraised in the light of health-based evidence of co-benefits and risks
as identified in a review of nearly 120 peer-reviewed published articles and reports,
including reports by bilateral and multilateral development agencies published in English between 1980 and 2010. In addition to health evidence, additional research on
mitigation strategies (beyond that reviewed by IPCC) was considered where relevant.
References were also gained from a 13–15 October 2010 meeting in Geneva of 40 international housing, health and climate change experts organized by WHO.
Given the breadth of the topic, risk factors and the health outcomes, we undertook
a scoping review to summarize key findings in existing literature and identify major
gaps where applicable, rather than conducting systematic reviews on each of the IPCC
housing climate change mitigation categories. The results of the review should thus be
regarded as indicative rather than definitive.
Based on the literature review, the strengths of likely health effects of a given mitigation
strategy or package of strategies are described and classified from : –– (strongly negative health impact); – (negative health impact); + (positive health impact); ++ (strongly
positive health impact). These are weighted classifications relating to two factors: 1)
qualitative evaluation of the evidence based upon expert opinion, as well as 2) number
and quality of scientific studies available (e.g. study design, sample size, and consideration of potential confounding factors, etc.). These classifications, presented in Table 7
(Chapter 4), should be regarded as indicative, rather than definitive.
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Inclusion/exclusion criteria
Peer-reviewed literature (see summary table, p. 13) included epidemiological studies and
other intervention, observational and case studies, which examined impacts or associations between health and housing design, building features, energy use, building
materials, etc. The analysed studies focused on evidence about housing-related noncommunicable and communicable diseases, where available, and housing and health
risks, e.g. indoor air pollution, home injury, noise, etc. (see Chapter 2). Systematic
reviews of literature were identified and highlighted wherever possible. International
(e.g. United Nations system; International Energy Agency) and multilateral or national
reports of trends and statistics were referenced as appropriate). Civil society reports
were used to illustrate experiences and approaches to some of the problems identified
by the review. Studies funded by commercial interests, not subject to independent peer
review, were excluded.

Limitations
In many cases, “matching” relevant health and mitigation evidence posed challenges.
Mitigation evidence addresses building or design strategies for climate change in ways
that differ from health evidence categories. For instance, while the mitigation literature
may deal with the “thermal envelope” effect of improving insulation and energy efficiency, health literature relates to actions taken to “improve thermal conditions.” Often
this may include a mix of interventions, and without explicit reference to whether the
measure was more or less energy-efficient or how much. However, examples like the
studies undertaken in New Zealand reflect pioneering work on health co-benefits along
with reductions in energy consumption and emissions through insulation and energy
efficiency interventions.iii, iv

iii Chapman R et al. Retrofitting houses with insulation: a cost-benefit analysis of a randomised

community trial. Journal of Epidemiology and Community Health, 2009, 63(4):271–277.

iv Howden-Chapman P et al. Effect of insulating existing houses on health inequality: cluster randomised

study in the community. British Medical Journal, 2007, 334:460.
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IPCC-reviewed mitigation
strategy

Databases
searched

1. Improvement of the
thermal envelope of
buildings

PubMed,
Google Scholar

No. health
studies
reviewed
28

Sources of studies
included

Types of studies included

International
organization reports,
national government
agency reports and peerreviewed literature

Cost-benefit analysis
Intervention studies
Epidemiological assessment
Systematic reviews
Guidelines
Randomized control trials

2. Heating systems,
passive solar systems and
domestic hot water

PubMed,
Google Scholar

16

National agency reports
and peer-reviewed
literature

Randomized control trials
Cost-benefit analysis
Intervention studies
Epidemiological assessment
Systematic reviews

3. Cooling loads

PubMed,
Google Scholar

17

International
organization reports and
peer-reviewed literature

Decision-making analysis
Epidemiological assessment
Guidelines
Intervention studies

4. Air conditioning and
heating, ventilation and air
conditioning systems

PubMed,
Google Scholar

21

International
organization reports and
peer-reviewed literature

Decision-making analysis
Epidemiological assessment
Intervention studies

5. Photovoltaic solar
energy for electricity
generation

PubMed,
Google Scholar

6

6. Lighting and day
lighting

PubMed,
Google Scholar

6

7. Household appliances
and consumer electronics

PubMed,
Google Scholar

7

Additional strategies
identified

Databases
searched

Healthy urban design

PubMed,
Google Scholar

Peer-reviewed literature

Case studies
Systematic review

National agencies and
peer-reviewed literature

Guidelines

Peer-reviewed literature

Intervention studies

Intervention studies

Epidemiological assessment

No. of studies
included
16

Sources of studies
included

Types of studies included

International
organization reports and
peer-reviewed literature

Case studies
Policy briefing
Epidemiological assessment

Behavioural changes

PubMed,
Google Scholar

4

International
organization reports and
peer-reviewed literature

Case studies
Systematic review
Epidemiological assessment
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1
FAO / Giuseppe Bizzarri

Caracas, Venezuela: Urban gardens like this
one provide multiple health benefits: local
fresh produce, physical activity and green
spaces around housing to offset the urban
“heat island” effect.
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Overview of housing and
climate/environment linkages
This chapter presents a brief overview of critical aspects of housing’s impact on climate change trends and, conversely, how climate change affects housing environments
in ways that are relevant to health.
Issues addressed here include global trends in housing emissions, trends in developed
versus developing and emerging economies, and issues related to urban form such as
housing density and slum growth. Also addressed briefly are climate change impacts on
housing and vulnerabilities in the context of housing environments, and how these may
vary in hot/cold and wet/dry geographic regions. These issues provide the context for
discussion of the health impacts of housing developed in Chapter 2.
These trends share one overarching reality: 60% of the global population will live in
cities by 20301, with most of population growth occurring in developing cities. This is
where most new housing will likely be built. And the overall balance of health risks and
benefits associated with housing environments will play a determining role in the health
of the world’s urban residents. Housing built over the next two decades will also play a
critical role in climate change trends that impact on health.

1.1 How housing contributes to climate change
According to International Energy
Agency data (2008), global residential emissions of carbon dioxide
(CO2) account for about 17.8% of
total global direct CO2 emissions
from combustion sources. Of that
total, 11.3% is housing-related grid
electricity and district heating use,
while 6.5% of CO2 emissions are
generated at household level, e.g.
use of LPG/gas, coal and oil for
cooking and heating2 (Fig. 1).
This estimate relates to CO2 emissions from combustion only. It thus
does not consider climate change
pollutants that may have an even

Fig. 1. CO2 emissions by sector, 2008
Other transport (air,
sea, etc.): 6.5%

Road transport:
16.5%
Other sectors
(including
agriculture):
15.7%
Other energy
industries: 7.0%

Electricity/heat production
for residential use: 11.3%

Other residential
energy consumption:
6.5%

Manufacturing
industries and
construction: 36.6%

Source: IEA, 20102
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more powerful global warming potential than CO2, such as methane, and black carbon emitted by household biomass combustion in developing countries. Also excluded
are refrigerants, also powerful climate change agents, used for home appliances and air
conditioners. While a more complete accounting of emissions is thus needed, the data
reflects the significant contribution of the housing sector to climate change.i
In the countries of the Organisation of Economic Co-Operation and Development
(OECD), moreover, residential and commercial buildings may be responsible for as
much as 30% of primary energy consumed as well as 30% of OECD greenhouse gas
emissions. Building-related energy use in OECD countries has continually increased
since the 1960s.3
The Fourth Assessment Report of the Intergovernmental Panel on Climate Change, projects
that in a high economic growth scenario, building-related greenhouse gas emissions
could nearly double by 2030, in the absence of firm mitigation measures. 4
On the more positive side, the residential and commercial building sector is described
as having: “the highest immediate mitigation potential in terms of absolute reductions in
CO2-eq emissions that could be attained by the year 2030 at a cost of less than USD 100
per ton of CO2-eq.” This is in comparison to reductions that, according to IPCC review,
could reasonably be achieved in sectors such as transport, agriculture, industry, forestry,
overall energy supply and waste management.

1.2 Trends in developed versus developing countries
Historically, most building-related emissions were generated in North America, Europe,
and certain regions of the Caucasus and Central Asia. Building-related emissions are
increasing in many developing countries, and would account for most emissions growth
in a high economic-growth scenario, according to IPCC. In slower-growth scenarios,
emissions increases would be largest in Asia and North America.4
Per capita building energy consumption varies widely in high-, medium- and lowincome countries (Fig. 2). But as review of health co-benefits will underline, it is
important to consider how building energy use is influenced by a much wider range of
factors beyond economic development levels, including: urban form and building characteristics (old, new, quality of thermal shell), regional climate variation, energy and
building policies and, ultimately, human behaviour.
The composition of emissions is also important. For instance, biomass and coal combustion generate significant shorter-lived climate-change pollutants, including black
carbon particles that are harmful to health.5,6 Some experts believe that addressing these
shorter-lived pollutants immediately can help slow the pace of climate change.7,8

i

Chapter 1 of the Contribution of Working Group III to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change (Rogner, H et al, 2007) provides another estimate of total
greenhouse gas emissions by sector (Fig. 1-3b) in which 7.9% of CO2-eq. emissions are attributed to
residential and commercial buildings (2004). This estimate, however, does not include emissions from
building consumption of grid electricity and heating (attributed instead to the energy sector). It also
does not consider certain climate change pollutants increasingly recognized as important, including
black carbon from biomass combustion.
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Fig. 2. Energy consumption per capita per year (2005)
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Source: He Jianqing et al., based on data from World Resources Institute.9

Fig. 3. Breakdown of residential sector energy use in United States of America (2005) and China (2000)
United States of America residential buildings
Other uses: 27%

China residential buildings

Space heating: 29%

Other: 4%

Space heating: 32%

Appliances: 21%

Lighting: 9

Refrigeration: 8%
Space cooling: 11%
Lighting: 11%

Cooking: 7%
Cooking: 3%

Water heating: 27%

Water heating: 11%

Source: Climate Change 2007: Mitigation of Climate Change. Working Group III Contribution to the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change. Cambridge University Press. (Fig. 6.3)

Typically, developing countries have lower energy consumption per unit of space than
developed countries, but a larger proportion of their energy use is directly attributable
to cooking, heating and lighting compared to appliances, with energy for heating being
a climate-dependent variable.
The allocation of energy for different residential building uses is illustrated by IPCC for
the United States of America and China (Fig. 3).10 In both countries, the largest single
use of energy is space heating, as is typical of most temperate regions. In China, however, water heating ranks second in terms of energy consumption, while in the USA,
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small electric appliances (“other”) are the second most important energy consumers.
This reflects the growth potential of electrical appliance consumption in emerging economies as more households gain access to electricity. Lighting and cooling are similarly
important as the third- and fourth-largest energy consumers in both China and the USA
countries.
On the other end of the scale, some 1.4 billion people in developing countries, or over
20% of the world’s population, still lack access to any electricity at all. A WHO/UNDP
joint report on energy access found almost 100% of people in OECD and transitional
economies have access to electricity, while only 72% of people in developing countries
have such access (Table 2).11 Almost half of developing countries (68 of 140) have established targets for access to electricity.

Table 2. Access to electricity in the world, 2008
Total population
(in millions)

Electrification
rates (%)

Total population
without
electricity
(in millions)

World

6692

78.2

1456

OECD and transitional economies

1507

99.8

3

Developing countries

5185

72

1453

Source: UNDP/WHO, 2009 11

Some 3 billion people, mostly in developing countries, also rely upon biomass or coal
fuels for most of their home cooking and heating needs. This represents about 46% of
the global population12. Very few countries have set targets for access to cleaner forms
of household fuels (17 countries), and fewer still have set targets for access to improved
household biomass cooking stoves (11 countries). This issue is discussed in a companion report in this series: Health in the Green Economy: The Household Energy Sector in
Developing Countries.13
Until recently, home air conditioning, while common in warm regions of many developed countries, was largely limited to large office buildings, hotels and high-income
homes of the developing world. The IPCC review, however, notes: “That is quickly
changing, however, with individual apartment and home air conditioning becoming
more common in developing countries, [and] reaching even greater levels in developed
countries. This is evident in the production trends of typical room- to house-sized units,
which increased 26% (35.8 to 45.4 million units) from 1998 to 2001.” 10

1.3 Housing density and urban design as factors in
GHG emissions
In developed countries, mid- to high-density housing tends to be more energy-efficient than low-density housing of comparable size and standards. Residents of denser
settlements are thus likely to have lower overall per-capita emissions than residents of
18 Health co-benefits of climate change mitigation – Housing sector

surrounding areas as a result of building and urban efficiencies, e.g. greater use of public transportation systems.14, ii
A study comparing a high-density multi-storey condominium project near Toronto’s
urban core and a low-density residential neighbourhood on the city’s suburban fringe
illustates how urban residential density may impact energy efficiency and greenhouse
gas emissions. The study took a “lifecycle” approach, assessing emissions associated
with infrastructure development, building construction and use/operation, as well as
transportation patterns. Low-density development
was found to generate roughly 2.5 times the annual
GHG emissions on a per-capita basis as the high-density development. Similarly, the low-density suburban
neighbourhood used approximately twice as much
energy annually, per capita, as the higher-density
development.15
At the same time, very high-rise apartment buildings
may generate more greenhouse gas emissions if they
rely upon very large heating and cooling systems, and/
or other electronic/mechanized features. Energy- efficient single-family units also may produce emissions
well below average (although energy for transport
remains a factor). Thus emissions vary greatly by dwelling type, geographic location and other factors.
In low-income countries, where urban populations are increasing the most rapidly, the
urban pattern of energy use may be somewhat different. Greenhouse gas emissions may
still be comparatively higher in urban centres – where per-capita income and access to
electricity is often higher, as compared to peri-urban or rural areas.

Housing densities, which vary by
country, culture and region, as well
as economies, can have a range of
impacts on both health and environment. Pictured here is an apartment
building in Nagoya, Japan. (Photo:
Andrew Martin)

At the same time, low income cities are growing “horizontally” into megacities or mega
regions.16-17 The periphery of many cities may include low-density suburbs for more
affluent groups, which imitate developed country styles and introduce energy-intensive patterns of transport, and infrastructure delivery. Low-rise, informal settlements of
poor, migrants and (in conflict or post-conflict areas) refugee camps, comprise another
form of urban sprawl.iii Such settlements often have little access to energy, safe drinkingwater and sanitation. And as they become more established, needs grow ad hoc, often
without adequate infrastructure provision. For urban leaders, addressing urban health
and environmental challenges in such a context is enormously challenging.

ii Glaeser and Kahn14 studied new construction across the United States of America and found strong

associations between zoning, land use and carbon emissions. Cities with higher densities and mixed
residential/commercial use zoning, generally had significantly lower emissions than suburban areas,
characterized by lower-densities and strictly separated residential and commercial zones. The city/
suburb gap was particularly pronounced when the urban areas concerned were older, and featured a
very strong mixed-use zoning and transit orientation, such as New York City.

iii In conflict and post-conflict zones, refugee camps created ad hoc, and during wars or major natural

disasters, may over decades develop permanent urban features, creating a range of housing and health
challenges for countries in Sub-Saharan Africa, Asia and the Eastern Mediterranean region, as well as
in post-conflict zones of Europe.
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Additionally, if horizontal expansion of cities is in “single function” residential or commercial zones, these areas become difficult to serve with public transport and require
more roads and parking spaces for private vehicle transport.
The result may be peri-urban areas swathed by large areas of asphalt, which amplify the
urban “heat island” effect (See 1.5.2). As efficient and safe travel via public transport,
walking and cycling becomes more difficult, use of, and dependence, on travel by private vehicles is reinforced, adding to pollution, noise and injury risks.
Many low income cities also have seen a surge in travel by motorcycles and three-wheelers, making safe, healthy movement by walking and cycling even more dangerous for
the user, as well as inefficient for the entire transit system. These issues, and their relationship to health, are described more in the companion report from this series: Health
in the Green Economy: health co-benefits of climate change mitgiation in the transport
sector.iv The point here is that urban development styles and densities have a profound
impact on health in the broader housing environment.

1.4 Slums and their environmental/climate change
impacts
About 38% of the world’s urban growth is occurring in slums (Fig. 4). A new report
published in November 2010 by WHO and the United Nations Human Settlements Programme (UN-HABITAT) notes that nearly one billion people – one third of the urban
population – are living in urban slums and shantytowns, stating: “slums are no longer
just marginalized neighbourhoods housing a relatively
small proportion of the urban population. In many cities, they are the dominant type of human settlement […],
carving their way into the fabric of modern-day cities,
and making their mark as a distinct category of human
settlement that now characterizes so many cities in the
developing world.” 17

Children in Kibera, a large urban slum
on the outskirts of Nairobi, Kenya.
(Photo: www.sxc.hu / amandak27)

Slums are commonly defined as residential areas that lack
one or more of the following: improved sanitation, safe
drinking water, security of tenure, durable housing and
sufficient living area. Sufficient living area, as defined by
UN-HABITAT, is no more than three people sharing the
same room.18 Slum conditions exacerbate many illnesses
and disease conditions that are environmental health
risks of housing in general. These risks include: high prevalence of diarrhoea from unsafe drinking water and/or
unimproved sanitation; high TB prevalence due to crowding and lack of adequate ventilation; exposure to vector-borne diseases such as malaria and dengue partly attributable
to unsafe water, poor sanitation and waste management; risks of respiratory illnesses
from indoor air pollution and mouldy housing interiors; and risk of traffic injury from
iv Hosking J, et al. Health in the Green Economy: health co-benefits of climate change mitigation in the

transport sector. Geneva, World Health Organization, 2011.
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lack of access to safe public transport or safe walking and cycling routes to jobs and
schools elsewhere. These risks are discussed further in Chapter 2.

1.5 Regional climate-related impacts on housing
environments
Just as housing is a factor in greenhouse gas emissions, housing environments and health
are impacted by climate change. This leads to a vicious cycle that can only be broken by
more effective mitigation efforts addressing housing, environment and health linkages.
While this section focuses on describing a few key environmental risks, related health
conditions are described in more detail below.
Many housing- and climate change-related vulnerabilities require immediate attention
in the context of adaptation measures. However, these measures can also be discussed
in the context of mitigation efforts to make housing more energy-efficient and thermally
protective. An integrated approach can reduce future health risks caused by climate
change, and enhance health co-benefits enjoyed now and in the future.

1.5.1 Vulnerability to extreme weather events
Extreme weather events such as floods, heat waves and cold spells cause serious health
and social problems all over the world. One of the clearest impacts of climate change on
housing is apparent in the vulnerability of housing in coastal zones to typhoons, hurricanes, tsunamis and flooding in river plains. As extreme climatic events are likely to
become more frequent, the siting, structural integrity and resilience of housing become
more important in protecting health from climate change.

Fig. 4. Global urban growth and slum growth
World urban growth:
62%

Slum growth:
38%

Source: UN Habitat, State of the World’s Cities 2006/2007 19
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Sometimes vulnerability may be exacerbated by local construction styles. For instance,
mud brick houses may be more insulating against extreme heat than modern construction, but they are more vulnerable to structural collapse in heavy rains and earthquakes
than structures built with modern techniques and stronger materials. Conversely, sometimes indigenous building styles (e.g. building on stilts to protect against flooding, or
solid stone construction against extreme heat) may have been weakened or replaced by
modern designs and need re-examination or adaptation.
Older buildings also may be less structurally resilient. For instance, one study reported
that buildings erected since 1964 (about 32% of United Kingdom housing stock; see
Table 3) are more resistant to climate-related extremes of heat and cold. Addressing such
vulnerability issues in the context of mitigation strategies offers both opportunities to
obtain co-benefits and challenges in situations where there may be trade-offs.

Table 3. A proposed vulnerability index for United Kingdom housing
Housing by age & building type

Pre-1919
26.4%

Building type

1919–45
19.7%

1945–64
21.5%

Post-1964
32.5%

Vulnerability Index

Terraced houses

28.1%

1.32

1.15

0.79

0.40

Semi-detached

26.7 %

1.54

1.32

0.93

0.49

Bungalows

23.5%

2.0

1.72

1.21

0.65

6.9%

1.01

1.13

0.83

0.47

Low-rise flats

12.7%

0.81

0.7

0.48

0.25

High-rise flats

2%

0.49

1.42

0.29

0.17

Converted flats

Index: most vulnerable to climate impacts (2); least-vulnerable (0)
Source: United Kingdom Department of Health, 200120

1.5.2 Urban ‘heat island’ effect
The urban ‘heat island’ effect refers to the disparity between urban and peri-urban
temperatures, particularly acute during heat waves. This is a consequence of urban densification, sprawl, poor siting and design of built spaces, and the disappearance of green
spaces in and around cities. It is exacerbated by climate change.21, 22 The large unbroken
expanses of built spaces and asphalt pavement characteristic of many urban areas absorb
solar energy (visible and infrared radiation [IR]) and release huge amounts of heat as
IR radiation. This can raise temperatures by 5–12°C compared to nearby rural areas.23
The heat island effect is exacerbated in the absence of green spaces that otherwise filter
heat-trapping air pollutants such as ozone. The heat island effect is a major factor in heat
stress and excess mortality from heat waves, and thus reinforces reliance on air conditioning in a vicious cycle of increased housing-related GHG emissions.
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1.5.3 Climate change impacts on indoor housing environments and
indoor air quality
Extreme weather aside, a range of climate change-related factors affect indoor housing
environments, and ultimately health, in powerful ways. Such factors include patterns of
direct and diffuse sunlight, air temperature and movement, and amount and frequency
of rainfall and related humidity. If climate factors change dramatically during a building’s
lifetime, it cannot provide appropriate indoor climate and shelter. These factors are considered in vulnerability assessment of housing and health in relation to climate change.
Here too, housing characteristics may provide greater or lesser degrees of resilience to
such changes. Some critical factors include siting and density features (which, if properly
planned, can provide added shade from heat), age of structures and types of building
materials and energy systems that determine indoor air quality and respiratory health,
as well as vulnerability to moulds and bacteria in humid climates.

1.5.4 Climate change vulnerabilities vary by eco-climatic region
Eco-climatic regions differ greatly in vulnerability. In arid desert regions, heat stress
and indoor and outdoor air pollution from dust storms may be major housing-related
issues. Yet cooler night temperatures in deserts offer the possibility of natural ventilation for cooling. Indoor dampness and moulds are widespread problems in many
mid-continental, coastal and tropical regions; heavier seasonal rainfalls increase these
problems. Mould and dampness are estimated to affect 10–50% of indoor environments
in Europe, North America, Australia, India and Japan.24 Although little data are available
for low-income countries, several studies suggest that indoor dampness is also common
in settings such as river valleys and coastal areas. While
mould can grow on all organic materials, selection of
appropriate materials can prevent dirt accumulation
and moisture penetration to retard mould growth. The
urban heat island impact, while experienced in Europe,
may be even greater in fast-growing developing cities
near the equator, due to their large expanses of unshaded
and paved areas. Yet the ample solar energy available to
many developing cities offers relatively greater potential for solar energy use in housing, which along with
passive designv can reduce energy-related housing emissions and pollution.

1.5.5 Household water and sanitation
Safe drinking-water and sanitation are integral to
healthy housing environments. Climate change impacts
can harm these systems. In coastal areas subject to frequent flooding, sewage systems, pipes and reservoirs
A woman washes clothes in Kibera slum in Nigeria (Photo: www.sxc.hu / amandak27)
v Passive design is based on ensuring that the fabric of the building and the spaces within it respond

effectively to local climate and site conditions in order to maximise comfort for the occupants.
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may be vulnerable to inundation beyond their design capacities. Flooding increases the
risk of bacterial dispersion and contamination of water resources, and may in turn lead
to outbreaks of waterborne diseases. Significant changes in climatic conditions, such as
higher temperatures and substantially changed rainfall patterns, can increase vectorborne diseases.

Safe drinking-water
and sanitation are integral to healthy housing.
Well-designed water
and sanitation services
generate health and
climate benefits, making provision of water
infrastructure more
energy- and cost-efficient, and therefore
accessible.

Climate impacts can compromise drinking water safety as higher ambient temperatures
increase bacterial growth and multiplication during distribution and storage. Similarly,
treatment of household sanitation-related pollution is a major environmental issue in
most cities, towns and villages in developed as well as developing countries.25
Water and sanitation offer another example of the vicious cycle of local and global environmental change, particularly in water-scarce regions. When drinking water resources
are degraded – whether by improper treatment and disposal of household sewage, solid
waste, overall water management issues or climate-related impacts such as drought – use
and consumption of bottled water (which may involve energy-intensive packaging and
transport) will likely increase among households that can afford it. The energy required
for continued water extraction and purification by public water authorities will also
likely grow, further increasing the carbon footprint of water consumption. Similarly,
intensive consumption of fresh water resources for sanitation purposes has long-term
local and global impacts on the totality of fresh water resource consumption, on availability and quality of local drinking water supplies, and on the carbon footprint of energy
expended for water extraction, purification and sewage treatment.26
Water and sanitation issues must be seen in a wider context alongside not only climate
change, but other factors that affect water demand and quality.27 Population growth will
cause massive increases in freshwater demand in many parts of Africa and Asia that
already face constraints due to the limited infrastructure available to deliver water services.28 Population growth is also expected to negatively impact water quality as pollution
increases, particularly in areas with low sanitation coverage.
Economic growth increases demand for water for all uses, as well as increasing demand
for better water supply service and for water-using devices. Such growth also fuels
demand for more convenient and potentially water-based sanitation. Urbanization
places greater stress on water resources to provide adequate supplies of water within an
economically viable distance of settlements, and increases demand due to greater piped
water service. Urbanization is also likely to increase pollution.
Human waste, like other forms of organic material, is a source of greenhouse gas emissions. Based on assessments of conventional sewerage and sewage treatment systems,
the IPCC estimates that wastewater emits about 590 MtCO2 equivalent of methane, and
a further 100 MtCO2 equivalent of nitrogen dioxide. Waste (solid and wastewater combined) would thus account for less than 5% of global emissions.29 However, greenhouse
gas emissions from septic tanks, latrines and open-air defecation remain largely unquantified, IPCC notes, concluding that a more systematic, global assessment is needed.30,31
Driven by population growth, urbanization, and overall growth in freshwater demand,
climate-change emissions related to wastewater are expected to increase almost 50%
by 2020 under business-as-usual scenarios, with largest increases seen in developing
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countries. Good wastewater management, however, can reduce emissions per unit of
waste water produced; so that global sanitation coverage goals might be met without
generating an unnecessary climate penalty.32,33
Cakir and Stenstrom, for instance, concluded that in the case of low concentration
wastewater, aerobic treatment processes release lower levels of greenhouse gases (based
on biochemical oxygen demand), but in treatment of highly concentrated wastewater,
anaerobic digestion yields lower emissions.30
More compact design and planning of residential housing also can reduce the amount
of energy, and thus emissions, required for residential wastewater treatment as well as
helping to insure access, generating potential health co-benefits in terms of sanitation.
As one simple example, conventional sewers typically operate on gravity, but virtually all
require some periodic uplift pumping. If, however, new housing is clustered above the
gravity flow lines of major sewage treatment works that would, in turn, reduce energydemand and may also improve the reliability of service provision. Switching to more
energy efficient pumping technologies, can also reduce greenhouse gas emissions.
A study in South Africa concluded that using well-designed on-site sanitation systems,
where possible, produces lower greenhouse gas emissions, per unit of sewage treated,
than conventional sewerage systems, due to lower energy requirements, and need not
threaten drinking water supplies.34 This study also found that recycled water (e.g. grey
water reuse) could be used to meet a portion of residential water demand, with a lower
carbon footprint than pumping fresh water supplies for all household uses.
While a detailed discussion of mitigation issues related to water supply and sanitation is
beyond the scope of this paper, new water conversation and wastewater recycling technologies may thus prove to be cost-effective mechanisms for reducing emissions, as
well as a means for assuring long-term resilience of drinking water supplies essential to
health. Carbon footprint analysis of water and sewerage infrastructure can be used as a
tool that both reduces climate change emissions and also expands water and sanitation
provision at lower energy cost, and thus more affordably.
While the focus of Chapter 1 has been the linkages between housing, environment and
climate change, Chapter 2 reviews the specific impacts of the housing environment on
major health risks and specific diseases.
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Notes

2
Matthias Braubach

Bratislava, Slovakia: The absence of
balconies can limit access to daylighting, and
a dearth of green space limits opportunities
for outdoor activity and social interactions.
Block-style construction is often a source of
water leakage.
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Review of housing and
health risks
2.1 A framework for understanding health risks
in housing
WHO defines housing in terms of four related dimensions:

• The house (or dwelling) is the physical structure used or intended to be used for
human habitation.
• The ‘home’ is the economic, social and cultural structure established by the household.
• The neighbourhood is the immediate environment, including adjacent housing.
areas, streets, shops, places of worship, recreational and green spaces, and transport.
• The community includes those who live, work and provide services in the
neighbourhood.1
Within this context, housing and health risks are often defined very broadly in terms
of physiological risks, psychological risks, risks of infection and risks of injury.2,i In
all cases, the association between housing and health is complex, and causal relationships can be hidden in or otherwise inﬂuenced by confounding variables and effect
modiﬁers.3 Climate change mitigation strategies can directly and indirectly affect housing and health. Presenting the full range of housing and health impacts allows systematic
consideration of climate change mitigation policies that reduce health risks and generate optimal health co-benefits.
This chapter summarizes key environmental risks to health in the housing environment, as well as specific health impacts in term of diseases and injuries. In cases where
one risk is a major factor in multiple diseases, e.g. indoor air pollution, links to health
are described in terms of the risk. When a disease (e.g. TB) may be transmitted by more
than one housing risk factor, this is discussed. While acknowledging the inevitable overlap, the complementary categories help clarify the issues.

i

For example, China defines healthy housing “on the basis of meeting basic elements of the housing
construction, improving and preserving the physiological, psychological, moral and social health, and
promoting the sustainable development of the housing constructions to further improve the housing
quality and the residential environment.” Source: China National Engineering Research Centre for
Human Settlements. Technical specification for construction of healthy housing. Beijing, China Planning
Press, 2009.
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Housing-related environmental health risks
•
•
•
•
•

Indoor air quality risks (indoor smoke, mould, radon, chemicals, asbestos and lead)
Extreme thermal conditions
Pests and infestations
Noise
Urban form and density

Housing-related diseases and injuries
•
•
•
•
•

TB and other airborne infectious diseases
Vector-borne diseases
Waterborne diseases
Domestic injuries
Mental health

2.2 Environmental health risks
2.2.1 Indoor air quality risks
Indoor smoke from household heating/cooking

Chronic obstructive
pulmonary disease
(COPD) from smoke
emitted by biomass
and coal stoves causes
over 1 million premature deaths each
year, primarily among
women in poor countries. Lung cancer
from coal smoke
causes 36 000
deaths annually.

Indoor smoke from solid fuel combustion is the eighth most important risk factor in
burden of disease and is responsible for 2.7% of the global burden of disability-adjusted
life years (DALYs; Fig. 5).4 In 2004, indoor air pollution from solid fuel use was responsible for almost 2 million deaths,4 making this risk factor the second major environmental
contributor to ill health (behind unsafe water and sanitation). Indoor air pollution particularly affects children and women, who spend more time at home and are in closer
proximity to the flame. Incomplete combustion of coal and biomass fuels in inefficient
traditional cookstoves exposes household members to high levels of health-damaging
pollutants; these stoves are used by 3 billion people, mostly in developing countries. In
high-mortality developing countries, indoor smoke from combustion sources is responsible for an estimated 3.7% of the overall disease burden, making it the most dangerous
killer after malnutrition, unsafe sex and lack of safe water and sanitation.4
Indoor smoke has been associated with a wide range of health outcomes, with a high risk
of acute lower respiratory illness, commonly pneumonia. Nearly half of childhood pneumonia is attributed to indoor smoke from household heating in developing countries.
COPD (chronic obstructive pulmonary disease) due to indoor smoke from inefficient
biomass and coal stoves causes over 1 million premature deaths each year, primarily
among women in poor countries. A significant proportion of ischaemic heart disease
and lung cancer is also due to use of such stoves. Lung cancer risks among those exposed
to indoor smoke from coal are 1.5 times over the average for men and 1.9 times more for
women, and including about 36 000 premature deaths annually.6 Other health outcomes
associated with indoor air pollution include; low birthweight and perinatal mortality
(stillbirths and deaths in the first week of life), asthma, otitis media (middle ear infection), other acute upper respiratory infections, tuberculosis (See 2.3.1), nasopharyngeal
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Fig. 5. Disease burden (DALYs) due to indoor air pollution by level of
development, 2004
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Source: World Health Organization. Global health risks: mortality and burden of disease attributable to
selected major risks.5,i

i

WHO regions by income: WHO Member States within each of the 6 WHO regions are divided into highincome or low- (LIMC) and middle-income (LMIC) countries creating 10 groups: AFRO (LMIC); AMRO
(high, LMIC); EMRO (high, LMIC); EURO (high, LMIC); SEARO (LMIC); and WPRO (high, LMIC).

and laryngeal cancer, cataract (blindness) and cardiovascular disease. Further discussion
of the health impacts of biomass and coal-burning systems is provied in the companion
Health in Green Economy report previously referenced.
Infiltration of outdoor air pollution indoors is also a health risk, and for several pollutants this may be the major pathway of indoor exposures. Finally, tobacco smoke is a
major source of health-damaging indoor air pollution, common in the housing environment. Tobacco smoke contains measurable quantities of carbon monoxide, ammonia,
nicotine, hydrogen cyanide, particulate matter (PM) and a number of carcinogens.7
Many of the toxic chemicals present in tobacco smoke also are present in wood smoke,
creating a double burden for those exposed to both hazards.
There are more than 1.3 billion smokers worldwide, with around 82% residing in lowand middle-income countries.8 Smoking has been identified as the leading cause of
preventable disease and premature death in industrialized countries. By 2030, a projected 8 million people in developing countries will be killed by tobacco every year.9
The use of incense in many countries as a cultural ritual can also be considered a health
risk. Incense is composed of aromatic biotic materials that release fragrant smoke when
burnt. It has been documented that incense use is associated with a cluster of neurological symptoms, including headache, dizziness, difficulty in concentration and
forgetfulness.10–12
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Cooking and heating with unvented gas and kerosene heaters can cause potentially fatal
acute poisoning from carbon monoxide as well as chronic exposure to other combustion pollutants.13

Mould and moisture
Microbial pollutants and allergens (e.g. pollen, bacteria, fungi, microbes) are identified as relevant indoor exposures exceeding outdoor concentrations. Active growth of
microorganisms and excessive accumulation of biological agents in the indoor environment is often due to dampness and inadequate ventilation as well as inappropriate
occupant behaviour. Excess moisture on almost all indoor materials leads to growth
of mould, fungi and bacteria; these emit spores, cells, fragments and volatile organic
compounds into indoor air. Moreover, dampness initiates chemical or biological degradation of materials that also pollutes indoor air. Dampness is therefore considered to
be a strong, consistent indicator of risk of asthma and respiratory symptoms (e.g. cough
and wheeze).14, 15 Moisture control is therefore an essential element for healthy housing.

Mould on residential ceiling and wall.
(Photo: Juergen Rath)

Dampness is more likely to occur in houses that are overcrowded and lack appropriate
heating, ventilation and insulation.16

Radon, VOCs and other chemical pollutants
The trend towards making buildings more airtight for energy efficiency also increases
risks of indoor pollutant accumulations, making pollution mitigation measures all the
more important. Chemical and biological contaminants may be reduced by effective
source control, moisture control, ventilation and higher overall rates of air exchange.
Radon is a radioactive gas that emanates from rocks and soils and tends to concentrate
in enclosed spaces like underground mines or houses. Soil gas infiltration is recognized
as the most important source of residential radon. Other sources, including building
materials and water extracted from wells, are of less importance in most circumstances.
Radon is a major contributor to the ionizing radiation dose received by the general
population.
Recent studies on indoor radon in Europe, North America and Asia provide strong
evidence that radon causes a substantial proportion of lung cancers in the general population. Current estimates of lung cancers attributable to radon range from 3–14%,
depending on the average radon concentration in the country concerned and calculation methods.17

Venting the soil under and around
a home helps prevent radon gas
from seeping into floors. (Photo:
Cincinnati Habitat for Humanity:
http://cincinnatihabitat.org)

Evacuation of radon gases usually requires special design measures (sub-slab depressurization). Addressing radon is important both in new construction (prevention) and
in existing buildings (mitigation or remediation). The primary radon prevention and
mitigation strategies focus on reversing air-pressure differences between the indoor
occupied space and the outdoor soil to prevent radon from entering and concentrating indoors. Sealing radon entry routes can help in this effort but is not considered
a stand-alone method. In many cases, a combination of strategies best reduces radon
concentrations.
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A range of other indoor air pollutants, including volatile organic compounds (VOC)
such as formaldehyde,ii also may contribute to morbidity and mortality, including acute
conditions (e.g. poisonings) as well as cancers and other chronic conditions. There is
consistent evidence linking asthma and allergy incidence to a range of indoor chemical pollutant exposures.
Indoor pollutants often are emitted slowly from indoor building materials, furniture,
paints and carpets. They also may be released by human activities (e.g. smoking and
detergent use), or drift in from attached garages or other outdoor sources.18 Flourescent
and compact flourescent lights as well as thermostats commonly contain mercury and
thus must be handled with care to avoid exposures, particularly when broken (see Chapter 3.9). Risks of indoor air pollutants can be lowered by adequate natural ventilation,
but also through the use of healthier building materials, including replacement or phasing out of hazardous building substances wherever possible.

Asbestos and other natural mineral fibres
Asbestos fibres may be another source of indoor air pollution. Due to extraordinary
tensile strength, poor heat conduction and relative resistance, asbestos has been widely
used for sprayed fire protection, thermal and acoustic insulation, pipe and boiler lagging, ceiling tiles, partitioning, roofing and cladding. Asbestos also is used in roofing
shingles, water supply lines, asbestos cement, patching and joint compounds. Where
these materials are damaged or deteriorate, they can release dust and fibres that become
airborne. Chrysotile (white asbestos) is the form of asbestos most widely used, together
with amosite (brown asbestos) and crocidolite (blue asbestos).
All forms of asbestos are carcinogenic to humans, and may cause mesothelioma and
cancer of the lung, larynx and ovary when inhaled. Asbestos exposure is also responsible
for other diseases, such as asbestosis (fibrosis of the lungs), pleural plaques, thickening
and effusions. These pathologies have a latency period of 20 to 30 years. Fibrous mineral silicates are naturally occurring, and along with asbestos include minerals such as
vermiculite.
Currently, about 125 million people worldwide are exposed to workplace asbestos, and
one in every three deaths from occupational cancer is estimated to be caused by asbestos. According to the most recent WHO estimates, more than 107 000 people die each
year from asbestos-related lung cancer, mesothelioma and asbestosis resulting from
exposure at work. In addition, it is estimated that several thousand deaths annually can
be attributed to exposure to asbestos in the home.19 In the industrialized countries of
western Europe, North America, Japan and Australia, 20 000 asbestos-induced lung
cancers and 10 000 mesothelioma cases are estimated to occur annually.20

Typical asbestos cement roofing in a
slum in India. Note the lack of indoor
ventilation, apart from that available
by the doorway. (Photo: Nick Clarke)

Due to these cancer and mesothelioma risks, the use of asbestos, including as a housing
insulation material, has been banned in more than 50 countries and replaced by safer
substitutes. Most developed countries strictly regulate asbestos control and management
during building retrofits and demolition. Nonetheless, asbestos is still being mined and
ii Formaldehyde. Lyon, International Agency for Research on Cancer / World Health Organization.

(IARC Monographs on the evaluation of carcinogenic risks to humans, volume 88) (http://
monographs.iarc.fr/ENG/Monographs/vol88/mono88-6.pdf)
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manufactured, and it is widely used in the housing sector in many developing countries.
This results in potentially large but unknown environmental exposures, not only during asbestos mining and manufacture, but also in housing construction and demolition.
During the clean-up of damaged and destroyed buildings after natural disasters such as
tsunamis and earthquakes, particularly in developing countries, the risk of exposure to
asbestos increases among volunteers and local residents. These groups may be unaware
of asbestos hazards or unable to identify asbestos-containing materials. Weathering and
the ageing process may also lead to degradation of the asbestos fibres, with increased
risk of human exposure.

Lead
Even low levels of lead dust exposure are associated with impairment of childhood cognitive function and abnormal infant behaviour. Within the housing environment, lead is
commonly found in lead-based paints and lead-containing water pipes; both are possible sources of exposure.21 Over the past 30 years regulatory and environmental reforms
have phased out leaded gasoline in all but a handful of countries worldwide. Developed
countries have also outlawed use of lead paints, further lowering risks of child exposures. In many developing countries, however, lead paint and products remain in the
market, and regulations for testing and removal of lead from housing paint and pipe
products are not well established. In the absence of routine testing, the prevalence of
lead in housing environments is not well understood.

Old paint can contain lead,
which is toxic to humans and
especially dangerous to children.
(Photo: istockphoto)

Lead is stored especially in the bones, but also in the blood, liver and kidneys, where it
has toxic effects. Long-term exposure to lead mainly affects the nervous system. Due
to their low body weight and developing nervous systems, children are the most vulnerable. Young children can suffer declines in intellectual performance; with increasing
blood lead concentrations, cognitive functioning decreases and neurological and developmental deficiencies increase. Also, lead in paint or dust can be easily ingested by small
children crawling on the floors of exposed homes. In homes with lead exposure, mitigation is often possible only by removing or covering building components coated with
lead-based paint.22

2.2.2 Extreme thermal conditions
Indoor thermal conditions are a major determinant of cardiovascular and respiratory health problems. Often thermal conditions are linked to poorly insulated, poorly
heated or poorly ventilated buildings, but in many instances such problems have a social
dimension, as poor households may not be able to afford to heat their homes adequately.
There are as yet no global figures for mortality and morbidity from excessive heat and
cold, although in 2011 WHO plans to publish global burden of disease estimates of heatand cold-related deaths associated with climate change.
At the same time, a 2008 systematic review of 16 studies examining excess winter mortality, socioeconomic status and housing quality found that “studies to date do not provide
good evidence that housing quality or socioeconomic status affect excess winter mortality and excess winter hospitalization … the evidence of linkage is inconsistent, with
some studies showing a weak protective effect of home heating.”23
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Notably, such studies have mostly been conducted in developed countries, and along
with housing quality or socioeconomic status as such, a wide range of other potential
confounders exist within and between populations of different countries and regions,
including ethnic and physiological differences, winter behaviours, clothing, time spent
outdoors and health status generally. These are in addition to housing factors such as
crowding, sunlight exposure and indoor air pollution.23
Even so, many European countries have begun estimating deaths related to excess cold
and heat waves. The United Kingdom estimates that between 2004 and 2008, more than
130 000 people over 65 died from cold-related illnesses during the winter months. Similar cases of excess winter mortality are observed in regions such as the Baltic countries,
eastern Europe and central Asia.24 The elderly are the predominant victims of heat and
cold waves.
In the United Kingdom, five main building-related determinants of cold indoor air temperatures have been identified as:25

•
•
•
•
•

Age of the dwelling (the older, the colder)
Absence of / dissatisfaction with the heating system
Cost of heating (highest is colder)
Low household income (less is colder)
Household size (smaller is colder)

On the other hand, extreme heat exposure can lead to exhaustion, heat cramps, heat
stroke and ultimately death, largely from cardiovascular disease. Heat waves characterized by long duration and high intensity have the highest impact on mortality.26 Nearly
45 000 excess deaths were observed in 12 European countries in August 2003 during a
prolonged heat wave.27 WHO’s Euro-heat project showed that the impact of heat waves
characterized by longer duration (more than four days) was 1.5–5 times higher than for
short heat waves.28 Studies also show an association between such mortality and social

Fig. 6. Housing risk factors and excess mortality of older adults in 2003
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isolation of the elderly population, and between heat-related mortality and housing conditions (Fig. 6).

2.2.3 Pests and infestations
Urban sprawl, irresponsibly discarded trash, international travel and climate change
are all factors caused by human behaviour that increase population exposures to pests
and pest-related diseases. Increasing environmental change brings new risks from pests
and the diseases they are associated with. As cities expand in peri-urban areas and in
new rural settlements on the edges of forests and jungles, people in temperate zones are
more exposed to vector-borne diseases, including tick-borne diseases such as Lyme disease and tick-borne encephalitis in temperate regions, and in Latin America, diseases
such as Chagas and leishmaniasis. These severely disabling diseases have spread over the
past 30 years, in part because of human actions, despite pest management techniques
now available.1 Simple maintenance failures such as broken roof tiles, damaged water
pipes and overflowing cisterns, together with common mistakes in design or construction such as excessive use of impermeable membranes, can lead to home infestation by
harmful insects and pests. Several studies have suggested that exposure to cockroach
allergens is one of the most important risk factors for asthma in inner-city or congested
households.30–34
In accordance with different categories of pests, there are also different health outcomes.
In Latin America, Chagas disease has one of the largest disease burdens in terms of
morbidity.35 The burden of disease from leishmaniasis in Latin America as well as more
severe visceral leishmaniasis (VL) in South-East Asia remains severe. Common pests
found in temperate zones can trigger allergic reactions among sensitive people through
exposure to the animals’ body particles, excretions and emissions. House dust mites
and cockroaches are among the most relevant pest triggers. It has been estimated that
10–20% of the population is potentially allergic to dust mites, while up to 70% of asthmatic people are likely to show allergic reactions.1
Excessive moisture in buildings leads to house dust mites. Studies have found that relative humidity is higher in dwellings where the ground floor consists of a concrete slab in
direct contact with the ground. If the floor covering is absorbent – a carpet, for example
– it can act as a reservoir leading to long-term dampness. Ventilation creates conditions
that kill mites in cold winter; ventilation also reduces exposure to mite allergens and
other indoor airborne pollutants. Although the health benefits of insulation are similarly obvious, its effects on mite populations are not so clear-cut. Modelling studies
suggest that the promotion of mite growth from rising room temperatures tends to be
outweighed by falling relative humidity.

2.2.4 Noise
Research shows that excessive noise levels result in sleep disturbances, cardiovascular and psycho-physiological problems, performance reduction, increased annoyance
responses, adverse social behaviour and, at very high levels, hearing loss. A significant
amount of literature confirms that noise poses a serious threat to children’s hearing,
health, learning and behavior.36–41 Environmental noise is the primary exogenous cause,
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with traffic noise usually leading neighbourhood noise and aircraft noise; other factors are high density, poor housing quality and housing proximity to commerce and
industry.1 Environmental noise acts as a stressor by disturbing sleep and represents
an annoyance during the day.42 Sleep is essential for humans, and acute sleep disturbances affect qualitative and quantitative performance and increase the risk of domestic
accidents.
A maximum noise level of 30dB(A) has been recommended for bedrooms to prevent
sleep disturbance, and a limit of 35dB(A) for the indoors of dwellings more generally.43
Housing design and
neighborhood den2.2.5 Urban form and density
sity exert an influence
While there is no “ideal size” for urban settlements,44 residential development in geo- on children’s develgraphically sprawling and isolated areas will tend to limit independent mobility of opment. In some
children, the elderly and women and disabled, who generally have less access to travel settings, mixed use,
by car. This, in turn, may limit access to employment, education, leisure outlets, primary
medium density neighhealth care, fresh food stores and commerce and other community facilities.
borhoods make it
Links between neighbourhood design and physical activity have become a focus easier for children to
of recent health research, which finds current obesity trends closely linked to urban move independently,
designs favouring car transport.45 Heavily trafficked urban or suburban residential getting exercise and
neighborhoods may have comparatively less space for physical exercise (sport facilities, developing motor and
playgrounds, parks and other open spaces) as well as little infrastructue for active travel, cognitive skills.
e.g. networks of sidewalks and bike tracks well connected to shopping and employment
and pleasant to use. Recent research has demonstrated strong associations between the
physical environment and residents’ physical activity patterns, as well as levels of physical fitness and body mass index (BMI).46
Housing design and neighbourhood density also exert a powerful influence on children’s
independent mobility. For instance, mixed-use, medium-density neighborhoods may
facilitate routine physical activity if children can move safely and independently on foot
or bicycle to school friends and shops. Conversely, high-rise blocks with many stairs or
an elevator and streets with no sidewalks may create barriers for children. Along with
physical activity, the ability to move about freely can help a child practice certain motor
and cognitive skills important to his/her development.47,48 Design and accessibility features also impact abilities of older and/or disabled persons to live independently in their
own homes and to make complete use of their dwellings and their immediate environment, regardless of age or physical condition.49, 50
Research also indicates that residents’ perceptions of and satisfaction with their residential environmental quality are closely linked to factors such as social ties in the
neighbourhood, safety risks (crime, traffic), environmental hygiene (noise, air pollution)
and the presence of facilities (shops, greenery).51–56

Slums
Slum housing environments exacerbate many of the same housing and health risks
described in this chapter, as people are simultaneously confronted with low incomes,
limited educations, insufficient diets, overcrowding, pollution, stress, traffic, social
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instability and insecurity. Economic stress prompts many slum dwellers, including children, to take jobs in hazardous conditions exposing them to higher occupational health
risks. And combined social and economic stresses may foster increased alcohol and
drug abuse, as well as greater risks of exposure to sexually transmitted diseases.
Studies indicate that the high prevalence of pneumonia, diarrhoea, malaria, measles,
TB and other major infectious diseases, however, is often due to poor living conditions
rather than income levels per se. For instance, municipal supplies of safe drinking water
rarely connect to slums, and it is common for slums’ pit latrines to be shared by thousands of people. Children from slums have higher rates of diarrhoea than children of
the poorest rural families because they are exposed to contaminated water and food.57
Slum housing in a Latin American city.
(Photo: www.sxc.hu / rafragoso)

2.3 Diseases and injuries
2.3.1 TB and other airborne infectious diseases
One of the first associations between housing and health was noted by tuberculosis (TB)
researchers. The typhoid and tuberculosis experiences in the 19th and early 20th centuries showed that basic improvements in sanitation, ventilation, reduced household
crowding and other housing improvements helped conquer these epidemics.3
As TB is once more a global epidemic, higher rates of person-to-person contact in dense
urban settlements spread the infection. An estimated 1.3 million people died from TB
in 2008. The highest number of TB deaths was in South-East Asia, while the highest TB
mortality per capita was in Africa.58
In the case of TB, health literature documents a significant association between housing density, isolation, income levels and TB. Overcrowded housing has the potential to
increase exposure of susceptible individuals to infectious TB cases, and isolation from
health services may increase the likelihood of TB.59 Lack of ventilation and lack of light
favour the proliferation and transmission of mycobacteria.
Along with crowding and density, the literature also notes linkages between TB and
exposures to indoor smoke from the burning of solid fuels, and particularly from use
of kerosene lighting. In one recent study in Nepal of 125 women hospitalized for TB,
a higher proportion used kerosene lighting than a TB-negative control group. This
difference was statistically significant even when other factors such as crowding, socioeconomic level and housing conditions were considered in the analysis.60
Similar biological mechanisms and pathways facilitate transmission of other infectious
diseases in crowded households. These are summarized by the United Nations Commission on Human Settlements, which notes that high household population density and
occupancy conditions increase risks of infection generally in terms of the risk of multiple infections, severity of infection, risk of long-term negative impacts of infections and
risk of disease transmission due to increased proximity of people, as measured in numbers of persons per habitable room, floor area or bed.61–63
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Finally, the number of air exchanges per hour in a room will directly affect the risks of
disease transmission: the risk lessens when there are more air exchanges. These quantitative associations have been identified in WHO work on natural ventilation in health
care settings, and are described in more detail below.

2.3.2 Vector-borne diseases
Climate change is likely to cause changes in ecological systems that will affect the risk of
infectious diseases in Europe, including seasonal activity of local vectors and invasion
of tropical and semi-tropical species into areas where they previously could not survive
due to temperature and environmental conditions. Shifts in global and regional distribution and behaviour of insect and bird species are early signs that biological systems
are already responding to climate change. Patterns of infectious disease are and will be
affected by the movement of people and goods, and by changes in hosts and pathogens,
land use and other environmental factors. Personal risk factors such as immune system In the context of preventing vector-borne
status also play important roles.
disease, housing plays
Densely populated urban areas may become increasingly vulnerable to vector-borne an important role.
diseases due to climate change, as shifting climate patterns extend the range of cer- The housing structain vectors. Rapid unplanned urbanization can produce mosquito breeding sites, high ture helps determines
human population densities provide a large pool of susceptible individuals, and increased what opportunities certemperatures increase absolute humidity that can also extend species range.64 Diseases tain vectors have to
spread in this way include dengue fever,65–67 malaria, Chagas and filariasis. Although clibreed and circulate
mate change is likely to result in the expansion of malaria-carrying mosquitoes to some
near humans, and the
new locations, it is likely to cause the contraction of this range in other places.68
ease with which they
In the context of preventing vector-borne diseases, housing plays an important role. may be able to transThis relationship may be direct or indirect. The design of the housing structure helps mit disease.
determine what opportunities certain vector populations have to breed and circulate in
proximity to humans, and the ease with which they may come into sufficiently close and
frequent contact to transmit disease.
Housing design can impede vector entry; mosquitoes cannot enter easily through
well-maintained window screens or closed windows. Cracks in walls or use of certain
construction materials can facilitate vector habitats. Triatomine bugs typically live in
the walls and cracks of poor homes in Latin America, as do sand flies (carrying visceral leishmaniasis) in homes of the Indian subcontinent. Human behaviour in and
around the house may determine vector habitats: for instance, bednets provide protection against mosquito bites, protection of water storage containers can impede breeding
of dengue vectors in endemic areas, and housing in close proximity to domestic animals
may expose humans to vectors. There are thus clear relationships between poor housing
conditions and vector-borne diseases, just as there are clear relationships between poverty and vector-borne diseases.
This does not imply that high-cost housing is necessary to protect against vectors and
vector-borne diseases, or that at-risk human behaviour is the sole contributor to vectorborne diseases. To the contrary, fairly cheap and effective interventions may be possible
if these are accepted and used by the people and communities affected.

Review of housing and health risks

39

2.3.3 Waterborne diseases related to unsafe water and sanitation
Access to clean water and sanitation are foundations of a healthy housing environment.
Around 884 million people globally do not use an improved source of drinking water;
2.6 billion people do not have access to any type of improved sanitation facility.69 And
about 2 million people die every year due to primarily water and sanitation-related
diarrhoeal diseases, the majority children less than 5 years of age. The most vulnerable populations in developing countries are normally peri-urban or rural inhabitants.69

Both increased flooding and increased
droughts as a result of
climate change impact
on water and sanitation risks. Providing
facilities at household
level for sanitary disposal of excreta, safe
water pipes and storage, and good hygiene
all are important.

Both floods and droughts occuring as a result of climate change may threaten drinking-water quality and sanitation. Increasing drought and water shortages, as well as
increased flooding due to warming trends and severe weather, impact upon piped water
and sanitation. Flooding can rapidly disperse faecal contaminants and contaminate
water and food, leading to outbreaks of waterborne diseases such as cholera and diarrhoeal diseases; droughts can result in acute water shortages, leading to more diarrhoeal
disease.70
Providing access to sufficient quantities of safe drinking-water and sanitation in this
context is therefore a challenge. At household level, the provision of facilities for good
hygiene, sanitary disposal of excreta, the use of safe materials for water pipes, safe water
storage, and knowledge about sound hygiene behaviours are critical to reducing the
immediate burden of waterbone diseases. As discussed in Section 1.5.5, more energyefficient provision of water and waste water infrastructure, along with greater reliance
upon household water conservation measures (e.g. rainwater harvesting, onsite grey
water reuse) may become increasingly important to resilience, and to achieving or maintaining long-term reductions in the burden of waterborne diseases.

2.3.4 Domestic injuries
In 2004, injuries represented approximately 15% of the years of life lost (YLL) per 1000
population.71 While traffic injury is the overwhelming cause, unintentional home injuries are also a serious public health problem. There are no global statistics regarding
domestic injuries; however, regional data and case study evidence do exist. In the years
2002–2004, home injuries were the leading cause of injury death in children under 5
years of age in 16 European countries.72 In the United Kingdom in 1999, there were 2.8
million home accidents requiring medical attention for an estimated cost of around
35.5 billion euros.73
A WHO study of four low-income countries found that 65% of childhood burns as well
as most falls, drowning and poisonings occur in and around the home.74 Domestic accidents include (not in order of occurrence) cuts, falls, drowning, collisions, choking,
burns, electrical shock and poisoning. Along with human behaviour, however, design
and maintenance of housing is a leading cause of domestic injury.75, 1 This can include
poor design of gas and electrical installations, steps and stairs, and windows and balcony features on upper floors. Slippery floor materials, poor lighting, noise exposure and
crowding also increase accidents. WHO’s LARES study showed a very strong correlation
between accidents in the home and housing conditions.75, 1 A New Zealand study found
injuries that occurred in the home were the most common cause of hospitalization due
to injury, and the more hazards found in the home, the more injuries occurred.76, 77
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2.3.5 Mental health
One of the primary functions of housing is to provide shelter from outside aggression.
Beyond that function, however, a dwelling is defined as a protective physical and psychological envelope for individuals and for the intimate dimension of familial or social
relationships. Poor-quality housing that provides insufficient protection from the outside, from scrutiny and from intrusion, can be a source of suffering. Such events may
generate pathological manifestations such as anxiety, depression, insomnia, paranoid
feelings and social dysfunction.78 Several studies have highlighted the influence of environmental factors such as pollution, noise and crowding on mental health, depression
symptoms and social well-being.79 A recent review of epidemiological surveys in Europe
associated a pattern of poorer mental health with high-density multi-unit dwellings,
although the quality of research reviewed was poor and may be confounded by multiple cultural and socioeconomic factors.80 Stressful housing conditions can aggravate
pre-existing psychiatric pathologies.1 Prolonged heat and cold events can create stress
situations that may initiate or exacerbate health problems in populations already suffering from mental disease and stress-related disorders.81
Sudden catastrophic events also have a variety of impacts on mental health, increasing
short-term emotional stress as well as anxiety about the future. These, too, may become
more pronounced as a result of more climate change-related extreme weather and natural disasters, such as hurricanes, wildfires and floods.
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Hunan Province, China: A double-layer
aluminium roof improves the “thermal
envelope” of a house in the village of
Yueyang.
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Evaluating health co-benefits
and risks of IPCC-reviewed
mitigation strategies
In this chapter, the health co-benefits of key climate change mitigation options for residential buildings are evaluated in light of the Chapter 6 of the Contribution of Working
Group III to the Fourth Assessment Report,1 hereafter described as the IPCC mitigation
review. Reference here is made to key IPCC-reviewed strategies in terms of energy-
efficient building design and function. Each mitigation measure is examined in terms of
relevant peer-reviewed literature on health impacts, both potential co-benefits and risks.

3.1 Methods of analysis
This report presumes that improved health sector familiarity with climate change
mitigation strategies is critical if maximum health co-benefits are to be gained from
fine-tuning those strategies. Similarly, engineers, architects and mitigation specialists
should be familiar with the health benefits and potential risks of energy efficiency and
mitigation to optimize such measures. Thus citation is briefly made to key mitigation
measures, followed by review of corresponding health literature, in a manner to promote
such familiarity and improved intersectoral analysis.
The health-oriented literature review focused on 1) evidence of key housing-related risk
factors and health reviewed above and 2) studies addressing health impacts of specific
mitigation strategies that had also been considered by IPCC, e.g. health impacts of insulation and energy efficiency programmes.

3.2 Scope of mitigation issues considered
The IPCC mitigation review refers to three main principles for reducing building-related
emissions: increasing the energy efficiency of buildings, reducing their energy use and
shifting to renewable energy sources. In this broad context, discussion focuses on the
following specific strategies reviewed:
1.
2.
3.
4.

Improvement of the thermal envelope of buildings (IPCC 6.4.2)
Heating systems, including passive solar design (IPCC 6.4.3; 6.4.6–7)
Cooling loads (IPCC 6.4.4)
Air conditioning, and heating, ventilation and air conditioning systems (HVAC)
(IPCC 6.4.4–5)
5. Passive solar hot water heating and photovoltaic solar electricity (IPCC 6.4.7–8)
6. Lighting (high-efficiency) and day lighting (IPCC 6.4.9–10)
7. Household appliances and electronics (IPCC 6.6.2, 6.4.11)
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Along with discussion of each of these points below, Box 3.1 summarizes the mitigation
measures described as “most attractive” in different regions of the world.

3.3 Limitations of the analysis
In many cases, there were challenges “matching” relevant health and mitigation evidence. Mitigation evidence often addresses building or design strategies for climate
change in different categories from the health evidence. For instance, while the mitigation literature may address single measures, e.g. thermal envelope improvements,
heating, etc. health literature may relate to a mix of interventions to “improve thermal
conditions,” and often without explicit reference as to whether these were more or less
energy-efficient. Studies undertaken in New Zealand, however, reflect pioneering work
to examine health co-benefits of home improvements that improve thermal conditions
and reduce energy consumption and emissions through well-defined insulation and
heating interventions.

Box 3.1: “Most attractive” mitigation measures for buildings (IPCC 6.5.4)
1. CO2-saving options are largest from fuel use in developed countries and
countries in transition.
2. Conversely, electricity savings constitute the largest potential in
developing countries located in the South, where the majority of
emissions in the buildings sector are associated with appliances and
cooling. This distribution of potential also explains the difference in
mitigation costs between developing and developed countries. The cost
of shifting to more efficient appliances is quickly repaid, while building
shell retrofits and fuel switching, together providing approximately half of
the potential in developed countries, are more expensive.
3. While it is impossible to draw universal conclusions regarding individual
measures and end-uses, efficient lighting technologies are among
the most promising measures in buildings, in terms of both costeffectiveness and size of potential savings in almost all countries.
4. In developing countries, efficient cooking stoves rank second, while the
second-place measures differ in industrialized countries by climatic and
geographic region.
5. Almost all studies examining economies in transition (typically in
cooler climates) have found heating-related measures to be most costeffective, including insulation of walls, roofs, windows and floors, as well
as improved heating controls for district heat.
6. In developed countries, appliance-related measures are typically
identified as the most cost-effective, with cooling-related equipment
upgrades ranking high in warmer climates.
7. In terms of savings, improved insulation and district heating in colder
climates and efficiency measures related to space air conditioning in
warmer climates come first in almost all studies, along with cooking
stoves in developing countries.
8. Other measures that rank high in terms of savings potential are solar
water heating, efficient lighting, efficient appliances and building energy
management systems.
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3.4 Thermal envelope
3.4.1 Summary of IPCC-reviewed mitigation measures (IPCC 6.4.2)
“Thermal envelope” refers to a building’s shell as a barrier to unwanted heat or mass
transfer between a building interior and outside conditions. The IPCC review cites evidence from studies2–4 showing that: “improvements in the thermal envelope can reduce
heating requirements by a factor of two to four compared to standard practice, at a few
percent of the total cost of residential buildings, and at little to no net incremental cost in
commercial buildings when downsizing of heating and cooling systems is accounted for.”
The IPCC review also suggests that thermal envelope effectiveness depends on (i) insulation in walls, ceiling and ground or basement floor, (ii) thermal properties of windows
and doors, and (iii) the rate of exchange of inside and outside air.
Key options for improving buildings’ thermal envelope are summarized as follows:

• Insulation materials – Choices need to maximize long-term thermal performance,
close thermal bridges and water ingress.
• Windows – Improve thermal performance of windows via improved/multiple glazing layers, low-conductivity gasses between layers, use of low-emissivity coatings on
one or more glazing surfaces, use of framing materials with very low conductivity,
and use of glazing that absorbs or reflects heat.
• Air leakage – Installation in walls of a continuous impermeable barrier, weatherstripping, sealing through spraying particles in ducts.

3.4.2 Health impacts of mitigation measures
Several recent studies of housing improvements have shown that retrofitting existing
buildings with insulation for thermal envelope improvement can yield significant health
gains in terms of reduced illness, hospitalization and days off work. In terms of economic cost-benefit analysis, these health savings could greatly exceed those from direct
fuel savings and from long-term CO2 emissions reductions (see Box 3.2).5, 6 Health could
thus economically justify and “drive” mitigation policies that support greater housing
energy efficiencies, at least in certain settings.
Housing and health schemes are often targeted at reducing a number of inter-related
health risks that may be a factor in a range of communicable and noncommunicable diseases. For instance, both chronic and acute respiratory disease may occur as a result of
exposure to indoor air pollution from space heating systems and fuels; as well as asthmas and allergies from moulds that flourish in damp and poorly heated homes; and
stroke and cardiovascular disorders from exposure to temperature extremes.
Specific health outcomes may be difficult to identify, and thus are often measured in
terms of terms of overall mortality or morbidity, as evidenced by doctor visits, hospitalization and days off from work or school, or by risk factors, e.g. thermal conditions,
noise, etc. With these limitations in mind, the following evidence regarding health cobenefits (and when relevant risks) of certain mitigation strategies is presented.
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Box 3.2: Driving climate policies with health benefit
One striking example of how evidence of health benefits can drive energy
efficiencies is the New Zealand Housing, insulation and health study.
Cost-benefit analysis of insulation interventions showed nearly a 2:1
benefit-cost ratio, largely due to the reduced health costs of illness and
medical visits, as well as improved health equity.5,7 These findings helped
shape the policy debate in New Zealand, where the government in June
2009 announced NZ$ 323 million (US$ 221 million) over four years in
funding for nationwide insulation retrofits. A cost-benefit study of the rollout to over 76 000 houses is now under way. (See Chapter 6 case study).
Empirical research into such potential health co-benefits, however, remains
largely neglected. Relatively few energy improvement schemes have
systematically assessed the health co-benefits of insulation improvements.
Conversely, health-oriented studies may lack careful comparison of health
outcomes with measurable energy efficiencies. Health studies often
consider multiple housing “fixes” involving heating and insulation systems,
or heating, insulation and ventilation.

3.4.2.1 Impacts of insulation improvements in terms of overall morbiditymortality
Insulation improvements often lead to reduced exposure to temperature extremes as
well as reduced dampness, which in turn have impacts on a range of health outcomes
as noted above, and in particular vulnerability to stroke and cardiovascular disease,
asthmas and allergies, and respiratory illness, acute and chronic. In the New Zealand
housing and insulation study, a randomized community trial of insulation and other
thermal envelope improvements undertaken in 1350 low-income households found significant health co-benefits in terms of reduced self-reported illness, doctor visits and
hospitalizations, and days off work/school.
In the random 10 percent of households where energy use was also independently measured via electricity and gas meters, there was a net decline in energy use of 13% over the
period of measurement (2001–2002), although due to the small sample size, savings were
not statistically significant. A very modest, but statistically significant, 1% energy saving
was found in combined assessment of savings from gas and electricity as well as selfreported use of wood and coal. This explains why the economic value of reported health
gains from the efficiency measures was substantially greater than the direct energy savings, and savings in CO2 emissions.5
The UK Warm Front programmes, meanwhile, evaluated only the health impacts of
insulation schemes. Assessment found 0.26 months of life per person were saved in
cases where insulation only was installed. Combined insulation and upgrading of the
heating system results in an improvement of 0.56 months of life saved per person.8
Numbers and choice of window placement may also increase or reduce exposures
to extreme heat or cold and dampness. For instance, one study showed that having
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comparatively more windows per 50 m2 of living space increased the risk of health effects
during heat waves in France. Location of bedrooms directly under the roof, which may
be poorly insulated, was also a heat wave risk factor.9 On the other hand, a study in Denmark found window replacement protecting against winter cold significantly reduced
self-reported symptoms of joint pain, headache and neck or back pain with the intervention, although a significant number of people were lost to follow-up.10,11, i

3.4.2.2 Health impacts in terms of risks from inadequate ventilation
An improved thermal shell often leads to a more airtight housing space; this can also
increase health impacts from indoor air pollution if rooms are not adequately ventilated.
The total ventilation rate is a measurable factor that determines occupant exposure to
various contaminant sources. In some developed countries, measurable norms have been
defined, often as part of commercial building standards for number of air exchanges per
Ventilation systems
volume of space per hour. However, the importance of ventilation is not well understood
may consist of nothby the public, the health community, or housing and health policy-makers.
ing more than building
Ventilation systems can be extremely varied, and may consist of nothing more than leakage to provide
building leakage to provide fresh air. Even in developed countries, many single-family fresh air. Even in
housing units and low-rise multi-family units do not have a planned fresh air supply sys- developed countries,
tem, and multi-family buildings may have unbalanced or inadequate air supply systems. many single-family
and low-rise units do
In addition, many high-rise buildings today are designed with few or no windows that not have a planned
can be opened manually. In older buildings, windows may be permanently sealed shut, fresh air supply, and
e.g. when unit air conditioners are installed.
multi-family buildings
may have inadequate
As noted in Chapter 2, lack of ventilation can lead to adverse health outcomes linked
systems.
to increased indoor concentrations of pollutants, including radon and environmental
tobacco smoke, as well as increased infection transmission.12
One large housing and health study showed that bronchial obstructions occurred more
often in people living in housing with lower air exchange rates.13 Another multilevel
intervention study in new home construction showed that increasing the fresh air supply, coupled with heat recovery systems for exhaust air, produced statistically signiﬁcant
improvements in quality of life and number of days free from asthma symptoms, urgent
clinical care and asthma trigger exposure.14
Along with exacerbating chronic exposure to indoor air pollution, inadequate ventilation of home heating systems can lead to carbon monoxide poisoning. Neurological
sequelae and death occur when combustion consumes oxygen inside the house with
insufficient fresh air replacement. This issue is also frequently associated with inadequate
housing conditions. Since the health outcomes of CO poisoning are most severe, it has
high policy relevance.15
The health relevance of natural ventilation is also discussed in section 3.6, with reference to cooling strategies.
i

Reductions reported in joint pain were (OR=0.28, p<0.01), headache (OR=0.72, p<0.01) and neck or
back pain (OR=0.18, p<0.01) with the intervention. However, a large number of people were lost to
follow-up in this study (31% at 3 to 9 months).
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3.4.2.3 Health impacts in terms of exposures to mould and other biological
contaminants
The New Zealand studies note that cold and rainy-season mould growth on home interiors, which can stimulate chronic respiratory conditions, is often caused by thermal
bridges (e.g. on walls). When improved insulation is combined with appropriate ventilation measures, mould and dampness in homes may be reduced, decreasing chronic
respiratory conditions triggered by biological contaminants.5

Indoor fungi may
develop even in very
low humidity. This is
another example of how
adequate ventilation is
a critical factor in respiratory health, overall
wellness, and optimized heath benefits
from thermal envelope
improvements.

If, however, improved insulation leads to decreased air exchange rates in airtight and
highly insulated buildings, risks of various mould-related respiratory conditions can
be heightened.16 Higher humidity levels and more accumulation of microorganisms in
indoor house dust may occur after the improvements. A series of German studies on
housing retrofits note that indoor fungi (A. penicillioides, A. restrictus, A. versicolor) may
develop even in very low humidity after insulation work if ventilation is not adequate.17–20
This is another example of how provision of adequate ventilation is a critical factor in
respiratory health and overall wellness, and thus to optimized health benefits from thermal envelope improvements.

3.4.2.4 Health impacts in terms of noise exposure
Intervention studies on the health impacts of thermal envelope measures such as
improved insulation and window replacement suggest that along with improving thermal conditions, these measures can also decrease noise disturbance, particularly when
double-glazed or acoustic windows are used.16
Living in crowded neighborhoods and in substandard or poorly designed and constructed homes are commonly associated with increased noise levels inside the
residence.21 In addition, low-income homes and communities are frequently located in
close proximity to airports, railroad yards, highways, industrial areas and urban commerce, where housing is may be more affordable, but noise levels comparatively high. 22

3.4.2.5 Health impacts in terms of exposures to toxic building materials
Insulation may be categorized by its composition (material), by its form (structural
or non-structural) or by its functional mode (conductive, radiative, convective). Nonstructural forms include batts, blankets, loose-fill, spray foam and panels. The most
commonly used insulation types are: spray polyurethane foam (SPF), insulating concrete forms, rigid panels, structural insulated panels, fibreglass batts and blankets,
natural fibre, cotton batts, wool batts, loose-fill (cellulose), aerogels, straw bales, reflective insulation and radiant barriers, urea-formaldehyde foam and asbestos. Along with
insulation per se, interior building materials are also part of the thermal shell and indoor
environment. A comprehensive understanding of air pollutant emissions from interior
building materials has developed over the years.23 In recent guidelines on natural ventilation for infection control in health care settings, WHO recommends that, “Designers
and contractors should be aware of the standards and regulations on building materials
for indoor use. In particular, materials that can potentially release airborne respiratory-

50 Health co-benefits of climate change mitigation – Housing sector

tract irritants should be avoided.” This same principle holds for insulation materials;
health issues related to a few specific fibres are briefly reviewed below.
Asbestos and other fibrous mineral silicates
Most uses of asbestos for building products in developed countries ceased by the mid1980s. However, massive amounts of asbestos continue to be sold for use in developing
country housing, and thus potentially, efforts to improve insulation from heat or extreme
weather in poor countries could result in even greater asbestos use. In particular, asbestos is attractive as roof protection because it is lightweight, durable and waterproof.
As noted in Chapter 2, it is estimated that 125 million people already are exposed to
asbestos in workplaces worldwide and exposures may also occur among populations
and civil society groups (e.g. cleanup volunteers) who are untrained in, or unaware of,
asbestos hazards.
Manufactured mineral fibres
As increased insulation use is likely to increase use of other manufactured mineral fibres
(MMF), consideration should be given to any related risks. A number of major studies
examine health impacts of MMF exposures during or after installation. These fibres are
made from molten glass or rock (glass wool and rock wool) and can release fibrous dust
on handling. Due to their prevalence, rock wool and glass wool fibres are ubiquitous in
urban indoor environments of most developed cities. However, environmental levels
are generally regarded as below those posing a health risk (e.g. <0.00005 fibres/cm3).
Significantly, MMF fibres do not split into extremely fine fibres and few if any of those
that become airborne will reach the deep lung. Those that do will not persist, as MMF
are rapidly cleared from the lung and are soluble. The bulk of MMF products thus are
regarded as posing little risk to health. They can, however, cause skin and upper respiratory tract irritation.ii
Synthetic vitreous fibers
Fibreglasses made of fine silica or other glass formulation fibres are the most common residential insulating material, and may be applied in rolls or “batts” of insulation
pressed between the stud walls of a wood-framed house. Health and safety issues include
potential cancer risk from exposure to glass fibres, formaldehyde off-gassing from the
backing/resin,24 petrochemicals in the resin and environmental health aspects of the
production process.
In 1988, the World Health Organization declared fibreglass insulation potentially carcinogenic (Group 2B).24 Subsequent epidemiologic studies by WHO’s International
ii Fibre levels in buildings in which MMF has been used may be up to 0.001 f cm3; during installation

and handling of MMF materials, e.g. in loft spaces, fibre levels may rise to 0.19 f cm3. However, levels
quickly return to ambient levels when work with MMF is completed. It is estimated that over a 70-year
lifetime, those exposed will inhale some 14.5 million MMF fibres from ambient or background sources.
Some 15.5 million attic and eave spaces in the UK are insulated with MMF. At a fibre level of 0.0005
f cm3, a total of about 70 million fibres would be inhaled during a 70-year lifetime with occupancy of 12
hours per day, seven days a week and 50 weeks annually. Thus some 60–70% of people in the UK will
inhale about 80 million MMF fibres over a 70-year lifetime from buildings and background sources.
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Agency for Research on Cancer (IARC) provided no evidence of increased risks of lung
cancer or mesothelioma (cancer of the lining of body cavities) from occupational exposures during manufacture of these materials, and “inadequate evidence overall of any
cancer risk.” As a result, in 2001 the WHO classification of fibreglass was downgraded
to Group 3 (not classifiable as to carcinogenicity in humans).iii
Fibreglass is also energy-intensive in manufacture.
Fibres are bound into batts using adhesive binders
which can contain phenol formaldehyde, a hazardous chemical known to slowly off-gas from
the insulation over many years. The industry is
mitigating this issue by switching to binder materials not containing phenol formaldehyde; for
instance, some manufacturers offer agriculturally
based binder resins made from soybean oil. Formaldehyde-free batts and batts made with varying
amounts of recycled glass (some approaching 50%
post-consumer recycled content) are now available in Europe.
Fibreglass (Photo: morguefile.com / kahanaboy)

3.5 Heating systems
3.5.1 Summary of IPCC-reviewed mitigation measures
(IPCC 6.4.3; 6.4.6-7)
In developed countries and urban areas of some developing cities, heating is often provided by a district heating system or an on-site furnace or boiler using fossil fuels. In
rural areas of developing countries, heating (when available) is generally with space
heaters or stoves fueled either by biomass or coal as well as paraffin and kerosene. The
IPCC mitigation review notes that significant opportunities exist in industrialized countries to combine aggressive thermal envelope measures with more efficient fossil fuel
heating systems, including passive solar design, as exemplified by the European Unioncertified European Passive House Standard.iv
Such measures according to IPCC, “have achieved reductions in purchased heating
energy by factors of five to thirty (i.e., achieving heating levels less than 15 kWh/m2/yr
even in moderately cold climates, as compared to 220 and 250–400 kWh/m2/yr for the
average of existing buildings in Germany and Central/Eastern Europe, respectively).”
Improved building energy management systems cited include co-generation of heat
iii The World Health Organization and International Agency for Research on Cancer (WHO/IARC)

downgrade is consistent with the conclusion reached by the US National Academy of Sciences, which
in 2000 found “no significant association between fiber exposure and lung cancer or nonmalignant
respiratory disease in the MVF [man-made vitreous fiber] manufacturing environment.” However,
manufacturers continue to provide cancer risk warning labels on their products, apparently as
indemnification against claims, and the literature should be considered carefully before determining
that these risks should be disregarded. The US Occupational Safety and Health Administration
(OSHA) chemical sampling page provides a summary of the risks, as does the NIOSH Pocket Guide of
the US National Institute for Occupational Safety and Health.

iv European Passive House standard: http://eu.passivehousedesigner.de/
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and electrical power, and energy storage in district heating (and cooling) systems; and
combining an improved thermal envelope with a range of energy efficiencies as well as
passive solar design:

• “Passive solar heating can involve extensive sun-facing glazing, various wall- or roofmounted solar air collectors, double-facade wall construction, airflow windows,
thermally massive walls behind glazing, and preheating or pre-cooling of ventilation
air through buried pipes.25–27,v” (IPCC 6.4.3.1.)
• “District heating and cooling systems, especially when combined with some form of
thermal energy storage, make it more economically and technically feasible to use
renewable sources of energy for heating and cooling. Solar-assisted district heating
systems with storage can be designed such that solar energy provides 30 to 95% of
total annual heating and hot water requirements under German conditions (Lindenberger et al., 2000).” (6.4.6.2.)
• “By combining a high-performance thermal envelope with efficient systems and
devices, 50–75% of the heating and cooling energy needs of buildings as constructed
under normal practice can either be eliminated or satisfied through passive solar
design.” (IPCC 6.4.7)
• “ ‘Combisystems’ are (passive) solar systems that provide both space and water heating. Depending on panel and storage tank size and on the building’s thermal envelope
performance, 10%-60% of combined hot water and heating demand can be met by
solar thermal systems in central and northern European locations. Costs of solar heat
have been 0.09–0.13 Euros/kWh for large domestic hot water systems and 0.40–0.50
Euros/kWh for combisystems with diurnal storage.28 Worldwide, over 132 million m2
of solar collector surface for space heating and hot water were in place by the end of
2003. China accounts for almost 40% of the total (51.4 million m2), followed by Japan
(12.7 million m2) and Turkey (9.5 million m2).29” (6.4.7.2)
This section focuses primarily on health impacts of home heating efficiencies for developed countries or grid-connected areas of emerging economies. Household use of
biomass, coal, and kerosene for cooking, lighting, and other energy needs in low-income
and developing country settings is addressed briefly in Sections 3.8–3.10, and in detail
in the Health in the Green Economy report: Co-benefits to health of climate change mitigation: Household energy sector in developing countries.vi

3.5.2 Health impacts of mitigation measures
As with thermal envelope improvements, home heating and health schemes often involve
multiple “fixes” to a housing structure, and are targeted at reducing a range of interrelated health risks such as: reduced chronic and acute respiratory disease from reduced
exposure to indoor air pollution from space heating systems and fuels; reduced chronic
respiratory disease from moulds in damp and poorly heated homes; and reduced overall
mortality/morbidity from respiratory and cardiovascular conditions that may be stimulated by extremes of heat or cold.
v Technical details concerning conventional and more advanced passive solar heating techniques, real-

world examples and data on energy savings are provided by Hastings (1994), Hestnes et al. (2003) and
Hastings (2004).

vi Adair-Rohani H and Bruce N. Geneva, World Health Organization, 2011. Summary of findings

available at: http://www.who.int/hia/green_economy/en/index.html
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Traditionally, health-oriented studies of improved home heating examined health
impacts of increased indoor warmth and thermal comfort without precise reference
to gains (or losses) in energy efficiency. More recently energy efficiencies and health
impacts are being looked at in tandem, but this “co-benefits” approach is relatively new.

Definitions of what
constitutes a healthy
indoor temperature vary widely and
may be influenced
by cultural expectations and norms, as
well as by differences
in dress, indoor/outdoor exercise, intake
of foods and drinks
and warming/cooling
behaviours.

In this context, definition of what constitutes a healthy indoor temperature vary widely.
In China, the ‘safe’ indoor temperature range is defined in national standards as 16–24° C
for winter and 22–28° C in summer. Japan’s Ministry of Environment “Cool Biz” campaign encourages offices to set air-conditioners to 28° C with appropriate dress.1 In the
European region, the optimum temperatures for living spaces has been defined much
more narrowly, at 20–22° C. vii Clearly thermal comfort is subject to influence by cultural
norms about availability and access to energy, as well as differences in dress, indoor/
outdoor exercise, intake of foods and drink, and other warming/cooling behaviours.
Research on health co-benefits of energy efficiencies and housing mitigation strategies
requires a more nuanced and up-to-date definition of healthy thermal conditions in different settings. With these limitations in mind, evidence of health co-benefits (and risks)
is cited here.

3.5.2.1 Health co-benefits from carbon-efficient home heating and fuel shifts in
developed countries
New Zealand’s Housing, heating and health study30 was conducted in over 400 New
Zealand households that had participated in an earlier study of health impacts from
improved home insulation. The heating study examined health co-benefits of additional
investments in more energy-efficient and non-polluting heating systems for families of
children with clinical asthma symptoms.The study involved installation of energy-efficient and healthy heaters (heat pump, wood pellet burner or flued gas heater) in 400
homes of children with asthma, using either plug-in electric heaters or unflued gas space
heaters – the latter often generate high levels of NOx or other air pollutants.
Along with removing certain indoor air pollutants (due to replacement of unflued gas
space heaters), the measures raised average living room temperatures by an average of
one degree centigrade from 16–17.1° C between 2006 and 2007 after adjustment for previous winter temperatures. The net improvement in the indoor air environment led to
a statistically significant reduction in children’s asthma symptoms, and reduced days off
school and health care utilization.31–33
As with the New Zealand insulation studies, the economic benefits in terms of reduced
illness that were derived from the more efficient heating systems outweighed installation costs.
While there also were net overall savings of energy and CO2 emissions, these were relatively small, by comparison, and not statistically significant, partly due to a net increase
in electricity use after the period of the heating interventions (“take-back effect”). The
researchers conclude that:

vii For China, “Indoor Air Quality Standard (GB/T 18883-2002), as published by Ministry of Health, Ministry of
Environmental Protection and Administration of Quality Supervision, Inspection and Quarantine.” For the European
region, as per: Ranson RP, Guidelines for healthy housing, Copenhagen, WHO Regional Office for Europe, 1988.
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Economic benefits
in terms of reduced
illness that were
derived from the
more efficient heating
systems outweighed
the installation costs.
While there also were
net overall savings
A number of other studies have modelled the projected health co-benefits from improved
of energy and CO2
ambient or indoor air quality that could be derived from improved household heating
emissions, these were
efficiencies and/or shifts to renewable fuels in large population clusters. Two examples
relatively small by
are cited by the IPCC:
comparison.
“In China, replacement of residential coal burning by large boiler houses providing
district heating is among the abatement options providing the largest net benefit per
tonne of CO2 reduction, when the health benefits from improved ambient air conditions are accounted for.”34
“[T]he small number of households for whom usable energy data were available also
limited the statistical power of the analysis.... It also limited the extent to which we
can draw conclusions about the effect of energy efficiency improvements on energy
consumption. Previous research has suggested that, at indoor temperatures around
16.5°C, around 30% of potential savings following an energy efficiency improvement
are likely to be ‘‘spent’’ as improved comfort via higher temperatures... The current
results seem to suggest a higher “take-back effect,” but the high degree of statistical
uncertainty means that drawing strong conclusions is unwarranted.”32

A study in Greece35 found that the residential sector’s economic GHG emission abatement potential could be increased by almost 80% if the co-benefits from improved air
quality are taken into account. Beyond the general synergies between improved air quality and climate change mitigation, some of the most important co-benefits in developing
country households are due to reduced indoor air pollution through mitigation measures discussed in IPCC sections 6.6.2 and 6.1.1.
A series in the The Lancet in 2009 presented case-studies on the co-benefits to health
of climate change mitigation policies. Case studies of household energy policies in both
Europe and Asian countries examined:

• Impacts on health from shifts to more efficient household energy systems in the
United Kingdom, including switching all indoor household fossil fuel (gas, coal, oil)
combustion sources to electricity. Health impacts were significant, and greatest when
combined with insulation strategies.36
• Impacts of low-carbon electricity grid generation in the European Union, China and
India on ambient air emissions and thus health were modelled. Health impacts of a
50% emissions reduction in grid electricity generation by 2050 were assessed using
an integrated modelling strategy.37 viii Results indicated that a shift to low-carbon
renewable energy from wind, solar, hydraulic and geothermal sources, and to nuclear
energy, would reduce deaths associated with air pollution exposures (<PM2.5) in all
regions. Benefit-to-cost of health gains was highest in India and China, where the
health costs of pollution are high and costs of mitigation are relatively low. In the
European Union, benefits also were projected at around 100 life years per million
people in 2030.

viii This included the POLES emissions model, which identifies the distribution of production modes with desired CO

2

reductions and associated costs; the GAINS model estimating fine particulate matter (<PM2.5) concentrations);
and a third model based upon WHO’s Comparative Risk Assessment of mortality from outdoor air pollution,
estimating the effect of <PM2.5 reductions.
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3.5.2.2 Health impacts of central heating
Replacing space heating systems with central heating is not a specific focus of the IPCC
mitigation review as such. However, insofar as housing and health studies often focus
on this measure, it is discussed briefly here.38,39,31
One study of housing examined health impacts of complete central heating installation,
in tandem with re-roofing, rewiring, ventilation systems, double-glazed doors, cavity
wall and roof insulation. All together, the measures were reported to reduce asthma
symptoms in adults, and appeared to protect against non-asthma respiratory conditions
in adults and children.40

While energy efficiency
may be an objective of
some central heating
measures, the extent
to which net CO2 emissions are reduced,
as well as indoor and
outdoor air pollution emissions, is not
always well-defined in
health-oriented review.

Another study by the UK Warm Front initiative shows improved central heating system efficiency in combination with insulation reduced the estimated prevalence of
respiratory symptoms by three cases per 1000 children.8 Increased temperatures due
to installation of central heating or insulation added an extra 0.56 months to the lives
of couples older than 65 years taking part in the programme: 0.33 for men and 0.22 for
women. The improved thermal comfort also reduced the prevalence of depression and
anxiety by 48%. The estimated prevalence of people with depression and anxiety was
reduced by 150 per 1000 inhabitants. 8
Another review of central heating interventions by the UK-based National Institute for
Health and Clinical Excellence, showed a significant reduction in respiratory symptoms after the intervention as well as reductions in the number of school days lost
to due to asthma-related illness (9.3 days out of 100 before intervention and 2.1 days
post-intervention).10
While energy efficiency may be an objective or a byproduct of some central heating
measures, the extent to which net CO2 emissions are reduced, as well as indoor and outdoor air pollution emissions, is not always well-defined in health-oriented reviews.
And the ease with which temperatures may be changed by central heating thermostats
may also lead to reduced energy efficiency– particularly if inhabitants are unaware of, or
fail to adequately control, thermostats.41 This may pose a challenge in the optimization
of both health co-benefits and energy efficiencies in central heating systems.

3.6 Cooling loads
3.6.1 Summary of IPCC-reviewed mitigation measures (IPCC 6.4.4)
Energy use for cooling can be reduced by: 1) reducing the cooling load of buildings,
2) using passive and low-energy techniques to meet some or the entire load and 3)
improving the efficiency of cooling equipment and thermal distribution systems (e.g.
air conditioners and vapour-compression chillers).
Principles of design cited for reducing cooling load, in most climates include:
(i) orienting a building to minimize the wall area facing east or west;
(ii) clustering buildings to provide some degree of self-shading (as in many traditional
communities in hot climates);
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(iii)
(iv)
(v)
(vi)

using high-reflectivity building materials;
increasing insulation;
providing fixed or adjustable shading;
using selective glazing on windows with a low solar heat gain and a high daylight
transmission factor and avoiding excessive window area, particularly on east- and
west-facing walls; and
(vii) utilizing thermal mass to minimize daytime interior temperature peaks.
Increasing the solar reflectivity of roofs and horizontal or near-horizontal surfaces
around buildings [e.g. painting them white] and planting shade trees can also yield
dramatic energy savings.42 The benefits of trees arise both from
direct shading and from cooling the ambient air. Rosenfeld et al
43
concluded that a large-scale city-wide programme of increasing
roof and road albedo and planting trees in Los Angeles could yield
a total savings in residential cooling energy of 50%–60%, with a
24–33% reduction in peak air conditioning loads (IPCC, 6.4.4.1).
Natural ventilation, the IPCC review notes, is one key strategy
reducing the need for mechanical cooling. It functions by:
“…directly removing warm air when the incoming air is cooler
than the outgoing air, reducing the perceived temperature
due to the cooling effect of air motion, providing night-time
cooling of exposed thermal mass and increasing the acceptable temperature through psychological adaptation when the
occupants have control of operable windows.[…] Natural ventilation requires a driving force and an adequate number of
openings, to produce airflow. Design features, both traditional
and modern, that create thermal driving forces and/or utilize
wind effects include courtyards, atria, wind towers, solar chimneys and operable windows.
“Purely passive cooling techniques require no mechanical
energy input, but can often be greatly enhanced through small
amounts of energy to power fans or pumps. A detailed discussion of passive and low-energy cooling techniques can be found
in Harvey (2006)44 and Levermore (2000).45”(IPCC 6.4.4.2)
In a housing study in Beijing, China, also cited by the IPCC review, Da Graça et al. found
that thermally and wind-driven night-time ventilation could eliminate the need for air
conditioning of a six-unit apartment building during most of the summer if the high
risk of condensation during the day due to moist outdoor air coming into contact with
the night-cooled indoor surfaces could be reduced. 46

Lattice work and air flow under the
roof eaves illustrates modern use
of traditional natural ventilation
features. (Photo: Maude Dorr)

Evaporative cooling devices can often be used in place of air conditioners. These typically expose water to a fresh air stream, cooling the air directly or indirectly. The IPCC
review notes: “By appropriately combining direct and indirect systems, evaporative cooling can provide comfortable conditions most of the time in most parts of the world.”
(IPCC 6.4.2.2.)
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Other passive cooling techniques cited include use of underground earth-pipe cooling, which draws outside air through a buried air duct, and dessicant dehumidification.
Dessicant dehumidification, according to the review, may reduce energy required for
dehumidification by 30–50% and by as much as 50–75% if solar energy is used.
“Desiccant dehumidification and cooling involves using a material (desiccant) that
removes moisture from air and that can be regenerated using heat). … In hot and
humid climates, desiccant systems can be combined with indirect evaporable cooling
to provide an alternative to refrigeration-based air conditioning systems.” 47
Finally, the powerful ways in which simple measures (e.g. opening doors and windows)
can increase air flow also are illustrated in a WHO-supported systematic review of the
evidence on natural ventilation for infection control in health care settings (see Table 4).
Findings of this review may have wider relevance in terms of residential housing, and
particulation ventilation design that can help control common airborne infections in
crowded housing conditions.12

Table 4. Estimated air changes per hour (ACH)
and ventilation rate for a 7m x 6m x 3m ward
Openings

ACH

Ventilation rate (l/s)*

Open window (100%) + open door

37

1300

Open window (50%) + open door

28

975

Open window (100%) + closed door

4.2

150

* L/s (Litres per second) | Source: (WHO, 2009)

3.6.2 Health impacts of mitigation measures
3.6.2.1 Exposures to indoor air pollution and improved ventilation
One international review of case studies cites evidence that high-performance natural
ventilation strategies can reduce respiratory illness by 9% to 20% and increase individual productivity between 0.48% and 11%, with only a minimal energy cost for increasing
indoor air flow and exchange. Research on indoor air pollution-related health disorders
also commonly known as “sick building syndrome” has estimated that along with better health and productivity, natural ventilation and mixed-mode conditioning can yield
25–50% energy savings.48,49
Based on the WHO systematic review of evidence, norms for air exchange rates in
health care settings have also been developed recently by WHO.12 This review assessed
the relative risk of infection within 15 minutes of exposure to a person infected by an
airborne-transmissible disease in an enclosed space at different ventilation rates, as
measured by numbers of air changes per hour. Table 5, from that review, illustrates,
moreover, how infection risk decreases with an increasing ventilation rate.
The basic principles of design, construction, operation and maintenance for effective
natural ventilation systems, as described in the review of health care settings, have
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Table 5: Infection risk in 15-minute exposure for an infector
in 6m x 6.7m x 2.7m enclosed space
Ventilation rate (air changes per hour) (%)
Quanta ix
generation
(quanta/min)

1

6

18

30

1

0.05

0.01

0.00

0.00

7

0.30

0.06

0.02

0.01

14

0.51

0.11

0.04

0.02

20

0.64

0.16

0.06

0.04

general relevance to residential ventilation design, and may be particularly relevant
to crowded housing conditions common to poor neighborhoods in developed and
developing countries, and settings with high incidence of TB and/or other airborne respiratory diseases.50
Appropriate ventilation and air exchange rates also are important to the reduction
of indoor air pollution risks that are common triggers of noncommunicable respiratory diseases, including allergies and asthmas. In a study of the health co-benefits of
climate mitigation strategies for the United Kingdom of Great Britain and Northern
Ireland, improved ventilation control (including mechanical ventilation and filtering of
outdoor air when particle pollution concentrations outdoors were high) was found to
significantly reduce indoor air pollution levels of fine particles, radon, moulds and environmental tobacco exposure.36
Improved ventilation control not only showed the greatest health benefit among mitigation measures considered; it also amplified health co-benefits in combined scenarios
involving improved insulation, occupant behaviour, fuel switching and other measures.
Combined with natural ventilation, these measures achieved relatively larger fine particle reductions as well as significantly reduced risks of CO poisoning. If outdoor air
pollution/particulate levels are higher than indoors due to industrial emissions, traffic
or building-related emissions of fossil fuels or biomass, direct ventilation into the house
of outdoor air can increase ingress of outdoor particle pollutants. However, mechanical
ventilation can be combined with air filters to address this risk.36,51

3.6.2.2 Exposure to extreme heat/cold
Natural ventilation can also help avert the health impacts of air conditioning (described
in more detail in 3.7.2) by reducing reliance on it as a heat-wave response measure. However, simple natural ventilation measures (e.g. window opening) will be less effective in
heat waves when temperatures remain high at night. Similarly, when the temperature
is above 35° C, fans alone will not necessarily prevent heat-related illness. Fans also can
contribute to heat exhaustion with additional heat released indoors and forced convection during high-heat-stress conditions, when skin convection is no longer possible.52
ix Note: Quanta refers to the generation of droplet nuclei by an infected person coughing or sneezing.
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In considering response to heat stress and heat waves, health literature has so far tended
to consider air conditioning against simple fans or window opening/closing. Less if any
consideration has been given to addressing heat stress with an energy-efficient mix of
measures. As described by IPCC, these could include natural ventilation plus evaporative coolers and/or dehumidification, plus vegetation shading and other building
positioning and design measures. Green roofs, for instance, can help mitigate exposure
to extreme heat from heat waves.

3.6.2.3 Control of allergen-causing moulds and mites
Inadequate ventilation is also associated with greater moisture and mould risks; conversely, improved ventilation can help control moisture and mould problems. The Lancet
case studies on health co-benefits of climate change mitigation in housing36 noted that
combined ventilation and dehumidiﬁcation may help to reduce mite levels that trigger
allergies. In a national survey in the United States of America, the use of a dehumidiﬁer
was an independent predictor of lower levels of mould and some asthma triggers.53
In high-humidity settings surveyed, either a dehumidifier or an air conditioner were
equally effective in reducing mite levels.
In some settings, however, evaporative coolers may promote growth of mould
and mites. And one challenge in the risk assessment of fungi-related allergies is that
prevalence of indoor fungi is not well mapped or defined, insofar as fungi-specific
humidity indicators are not easy to test. Prevalence indicators of already-known outdoor
species cannot be applied to those indoors.54 Until this barrier is overcome, assessment
of how well housing different strategies reduce fungi- and fungi-related allergies will
remain difficult.

3.6.2.4 Other health impacts
Low-energy home designs and cooling systems can have other positive health impacts,
supporting energy resilience during heat waves and extreme weather, which can also
cause urban power loss or brownouts 55 and reducing long-term climate impacts on
health from use of more carbon intensive cooling systems.
At the same time, risks exist. In regions with increasingly scarce fresh water supplies, use
of some low-energy devices, such as evaporative coolers, could prove challenging.56 In
many urban areas, security concerns make it difficult to leave doors and windows open.
In malaria-endemic regions, appropriate use of bednets and also house screening would
be essential to any natural ventilation strategy (see Chapter 4.3.2).
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3.7 Whole-building heating, ventilation and air
conditioning systems (HVAC) and space/unit
air conditioners
3.7.1 Summary of IPCC-reviewed mitigation measures (IPCC 6.4.4–5)
Air conditioning use is increasing rapidly around the world. In Europe, only a small
fraction of residential buildings had air conditioning until recently. However, air conditioning use is rapidly increasing in response to recent heat waves. Similarly, in developing
countries, IPCC notes that:
“Until recently, the penetration of air conditioning in developing countries has been
relatively low, typically only used in large office buildings, hotels and high-income
homes. That is quickly changing however, with individual apartment and home
air conditioning becoming more common in developing countries, reaching even
greater levels in developed countries. This is evident in the production trends of typical room-to-house sized units, which increased 26% (35.8 to 45.4 million units) from
1998 to 2001 (IPCC/TEAP, 2005).” (IPCC 6.4.4.3)
Along with the energy used to run the air conditioning system, the halocarbon refrigerants used by air conditioners carry a high climate penalty as they are powerful
greenhouse gases.
“Air conditioners – from small room-sized units to large building chillers – generally
employ halocarbon refrigerant in a vapour-compression cycle. …In some cases, the
GWP-weighted lifetime emissions of the refrigerant will outweigh the CO2 emissions
associated with the electricity, highlighting the need to consider refrigerant type and
handling as well as energy efficiency…” (IPCC 6.4.4.3.)

morguefile.com / evildrjeff

Of the key classes of halocarbon refrigerants most commonly used, HCFCs are only to
be phased out in 2030–40 and HFCs remain unregulated by any global convention. Projected emissions of HFCs and HCFCs, plus ongoing emissions from CFC banks, are so
large that scenarios of halocarbon emissions related to buildings in 2015 will be almost
as high as in 2002x.
In terms of mitigation potential, the IPCC review highlights several strategies: 1) reduced
use of air conditioning refrigerants with the highest global warming potential; 2) more
energy efficient systems and 3) use of mixed mode natural ventilation with better temperature control.
More efficient HVAC design and management measures, the review notes, can achieve
“dramatic savings in the energy use for heating, cooling and ventilation,” for large buildings, such as:

x Three classes of halocarbons are mentioned in relation to air conditioning: CFCs, HCFCs and HFCs. Most
consumption of ozone-destroying CFCs ended in 1996 in developed countries, while developing countries had
until 2010 to phase out CFCs. HCFCs, also ozone depletors, also are being phased out of production between 2030
and 2040. Nevertheless, projected emissions of HCFCs and HFCs (and ongoing emissions from CFC banks) are
sufficiently high that scenarios of halocarbon emissions related to buildings in 2015 show almost the same emissions
as in 2002 (about 1.5 GtCO2- eq. emissions). (IPCC 6.4.15)
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“i) using variable air volume systems to minimize simultaneous heating and cooling
of air; ii) using heat exchangers to recover heat or cold from ventilation exhaust air;
iii) minimizing fan and pump energy consumption by controlling rotation speed;
iv) separating ventilation from heating and cooling functions…; v) separating cooling from dehumidification functions through the use of desiccant dehumidification;
vi) implementing a demand-controlled ventilation system in which ventilation airflow changes with changing building occupancy, which alone can save 20 to 30% of
total HVAC energy use;57 vii) correctly sizing all components; and viii) allowing the
temperature maintained by the HVAC system to vary seasonally with outdoor conditions (IPCC 6.4.5.1)
Temperature control and shifts to “mixed mode” buildings that use natural ventilation
whenever possible, are the other areas of potentially large, mitigation gains:

Air conditioners in a
building in Beijing, China.
(Photo: Matthias
Braubach)

“…a large body of evidence indicates that the temperature and humidity set-points
commonly encountered in air-conditioned buildings are significantly lower than
necessary,58,59 while computer simulations by Jaboyedoff et al.60 and by Jakob et al.61
indicate that increasing the thermostat by 2 ºC to 4º C reduces annual cooling energy
use by more than a factor of three for a typical office building in Zurich, and by a
factor of two to three if the thermostat setting is increased from 23º C to 27º C for
night-time air conditioning of bedrooms in apartments in Hong Kong62.
“Additional savings can be obtained in ‘mixed-mode’ buildings, in which natural
ventilation is used whenever possible, making use of the extended range associated
with operable windows, and mechanical cooling is used only when necessary during
periods of very warm weather or high building occupancy.” (IPCC 6.4.5.1)

3.7.2 Health impacts of mitigation measures
While the importance of using natural ventilation for control of communicable and
noncommunicable disease is well documented, research into the comparative health
impacts of air conditioning and/or lower-energy modes of ventilation and cooling is
lacking. Similarly, there have been no studies of the comparative health impacts of conventional HVAC systems versus more energy-efficient mixed-mode HVAC systems.
A number of potential health risks, as well as several health benefits, have, however, been
identified as relevant to use of air conditioning and HVAC. On the positive side, there
is some evidence of that air conditioning use may improve protection from heat stress
in heat waves and also be perceived as a protective measure against insect bites and vector-borne diseases. On the other hand, there is evidence that use of air conditioners,
particularly large HVAC systems, may promote certain kinds of infection transmission.
Such systems also create urban residential noise pollution as well as contributing to the
urban heat island effect. These, in turn, have equity impacts, since residents exposed to
excess noise or urban heat may be among those groups least able to afford air conditioners themselves. Some examples of available literature are reviewed below.

3.7.2.1 Immediate protection from heat waves
During the 1999 Chicago heat wave, the strongest protective factor in preventing heatrelated mortality was a working air-conditioning system (OR = 0.2); however, the overall
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climate-appropriate design of buildings was not assessed.63 Other evaluations have not
measured the effectiveness of legislating, mandating or promoting the installation of
air conditioning to prevent heat-related mortality. In relation to heat-related morbidity
and mortality, there is no information on the benefits of air conditioning in relation to
mortality risk in Europe, which is unsurprising given the current low coverage of this
intervention.64

3.7.2.2 Infection transmission
Sick-building syndrome, including mucous membrane irritation, headache, fatigue and
upper and lower respiratory symptoms, have been associated with HVAC systems in
some studies. On average, the prevalence of such symptoms was higher in air conditioned buildings than in those naturally ventilated, independent of humidification.65,66
Thus moisture and microbial contamination – not only of the building structure or surfaces, but also of heating, ventilation and air-conditioning systems – have adverse health Sick building
effects.
syndrome, including
mucous membrane
Cool parts of air conditioning units can result in surface temperatures below the dew
irrigation, headache,
point of the air, and in damp air this may result in unwanted condensation. Microorfatigue, and respiraganisms can grow in cooling-coils, drip pans, air humidifiers and cooling towers, which
tory symptoms have
cause respiratory diseases or symptoms such as Legionnaires’ disease and humidifier
been associated with
fever.67–69 Legionellosis is a serious and sometimes fatal form of pneumonia caused by
HVAC systems in some
the bacterium Legionellosis pneumophila and other legionella species.
studies. On average,
Better hygiene, commissioning, operation and maintenance of air-handling systems is prevalence of such
particularly important in reducing such negative health impacts of HVAC systems. 64,70–74 symptoms was higher
There is evidence that temperature, humidity and air velocity of air conditioning systems in air conditioned
are important health parameters affecting dust distribution and microbial growth.xi, 75
buildings.

3.7.2.3 Outdoor air pollution exposure in “hotspots”
In homes near traffic “hotspots” or other areas of heavy outdoor air pollution concentrations, use of home air conditioning systems has been linked to reduced health
impacts,76 including asthma and allergic symptoms. A cross-sectional study of 2994
randomly selected children in areas with reportedly heavy traffic found stronger associations between asthma and rhinitis symptoms among children sleeping in non-air
conditioned homes than for children sleeping in air conditioned homes.77, xii

3.7.2.4 Air conditioning and HVAC as informal vector control measures
In many warm regions where vector-borne diseases such as malaria and dengue are
endemic, the use of air conditioning and HVAC, particularly in large-city apartment
xi Studies of microbial concentrations (bacteria and fungi) under different HVAC operating conditions (temperature,
relative humidity and air velocity) showed that increased air velocity correlated positively with increased dust
distribution and microorganism growth. Microbial growth also accelerated in the 22–32° C temperature range and
with increased relative humidity (RH) between 40%–90%.
xii The International Study of Asthma and Allergies in Childhood (ISAAC) found PRs for heavy traffic density

were 2.06 for wheeze (95% CI 0.97–4.38), 2.89 for asthma (1.14–7.32), 1.73 for rhinitis (1.00–2.99) and 3.39 for
rhinoconjunctivitis (1.24–9.27). No associations were found for children sleeping in air-conditioned homes,
suggesting that bedroom AC modifies traffic health effects among preschool children.
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buildings and hotels, may be perceived as the most readily available means to prevent entry of disease-carrying mosquitoes and other vectors. This may be particularly
the case at night, when temperatures typically cool down, and it might be otherwise
be more healthful to use natural ventilation. While evidence of these trends has not
been reviewed systematically for this paper, anecdotal observation indicates that in the
absence of strong housing and health policies related to window screens and their maintenance, as well as to bednets, risk of vector-borne infections may be a powerful, but as
yet unacknowledged, driver in the upsurge in air conditioning as a year-round vector
control measure in urban areas and among more affluent populations.

3.7.2.5 Noise exposures
The widespread use of more energy-intensive cooling systems has secondary impacts in
terms of urban noise, that stimulates a vicious cycle. As large HVAC systems and singleunit air conditioners proliferate in crowded urban areas, homes with air conditioning
may opt to run their units not only for cooling purposes, but also to block street noise.
Paradoxically, noise thus generated, particularly by older or improperly maintained systems, can pose a disturbance to neighbors’ sleep. Noise levels generated by different air
conditioning systems in dense residential areas require further study.

3.7.2.6 Equity issues
Promotion of air conditioning as a universal heat wave or indoor air pollution control
measure, particularly in settings where alternative design measures can be used, ignores
some key health risks discussed here, and may generate further health inequities.
This is because 1) only wealthier sectors of society can typically afford what is essentially
an energy-intensive and expensive measure, and 2) increased use of air conditioning
also increases heat production and thus temperatures in cities. This, in turn, increases
heat-related exposures, particularly among groups with less access to air conditioning,
e.g. the urban poor and elderly poor.78
Also, along with other measures discussed here, social networks have also been shown
to help prevent heat-related deaths in heat waves, and might yield a more equitable set
of health co-benefits, were such interventions to be tested systematically against the use
of air conditioning.63
Finally, while use of conventional HVAC systems may be regarded by some as inevitable in large urban buildings, that view may soon become obsolete. Many of the measures
discussed by IPCC already are being integrated into commercial as well as residential
building design in developed as well as developing countries (e.g. India). These models
should be closely examined in terms of how new concepts in building design and technologies can make optimized use of passive cooling and natural ventilation techniques,
even in very hot climates, and in ways that may generate optimal health in a more climate-friendly built environment.
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3.8 Passive and photovoltaic solar energy
3.8.1 Summary of IPCC-reviewed mitigation measures (IPCC 6.4.7.-8)
Solar photovoltaics which transform the sun’s energy into electricity are highlighted in
terms of their potential to meet electricity needs in well-designed buildings where passive design features have reduced overall energy demand for heating and cooling.
“Photovoltaic panels can be supplemented by other forms of active solar energy, such
as solar thermal collectors for hot water, space heating, absorption space cooling and
dehumidification.
“Building-integrated PV (BiPV) consists of PV modules that function as part of the
building envelope (curtain walls, roof panels or shingles, shading devices, skylights).
BiPV systems are sometimes installed in new ‘showcase’ buildings even before the
systems are generally cost-effective. These early applications will increase the rate at
which the cost of BiPVs comes down and the technical performance improves...79
“Gutschner et al. (2001)80 have estimated the potential for power production from
BiPV in IEA member countries. Estimates of the percentage of present total national
electricity demand that could be provided by BiPV range from about 15% (Japan) to
almost 60% (USA).” (IPCC 6.4.7.1)
As noted in Section 3.5, passive solar hot water heaters (usually consisting of plates or
tubing through which hot water flows) are becoming increasingly popular, including in
emerging economies such as Turkey and China. Solar hot water heating can provide an
estimated 50-90% of annual hot water needs, depending on climate (IPCC 6.4.8).

3.8.2 Health impacts of mitigation measures

An Indian woman takes her solarpowered lantern to a local PV station
where she can recharge the battery for
a small sum. (Photo: TERI/India)

3.8.2.1 Reduced energy poverty and related health risks
The IPCC review focuses much discussion on cutting-edge PV technologies being tested
in large buildings in high-income or industrialized settings. In the context of health cobenefits, however, the adoption and use of simple solar technologies in poor homes may
be even more relevant.
Small off-grid photovoltaic and passive solar systems are becoming more widely available in Asia, Africa and Latin America – particularly for domestic lighting and domestic
hot water heating (this latter trend is noted by IPCC). As household- and community-based energy options develop, these may “leap-frog” over weak or non-existent
grid-connected systems in some regions, much as mobile phone technologies supplanted fixed-line phone systems a decade ago.
In India, simple but high-efficiency solar photovoltaic lanterns are being used by tens of
thousands of poor households to generate lighting and other household needs; these are
often recharged at a local “PV recharge” station that operates as a micro-business. (See
Case Study, Lighting a Billion Lives, Chapter 6.2).
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In South Africa, a housing upgrade project in the Kuyasa neighbourhood of Cape Town,
supported by finance through the United Nations Framework Convention on Climate
Change (UNFCC), Clean Development Mechanism (CDM) incorporates passive solar
technology for hot water heating, into more energy-efficient home retrofits. (See Case
Study, Low-cost urban housing, Chapter 6.3).

The health co-benefits
of passive and active
solar technologies for
poor households lacking ready access to
electricity and hot
water are increasingly
appreciated at the
grassroots. But these
have not been systematically assessed. This
remains a serious gap.

The health co-benefits of passive and active solar technologies for poor households lacking ready access to electricity and hot water are increasingly appreciated at the grassroots.
But these have not been systematically assessed; this remains a serious gap in the housing and health literature. Anecdotal evidence, however, indicates benefits in terms of:
improved sanitation through more access to hot water for kitchen and personal hygiene;
reduced risks of burns and indoor air pollution related to the use of kerosene and paraffin lights; increased sense of security and ability to study, work and move around the
house at night. Just a few indicative examples are noted here:
In terms of hot water access, the use of hot dish water at sufficiently high temperatures
(<40º C) has been cited in some studies as a factor reducing transmission of common
bacteria (E. coli, salmonella, and campylobacter) via dishes and utensils.81 A study on
domestic kitchen hygiene in Peru notes that even when oil- or electric-powered water
heating is available, fuel poverty may be a barrier to the use of hot water for dish-washing, stating: “none of our respondents used hot water to wash their dishes, probably
because of fuel costs.”82 Also, storage of water at or above 50º C can help prevent microbial build up in household water systems, including legionella bacteria. 69, xiii
In terms of lighting, there is also tentative evidence that in comparison to kerosene, electricity use from alternative sources may reduce the risk of respiratory disease. One recent
case-controlled study in Nepal women using kerosene lighting and had an increased risk
of TB – possibly as a result of time spent in close proximity to the flame.83
This hospital-based case-controlled study among 375 women in Nepal who used biomass for heating and cooking, and kerosene lamps for light, found that women who
used kerosene lamps for lighting had a higher overall risk of developing TB than women
who used biomass stoves – but had other means of lighting their homes (e.g. electricity),
the study notes. “If kerosene lamp use is a risk factor for TB, it would provide strong justification for promoting clean lighting sources, such as solar lamps.” 83
In developed countries, where shifts to renewable energy may be undertaken at powergrid level, consequent increases in energy costs may pose a disproportionate burden on
low-income families. Off-grid or independent home installation and use of solar photovoltaics also, too often, remains a consumer choice available primarily to stronger
socio-economic sectors. Affordability is thus an essential consideration in strategies,
especially for those with low incomes.

xiii In principle water must be stored either below 25° C or above 50° C to prevent microbial build-up. At

the same time, at tap point, water above 50° C may pose a risk of scalding, particularly of children and
other vulnerable groups.
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3.8.2.2 Potential occupational and environmental hazards related to PV panel
production and waste disposal
Increased production of certain kinds of photovoltaic solar cells can lead to increased
occupational exposures or exposures to waste products, e.g. from discarded panels. For
example, cadmium-tellurium (CdTe) compounds are found in some photovoltaic systems, increasing the potential for cadmium emissions from mining and refining and
from manufacture, utilization and disposal of photovoltaic modules.
Cadmium and cadmium compounds like CdTe are classified as known human carcinogens. Acute exposure to CdTe can result in respiratory irritation and toxicity. Other
hazardous materials that may be present in various solar products’ manufacturing
include arsenic compounds, carbon tetrachloride, hydrogen fluoride, hydrogen sulphide, and lead and selenium compounds. Many of these have been linked with multiple
health effects, including cancer. 84
New solar PV production processes are being developed that make use of more innocuous compounds, such as embedded copper and silicon. Passive solar hot water heating
systems typically use innocuous substances.
Nanotechnology offers promise of making solar technology more efficient and affordable
by improving the efficiency of batteries and other components. Yet little, so far, is known
about nanotechnology’s impact on health,85 so research in this area needs to be a priority.
Finally, while there is certainly concern regarding unexplored occupational and wasterelated health risks from solar and renewable technologies, the evidence is limited. 86 As
evidence develops, it also must be weighed against the large occupational and environmental health risks associated with the extraction, transport and use of fossil fuels for
domestic energy use,,36 as well as current knowledge about environmental health and
safety risks associated with nuclear energy generation,87 and lessons learnt in the wake
of the April, 2011 Fukushima, Japan, nuclear disaster.xiv

Workers prepare to affix a solar panel
to the roof of a rural home in Sri Lanka
(Photo: © World Bank)

3.9 Lighting and day lighting
3.9.1 Summary of IPCC-reviewed mitigation measures (IPCC 6.4.9–10)
Overall, efficient lighting technologies are cited by the IPCC mitigation review as among
the most promising housing measures worldwide, in terms of both cost-effectiveness
and size of potential savings, as estimated by the International Energy Agency.88 States
the IPCC review:
“Lighting energy can be reduced by 75% to 90% compared to conventional practice through (i) use of day lighting with occupancy and daylight sensors to dim and
switch off electric lighting; (ii) use of the most efficient lighting devices available; and
(iii) use of such measures as ambient/task lightning.” (IPCC 6.4.9)
xiv Note: On 19 April 2011, United Nations Secretary-General Ban Ki-moon called for a worldwide review

of nuclear energy safety standards, including renewed cost-benefit analysis of nuclear energy. Office of
the UN Secretary General/SG/T/2873. 25 May 2011. http://www.un.org/News/Press/docs/2011/sgt2783.
doc.htm
Evaluating health co-benefits and risks of IPCC-reviewed mitigation strategies

67

“…Day lighting systems involve the use of natural lighting for the perimeter areas of
the building. (…) Opportunities for day lighting are strongly influenced by architectural decisions early in the design process, such as building form; the provision of
inner atria, skylights and clerestories; and the size, shape and position of windows.”
(IPCC 6.4.10)
The review also briefly notes the equity benefits that can be obtained from mitigation
measures that replace fossil-fuel based lamps with more efficient PV solar-powered or
compact flourescent (CFL) electric lights:
“About one third of the world’s population depends on fuel-based lighting (such as
kerosene, paraffin or diesel), contributing to the major health burden from indoor
air pollution in developing countries. While these devices provide only 1% of global
lighting, they are responsible for 20% of the lighting-related CO2 emissions and consume 3% of the world’s oil supply. (IPCC 6.4.9.1.)

3.9.2 Health impacts of mitigation measures
CFL lightbulbs save energy but require
careful disposal of broken bulbs,
which contain mercury.

Generally speaking, provision of adequate light, both natural and artificial, is a determinant of health. However, trade-offs are involved. Windows are an important source of
ventilation, and adaptations in their size and positioning to reduce direct sun exposure
can be an effective mitigation measure as well as reducing heat stress in heat waves. The
health literature also shows that dwellings and their residents require sufficient natural
light exposure as a factor in mental health, biophysical performance and injury prevention. These issues are briefly considered below.

3.9.2.1 Basic metabolic functions and health
Exposure to the outdoors and to natural light sources is essential to health and Vitamin
D production. In addition, the absence of a regular natural light/dark cycle can influence
body rhythms such as sleep patterns, ovulation and hormone secretion; these affect performance, alertness and mood. Lack of natural light exposure therefore may be related to
symptoms of stress and depression, particularly in parts of the world where people spend
most of their time indoors. There is no definitive information on the amount and duration of exposure to light that may be necessary to prevent such effects, or on the number
of people who may be adversely affected. Windows may have additional psychological
benefits unrelated to the provision of daylight, perhaps being associated with contact
with the outside world and variety of visual stimulation, particularly for the elderly.
In temperate climates where much time is spent indoors, it has been recommended
that home interiors be designed so that they receive at least 25% of probable sunlight
hours (the long-term average of the total hours during the year in which direct sunlight
reaches unobstructed ground). British Standards89 recommend minimum glazed areas
for a satisfactory view when windows are restricted to one wall. These areas vary from
20% to 35%, depending on the depth of the room. The same standard also defines features comprising a “good” window view in the following terms:
“It should give information about three ‘layers’ (the sky, the horizon and the ground);
it should be complex rather than simple; it should be changing or varied and should
preferably have natural elements such as water or trees.” 90
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3.9.2.2 Injury prevention and environmental safety
Studies show that inadequate lighting and day lighting can lead to injuries from falls in
older adults. Inadequate exterior lighting is linked to increased risk or perceived risk of
crime and attack.91
At the same time, as use of CFL lights becomes very widespread, care must be taken in
their handling as they contain mercury that quickly gasifies and is thus released into the
home environment following breakage. Because the use of CFLs will reduce demand
for electricity (often generated through coal burning that also releases mercury), there a
net reduction in overall mercury releases can still be achieved with CFL light use. At the
same time, use of CFL lights has raised new public health concerns over direct mercury
exposure, particularly of children, in the home environment. Opening the window and
leaving the room for 15 mintues following a lightbulb breakage, as well as sealing the broken bulb in a plastic bag, are among the measures recommended by national agencies
like the United States Environment Protection Agency.xv

3.9.2.3 Depression
Research shows linkages between depression and inadequate daylight exposure in housing. At the same time, the causal pathway of impact on depression is complex and may
be mitigated by other factors, such as satisfaction with the dwelling, predictability of
daily routines and feelings of safety, comfort and control. This complexity was noted in
a study on light exposure among depressed populations: “Given the complex causal web,
we would expect interaction or mediation between the variables.” 92

3.10 Household appliances and electronics
3.10.1 Summary of IPCC-reviewed mitigation measures (IPCC 6.6.2;
6.4.11)
The focus of IPCC review is greater energy efficiencies in household appliances and electronics, which represent: “more than 40% of total residential primary energy demand
in 11 large OECD nations. 93-96 ...Appliances in developing countries constitute a smaller
fraction of home energy demand. However, rapid uptake in emerging economies such as
China, reflects their growing importance in the developing world as economies grow.97”
(IPCC 6.4.11)
For developing countries, biomass and coal cookstoves are a key home appliance,
imposing a heavy climate penalty: “If products of incomplete combustion (PICs) other
than methane and N2O are considered...biomass stove-fuel combinations exhibit GHG
emissions three to ten times higher than fossil-fuel alternatives.”(IPCC 6.4.3) Advanced
biogas or biomass cookstoves offer the largest climate mitigation potential as well as
health gain from “clean domestic energy services, including safe cooking.” (IPCC 6.6.2)

xv Children’s exposure to mercury compounds. Geneva, World Health Organization, 2010.
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3.10.2 Health impacts of mitigation measures
3.10.2.1 Indoor air pollution exposures
Cleaner biomass/biogas stoves and fuels reduce exposures to the most health-damaging
emissions of smoke (e.g. particulate matter) by as much as 90%. The important health
co-benefits of climate change mitigation in this sector is the focus of another report of
this Health in the Green Economy series,i and are briefly summarized here. (Box 3.3).

Box 3.3: Health co-benefits of low-emission stoves and fuels
New technologies for more efficient household fuel use in developing
regions hold some of the greatest potential co-benefits for both health and
climate. New stove technologies and cleaner liquid and gaseous fuels that
substantially reduce climate change emissions (e.g. CO2, methane and
black carbon particles) also reduce exposures to the most health-damaging
air pollutants (e.g. particulate matter) by as much as 90%. These
interventions offer co-benefits for health, gender equity and sustainable
development for billions of people.
The increasing synergy between cost-effective stove and fuel technologies
and health gain potential is the focus of a complementary Health in the
Green Economy report, Co-benefits to health of climate change mitigation:
the household energy sector in developing countries.i This report evaluates
mitigation options for household energy assessed in terms of health
benefits and risks using two approaches. The first approach draws on an
extensive review of laboratory and field testing in a schematic summary
of overall health and mitigation benefits for a range of available fuel and
technology combinations, including consideration of costs and any potential
limitations or tradeoffs.
This is followed by scenario-based estimates of health gains from the
adoption of cleaner stoves in Latin America and sub-Saharan Africa over the
next decade at a pace consistent with UN targets addressing energy poverty.
Close to one million deaths could be avoided, including from childhood
pneumonia, and over a longer time frame, from COPD and ischaemic
heart disease in adult populations, the scenario assessments show. The
study also illustrates as the mitigation potential resulting from adoption
of the most promising low-emission household energy technologies
for populations in sub-Saharan Africa and continental Latin American
countries.
This review highlights the climate-changing role of long- and short-lived
pollutants that result from inefficient energy use in developing country
households. The serious health impacts that arise from emissions of
shorter-lived pollutants, estimated at almost two million premature deaths
for the year 2004, underlines the global opportunity to achieve large health
gains through mitigation measures.
i

Adair-Rohani H and Bruce N. Health in the Green Economy, Co-benefits to health of
climate change mitigation: the household energy sector in developing countries. Geneva,
World Health Organization, 2011. http://www.who.int/hia/green_economy/en/index.html
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3.10.2.2 Impacts of improved heating appliances on home injuries
In developed as well as developing countries, energy efficiency measures that improve
the quality and standard of heating and cooking appliances reduce home injuries, and
may contribute to better indoor environment and temperature control.98

3.10.2.3 Improved access in developing countries to low-energy appliances,
particularly refrigeration
In developed economies more efficient appliances may reduce household energy costs.
For households in parts of the developing world where there is less electricity access,
the emergence of low-energy appliances can put previously unattainable devices within
reach. This, in turn, may have impacts on aspects of health and health equity. Of particular relevance are DC (direct current) appliances that may be powered directly by
PV-solar electricity, avoiding energy losses through conversion to alternating (AC) current. Examples include computers, phones, and even refrigerators. Notably, DC-solar
powered refrigerators are now being introduced into the health sector. Such devices, if
adapted to domestic uses could have health impacts, e.g. for food safety, and deserve further exploration by the health community.
Table 6 (Table 6.1 of the IPCC mitigation review) maps the broad applicability of energyefficient housing technologies in different regions. One important future challenge for
the health researchers is a parallel mapping of health co-benefits by region.

A Nepalese woman cooks on a clean biogas stove, part of project supported by the local NGO “World in Justice.”
(Photo: Heather Adair Rohani)

Evaluating health co-benefits and risks of IPCC-reviewed mitigation strategies

71

72 Health co-benefits of climate change mitigation – Housing sector

~

1

~

Thermal mass to
minimize daytime interior
temperature peaks

Direct evaporative cooler

Solar thermal water
heater

High-efficiency lighting
(FL)

Air to air heat exchanger

PV

District heating and
cooling system

3

~

1
1
1
1

1

Cogeneration

Cost/
effectiveness

Appropriate
ness

Cold climate
Tech stage

1

5

6

1
1
1
1
1

1

~

1
1

1 1
1

1

1

1

1

1

~

~

1

1

1
1
1

1

1
1 1
1
1
1
1
1 1 1 1

4

1
1
1
11

Cost/
effectiveness

2

1

Tech stage

1

Cost/
effectiveness

Cold climate

1

1

21

17

7

22

18

8

11

µ

~

~

~

~

~

~

~

9

10

~

µ

~

~

~

~

~

~

11

12

1

13

Cost/
effectiveness

23

19

14

1
1
1

24

20

15

Appropriate
ness

Warm climate

~

~

~

16

1

Tech stage

Cost/
effectiveness

Appropriate
ness

Economies in transition,
Continental

1 1
1 1
1 1 1
1 1
1 1 1
1 11 11 1 1 1
1 1
1 1
1 1 1 1 1
1 11
1 1
1 11 1 1 1
1 1
1 1
1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1
1 1 1 1
1

Tech stage

OECD

Appropriate
ness

1 1
1
1 1 1
1 1
11 1
1
1 1
1 1 1 1
1 1
11
1
1
1
11
1
1 1
1
1 1
1
1 1
1
1 1
1 1 1 1
1
1
1

1

Appropriate
ness

Warm climate

Developing countries

1 1 1 1
1 1 1 1
1 1 1 1
1 11
1 1
1 1 1 1

Tech stage

High-reflectivity building
materials

Biomass-derived liquid
fuel stove

Heat pumps

Passive solar heating

Multiple glazing layers

Structural insulation
panels

Energy efficiency or
emission reduction
technology

Table 6 (IPCC Table 6.1). Applicability of energy efficiency technologies in different regions

6.4.10

6.4.5.1

6.4.7.1

6.4.6

6.4.6

6.4.8

6.4.4.2

6.4.2

6.4.4.1

6.4.3.2

6.4.8

6.4.3.3

6.4.3.1

6.4.2.2

6.4.2.1

Reference
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1

1

1

~

1

HC-based domestic
refrigerator

HC or CO2 air
conditioners

Advanced supermarket
technologies

Variable speed drives for
pumps and fans

Advanced control system
based on BEMS

µ

1
1

Appropriate
ness

1
1

1
1

1 1

~

1

1

Cost/
effectiveness

Cold climate

1

~

1

1

1

~

Tech stage

µ

1
1

Appropriate
ness

1
1

1
1

1 1

~

1

1

Cost/
effectiveness

Warm climate

Developing countries

1

~

~

1

~

1

Tech stage

Appropriate
ness

Appropriate {+]

Expensive/
Effective [$$/+]
Cheap/
Effective [$/+]

‘~’ Not available

Demonstration phase [D]

Economically feasible under
specific conditions [E]

Mature Market (widespread
commercially available without
specific governmental support) {M]

No Mature Market (not necessarily
available/not necessarily mature market)

1

1

~

µ

1

1
1

1
1

1 1

1

9

8

7

6

5

4

3

2

1

~

1

1

For heat block type;
For Low-E;
Limited to ground
heat source etc.;
For air conditioning;
For hot water;
For cooling;
For hot water;
For cooling;
Limited to ground
heat source, etc.;

Notes:
1

Source: Climate Change 2007: Mitigation of Climate Change. Working Group III Contribution to the Fourth Assessment Report
of the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge and New York, 2007. (Table 6.1)

‘~’ Not available

Highly appropriate {++]

Not appropriate {-]

[R] Expensive/
Not effective [$$/-]

Research phase (including
laboratory and development)

1

Appropriateness

Cost/effectiveness

Tech stage

Visual representation

Tech stage

1 1
1 1 1
1

Cost/
effectiveness

Cold climate

OECD

Selected are illustrative technologies, with an emphasis on advanced systems, the rating of which is different between countries.

~

Tech stage

High-efficiency lighting
(LED)

Energy efficiency or
emission reduction
technology

28

26

1

27

µ

25

1
1

1

~

1

1

For cooling;
For hot water;
12
For hot water;
13
For cooling;
14
For hot water;
15
For cooling;
16
Limited to ground
heat source, etc.;
17
In high-humidity region;
18
In arid region;
19
In high humidity region;
11

10

1
1

Tech stage

1 1
11 1

Appropriate
ness

1 1

1

1

1

Cost/
effectiveness

Warm climate

1

1
1

Appropriate
ness

28

27

26

25

24

23

22

21

20

1
1

6.4.4.6

6.4.4.2

6.4.12

6.4.4.3

6.4.11

6.4.10

Reference

In arid region;
In high humidity region;
In arid region;
In high-humidity region;
In arid region;
United States;
South European Union;
United States;
South European Union.

1
1

1 1

~

1
1

Cost/
effectiveness

Economies in transition,
Continental
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Notes

4
Philippa Howden-Chapman

Shanghai, China: Urban land use and
transport have profound impacts on the
health of the residential housing environment
as well as the carbon footprint.
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Gap analysis: Optimizing
health benefits and correcting
risks of mitigation strategies
Clearly many potential health co-benefits are associated with the mitigation measures
reviewed in Chapter 3. This is apparent from the literature review, despite its limitations.
Many measures also have a high level of cost-effectiveness and can affect multiple health
outcomes, sometimes simultaneously.1 Moreover, cost-benefit analysis shows concrete
and immediate health savings in terms of reduced mortality and illness and fewer doctor
visits and hospitalizations. These can help drive mitigation policies, particularly when
the economic value of emissions savings are relatively lower and more long-term.
Along with those benefits, a number of potential risks were identified that also need to
be better understood and addressed to fine-tune strategies that are truly win–win. For
instance, thermal insulation can only be beneficial to health if used with sufficient ventilation to avoid increased indoor air pollution.
This chapter undertakes a “gap analysis” to explore where health and mitigation strategies can be enhanced or fine-tuned, and where new and complementary strategies can
be proposed for mutual benefit, examining in turn:
1. Health co-benefits and risks of IPCC-reviewed mitigation measures; and
2. Neglected co-benefit opportunities around the following issues:
• Healthy urban design – how “eco-design” can support health and mitigation more
effectively;
• Addressing health inequalities in mitigation – how low-carbon strategies can be
adapted to poor countries to promote health;
• Occupational factors – risks and exposures to construction workers and from construction materials; and
• Behavioural change – factors that may promote or confound strategies.

4.1 Health co-benefits and risks of IPCC-reviewed
mitigation measures
While incomplete, the health literature reviewed in Chapter 3 identifies a broad range
of co-benefits that can be attached to these policies. These are summed up more comprehensively in Table 7 (p. 81–82). Ratings are given in terms of the potential of the
mitigation strategy to generate health risks or provide health co-benefits as follows:
-- (strongly negative health impact); - (negative health impact);
+ (positive health impact); ++ (strongly positive health impact).
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These ratings are based on qualitative evaluation with expert input and peer review, and
with reference to the number of studies available, study design and sample size, and
degree of potential confounding factors. This should be regarded as indicative rather
than definitive. Effects on health equity were considered challenging to quantify in this
way, so were addressed instead with comments.

4.2 Neglected co-benefit opportunities: healthy
urban design
It is estimated that 60% of the global population will live in cities by 2030, greatly increasing the total human population exposed to extreme heat. While some urban design
features (clustered buildings) are briefly noted in the IPCC review as a means to reduce
cooling loads, they deserve far greater attention in conjunction with housing strategies
that have co-benefits for health and GHG emission reductions.

Pedestrians in a city square
of Wellington, New Zealand.
(Photo: Harry Chapman)

A growing body of literature points to the many synergistic health benefits that can be
obtained through compact urban planning. Such planning can permit multiple carbon efficiencies in housing, along with facilitating ease of mobility, especially among
children and the elderly. Replacement of wide car lanes with space-efficient designated
public transport corridors and biking/walking routes can provide green space. Better use
of sustainable urban design principles can thus reduce the urban heat island effect and
promote multiple health co-benefits, e.g. from increased active travel, reduced exposure
to outdoor air pollution and reduced ambient air pollution exposures due to private car
use. Key points are summarized below.

4.2.1 Housing densities and building height
In cities and towns, clustered mid-rise housing densities are often associated with
friendlier pedestrian environments and safer independent mobility of children and
older adults, as well as higher carbon efficiencies than either very high- or low-density
housing.
As compared to very low-density (single-family) homes, clustered apartments have
lower home heating costs since walls are shared. Mid-rise densities also may often be the
most “child-friendly,” permitting children to safely leave their homes to play and walk to
school and making neighborhoods attractive to pedestrians.2,3 This can have important
developmental health benefits for children who “learn by moving,” as well as for the elderly who might otherwise experience mobility restrictions. Further study is needed on
correlations between densities and independent child mobility.
While housing styles are also a factor of geography and available land space, very highrise housing may have a range of negative health impacts in many settings. Some of
those same health impacts vary widely, as they may be mitigated or exacerbated by culture, socioeconomic status and social factors. Nonetheless, high-rise housing inevitably
requires long staircases or elevators for access. This, together with much higher population densities in the immediate home and “neighborhood” environment, would tend
to limit children’s independent mobility in and around their immediate neighborhood
environment. High-rise housing and high housing densities, as well as very low-rise
80 Health co-benefits of climate change mitigation – Housing sector

Table 7. Climate change and health co-benefits of IPCC-reviewed strategies: summary table
Mitigation strategy

Likely health co-benefits

Improved thermal
performance of
building envelope

Environmental exposure

(IPCC 6.4.2)

Thermal comfort

Impact
of health
co-benefit

Impact
of health
risk

Risk of inadequate ventilation:

++

Noise exposure reduction

Health risks to be avoided

+

Disease risk reduction
Reduced cardiovascular diseases,
bronchial obstruction, asthma and other
respiratory conditions

++

Reduced vector-borne disease due to
infestations and pests

++

Better mental health through thermal
comfort

+

a) Reduced indoor air quality leading to
potentially increased concentrations of
indoor air pollutants (e.g. radon, mould
and moisture) as a cause of asthma,
bronchial obstruction and other illnesses

--

b) Increased airborne infections
transmissions (e.g. TB); risk of exposure
to health damaging insulation materials
and fibres that cause cancer and other
illnesses

--

Equity impacts
Depends on access of poor to
improvements

Low-carbonemissions heating
systems and
passive solar
design
(IPCC 6.4.3,
6.4.6–7)

+

Environmental exposure
Thermal comfort

++

Hygiene

+

Disease risk reduction
Reduced asthma and respiratory
symptoms related to cold exposure,
damp and mould

++

Reduced pneumonia and COPD (in case
of reduced biomass use)

++

Better mental health due to better
thermal comfort

Field studies have found that more
cost- and energy-efficient heating do
not always reduce net household energy
use (and thus energy-related greenhouse
gasses and air pollutants) by an
equivalent amount.
This is because some households may
allocate a portion of their cost savings to
increase their energy (electricity or heat)
consumption, a phenomenon described
as the “take-back effect”

0

+

Equity impacts
Depends on access of poor to
improvements

+

Reduced cooling
loads on buildings
through design
features and
improved natural
ventilation

Environmental exposure

Reduced asthma/respiratory illness from
particulates, radon, mould, etc.

++

(IPCC 6.4.4)

Reduced TB and other airborne
infection transmission risk

++

Thermal comfort

May not work when night temperatures
remain high; need to be adapted to
regional humidity

0

Design must take account of winter as
well as summer risks

0

Natural ventilation without house
screening may increase vulnerability to
vector-borne diseases

--

+

May increase exposure to high outdoor
air pollution concentrations, causing
respiratory symptoms, unless filters
are used

--

+

Avoid use of lead in paint (e.g. white
paint for albedo effect)

++

Disease risk reduction

Less airborne disease transmission via
air-conditioning systems

Equity impacts
High equity co-benefit from broader
access to effective cooling and
ventilation, particularly when design
measures are adopted in low-income
settings

-

>>

Strongly positive health impact ++; Positive health impact +; Strongly negative health impact: - - ; Negative health impact: -
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>>

Mitigation strategy

Likely health co-benefits

More energyefficient and
better-maintained
heating,
ventilation and
air conditioning
systems (HVAC)

Environmental exposure

Greater reliance
on building design
and natural
ventilation
(IPCC 6.4.4–5)

Impact
of health
co-benefit

Thermal comfort

++

Reduced noise exposure

+

Disease risk reduction

Health risks to be avoided

Impact
of health
risk

Greater risk of airborne infectious
diseases (e.g. tuberculosis) and upper
and lower respiratory symptoms in AC
rooms/spaces lacking sufficient fresh air
exchanges

--

Increased urban dependence on AC
stimulates vicious cycle of exacerbated
urban heat island effect

-

In settings with significant outdoor air
pollution, reduced respiratory symptoms
and asthma

++

Less risk of cardiovascular disease due
to heat exposure

++

More noise and pollution exposure for
those not using air conditioning

-

Less risk of vector-borne disease due to
closed windows

+

Bacterial proliferation/legionellosis in
very large HVAC tanks/cooling towers

--

Equity impacts
Those least able to afford AC suffer the
most from its noise and heat island
impacts.

-

Passive solar
hot water and
photovoltaic solar
electricity

Environmental exposure

(IPCC 6.4.7–8)

Less asthma and respiratory disease
due to decreased use of kerosene
lighting in developing countries

+

Fewer burns from kerosene appliances

+

Hygiene and sanitation

+

Disease risk reduction

Delayed climate-related health impacts
from added greenhouse gas emissions of
air conditioners

-

Greater initial cost outlays pose barriers
for poor families if not offset by subsidies

-

New technology risks require more
assessment, including of occupational
and environmental risks of production
and exposure to waste byproducts, e.g.
respiratory irritations and impacts of
exposures to toxics or heavy metals

0

Household injury from inadequate
indoor/proximity lighting

-

Equity gains dependent on increased
access of poor to new low-energy
cookstove technologies and other
appliances

-

In developed countries, more efficient
appliances may not decrease GHG and
air pollution emissions if there is not a
equivalent decrease in overall energy use

-

Equity impacts
More access to electricity among poor
and rural populations

++

Lower long-term electricity cost once
initial investment is made

+

Lighting and day
lighting: window
positioning to
reduce heat/cold
impacts; highly
energy-efficient
indoor lighting

Environmental exposure

Less asthma and respiratory disease
due to natural ventilation through
windows

+

(IPCC 6.4.9–10)

Fewer home injuries (falls)

++

Positive effect of light on metabolic
function and mental health

+

Household
appliances and
electronics: more
low-energy and
direct-current
appliances,
including
improved biomass
cookstoves
(IPCC 6.4.11;
6.6.2)

Thermal comfort

++

Disease risk reduction

Environmental exposure
Reduced indoor air pollution

++

Improved food safety, kitchen hygiene

+

Disease risk reduction
Reduced asthma and respiratory
disease

+

Fewer injuries from burns due to
inadequate cooking and heating
appliances

++

Less COPD, cancer and cardiovascular
disease

+

Equity impacts
Access to cleaner biomass and biogas
cookstoves

++
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housing, may also lead to anonymity and a decreased sense of safety in the presence
of not enough or, conversely, too many “strangers” in and around the immediate home
environment.
Building heights also have a major impact on ventilation and cooling factors. A specific
discussion of the airflow in wind tunnels created by high-rises is provided by Santamouris.4 Generally, the lower the height-to-width ratio of built space, the better the
penetration of air. In very dense environments where the height-width ratios are very
high, and when the wind direction is perpendicular or oblique to the canyon axis, the
air flow may instead be governed by thermal forces. A coupling of wind flow above the
buildings and the air flow inside the wind tunnel can lead to high undisturbed wind Per passenger, a
fully-occupied car
speeds (> 5 m/sec).5
may consume more
4.2.2 Connectivity to dedicated public transport, walking and cycling than 2–3 times the
road space of a fully-
Per passenger, a fully-occupied car may consume more than 2–3 times the road space of occupied bus or light
a fully-occupied bus or light rail car travelling at similar speeds.6 Thus development of rail car traveling at
dedicated public transport lanes can free up valuable urban space for walking/cycling similar speeds. Thus
infrastructure and parks. This, in turn, helps reduce ambient air pollution exposures and development of dedipromotes active travel and better cardiovascular health. Public transport, walking and cated public transport
cycling are typically most effective in compact urban areas that reduce travel distances frees valuable urban
and concentrate travel destinations, reinforcing other health and environment syner- space for walking/
gies. Research on health co-benefits of such strategies is summarized in the Health in cycling and parks.
the Green Economy report on the co-benefits to health of climate change mitigation in
the transport sector.
Residents of streets with relatively lower traffic volumes tend to report a greater sense of
connectedness and more positive links with their neighbors than those living in areas
with heavy traffic.7 Levels of air pollution and traffic congestion, safety from injury,
security from crime and ease of movement around the housing environment and
neighborhood are important factors in housing valuation, as well as in more subjective
feelings of well being.8

4.2.3 Urban landscaping and traditional design principles
Urban landscaping and adaptation of traditional design principles may include tree
planting, green spaces and ponds or water fountains in courtyards. These natural cooling
modes encourage natural ventilation, thermal comfort and sanitation as well as mental health. Such principles are often embedded in traditional urban and building design
principles of many cultures and have multiple health co-benefits. Indegenous knowledge of ways to keep dwellings cool and/or warm can offer valuable and energy-efficient
solutions. An analysis of the thermal performance of Chinese traditional vernacular
dwellings in the Wannan area shows a successful cooling effect due to consideration of:
sun, shading and insulation; selection of building materials for envelope and roof; and
thermally-sensitive design of rooms and courtyards.9
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Trees
Protection from solar radiation using trees reduces urban temperatures overall, and tree
cover has a large direct physiological effect in reducing heat stress, especially for pedestrians.10–12 Trees create a favourable thermal balance for humans and enhance outdoor
thermal comfort.13,5 Trees also absorb sound, reduce noise stress, produce oxygen, filter
particulate pollutants and reduce wind speeds, reducing air pollution exposures as well
as exposures to unhealthy wind velocities. Risks of respiratory and cardiovascular disease and stroke may be reduced due to the filtration of ambient pollutants by tree cover.14
The planting of food/fruit trees for shade also enhances food security.

Parks

Urban parks offer essential filtering
of air pollution and shade that help
reduce heat island impacts. (Photo:
istockphoto)

Parks reduce heat stress and air pollution exposures while providing opportunities for physical activity and active travel, improving
well being and mental health.i,15,16,17 Evidence across a range of
sources suggests that contact with safe green spaces can improve
outcomes for a range of public health and social indicators. Having green spaces in an area can reduce health inequalities, improve
well being and aid in treatment of mental illness. Some analysis suggests that physical activity and contact with nature can help remedy
mild depression and reduce physiological stress indicators.18,19 Parks
help keep a city cool during heat waves, although high ozone concentrations that often
accompany heat waves also are damaging for plants, which also filter polllution and are
otherwise so important to urban air quality.20

Water fountains, ponds or lakes
In health terms, these can also contribute directly to increased thermal comfort and,
if well-maintained, also sanitation (e.g. possibilities for face- and hand-washing and
bathing). Fountains, ponds and lakes are also a source of cultural tradition and inspiration. In many parts of India, for instance, traditional rainwater harvesting systems are
important local heritage spots. In environmental terms, these water sources decrease
air temperatures via convection and evaporation. Ponds and fountains cool open spaces
because water temperatures increase more slowly than air temperatures. The cooling
capacity of ponds depends on their depth, number and nature of sprays, operational
schedules and whether the pond is shaded. Santamouris et al. provide a full analysis of
various techniques to use water in outdoor spaces.20 Water also cools down more slowly
than air, and so in prolonged periods of hot weather, cooling by water loses efficacy.
Heat-sensitive images of London during the August 2003 heat wave thus showed especially air warm temperatures over water bodies.
i

According to von Stülpnagel and von Stülpnagel et al., urban parks reduce air temperatures in
the adjacent neighbourhoods; however, this effect was limited to a relatively small zone extending
only 200–400 m from the margin of a large park on a calm day. Von Stülpnagel A. Klimatische
Veränderungen in Ballungsgebieten unter besonderer Berücksichtigung der Ausgleichswirkung von
Grünflächen, dargestellt am Beispiel von Berlin-West. (Climatic changes in urban areas with special
attention to the compensatory effect of green areas, the example of West Berlin). Diss. am Fachbereich
14 (Dissertation in the section 14). Berlin,Technische Universität, 1987; also von Stülpnagel A et al.
The importance of vegetation for the urban climate. In: Sukopp H, ed. Urban Ecology. The Hague, SPB
Academic Publishing, 1990.
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Building courtyards
Along with their function in cooling and shading, building courtyards
may provide safe areas for physical activity, particularly by children,
offering another dual health and mitigation benefit.

4.3 Addressing housing and health
inequities with mitigation strategies
As noted, developing cities are the fastest-growing on the planet.
Nearly 40% of such growth is in slums, while at the other extreme
energy-intensive high-rises and gated suburban communities house
the affluent of developing as well as developed countries. This represents a huge and growing housing equity and health gap.
Innovative low-carbon solutions could help close some of this gap
using measures that also address basic and vital health needs more
systematically. Key “co-beneficial” approaches that require further
research and evaluation in health and mitigation literature include the
following:

• Redevelopment of poor housing with low-carbon designs more
•
•

•

•

•

•

resilient to extreme heat, cold, rain, storms and drought.
Low-carbon household energy solutions that also improve indoor and outdoor air
quality.
Equitable access to low-carbon public transport and walking and cycling networks
that generate multiple health benefits in terms of air pollution exposures, injuries and
physical activity.
Equitable access to safe drinking water, improved sanitation and waste disposal
through grid expansion or small community water harvesting systems. Along with
immediate reductions in risk of diarrhoea and other diseases, these provide longterm savings in terms of water extraction costs, water waste and sanitation treatment.
Early provision of services in the housing development phase can also promote more
“compact” urban development by clustering housing around services.
Solar photovoltaic electricity, lights and appliances can immediately reduce risks of
respiratory illnesses, eye conditions and injuries as well as long-term carbon savings
in terms of reduced fuel use (see Chapter 6 case study on solar lanterns).
Expanded access to hot water through solar hot water heating. In developed countries, this measure may not make significant differences in household health and
hygiene insofar as hot water is already available. However, studies on water, sanitation and hygiene show that increasing access to hot water where it was unavailable
before can reduce bacterial loads, self-reported respiratory conditions and eye problems, and enable easier bathing and clothes-washing.21
Better house screening, natural ventilation and household water management reduce
risks of TB and vector-borne disease transmission as well as providing long-term carbon efficiencies.

Biogas latrine built as part of a clean
fuel project undertaken by “the World
in Justice” NGO in a village of rural
Nepal. The health benefit is three-fold:
improved access to sanitation through
the latrine hookup, reduced indoor
air pollution from the use of biogas
for cooking; and reduced climate
change through use of a renewable
fuel source.
(Photo: Heather Adair-Rohani)
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4.3.1 Slum housing upgrade with pedestrianization
Housing upgrades can impact health and promote sustainability in multiple ways. In
the case of a densely populated Indonesian working-class neighborhood or kampong,
traffic-choked alleys were reclaimed as pedestrian enclaves and “greened” with pocket
gardens as part of a programme of water and sewage improvements and housing rehabilitation. This can help reduce air pollution exposure, prevent injury, improve child
health and promote active transport.

Schoolgirls stroll in the lane of
an Indonesian neighborhood
recently reclaimed for pedestrians.
(Photo: Jeff Kenworthy)

4.3.2 House screening for natural ventilation and vector-borne
disease control
In malaria-endemic regions, the only way to safely promote natural night ventilation is
in combination with mosquito protection. As with bednets, substantial evidence finds
window/door screens a highly effective, low-carbon-footprint housing measure, particularly when combined with other appropriate design and water management features.
Initiatives to promote such low-carbon housing improvements can potentially improve
health as well as reduce reliance on vector-control chemicals and (where it is affordable) air conditioning.
A 2005 systematic literature review by Keiser et al.22 identified 40 studies that examined
the efficacy of housing modification and environmental modification or manipulation against clinical malaria outcomes (see excerpt, Table 8). Most of the studies (85%)
were implemented before the Global Malaria Eradication Campaign (1955–1969), which
mainly relied on indoor residual spraying with dichlorodiphenyltrichloroethane (DDT).
In eight housing studies mostly related to window/door screening, the risk ratio of
malaria was reduced by 79.5% (95% CI 67.4–87.2). In 16 studies on environmental modification, the risk ratio of malaria was reduced by 88% (95% CI 81.7–92.1).22 Some of
the most striking successes were recorded in highly endemic malaria regions such as
Zambia, where combined window/door screening and water and environmental management/modification reduced malaria incidence by 50%–75% in the first 3 to 5 years of
the control programme, which was prior to DDT use. 23
The authors conclude that “a negative aspect of the Global Malaria Eradication Campaign was that during and after the campaign little attention had been paid to the
relatively straightforward task of modifying human habitation.” We are not aware of any
recent malaria control programmes that have used human habitation modification in a
systematic manner to reduce malaria morbidity and mortality.
Screening and other housing design features such as closed eaves and ceiling design24
may be important components in design of healthy low-carbon housing interventions
in malaria-endemic countries. By promoting better natural ventilation, these measures
help reduce transmission of airborne respiratory illnesses as well.25,26 Studies from the
systematic review are described in Table 8.
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Table 8. House screening to prevent malaria: health outcomes in a systematic review
Principal
malaria
vectors
Lazio,
Italy

..

1899–04

Intervention
of human
habitation

Additional
intervention

Windows
covered
and doors
screened

NA

Clinical malaria parameters

Estimated
risk ratio
(95% CI)

Number of
participants

Control group

Intervention group

Pontegalera
line 1900

39 cases

2 cases

40 cases
of malaria
had been
contracted
in Asinara in
1899

No cases of
malaria was
contracted in
1900

Malaria
incidence in
non-protected
houses 18×2%
per year

Malaria in
protected houses
8×8% per year

0.30
(0.21–0.41)

NA

Malaria
incidence of
British units
in 1925:569
per 1000 per
year; malaria
incidence of
British units in
1927: 45 per
1000 per year

0.08
(0.05–0.14)

NA

Malaria
incidence of
British units
in 1925:613
per 1000 per
year; malaria
incidence of
British units in
1927: 58 per
1000 per year

0.01
(0.05–0.18)

Malaria
incidence in
non-protected
closed houses
19×1% per
year; malaria
incidence in
non-protected
open houses
23.5% per
year

Malaria
incidence in
screened closed
houses 5×1%
per year; Malaria
incidence I n
screened open
houses 12×7%
per year

Closed
houses 0.27
(0.18–0.40);

Malaria
incidence in
non-protected
houses 29×1%
per year

Malaria
incidence in
protected houses
6×6% per year

0.23
(0.12–0.42)

0.06
(0.02–0.20)

Intervention
group, 36;
Control group,
42

Asinara,
Italy

..

Windows of
convicts’
dormitories
covered
with strong
muslin

Petrolising
of breeding
sites

..

Mosquito
proofing of
houses

NA

Mosquito
proofing
of British
infantry
barracks
(wire
netting,
double
doors)

NA

Mosquito
proofing
of British
infantry
barracks
(wire
netting,
double
doors)

NA

Mosquito
proofing
in open
and closed
houses

NA

1900

Missouri,
USA
1923

Lahore,
India

..

1925–27

Amritsar,
India

..

1925–27

Missouri,
USA

..

1926

..

Intervention
group, 513;
Control group,
698
Intervention
group, 285;
Control group,
281

Intervention
group, 137;
Control group,
199

Closed
houses:
Intervention
group, 846;
Control group:
246
Open houses:
Intervention
group, 408;

NA

Open
houses 0.54
(0.38–0.75)

Control group,
258
Honduras,
1926

..

Mosquito
proofing of
houses

NA

Intervention
group, 135;
Control group,
2607

>>

Gap analysis: Optimizing health benefits and correcting risks of mitigation strategies

87

>>

Principal
malaria
vectors
Leflore,
Missouri,
USA

..

Intervention
of human
habitation

Additional
intervention

Screened
houses

NA

Clinical malaria parameters
Number of
participants

Control group

Intervention group

Intervention
group, 104;

84 malaria
cases in nonprotected
houses

24 malaria cases
in screened
houses

0.28
(0.20–0.41)

NA

Malaria
incidence in
children reduced
by 50%

NA

Control group,
104

1927
South
Africa

A
costalis

1930–31

A
funestus

Screened
houses

NA

Estimated
risk ratio
(95% CI)

..

Source: Keiser J et al, 2005

There is also substantial experience with use of habitation improvements to protect
against other vector-borne diseases, including Chagas disease and dengue, as well as
initial evidence on housing measures that might be useful in visceral leishmaniasis control. Case studies are provided in Chapter 6.

4.4 Occupational health – risks and exposures to
construction and building renovation workers
Significant occpuational hazards are associated with construction, construction products and also with housing retrofits that are integral to many energy efficiency initiatives.
Many of these risks can be avoided by simple occupational health measures. These, are
not addressed by the IPCC asssessment, and they deserve further analysis.
In the climate change context, removal of older kinds of insulation and building materials, may involve significant exposures to potentially health-damaging materials as well
as to construction dust. Similarly, occupational health must be considered when developing, introducing and installing building and construction materials that may have
unknown health risks. There may be unknown occupational risks associated with the
use of any new product, and those risks may extend to materials or technologies used
in what is regarded as “green construction” as well as more traditional practices. (See
Fig. 7).27 Along training and informing construction workers about good practice and
protective measures, emphasis on good occupational health in the construction phase
can also yield a “spill-over” impact for both manufacturers and householders. Increased
awareness of occupational health hazards of asbestos removal, for example, can increase
awareness of its health hazards as a construction material more generally.
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Fig. 7. Summary of occupational hazards in green construction
Increased risks from existing hazards
Skylights: falls
Atriums: falls, ergonomics
Recycling: strains, sprains and punctures;
slips and falls; “struck-by” hazards
Recycled materials: coal ash in concrete
Weatherization: lead and asbestos
exposures, electrical

Hazards associated with new technologies and
products
Solar power: falls, electrical, ergonomics,
burns, exposure to toxins
Wind power: falls, electrical
Weatherization: exposure to isocyanate
and silica
Building materials: exposure to silica and
nanomaterials

Indoor air quality: heat stress

Source: Green and Healthy Jobs.27

4.5 Behavioural change: factors that promote or
confound strategies
Building user behaviour can have a major impact both on GHG emissions and on health.
Along with IPCC reference to better air conditioning control (IPCC 6.4.5.), behaviour, as such, is addressed only briefly in an analysis relating to behavioural barriers
(IPCC 6.7.6):
“The potential impact of lifestyle and tradition on energy use is most easily seen by
cross-country comparisons. For example, dishwasher usage was 21% of residential
energy use in UK residences in 1998 but 51% in Sweden... Cold water is traditionally used for clothes washing in China … whereas hot water washing is common in
Europe. Similarly, there are substantial differences among countries in how lighting
is used at night, room temperatures considered comfortable, preferred temperatures of food or drink, the operating hours of commercial buildings, the size and

User knowledge about proper operation
and maintance of new technologies,
such as PV solar lighting, is important
to their successful introduction.
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composition of households, etc. ... Variation across
countries in quantity of energy used per capita,
which is large both at economy and household levels … can be explained only partly by weather and
wealth; this is also appropriately attributed to different lifestyles.”
Both extremely hot and extremely cold homes can be
unhealthy. In The Lancet review of health co-benefits
of different energy efficiency strategies by Wilkinson et
al. models how outdoor air pollution would be reduced
in the UK as a result of home energy saving strategies,
including temperature reduction in homes heated over
18°C by just 1°C. 28 The research concludes that a combined approach including thermostat control as well
as thermal envelope improvements and fuel switching
would more significantly reduce fossil-fuel generated
outdoor air pollution, and increase health gains per
megatonne of CO2 saved. Behavioural change can thus
contribute to climate change mitigation, the paper
concludes.ii
Especially in residential buildings, appropriate ventilation is also partly or largely a consequence of behaviour,
insofar as opening windows is an effective measure for
ventilating indoor environments, including for brief
periods in the winter. 29
There needs, however, to be knowledge about when and
how best to ventilate effectively, and how to do so in a
way that avoids overheating or overcooling of indoor
spaces. For instance, closing windows and shutters during the day and opening them to cooler evening air is
a traditional and effective practice in many Mediterranean countries that supports natural cooling and night
ventilation.5
However, a range of objective external factors that can
severely limit householders’ ability to ventilate adequately. These may include outdoor noise and security

ii The research model hypothesizes that health impacts of lowering

thermostats would be negligible, noting that average indoor
winter-time temperatures in the UK have risen substantially
since the 1970s. However, the authors caution that results must
be interpreted cautiously due to scarce evidence about actual
temperature thresholds for cold among different population
subsets, as well as feasibility of such measures. In reality,
temperature ranges in homes would be broader, and impacts of
personal choices more complex.

issues prevalent in many cities, as well as, in many hot
climates, fear of vector-borne disease.
Other behavioural measures that may improve thermal
comfort and thus reduce the need for mechanical ventilation and air conditioning include: adjusting clothing to
weather conditions and indoor temperatures; correct use
and maintenance of heating and cooling appliances also
contributes both to energy efficiency and reduce risks
associated with mechanical heating and cooling systems.
Behavioural measures related to protective clothing for
heat, dampness, cold, exercise and physical activity, diet
and personal hydration are other important factors that
moderate the physiological response to extremes of heat
and cold, indoors as well as outdoors.
For instance, ample personal hydration and protective
dress (e.g. hats and head covers) in hot weather are wellknown ways to reduce heat stress in hot climates; these
are now being emphasized more in temperate regions
such as Europe as part of heat wave response. Additionally, most cold weather cultures have well-developed
traditional protective clothing and bedding measures,
some of which offer excellent protection from extremes
of cold. This traditional knowledge can be explored
further in light of current studies about physiological
response to cold.
In summary, measures to enhance buildings’ energy
efficiency and to reduce GHG emissions need to be supported by public health programmes with awareness of
co-benefits in regards to climate change mitigation as
well as adaptation strategies.
If, however, behavioural change is to be targeted as a
measure to achieve linked health and mitigation objectives, evidence shows that a staged and multi-faceted
approach is more effective. This typically includes:
information provision, goal setting, commitment and
feedback. In this manner, rather than promoting just
one measure alone, different behavioural barriers may
be addressed to achieve real and lasting change.iii,5,30, 31

iii The (summer) temperature limits are primarily based on studies

in office buildings. Nevertheless, based on general knowledge
of thermal comfort and human responses, the limits may be
assumed to apply to comparable buildings with mainly sedentary
activities, such as residential buildings.
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Freiburg, Germany: Mid-rise apartments
surrounded by gardens, green spaces and
walking paths.
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Tools to assess, plan
and finance healthy and
climate-friendly housing
A broad range of tools exists to assess, plan and finance healthy, climate-friendly housing. This discussion briefly examines these tools and their most relevant uses.

5.1 Assessment methods (HIA, SEA, EIA)
Assessment of housing quality, including health, safety and sustainability, has two broad
functions:

• provide a robust basis for policy development at all levels, as well as for compliance
monitoring and for research regarding quality of housing stock;

• assist house owners, renters, property managers and compliance agencies in making
informed judgements about management of individual properties.
The health sector promotes health impact assessment (HIA) to evaluate health effects
of novel policies and technologies at various scales. HIA has been applied to several
potential climate change mitigation strategies. Given widespread uncertainty regarding
the potential health impacts of certain mitigation strategies, HIA can be a valuable tool
for evaluating possible health effects, especially when used in combination with other
approaches to life-cycle assessment.1 In the housing sector, HIA has been most often
used in European countries, particularly in the United Kingdom.
Addressing housing issues and improving access to high-quality and affordable housing
through HIA involves an array of public and private sector agencies. Additional data are
needed to demonstrate HIA’s impacts on health directly and indirectly through other
causal factors. Strategic environmental assessment (SEA) is used in the context of development with trans-boundary impacts, and environmental impact assessment (EIA) is
often used as a regulatory tool to assess major housing and commercial developments.
Where planning codes and housing development are supervised by local planning councils, EIA may vary widely in rigor and content. For instance, local EIA may the impact
of housing on wetlands or traffic, but not the energy efficiency or carbon footprint of
planned projects. The following examples show the use of assessment tools in housing
policies of developing countries:2

• The United Arab Emirates have adopted a framework for sustainable design, construction and operation of communities, buildings and villas using a unique assessment
tool called the Estidama Pearl Rating System that is specifically tailored to the hot climate and arid environment.
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• A Task Team was set up in 1998 by South Africa to develop a national policy on
environmentally efficient low-cost housing and to encourage environmentally sound
practices in the housing sector. A first edition of its Environmental Implementation
Plan was released in 2000; however, this plan has been blamed for delays in meeting
housing targets.
• Jordan carries out Environmental Impact Assessment for major buildings.
• China developed a Healthy Housing Program (HHP) in 1999 and released Technical
Essentials for the Construction of Healthy Housing in 2001; this was updated in 2002
and 2004. The latter served as the background for the development of a framework
and tool for HHP assessment combining quantitative and qualitative indicators covering housing’s physical, chemical, psychological and social aspects.3 Feedback from
more than 60 national Healthy Housing Projects showed this is a useful tool in assessing the life-cycle of housing construction and that it effectively guarantees housing’s
healthy performance as well as developing friendly neighbourhoods and better living environments.

5.2 Intervention studies
Health experts can contribute skills and methods for active evaluation of mitigation
measures’ health benefits and risks.

Better understanding
is needed of housing
interventions that
demonstrably improve
health; such understanding can lead
to policies and programmes that will
improve quality of life.

As important as it is, the link between housing conditions and health effects constitutes
only half of the knowledge needed. For example, to recognize the link between exposure to mould and increased risk of asthma does not necessarily provide information
on whether or how specific methods of reducing mould exposures improve asthma status. An intervention study may have unintended consequences, or the link between a
given housing condition and a given health outcome may be spurious. Better understanding is needed of housing interventions that demonstrably improve health; such
understanding can lead to policies and programmes that will improve quality of life.
There is an economy of scale to this approach: one intervention can address multiple
hazards. For example, the replacement of a rotted handrail covered with deteriorated
lead paint addresses both lead poisoning and injury prevention.
There are two types of interventions: clinical evidence and environmental or housing
measurements. Each of these sources of evidence has strengths and weaknesses. Clinical evidence (or other health data, such as self-reported health) is likely to most directly
measure health status. Yet many health conditions do not have adequate biomarkers,
or have long time horizons before an adverse health event occurs, making clinical evidence problematic. For example, lung cancer from radon exposure may not be clinically
observable for many years, yet there is good evidence that radon environmental measurements can be linked reliably to risk of lung cancer. Similarly, asthma is a complex
set of symptoms for which a single reliable biomarker has yet to be identified. Thus an
intervention that successfully reduces environmental exposures for which there is good
evidence of a dose-response relationship may be judged successful.
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5.3 Indicator systems
Indicator systems may include “green labels” and housing safety rating systems, a few of
which are noted below.
A range of countries have developed labels and standards for green building or energy
efficiency for buildings. Some of these are purely voluntary, while others are a product of
public-private partnerships such as the Swiss Minergie, supported by the Swiss Confederation and its cantons. Certain Swiss tax incentives and financial subsidies are available
for construction or retrofit of Minergie-compliant buildings.4

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Australia: Nabers5 / Green Star6
Brazil: AQUA7 / LEED Brasil8
Canada: LEED Canada9 / Green Globes10
China: GBAS11
Finland: PromisE12
France: HQE13
Germany: DGNB14 / CEPHEUS15
Hong Kong: HKBEAM16
India: Indian Green Building Council (IGBC)17 / GRIHA18
Israel: Israel Standard for Green Building19, i
Italy: Protocollo Itaca20 / Green Building Counsil Italia21
Japan: CASBEE22
Malaysia: GBI Malaysia23
Mexico: LEED Mexico24
Netherlands: BREEAM Netherlands25
New Zealand: Green Star NZ26
Philippines: Philippine Green Building Council27
Portugal: Lider A28
Singapore: Green Mark29
South Africa: Green Star SA30
Spain: VERDE
Switzerland: Minergie31
United States: LEED32 / Living Building Challenge33 / Green Globes34 / Build it Green35
/ NAHB NGBS36 / International Green Construction Code International Green Construction Code (IGCC)
• United Kingdom: BREEAM37
• United Arab Emirates: Estidama38

Many housing rating
systems and assessment tools (and
certainly most green
labels) consider energy
efficiencies. However,
assessment of the
full range of health
impacts, beyond basic
safety, is often incomplete or absent.

Many housing rating systems and assessment tools, (and certainly most green labels),
consider energy efficiencies. However, assessment of the full range of health impacts –
beyond basic safety – is often incomplete or absent. Assessment of house quality that
includes health, safety and sustainability can provide a more robust basis for policy
development, compliance monitoring and research on the quality of housing stock. Such
assessment also can assist house owners, renters, property managers and compliance
i

In an agreement with the Ministry of Environmental Protection, the Standards Institution of Israel
has committed to accelerate the upgrading of Israel’s Green Building Standard (Israel Standard 5281
on Buildings with Reduced Environmental Impact) to a mandatory government regulation, with
completion scheduled for March 2011.
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agencies in making informed judgements about management of individual properties.39
This is particularly true in regard to energy-saving measures and impacts on health.
The Housing Health and Safety Rating System (HHSRS) was developed in 2001 by the
United Kingdom government as a replacement for housing and health fitness standards.
This has the aim of grading the severity of threats in the home and of being hazardfocused, comprehensive and evidence-based. The main principle underlying the HHSRS
system is that a dwelling should provide a safe and healthy environment for any potential occupant or visitor. The system adopted by the legislation also directs improvements
of housing stock.
The HHSRS relies on logical evaluation of potential risks to health and safety from any
deficiencies identified in a dwelling, including those related to design and construction.
The hazards are arranged into four groups reflecting basic health requirements: physiological and psychological requirements and protection against infection and accidents.
Under the HHSRS, energy efficiency and inadequate heating and insulation of the dwelling are considered matters of key relevance affecting likelihood and harm outcome.40
In New Zealand, research knowledge about the health effects of uninsulated, unheated
and cold houses (as noted in Chapter 3.4–5) has been incorporated into an Assessment
tool used by the New Zealand “Healthy Housing Index”, a rating system based on the
UK Health and Safety Rating System. This tool has been designed to identify aspects of
a house which can be remediated to improve health. Use of this tool has raised awareness about the lack of insulation in most New Zealand houses and supported economic
arguments for a larger investment of public money into insulation retrofits of homes.

5.4 Regulatory frameworks, including building and
planning codes
Planning codes guide building siting and density as well as green spaces, transport, utility
infrastructure and other urban infrastructure features. Building codes address specific
construction features and are administratively managed, usually by local, country-wide
or regional personnel. While there is increased reflection of sustainable “urbanism” and
rural development in planning and building procedures of developed countries, this
varies widely by country and is far less prevalent in developing countries. Policies and
priorities are influenced by historical developments, climate, geography, economics, culture and the administrative and political environment.
To reflect public health concerns within the proliferation of voluntary green building
programs, for example, the US Environmental Protection Agency is developing retrofit
guidelines and protocols to be used with energy efficiency programs. These guidelines
are intended to prevent possible health harms from energy conservation and to take
advantage of opportunities for improvements to be made during conservation efforts.41
Building codes gradually are undergoing a review for “green” features. European countries require an Energy Performance Certiﬁcate on the sale or rental of a dwelling. In
Switzerland the Minergie building code is part of the formal regulatory system. Struc-
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tures built to Minergie requirements are entitled to tax benefits and tend to sell at higher
market values.
However, even the most progressive housing codes do not guarantee safe and healthy
housing. Many local code enforcement agencies rely on complaints to trigger inspections because of limited resources, or lack sufficient enforcement power to order prompt
remediation and impose stringent penalties. Tenants are often reluctant to file complaints for fear of owner retaliation. Thus systematic code enforcement is an important
supplement to complaint-based enforcement.
In many developing countries, building codes relate very minimally to issues of insulation and siting and are inadequately enforced. This leaves large populations vulnerable
to extreme heat and cold, rain, monsoons and snow, not to mention building collapse in
earthquakes, floods and other natural disasters.
A key issue in
developing countries
is the rapid growth of
unregulated peri-urban
slums and informal
urban dwellings, where
building codes are
On the other hand, building policies and codes that merely sanction any kind of urban rarely enforced, leaving
sprawl embed tremendous energy inefficiencies into future transport, water and san- residents without safe
itation and energy provision. These can have a larger carbon footprint due to their shelter, adequate
geographical dispersion, implying greater costs for government authorities, utilities and utility infrastructure
users, as well as possibly higher risk of outages, shortages and, in the case of water sup- or access to public
ply, system leaks.42
transport services.
A key issue in developing countries is the rapid growth of unregulated peri-urban slums
and informal urban dwellings, where building codes are rately enforced, leaving residents without safe shelter, adequate utility infrastructure, or access to public transport
services. A times, however, building codes may be enforced in a selective manner to
promote “slum clearance” of unwanted areas or to limit population growth of a minority group.

Horizontal growth is hardly unique to developing countries and emerging economies.
It has been the pattern in many parts of the developed world for half a century or more.
In North America, perhaps the major barrier to more energy-efficient housing and
urban design has been the ubiquitous development over the past 50 years of singlefamily-zoned residential neighbourhoods around most towns and cities with large lot
provisions. These communities explicitly or implicitly bar mixed-use commercial activity within their boundaries, obligating car travel for even the most basic services such
as health clinics, child care and workplaces. Single-use zoning is widely acknowledged
to have been a driving force in the development of energy-intensive housing and urban
forms reliant on private car transport; this in turn makes North American cities the
heaviest transport-related energy consumers in the world per capita (Fig. 8).43
Increasingly, European planning policies also relate indirectly to greenhouse gas emissions in terms of requirements for public transport access and walking/cycling systems
as well as urban, town and village “densification.” For instance, Swiss local authorities
may allow property owners to build one- to three attached or semi-attached units in
primarily single-family residential neighborhoods. This can create a powerful market
incentive to develop more compact and energy-efficient housing in existing villages and
towns without sacrificing key health or quality of life features, insofar as duplexes or triplexes are typically more energy-efficient than single-family units, in terms of building
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Fig. 8. Urban density and transport-related energy consumption

Source: Newman et Kenworthy, 1989; Atlas Environnement du Monde Diplomatique 2007.
UNEP/GRID-Arendal http://www.grida.no/publications/vg/kick/

energy use and public transport/access features. Such policies would be unimaginable
in many US suburbs. At the same time, strict planning limits on housing development
in agricultural and open areas in parts of Europe, e.g. Switzerland, also may be associated with higher overall housing costs, and this in turn can be associated with housing
scarcity, landlord abuse of tenants, cross-border housing migration, informal squatting
and aspects of homelessness.
Regulations often apply to new dwellings, but in some cases they can have a retroactive
effect. Even non-retroactive regulations can in some cases also apply to existing buildings when they undergo important repairs or complete rehabilitation. The interpretation
of the terminology “existing” or “new” is not identical in all countries. For England in
particular, as soon as a dwelling is completed it becomes an “existing” dwelling, while in
Portugal “new buildings” are defined as those built after 1951.

5.5 Tools for financing interventions
Most of the avaialable tools and fiscal instruments used to finance more climate-friendly
housing lack explicit consideration of health co-benefits that may, nonetheless, often
be derived, as per the discussion in Chapter 3, from improved thermal conditions and
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overall home energy efficiencies; reduced mould and dampness; and less indoor air pollution from inefficient heating systems, etc.
Available financial tools for financing low-carbon and climate-friendly housing are well
summarized in a recent analysis of Green Economy development opportunities by the
United Nations Environment Programme (UNEP) ii. The analysis, Towards a green economy: pathways to sustainable development and poverty eradication, discusses tools in the
following categories, to which only a very brief mention is made here: 44

•
•
•
•

tradeable quotas (e.g., cap-and-trade)
energy performance contracting
cooperative procurement
Clean Development Mechanism (CDM) and other flexible mechanisms supporting
implementation of the United Nations Framework Convention on Climate Change
(UNFCCC) Kyoto Protocol
• regional, national and local tax instruments/incentives for energy efficiency certification schemes.
The Clean Development Mechanism (CDM) is regarded as one of the most important
international mechanisms for financing emissions reductions and supporting sustainable development in developing countries. It awards certified “emissions reductions
credits” to developed countries investing in projects that reduce emissions in developing countries beyond what would have been otherwise attainable.
However, among the more than 4,500 CDM projects that had been submitted for CDM
review (as of April 2009), only 14 addressed energy efficiencies in buildings.44
This is largely because the current array of CDM requirements make it difficult or unprofitable for housing projects to demonstrate energy efficiencies that qualify for support.
Key barriers, as described by UNEP and other analyses, include: 1) absence of realistic and well-defined building/energy performance baselines against which proposed
CDM projects can demonstrate improvements 2) requirements for detailed “technology-focused” demonstration of energy savings, rather than a “whole building” approach
that might include a number of integrated measures (e.g. passive design, heating, and
lighting). This adds greatly to the administrative cost of a CDM application.
At national and regional level, tradable carbon and energy “certificates” are among the
most common market-based policy instruments. Sometimes called rainbow certificates,
these include “white” certificates for energy savings, “green” for renewable energy, and
“black” for greenhouse gas reductions, and are being implemented through national and
regional legislative mechanisms of different countries and regions: 45

• “Black certificates” are emissions allowances for defined quantities (in tons) of CO2
over a given period, as managed under the European Union Emission Trading
Scheme (EUETS).
• “White certificates” are based on mandatory energy saving targets that certain actors
(e.g. power companies and gas suppliers) have to meet by promoting energy efficiency programmes to their customers (including households). They are currently

ii The UNEP-led Green Economy Initiative, launched in late 2008, consists of several components whose

collective overall objective is to provide analysis and policy support for investing in green sectors and
in more sustainable development in major economic sectors, such as building and transport.
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implemented in a limited number of countries, e.g.
United Kingdom, Italy, and parts of Australia.
• “Green certificates” may be awarded to producers of
renewable electricity for each unit produced, and be
traded on a Tradable Green Certificate (TGC) market. This market is driven by mandatory targets for
renewable energy production, supply or consumption
as set by different (primarily European) countries or
others.
• Voluntary certificates may be supported by regional,
national or local fiscal instruments or incentives,
for example the Swiss Minergie voluntary label for
energy-efficient housing.
There are also a range of other fiscal instruments,
including tax exemptions and loan incentives offered by
national, regional and international financial institutions
and development banks. Examples cited by the UNEP
Green Economy analysis include:

•
•
•
•
•
•

tax exemptions/reductions
public benefit charges
capital subsidies, grants,
subsidized loans or mortgages at lower interest rates
fee waivers and expedited building applications
performance-based contracting.

While more detailed analysis is beyond the purview
of this report, it appears clear that many of the same
financial tools that support more climate-friendly and
energy-efficient housing have the potential to promote
health goals in housing overall. However, it is important that these tools also facilitate access by low-income
groups to affordable housing and energy efficiencies.
Notably, serious barriers exist to the wider use of the
best-known tool, CDM finance, for housing initiatives,
particularly in developing cities where they could be
harnessed to shape more sustainable patterns of future
growth. These barriers require careful review in the
context of global policies on mitigation and mitigation
finance.
As part of any review, what is needed is more explicit
analysis of housing and health co-benefits that may be
derived in through the extension of certain kinds of carbon credits and financial support. Incorporating explicit
recognition of health gains (and where relevant risks)
into the system of international carbon credits, as well
as market-based trading and lending would likely open
up more opportunities for broader participation in mitigation initiatives that lead to more energy-efficient and
healthier housing.

This is only a brief summary of the various financing
measures available for climate change mitigation in the
housing sector, as well as barriers to their effective use.
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6
The Energy and Resources Institute/TERI

India: Children study at night under the glow
of electric lights charged by solar-powered
PV stations, established in villages under the
“Lighting a Billion Lives” initiative.
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Case studies of
good practice
This section focuses on examples of effective housing interventions that reduce energy
consumption and CO2 emissions and result in improved health for inhabitants. Four
case studies address: a) retrofitting houses with insulation and resulting health, energy
use and CO2 savings; b) use of solar and photovoltaic lighting in small households in
developing countries; c) a low-cost urban housing energy upgrade and d) habitation
improvements to reduce vector populations.

6.1 New Zealand’s Housing, insulation and health study
The Housing, insulation and health study is a cluster randomized trial of retrofitting
insulation in predominantly low-income communities in New Zealand. The study was
carried out in 2001–2002 to assess whether installing insulation in houses affects occupants’ health as well giving energy and environmental co-benefits.1,2
The interventions included ceiling insulation, draught-stopping around windows and
doors and fitted insulated paper installed beneath floor joints, as well as a polythene
moisture barrier on the ground beneath the house. Some 1350 households (4407 people) were randomly selected in which at least one person had symptoms of respiratory
disease.
Health data were collected through self-reported measures of health, comfort and well
being, primary care (GP) visits, and days off school and work. With regards to energy
consumption, complete records were collected over the two-year study life on selfreported use of bottled LPG, wood and coal. However energy savings could only be
reliably quantified on the basis of metered data such as electricity and gas usage. On the
basis of metered energy savings, greenhouse gas emission reductions were estimated.

6.1.1 Mitigation impact
A ‘‘typical’’ household – one with a heating pattern typical of the weighted average of all
households in the study for which there was good data – benefited from net energy savings (metered electricity and gas) of 13%. In absolute terms, intervention group energy
use declined 5% while control group use increased 8%.
This net saving amounts to around 532 kWh over a year. Although the reduction in
metered energy use was not statistically significant at 5% given the limited number of
households for which both years of records were available, the reduction in energy use
Case studies of good practice
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based on both measured and self-reported energy use was statistically significant at the
1% level (p=0.0006). Because it was more difficult to price non-metered energy sources
such as firewood and coal, these were not considered in the energy savings calculations,
although self-reported decline in use could enhance this mitigation benefit. A subsample of electricity consumption in 116 houses in one city showed a significant average
decrease in peak period demand of 25.5%, from 2.15 kW to 1.60 kW. This has significant regional and potentially national implications for power generation, as it is peak
demand that drives the need for electricity generation, transmission and distribution
capacity at the margin.1

6.1.2 Health impact
Improved insulation was associated with a small average increase in bedroom temperatures during the winter (0.5° C) and decreased relative humidity (−2.3%). Bedroom
temperatures were below 10° C for 1.7 fewer hours each day in insulated homes compared with uninsulated ones.
Changes in temperature were associated with reduced odds in the insulated homes of
fair or poor self-rated health (adjusted odds ratio 0.50, 95% confidence interval 0.38 to
0.68), self-reports of wheezing in the past three months (0.57, 0.47 to 0.70), self-reports
of children taking a day off school (0.49, 0.31 to 0.80), and self-reports of adults taking a
day off work (0.62, 0.46 to 0.83). Visits to general practitioners were less often reported
by occupants of insulated homes (0.73, 0.62 to 0.87). Hospital admissions for respiratory
conditions were also reduced (0.53, 0.22 to 1.29) but this reduction was not statistically
significant (P=0.16).

6.1.3 Cost-benefit
The results of the study suggest that total benefits in “present value” terms are 1.5 to 2
times the magnitude of the costs of retrofitting insulation, with the health benefits being
relatively greater in terms of present-day economic valuation.

6.1.4 Conclusion
Retrofitting dwellings with insulation and thermal envelope improvements provides
health benefits as well as energy savings. The relatively large present-day economic value
of stream of health benefits, particularly in terms of reduced hospital admissions, provides good justification for energy efficiency schemes even when CO2 savings, are more
difficult to measure and represent relatively less economic value in present-day economic terms.

6.2 Lighting a Billion Lives
Around 1.5 billion people in the world lack access to electricity; about a quarter of these
live in India. Forced to light their homes after sunset with kerosene lamps, dung cakes,
firewood and crop residue, millions live with constant risks to their health. Along with
impacts of indoor air pollution already described, use of kerosene for lighting has been
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Fig. 9. Solar lanterns – lighting up homes in India

Photo: The Energy and Resources Institute (TERI)

Photo: The Energy and Resources Institute (TERI)

Photo: Ashden Awards for Sustainable Energy
(www.ashdenawards.org)

associated in some studies with increased TB incidence, illustrating a health issue specifically related to household lighting. There is also a risk of injury from tipping over
kerosene and paraffin lanterns.
A large Indian NGO, the Energy and Resources Institute (TERI), has set out to address
these issues in a major government-backed campaign. The “Lighting a Billion Lives”
(LaBL) initiative is providing thousands of rural Indian households with ultra-lowenergy LED lanterns powered by sunlight. Recharged daily by a PV solar panel, a lantern
can provide 3–6 hours of light to a household each night.3 The initiative was launched in
2007 at the Clinton Global Initiative, and within three years the solar lanterns had spread
rapidly, reaching 600 villages in 16 Indian states and providing light for 160,000 people. TERI has established solar photovoltaic charging stations in each village to recharge
the lanterns; these are operated by local entrepreneurs who are selected and trained by
TERI and other grassroots partners. The lanterns (Fig. 9) are rented daily to households
and enterprises for a small fee (less than a quarter US dollar). The TERI initiative offers
seven solar lantern models with varying degrees of power.

6.2.1 Mitigation impact
The initiative facilitates socioeconomic development of the village while offering local
and global environmental benefits. Each solar lantern displaces the use of about 40–60
litres of kerosene a year and an estimated 400–500 litres of kerosene in a lifespan of 10
years, thereby mitigating about 1.45iii tonnes of CO2.

6.2.2 Health impact
Users, particularly women, reported a significant reduction in frequent cough and eye
rashes as a result of replacing kerosene or paraffin lamps with the solar lanterns. They
also report fewer accidents and injuries due to toppling of kerosene lamps. At the household level, the initiative helps reduce smoke pollution in rural women’s indoor work
environment, resulting in fewer complaints of red eyes and heavy headaches.
iii At emission intensity of 2.45kg CO /litre of kerosene
2
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In several villages, the solar lamps are being used by midwives for safer delivery of
babies. For instance, in Dhulkot village of Madhya Pradesh, the solar lanterns are being
used in the primary health centre, which has a more complex solar-powered electricity system with AC current dependent on an inverter. When the inverter is out of order,
electricity is not available from 6 pm to 10:30 pm. The solar lantern illustrates the power
of use and development of small-scale DC-powered solar devices, which are easier to
operate, replace or repair.

6.1.3 Socioeconomic impacts
The lanterns have rapidly found a central place in rural households, health centres
and culture. Villagers describe the lights as the “saviour in the darkness that otherwise
envelops the kitchen.” Light is now available not only for cooking but also for animaltending chores, for children’s studies, for midwives and for safety when walking at night
or guarding village perimeters.
The entrepreneur model used for the charging stations illustrates the sustainable development co-benefits of such small-scale solar development. The solar lanterns also allow
extended working hours for rural communities in fields and shops, longer studying
hours for children and safer movement for village elders at night. In many villages, the
initiative has facilitated small-scale industry activities, such as betel-leaf farming in West
Bengal, eco-tourism activities in the tribal areas of Orissa and basket-making cottage
industry in Rajasthan.

The Kuyasa project is
is the first activity in
South Africa, and one
of a handful of housing initiatives globally
registered under the
Clean Development
Mechanism. It demonstrates how climate
finance could be harnessed more widely to
improve health and the
environment.

6.3 Low-cost urban housing energy upgrade project
in Cape Town, South Africa
This is the first activity in South Africa, and one of a handful of housing initiatives
globally, that has qualified for registration under the UNFCCC, Clean Development
Mechanism (CDM). It demonstrates how climate finance could be harnessed more
widely to improve health and housing environments in low-income countries.
The Kuyasa project aims to improve the thermal performance and reduce CO2 emissions of both existing and future housing units in Kuyasa, a low-income neighborhood
of Khayelitsha Township in southeastern Cape Town. Retrofits of exisiting housing have
involved installation of solar water heaters, ceiling insulation and low-energy, long-life
compact fluorescent light bulbs (CFLs). Since its launch in 2008, the programme has
involved upgrades in about 2300 units, and is planned for a period of 21 years. The
project is being carried out by the City of Cape Town in collaboration with the SouthSouthNorth Project, a network of institutions and experts that helps public and private
stakeholders in Africa and South-East Asia navigate the CDM qualifying process.

6.3.1 Mitigation impact
The project is projected to save about 2.8 tons of CO2 per household, per year, at a savings of about US$ 110 per household annually in energy costs.4
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6.3.2 Health impact
The upgrading measures implemented through the Kuyasa project have reduced the rate
of condensation and dampness in the dwellings and decreased the risk of disease, especially tuberculosis. As also noted in Section 3, increased access to hot water has been
linked to improved hygiene through reductions in the bacterial load as a result of washing. This can in turn reduce diarrhoeal diseases. Other co-benefits of the project include
reduced local air pollution and hence reducing pulmonary pneumonia, carbon monoxide poisoning and other respiratory illness, as well a less fuel and energy poverty. The
lack of proper ceilings and insulation meant that families were spending around 10 rand
a night (about US$ 1.5) to heat their homes in winter.

A typical Kuyasa interior, prior to
retrofit. The exposed tin roof radiates
heat in the summer and absorbs cold
and moisture in the winter. Ceiling
insulation being added as part of the
improvements should help reduce
damp and temperature extremes, and
save energy.
(Photo: Nic Bothma, Kuyasa/
CDM Project)

6.3.3 Cost-benefit
Residents are billed a small amount each month for the improvements, but this is offset
against the direct savings in monthly heating bills as a result of the project. Labour for
the installation is sourced in the community and each head of household is also given
a small stipend to facilitate installation and maintenance. The technology used is local.
While imported stainless steel water tanks may be cheaper, the project team at Kuyasa
realized that the high levels of chlorine in local water (used to kill bacteria) corrodes
stainless steel when water is heated. The project team opted instead for a locally made
product. This has not only kept the revenue in the country, but the longevity of the local
product has proved to be a long-term cost saving.
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6.4 Low-carbon housing measures and vector-borne
disease control
6.4.1 Home improvements to reduce Chagas disease
Housing improvements have long been used as a preventive strategy against Chagas
disease in southern Latin America. The disease is spread by triatomine bugs that traditionally lived primarily in forests, but over the past century have become a much more
serious problem in rural and urban dwellings as a result of urbanization, deforestation
and increased rural/peri-urban development. Housing improvements shown to reduce
triatomine vector infestation include concrete floors, plaster, brick walls and tiled roofs.5
A more recent study in Jutiapa, Guatemala, evaluated seventeen variables as possible risk
factors for infestation with Triatoma dimidiata. During 2004, 644 houses were assessed
for vector presence and evaluated for hygiene, cluttering, material comfort, construction
conditions and number of inhabitants, among other factors. The study showed a greater
chance of vector presence when walls lacked plaster (3.85 times) or had low-quality
incomplete plastering (4.56 times) compared with walls that were completely plastered,
as well in houses with poor sanitation and other construction conditions.6

6.4.2 Dengue control through water storage container management
The most productive larval habitats for Aedes mosquito reproduction typically are water
storage containers in and around houses where piped water is unavailable, and debris
(e.g. old tires) which accumulate rainwater and thus provide breeding grounds. Systematic reviews and field studies have identified methods to identify the most “productive”
larval habitats and then target these habitats with vector control interventions. These
control measures can include many environmentally friendly interventions such as
water storage, sanitation and waste cleanup measures that can in turn reduce reliance on
chemical spraying. Covering water containers and larviciding water containers, including with biological predators or agents, have been found to be particularly effective,
dependent on the local eco-epidemiological setting.7–12 The WHO/UNDP/UNICEF/
World Bank Special Programme for Research and Training in Tropical Diseases (WHO/
TDR) is carrying out a series of field studies on improved eco-bio-social management
of dengue and Chagas in nine Latin American and six South-East Asian communities
in order to fine-tune intervention strategies based on good environmental management.

6.4.3 Lime-plastering of walls in visceral leishmaniasis control
Typically, sand fly vector control in India is carried out with indoor residual spraying
(IRS), often with DDT, a use of persistent organic pollutants (POPs) that is permitted
under the Stockholm Convention on vector borne-disease control.
One recent intervention study carried out under the auspices of WHO/TDR found that
traditional lime-plastering of walls, while not quite as effective as DDT, still had excellent efficacy in reducing sand fly vector densities over a five-month period in two Indian
and Nepalese study sites.13 Further exploration of low-carbon housing improvements
that promote visceral leishmaniasis vector control, in conjunction with long-lasting
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insecticide-treated nets or bednets, is warranted particularly in light of other potential
health co-benefits of housing improvements as well as the carbon and environmental
footprint of DDT.

6.4.4 Overall mitigation impacts
All studies mentioned above analysing use of housing interventions like lime-plastering
and better house construction features reduce the use of DDT and other chemical vector
control tools that have a carbon footprint. As households develop socioeconomically, effective low-carbon vector control methods including bednets and screens can also help reduce
the tendency to shift to air conditioning to prevent insect biting, particularly at night.

6.4.5 Overall health impact
Chagas, visceral leishmaniasis and dengue have serious morbidity and mortality, and
with dengue representing the world’s fastest-growing arbo-viral infection, reducing the
incidence of these diseases is a major public health priority. At the same time, the use
of chemical pesticides, particularly DDT, in vector control is associated with a range of
immediate and chronic health impacts. “Judicious use” is a key principle of vector control, as described in the WHO Global Strategy for Integrated Vector Management (IVM).
Better housing and household water management can be a key means of implementing
IVM strategies into other sustainable development initiatives. Such control strategies
should not only reduce or eliminate infestation, but also prevent vector reinfestation.
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7
Nic Bothma/Kuyasa CDM

Kuyasa, South Africa: Workers install new
sewage pipes in this Cape Town neighborhood
housing and energy efficiency upgrade, a
climate change migitation initiative.
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Conclusions and
recommendations
7.1 Largest health co-benefit opportunities
This review examined the health co-benefits and risks from IPCC-reviewed strategies
to mitigate climate change in the housing sector. In the IPCC assessment, housing is
regarded as a sector with the greatest immediate potential for cost-effective mitigation
of climate change.
This review finds potential large health co-benefits from many of the same measures in
terms of opportunities to reduce housing-related chronic diseases, including asthma and
allergies, and also chronic lung disease in poor developing country households dependent on biomass and coal energy. Prevention of key airborne diseases such as TB, and also
water and sanitation-related diseases, may be achieved through many of the same strategies. The review also identifies health risks that may be created by mitigation measures
and how those may be avoided.
Even without reference to carbon gains, the immediate health co-benefits of certain
mitigation strategies (e.g. thermal envelope improvements) may more than justify new
investments in terms of the costs of avoided sick days, doctor visits and hospitalization.
Considering health savings along with energy savings, makes for a better evaluation
of costs and benefits to society of housing interventions motivated by climate change.
Health economics can therefore be an important driver of mitigation economics. By
promoting more effective housing and health strategies that avert significant disease,
the health sector also can make better use of its own resources. This is a critical message
for health systems worldwide.
Specific recommendations are presented here, both in terms of policy measures for which
sufficient evidence now exists to take action, and issues requiring further research/evaluation to develop and fine-tune policies.

7.1.1 Optimize health benefits of insulation and home heating retrofits
• Improved “thermal envelope” and heating efficiencies (e.g. replacing open-flame gas
and electric space heaters, or inefficient coal/biomass stoves, with cleaner alternatives) can significantly reduce both acute and chronic respiratory illness, including
asthmas and allergies. It is essential to ensure good ventilation to reduce build-up of
harmful indoor air pollutants, as well as adequate daylight to prevent mould growth
and support good mental health.
Conclusions and recommendations
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• Policy-makers, planners and regulators should work to ensure that heating, cooling
and thermal envelope innovations are affordable and accessible to poor households.

7.1.2 Emphasize active and passive natural ventilation in cooling
strategies
• Natural ventilation is a key health parameter of indoor air quality. Use of active and
passive natural ventilation with appropriate humidification or dehumidification
measures can help prevent airborne infection transmission and reduce other chronic
respiratory conditions.
• In malaria-endemic countries, natural ventilation should be combined with reinvigorated policies for use of window/door screens and bednets.
• In heavily polluted urban areas, natural ventilation measures would have to be
accompanied by appropriate mechanical filtering of air, at least until ambient urban
air quality improves.

7.1.3 Make use of environmental cooling measures that also
promote healthier neighbourhoods
• Tree planting, green spaces, ponds or water fountains, and courtyards are all design
measures that support natural cooling. These same measures are health-enhancing
insofar as they can support better thermal conditions and more effective use of natural ventilation, as well as mental health, and, in certain settings, hygiene/sanitation.
Such environmental cooling features are often embedded in traditional urban and
building design principles of many cultures, and deserve renewed emphasis.

Drawing water from a spring in a Nepalese village. (Photo: Heather Adair-Rohani)
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7.1.4 Integrate climate change adaptation and mitigation
Climate change adaptation measures undertaken today for housing should not contribute to greater future climate change impacts that harm health later (via postponed risks).
Mitigation measures should consider the need to adapt to immediate climate-related
threats, such as heat waves, flooding and extreme weather. A new “adaptive mitigation”
paradigm is proposed to integrate the best knowledge from both adaptation and mitigation arenas with respect to health, and to obtain the best overall package for health,
cost-effectiveness and long-term environmental sustainability. This can include features
such as:

• “Resilient and climate-friendly” housing designs in cities and areas vulnerable to cli-

•
•
•
•

mate-related heat waves, disasters and/or other types of natural hazards (e.g. wind,
landslide, flood, earthquakes).
Climate-adapted shelter that protects against environmental risks from dust, insects
and rodents, unsafe water and sanitation, noise, crime and violence.
Cleaner biomass and biogas household stoves in developing countries that reduce
indoor air pollution and climate-related fuel poverty as well as climate change.
Passive solar-heated homes that provide energy resilience in cold climates, while
reducing energy emissions for heating.
Passive solar-powered hot water, solar photovoltaic electricity and low-energy DC
solar lights and other appliances that provide energy resilience for the poor in developing countries, as well as improving health (e.g. respiratory diseases, hygiene, food
safety, eyesight, well-being).

7.2 Health risks to be avoided

Mitigation measures
should also improve
resilience to immediate threats from
climate change, such
as extreme weather.
Adaptation measures
should contribute
to reducing climate
change emissions
in housing over the
long-term.

To achieve mitigation, well-known measures to avoid health risks should systematically
be integrated as part of the implementation. These include: 1) provision for adequate
ventilation in the case of thermal envelope improvements and active or passive cooling systems, 2) protection from vector borne disease in the case of naturally ventilated
buildings in malaria-endemic climates; and 3) use of healthy and safe building materials, including avoidance of toxics and carcinogens, such as asbestos and lead pipes
and paints.
Since a large portion of carbon savings by 2030 will be achieved through the retrofit of
existing buildings and replacement of energy-intensive appliances with more efficient
ones, it is essential that health-relevant policies address building use behaviours as well
as health at various stages in the building life cycle, from construction to retrofit and
demolition, when risks of exposure to harmful materials such as asbestos may be particularly acute.

7.2.1 Ensure adequate ventilation
Measures improving the thermal envelope should ensure adequate ventilation in order
to reduce risks of indoor air pollution and enough windows for day lighting.
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7.2.2 Avoid harmful materials; treat others with care
Improved “thermal envelope” measures should avoid use of health-harming materials.
Based on available evidence, the following materials should be avoided in building construction, insulation and repair activities: asbestos, lead paint, pressed wood products
manufactured with volatile organic compounds (e.g. formaldehyde), arsenic in timber, batt insulation materials containing formaldehydes, and foam boards containing
carcinogens and endocrine disruptors. Healthy housing initiatives can support greater
awareness of harmful materials in the contexts of national policies and codes, consumer
awareness and occupational practices.
Further study also is needed on which insulation materials should be recommended to
replace dangerous materials, particularly asbestos in developing countries.
Avoid harmful materials like asbestos,
lead in paint, arsenic
impregnated timber
products and pressed
wood products with
formaldehyde binders.
Construction workers
are especially exposed
to harmful building
products, and should
be protected.

7.3 Gaps in current mitigation analysis
7.3.1 Optimize housing mitigation and health co-benefits through
better urban planning
There is much evidence that housing in more compact urban forms and in mixed residential/commercial uses can enhance many health-relevant aspects of the residential
environment, including: more travel by walking, cycling and transit and thus reduced air
and noise pollution from vehicle travel; more space and opportunities for safe physical
activity; greater independent mobility for children, elderly and other vulnerable groups
moving in and around the neighborhood.
These very key aspects of land use planning, critical to both health and climate change
mitigation, are not addressed in detail by the IPCC Fourth Assessment report. It is
hoped that housing mitigation in the urban context will be more fully addressed in the
forthcoming Fifth Assessment report.
The “whole building” approach towards energy efficiency of housing structures should
be extended to a “whole neighbourhood” approach to both mitigation and health, identifying co-benefits at community level of more energy-efficient urban housing design.
Similarly, there needs to be more systematic assessment by the health sector of the health
gains and tradeoffs of different forms of urban design (high, medium and low densities),
and at different levels (household, neighbourhood and community).
Although urban planning and land-use changes are often perceived by health policy-makers as costly and difficult to implement, case studies from around the world
show that these changes are not only happening in many settings, but also can often be
among the most cost-effective means of building lower-carbon housing and cities in the
long term.
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7.3.2 Emphasize healthy and sustainable development for rapidly
growing low-income cities
As noted by IPCC, the largest savings in future energy use (75% or higher) can be realized through the better design of new buildings as complete systems. Here, too, great
health gains may be obtained in terms of improved possibilities for natural ventilation,
reduced exposure to heat stress during heat waves, better thermal conditions, and more
optimal use of renewable energy sources to reduce air pollution exposures.
It is in low- and middle-income cities, where urban growth is very rapid, that the greatest opportunities exist for a “systems” approach. As a result, this may be where some of
the greatest health co-benefits from mitigation measures can be derived, and future climate change impacts avoided.
Yet low-income housing settings have not been, so far, a strong focus of mitigation analysis as reflected in IPCC review.
Health co-benefits are realized when housing improvements enhance energy efficiencies, improve access to cleaner and renewable household energy, solar-heated hot water,
PV lighting and appliances, and climate-resistant housing structures. Some examples of
these have been provide in the Chapter 6 review of the TERI “Lighting a Billion Lives”
housing initiative in India and the Kuyasa, Cape Town, South Africa, Clean Development Mechanism housing improvement scheme.
The gains are even larger when housing is integrated into broader strategies for better
urban design and transport, safe drinking water and sanitation provision, and safe siting.

• “Pre-emptive” development of water/sanitation and public transport infrastructure in
new areas, particularly on urban peripheries, will expand access to health-promoting
urban services more equitably, thus improving health outcomes, while also reducing
the carbon footprint and costs of urban expansion.
Bus Rapid Transit (BRT) is a key
feature in a number of major Latin
American cities. Portrayed here is
Santiago, Chile.
(Photo: SpecialistStock)
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• Housing and neighbourhood densities and design features such as building heights
should facilitate safe, independent mobility of and access for children, older adults,
women and other vulnerable groups.
• A shift to alternative fuels and renewable energy sources can assist in reducing pollution from transportation and building operations use as well as overall GHG
emissions associated with residential development.
• Low-carbon siting of housing including orientation, clustering and inclusion of green
spaces can optimize ambient atmospheric conditions in residential neighbourhoods
and reduce their “heat island impact.” Siting in many cities needs to be far more carefully controlled to avoid areas at severe risks of flooding, landslides, etc., or to take
appropriate protective measures.

7.3.3 Address slum housing in the health and mitigation context
Slums have a tremendous immediate health impact, but their potential long-term climate footprint should be appreciated as well. Large blocs of low-density, informal
settlements typically make poor use of urban space, exacerbate the urban heat island
effect and make infrastructure delivery (e.g. transport, utilities) more energy-intensive
and costly.
Low-carbon, low-cost and health co-benefit “packages” that yield immediate benefits to
slum areas are therefore important. Such measures also can address a key Millennium
Development Goal currently lagging (MDG 7: improve lives and health of urban slum
dwellers), and help address geographic and income/health inequities in the context climate change mitigation.

7.3.4 Optimize the health equity benefits of low-energy systems
and renewable energy systems for the poor
There appears to be significant health equity benefit from many forms of renewable
energy use in poor homes. These strategies and technologies and their potential benefits include the following, and should be studied and evaluated more systematically:
Solar rooftop systems in a village near
Beijing, China. (Photo: He Jianqing)
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• Replacement of kerosene lamps with photovoltaic solar-powered electricity and low-

•
•
•
•

energy LED lights; research is needed to clarify their impacts on respiratory and eye
diseases and on social determinants of health.
Passive solar-powered water heating for poor households and sanitation impacts.
Access to low-energy solar DC-powered refrigeration for poor households and food
safety/security.
Provision of house screening, structural improvements and natural ventilation that
impact TB and vector-borne disease transmission.
Carbon-neutral or low-carbon biogas/gasified biomass household fuels and their
impacts on respiratory, sanitation-related and parasitic diseases (e.g. schistosomiasis).

7.4 Implementing win-win health, housing and
climate change strategies
7.4.1 Undertake health-oriented assessment of policies and plans
Health impact assessment (HIA) systematically considers evidence of health impacts
expected from specific policies, plans or projects to mitigate climate change in housing.
HIA considers both quantiative and qualitative evidence, and engages stakeholder views
and perspectives. The health action plan emerging from an HIA can help make a housing intervention positive for health in the short- and the long-term.

Health impact
assessment is an
important tool for
maximizing health
gains, and avoiding
health risks, from cliStakeholder engagement helps close the gap in knowledge about what works best in the
mate change mitigation
field. Community participation helps to identify culturally appropriate and acceptable
measures and investinterventions.
ments in housing and
HIA is also a process, and a tool, whereby public health policymakers and practitioners urban development.
can work closely with housing, energy and planning sectors to harmonize health objectives with urban development and climate change mitigation goals.
Results from HIA can be useful to the primary health care system in identifying housing and health risks, and mitigation co-benefits, and in supporting the population and
local leaders to adopt appropriate responses.

7.4.2 Support linked health and climate research, monitoring and
evaluation for better policies
There is a dearth of evidence on how mitigation strategies impact health. Intervention
studies can help document actual gains for health and climate change mitigation. In
addition, development of linked health and energy efficiency indicators can support
monitoring and evaluation of policies.
More health-oriented intervention studies on specific housing mitigation measures are
needed to identify key opportunities as well as risks to avoid. While models are important for scenario analysis, health impacts can be confounded by multiple variables, (e.g.
impacts of reduced indoor air pollution from buildings may be confounded by smoking). This underlines the importance of real-world studies of actual interventions.
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Models estimating the health co-benefits of climate mitigation by linking emissions of
key pollutants with dispersion models and epidemiological evidence require fine-tuning. While the approach is valuable, it can be difficult to apply in the case of broad-based
energy-efficiency programs, as these programs tend to affect multiple sources simultaneously (e.g. numerous homes within a state, all power plants on a grid). This review also
identified the need for research to:

• Quantify health benefits of actual energy efficiency programmes using harmonized
methods and approaches; adequate characterization of uncertainties; and control/
adjustiment for confounders.
• Examine public attitudes towards, and acceptance of, healthy and low-energy housing
measures, including implications of increased natural ventilation versus air conditioning (e.g. for vector-borne disease transmission; personal security; equity, etc).
• Identify best strategies for, and health co-benefits of, climate change mitigation relevant to housing in slums and informal settlements.
• Assess optimal ways to combine housing mitigation and adaptation strategies in
diverse regions and economies.

7.4.3 Build capacity for better data collection and monitoring
systems on housing and health
There is a need to build capacity within local and national authorities’ health services,
housing agencies and educational programmes for housing and health professionals.
Architectural schools and schools of public health should study healthy housing as part
of green design and public/environmental health commitments.

7.5 Regulatory frameworks
7.5.1 Include health more systematically in housing codes,
standards and enforcement
• Housing codes and standards are critical to ensuring basic structural soundness and

•
•

•
•

safety, as well as other aspects of housing essential to good health, e.g. water, sanitation and utility access, protection from extreme weather, vectors, and access to
pedestrian-safe walking routes and public transport.
Health needs to be systematically included in all aspects of development of these
standards and codes as well as a primary factor in their enforcement.
Housing codes also are important to ensuring safe siting of housing that protects
inhabitants from risks such as mudslides, severe weather (e.g. floods, tsunamis, earthquakes, etc).
Codes also enforce policies and standards regarding use of harmful and hazardous
housing materials such as lead and asbestos, and appropriate labeling of materials.
In many regions, more systematically-designed codes and regulations, as well
as enforcement, are needed to ensure the most basic public health parameters of
housing.
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7.6 Climate finance for health
7.6.1 Improve finance mechanisms and incentives for all regions
and income groups
Current requirements of the United Nations Framework on Climate Change (UNFCC)
Clean Development Mechanism (CDM) finance are generally too complex for poor
countries and communities to use effectively in the housing context, particularly in the
case of smaller housing projects. The technology-specific (as compared to performance)
orientation of CDM also makes it difficult, and thus expensive, to demonstrate climate
gains through a diverse package of housing measures – even when those may be very
large in reality.
Climate finance mechanisms also fail to consider the relative health co-benefits of proposed strategies.
Development banks, donors and national level actors often do not appreciate how housing can be a driver for benefit in both health and climate change mitigation.
The role of carbon and development finance in promoting healthy and climate-friendly
housing should be examined to see how key actors can optimize potential health gains
in the context of housing finance.
In developing countries, donor programmes, carbon finance, and multilateral/bilateral
financial incentives should also emphasize, in particular, transition to cleaner household
fuels as well as slum improvement in light of their very large health risks and potential
benefits.

7.7 Building community capacity
Community participation in healthy housing and climate change mitigation can incorporate local knowledge into housing and land use policies. Such efforts also build
self-reliance and awareness of problems and solutions. Community representatives typically have grassroots connections and enjoy higher local trust than outside experts. They
are well positioned to promote efforts that improve public health and environments.
Community development should enable people living in low-income neighbourhoods
to gain organizational experience in dealing with government agencies and other institutions. There should be provision for accountability and sharing of experiences about
housing improvements that contribute to health and how health can be integrated into
housing and climate policy agendas.

7.7.1 Promote healthy housing behaviours to make best use of
climate-friendly housing measures
There is a need to raise awareness of how certain measures that waste energy may also
harm health, e.g. continuous use of air conditioners in closed spaces without adequate
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natural ventilation and, on the other hand, of strategies that proof to be energy efficient
and health promoting:

• Bednet and window/door screen use can help prevent transmission of vector-borne
disease.

• Exposure to the outdoors and to natural light sources is essential to health, and to

•

•

•
•
Climate finance mechanisms have failed to
consider the health
co-benefits of green
housing strategies.
The Clean Development Mechanism
(CDM) and other
climate financial tools
should consider health
performance as a
criteria for resource
allocation.

•
•
•

vitamin D requirements in particular. Opportunitites for outdoor activity in and
around the home are particularly important to women and children, who tend to
spend more time close to home and neighbourhood.
Active travel (walking and cycling) around neighbourhoods for daily routines should
be promoted as a means of healthy physical activity, along with adequate neighbourhood provision for safe street crossings, sidewalks, bike lanes, etc.
In cold climates, activity also helps regulate body heat. During heat waves, adequate
hydration is important. Climate-adapted clothing and bedding measures are important in all climates, and can also help reduce household energy demand.
Shun indoor tobacco use; if occupants smoke, they should do so outside.
Promote greater consumer awareness in poor countries of very hazardous construction materials, such as lead and asbestos.
Promote awareness about interior design and consumer products containing healthharmful materials, e.g. carpet glues and pressed-wood products with formaldehyde.
Use more efficient lighting as a major mitigation opportunity, but ensure safe disposal
of mercury-containing CFL lights, and adequate light to avoid injuries.
Encourage waste reduction, recycling and reuse through community participation.

7.7.2 Foster a ‘primary preventive’ approach to healthy housing
Greater knowledge about healthy mitigation measures and tools supports self-reliance
in primary prevention of housing-related illness. Integration of this knowledge into primary prevention strategies helps poor and vulnerable communities to set priorities,
troubleshoot, identify solutions, and look after their own health in the broadest sense
of the term.

7.7.3 Support healthy housing environments for children
A healthy home environment is critical to child health since children spend a large
amount of time indoors and are exposed to indoor pollutants at a critical life stage. A
healthy and safe neighbourhood facilitates a child’s physical and mental exploration of
his/her space, and testing of motor and intellectual skills. Unsafe environments discourage such exploration, and limit a child’s developmental opportunities.

• Build capacity among health, education, and environment policy-makers of the
impacts of housing on children’s health and developmental health.
• Build capacity among health professionals to recognize and manage the effects of
housing-related injuries and diseases. There are many examples that can be drawn
from Chapter 2 of this report. Just a few noted here, as examples, include: lead poisoning from exposure to lead paint or water pipes; acute respiratory diseases from
indoor air pollution; chronic diseases such as asthmas and allergies related to pollution, dampness and mould; water and sanitation-related diseases, etc.
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7.7.4 Promote good occupational health in building trades
• Take a “lifecycle” approach to occupational health in the construction industry, looking at risks in: construction, use, retrofit, and demolition, of buildings, including
construction/retrofit of more climate-friendly and energy efficient buildings.
• Construction trades should advocate for, and practice, good occupational health (e.g.
protective clothing, scaffolding) and more awareness of product hazards in installation and removal phases, as well as of hazardous products that should never be used.
• Health actors should work with industry and labour stakeholders to support development of policies and capacity for healthy workplaces, including identification of
occupational hazards, risk management, and information and training for both new
constructions and retrofit activities.

Conclusions and recommendations
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PUBLIC HEALTH AND ENVIRONMENT
Many strategies to reduce climate change have large, immediate
health benefits, while others may pose health risks or tradeoffs.
Examined systematically, a powerful new dimension of measures
to address climate change emerges.
WHO’s Health in the Green Economy series reviews the evidence
about expected health impacts of climate change mitigation
strategies for key economic sectors, both in terms of health “cobenefits” and risks.
The aim is to identify important health co-benefits for health policy-makers, and integrate their consideration in the future policy
review of climate change mitigation and sustainability measures.
Opportunities for potential health and environment synergies are
identified here for the housing sector.
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