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Executive Summary

Recognition of the problem of indoor air pollution (IAP) and its harmful
effects on health is growing worldwide as efforts increase to understand
and articulate the complex health–air pollution links. Half the world’s
population is exposed to IAP, mainly from burning solid fuels for cook-
ing and heating. A recent World Health Organization (WHO) report
concluded that consistent evidence exists that exposure to biomass smoke
increases the risk of a range of common and serious diseases in both
children and adults (WHO 2002). Most notable among these diseases are
acute lower respiratory infections (ALRIs)1 in childhood, in particular,
pneumonia. The report also identified IAP from solid fuels as one of the
10 leading risk factors responsible for a substantial proportion of the
leading causes of death and disability. Indoor smoke from solid fuels
causes an estimated 1.6 million deaths annually and accounts for
2.7 percent of the global burden of disease. 

The literature and experience from various countries indicate that
mitigation of the health impacts of IAP can be achieved as households
move up the energy ladder, from wood to cleaner liquid or gaseous fuels
such as kerosene and liquefied petroleum gas (LPG), and ultimately to
electricity. At the lower end of the energy ladder, better ventilation and
the use of improved biomass stoves that vent smoke through a chimney
and away from the cooking area can decrease exposure to emissions of
harmful pollutants. Policy options that would facilitate the penetration of
these improvements are cross-sectoral and include fuel pricing and
distribution policies, small business development, income generation
activities, and health education. Behavioral and cultural factors are
important when considering the technical mitigation options and, along
with lack of information, often are the greater barriers that need to be
addressed to achieve positive health effects.
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Nature of the Problem in Guatemala

Recent statistics from the Ministerio de Salud Publica y Asistencia Social
(MSPAS) in Guatemala indicate that between 1997 and 2000 acute respira-
tory infection (ARI) was the single most important cause of morbidity and
mortality in Guatemala.2 In this period, the number of cases of morbidity
due to ARI grew by an average of 31 percent per year.3 In the same period,
ARI caused on average two to three times as many deaths as acute diarrhea,
the second most important cause of mortality in Guatemala. As a subset of
these data, the impact of ARI on the health of children in Guatemala is
particularly important. In 1997–2000, pneumonia represented the most
important single cause of infant death in Guatemala. In 2000, it accounted
for 36 percent of all registered deaths among infants.

IAP in Guatemala is closely linked with the following: 

• High incidence of poverty. More than half of all Guatemalans (56 percent,
or about 6.4 million people) were living in poverty in 2000. 

• Low levels of rural electrification. Fewer than 40 percent of the poorest
households have electricity connections, compared to 95 percent of the
richest households. 

• Large rural population. More than 60 percent of the Guatemalan popula-
tion lives in rural areas, including 81 percent of the poor and 93 percent
of the extreme poor. Three-quarters of all rural residents fall below the
full poverty line, and one-quarter live in extreme poverty.

• High levels of traditional fuel use. Fuelwood is the dominant cooking fuel
in 97 percent of households in rural areas. Among rural households,
42 percent use fuelwood only and 55 percent use wood and one or more
other fuels.

Context for This Report

This report represents the final activity in a series of projects that have
focused on the problem of IAP and its impacts on health in rural households
in Guatemala. The study was carried out between October 2001 and June
2003, with support from ESMAP (Energy Sector Management Assistance
Program). This report summarizes the findings of each of a series of sub-
studies, as well as two workshops, and presents final recommendations.

The objectives of this study were to estimate the health impacts of
traditional fuel use and to outline strategies and policies for mitigating
environmental health damage due to household energy. Mitigation of
IAP from the use of traditional biomass fuels is identified as a high
priority in the World Bank’s Fuel for Thought: Environmental Strategy for the
Energy Sector (World Bank 1999). Given the close link between IAP and
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women’s and children’s health, this study additionally provides informa-
tion for the government with respect to achievement of the Millennium
Development Goals (MDGs) of reducing child mortality and improving
maternal health.

The major activities carried out under the study included individual
studies of specific aspects of the IAP and health matrix, as well as two
dissemination workshops. The specific studies carried out under the
overall study are listed below and are described in more detail in the body
of the report:

• a review of the existing literature on IAP and health globally and in
Guatemala, and an estimate of the health implications of failure to address
the problem of ARI and IAP either through policy interventions or tech-
nical mitigation measures

• a review of two major surveys conducted in Guatemala—the 1998–99
Demographic and Health Survey (DHS) (or Encuesta Nacional de Salud
Materno Infantil 1998–99, ENSMI) and the 2000 National Living Standards
Measurement Study (LSMS) (or Encuesta Nacional sobre Condiciones de
Vida 2000, ENCOVI)—to investigate potential relationships between
energy use and IAP

• an evaluation of improved stoves programs in Guatemala and a focused
review of the cost structure of stoves under such programs

• a study of the LPG industry and market in Guatemala

These activities were chosen to specifically complement existing activi-
ties under way in Guatemala at the time, including a Poverty Assessment,
financed by the Bank; an ESMAP-sponsored network in Central America
on Women and Improved Stoves; and exposure monitoring through an
intervention study financed by the U.S. National Institutes of Health. In
addition, at the time of the study the Bank and other development
partners were providing support to the Guatemalan Social Investment
Fund (Fondo de Inversion Social, FIS). The work of the FIS included, as
one component in a menu of poverty reduction actions, the largest
improved stoves program in Guatemala. A particular focus of this study
was a review of this program and the formulation of policy recommenda-
tions to enhance its impact in the effort to reduce IAP.

Link with Millennium Development Goals

A growing body of evidence, based on worldwide IAP health studies,
indicates that the levels of IAP in homes that use traditional solid fuels are
alarmingly high. Exposure monitoring studies in Guatemala confirmed
that women and children endure high exposure to toxic pollutants from
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fuelwood consumption. The worldwide literature also points to a strong
association between IAP and health conditions, particularly among
children in the first few years of life. Conclusive links between health and
IAP are still lacking, but a recently initiated study in the Guatemalan
highlands, financed by the U.S. National Institutes of Health, is expected
to be an important source of information.

Informal estimates, however, based on the results of worldwide IAP
health studies, indicate that the number of annual cases of ALRI in the
Guatemalan highlands could be reduced by as many as 24,000, and
annual deaths by about 1,000, through the elimination of indoor air
pollution. This would be about a 60 percent reduction in the annual cases
of ALRI mortality among the 400,000 children under age five who live in
households in which open fires are used for cooking.

Despite the lack of conclusive evidence on the extent of health impacts,
the general consensus among the broad range of Guatemalan stakehold-
ers represented at the April 2003 workshop was that something has to be
done about the problem in the short term. This consensus was reinforced
by the problem’s close link with the fourth MDG, related to reducing child
mortality, and with the fifth MDG, related to improving maternal health.
This consensus is also consistent with the recommendations of the
Guatemala Poverty Assessment Report, which suggest that preventive
health measures be emphasized, targeted particularly to the following
vulnerable groups: poor and malnourished children, poor women and
girls, poor indigenous households, and the rural poor (World Bank 2003).
In Guatemala, these groups are also most affected by IAP. 

What Can Be Done about Indoor Air Pollution?

International academic journals contain a rich stock of papers on exposure
monitoring experiments in Guatemala. The results of some of these are
described in chapters 1 and 3. IAP was not a topic on the agenda of any
government agency at the start of this project, however. As the study
developed, a gradual understanding built, primarily through the dissemi-
nation workshops, of the importance of intersectoral collaboration on this
issue and of the importance and emotive nature of the issue itself, which is
so closely linked with the well-being of children and women, mainly in
poor, rural, indigenous households, and with the country’s poverty
reduction goals. During the April 2003 workshop, participants identified a
number of issues as barriers to successfully reducing IAP in rural homes:

• lack of a national policy
• lack of leadership
• apathy (as reflected by a lack of willingness on the part of the government

to act and a lack of interest on the part of the population)
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• lack of interinstitutional coordination
• resistance to change
• lack of education
• lack of training
• poverty and lack of access to resources
• lack of state policies

These barriers reflect the fact that there is a dire shortage of information
about this topic and, as a result, an absence of a constituency prepared to
act. The interventions described below aim to ensure availability of
information so that the extent of the problem can be monitored, to facili-
tate solutions through better coordination and use of technical options,
and to ensure sustainability in the implementation of options through the
promotion of long-term behavioral change. At a broad level, four types of
interventions are needed:

• Monitoring the problem and improving understanding of the links between
health and poverty reduction. Building a constituency through the provi-
sion of information about the subject itself is an important intervention.
Strong evidence indicates this problem is closely linked with Guatemala’s
poverty reduction agenda, but there are gaps in the evidence that need
to be filled in. An improved stove intervention trial being conducted by
Professor Kirk Smith and his co-workers, which aims to estimate the
reduction in ALRI that can be achieved with improved stove use, will
shed more light on the severity of the problem of IAP and ALRI in
Guatemala and on the effectiveness of improved stoves as an interven-
tion. The government needs to follow this study and other research in this
area exploring the link between ALRI and pneumonia, and IAP. ALRI
and pneumonia are the leading health issues with respect to both
morbidity and mortality for children in Guatemala, and a better under-
standing of these links is important to guide national health policies. 

• Greater interinstitutional coordination. Greater interinstitutional coordi-
nation is probably the most crucial intervention. The issue of IAP is spread
across the mandates of different government institutions: for example,
the technical mitigation options lie within the mandate of the Ministry
of Energy and Mines, but the link with health impacts and dissemina-
tion of these impacts lies with the Ministry of Health. In terms of finan-
cial resources, the FIS has a major role in financing the technical options,
such as improved stoves, for poor households. The technical innovation
and health impact aspects are missing from its current program, how-
ever. This is a case where the sum of the parts clearly would have a greater
impact than the cumulative impact of each part separately.

Coordination of the various stakeholders is also crucial. These stake-
holders consist of the government, with which the policy options and
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the broader mandate of poverty reduction lie; the private sector, which
can help develop the market for the technical options, namely improved
stoves and LPG in rural areas; nongovernmental organizations (NGOs),
which can act as a partner to the government in the implementation of
programs addressing health service delivery in rural areas and improved
stoves; households, particularly the women who use the stove and the
men who choose to buy it and often collect firewood for it; and academia,
which is working on establishing a firm link between health and IAP.

A third layer of coordination is with Guatemala’s neighbor to the
north, Mexico, where 28 million people use firewood for cooking and
where the same issues are under discussion. The main advantage of this
collaboration would be the creation of a larger market for technical mit-
igation options and, therefore, one that would be more attractive to the
private sector. Joint monitoring and sharing of research would also bring
additional benefits for both countries.

• Making people aware of the problem to promote behavioral change. Lack of
information and lack of an understanding of the link between smoke
and poor health mean that there has been no constituency to champion
change. The dissemination of the findings of this study has started to
build a constituency at the level of the government stakeholders, but
much more needs to be done. A striking finding of the stoves study was
that women did not see the link between health and smoke. This clearly
needs to change if behavioral change is to follow. Women’s groups and
NGOs can play an important role in getting the message to the final
users. Revising government training and health outreach programs, as
well as existing media campaigns for improved stoves and LPG, so that
they also discuss the link between smoke and health could greatly help
the promotion of long-term changes in behavior.

• Implementing technical options. Technical options—principally improved
stoves for the lower income quintiles with targeted subsidies through
the FIS, and uptake of improved stoves and LPG stoves for the higher
income quintiles—need to be implemented. Most of the existing
improved stoves programs (of which there are many, compared with
other countries in Central America) focus on fuel efficiency, are highly
subsidized, offer limited choice to the user, and are implemented in a
modular manner, with no interaction between the government and its
policies and the different suppliers. The design and implementation of
the various programs also seem to follow separate rules. It is essential that
the government take a more proactive role in establishing policies related
to improved stoves programs. Such policies should emphasize both fuel
efficiency and health impact as the key criteria for stove design, and
should promote a market-based system that targets subsidies to the poor-
est and offers choice and training for the user. The implementation of
such policies will require full coordination between the different
government entities and other nongovernmental stakeholders.
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Achievement of this level of coordination will require that an
intersectoral coordination group on rural household energy be estab-
lished, in which all key stakeholders are represented and that has as a
mandate the championing and implementation of policies related to
meeting the energy needs of rural families. It is particularly important
that this mandate be closely linked with broader rural development
programs, and that the group’s efforts focus on improving the current
infrastructure and programs rather than seeking to only create new
programs. As a complement to the activities of an intersectoral coor-
dination group, the Guatemalan Ministry of Energy and Mines should
establish and lead a technical stoves unit. This unit should act on behalf
of the consumer, to certify stoves on both efficiency and health grounds,
and on behalf of the FIS, enabling it to offer users a choice of certified
stoves (including perhaps an LPG option). Coordination on better house
design to improve ventilation is another area for possible government
intervention, through building codes and work with local municipal
leaders. Donors and NGOs also need to ensure that their programs
are in step with government efforts and that they are not operating
modularly.

On the LPG front, the government needs to play a role in monitoring
price movements to ensure that the current duopoly structure does not
lead to high end-user prices, and should explore the option of introducing
a system of cylinder ownership by firms, rather than by individuals, to
accelerate cylinder renewal and to reduce accidents.

The budgetary implications of an intervention program cannot be
ignored, particularly given the many pressing issues that the Guatemalan
government faces. These suggested interventions seek to make current
arrangements more efficient and effective in combating IAP, rather than
introducing entirely new arrangements. In addition to a more targeted
use of existing budgetary resources, additional financing will also be
necessary. The new financing would have to cover the establishment of a
technical stove unit and an increase in the number of staff in the Ministry
of Health’s Environment Unit involved with IAP monitoring and infor-
mation dissemination. Given the close link between this issue and
maternal and child health, it is expected that these increased costs would
be offset in the longer term by improvements in health.

The sequencing of some of these events, if these recommendations are
followed, is important. For example, the first move by the government
would need to be the establishment of the intersectoral coordination
group and technical stoves unit. Changes to the FIS program cannot
precede this move. 

These changes imply a change in the incentive framework under which
all IAP stakeholders operate. Opening up the FIS program to more than
one design would result in opening up the improved stoves market to
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several other market players, including regional players; this would
increase the options for the user and, in the long term, would bring down
the prices of improved stoves. It would also force the stove manufacturers
to make more than one design, and would provide an incentive to NGOs
to organize demand and to deliver the service. This would be a significant
change from the current situation in which the manufacture of each differ-
ent stove is the sole preserve of a single maker, and in which distinct stove
programs are led by NGOs, typically supported by foreign donors. If the
FIS were to offer a fixed subsidy amount for all certified improved stoves,
the market could provide improved stoves (including LPG stoves) at
different price levels, so that the user could make the choice between
perhaps an expensive, large stove with a long life (such as the current FIS
plancha) and a cheaper, small stove with a shorter life for which the FIS
subsidy might cover the full cost.

The activities under this study were chosen to complement existing
activities in Guatemala, and are therefore by no means comprehensive.
The focus of the study has been to provide policy makers with informa-
tion on the possible extent of the IAP problem in Guatemala. Particular
emphasis has been given to policy recommendations to enhance the
impact of existing improved stoves and LPG programs. Key areas requir-
ing further investigation include the following:

• research into the changes in exposure to PM2.5 (particulate matter with
an aerodynamic diameter less than 2.5 microns) of different members
of the household when using an improved stove under real conditions
(with a focus on operation and maintenance of the stove), and the
corresponding impact on health

• analysis of the costs and benefits of different mitigation options 
• analysis of LPG availability and corresponding issues in rural areas 
• assessment of current and planned rural development programs, and

provision of recommendations based on worldwide experience on how
best to integrate the technical options for mitigating IAP into the context
of these programs

In conclusion, IAP must be made a priority in Guatemala. Despite the
many knowledge gaps, there is a strong case that the government and
other stakeholders should act to address this issue, in particular because
of its close links to child mortality and maternal health.

Notes

1. Acute respiratory infection, ARI, may include acute lower respiratory tract
infection (ALRI) or acute upper respiratory tract infection (AURI).
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2. In clarification, ARI can be caused by a number of factors. Worldwide health
studies suggest there is strong evidence of a link between IAP and ARI, particu-
larly in small children.

3. Based on figures received from MSPAS. Note that these may be underrepre-
sentative due to underreporting in some departamentos. Furthermore, trends are
difficult to analyze because the increase may reflect improvements in the health
surveillance system, rather than in epidemiological factors.
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1
Introduction

Exposure to indoor air pollution (IAP) can be attributed to two princi-
pal sources. Historically, the most important sources have been cooking
and household heating using solid fuels such as firewood, coal, manure,
and agricultural waste. More recently, environmental tobacco smoke (ETS)
has also been identified as a major source of exposure in industrial
countries.

Recognition of the problems of IAP, and specifically of its harmful effects
on health, is growing worldwide. Half the world’s population is exposed
to IAP, mainly through burning solid fuels for cooking and heating, and
work is increasing to understand and articulate the complex links between
health and air pollution and to address the health effects of IAP. Much evi-
dence has been documented, for example, that associates biomass fuel com-
bustion with the incidence of chronic bronchitis in women and of acute
respiratory infection (ARI) in children (relevant references are cited in later
sections of this report).

A World Health Organization (WHO) report concluded that consistent
evidence exists that exposure to biomass smoke increases the risk of a range
of common and serious diseases in both children and adults (WHO 2002).
Most notable among these diseases are acute lower respiratory infections
(ALRIs)1 —in particular, pneumonia—in children. The report also identified
IAP due to solid fuels as one of the 10 main risk factors behind a substan-
tial proportion of the leading causes of death and disability. Indoor smoke
from solid fuels causes an estimated 1.6 million deaths annually and
accounts for 2.7 percent of the global burden of disease; global estimates
also attribute 36 percent of all lower respiratory infections, 22 percent of
chronic obstructive pulmonary disease (COPD), and 1.5 percent of trachea,
bronchus, and lung cancer to IAP.

In rural areas especially, burning traditional fuels in ill-designed stoves
or hearths exposes women and children to harmful concentrations of
particulate matter and gaseous pollutants. Women who spend large amounts
of time cooking and young children who spend time around these women
are at risk in particular. The World Bank’s Environmental Strategy for the
Energy Sector estimated that, in developing countries, nearly 60 percent
of premature deaths caused by local air pollution are children under
the age of five who are exposed to pollution from dirty cooking fuels
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(World Bank 1999). In high-mortality developing countries worldwide it is
estimated that 3.7 percent of the disability-adjusted life years (DALYs)2 lost
to disease are due to indoor smoke from solid fuels. In high-mortality coun-
tries in the Americas, typically in Latin America, it is estimated that indoor
smoke from solid fuels annually causes 10,000 deaths and 298,000 years of
life lost (WHO 2002).

The literature and the experience of various countries indicate that mit-
igation of the health impacts of IAP can be achieved through moving up
the energy ladder, from fuelwood to cleaner liquid or gaseous fuels, such as
kerosene and liquefied petroleum gas (LPG), and ultimately to electricity.
At the lower end of the energy ladder, better ventilation and the use of
stoves that vent smoke through a chimney can decrease exposure to the
harmful emission of pollutants. Figure 1.1 illustrates these different fuel
and technology options. The policies that would facilitate the spread of
these options are cross-sectoral, and include fuel pricing and distribution poli-
cies, small business development, income generation activities, and health
education. Behavioral and cultural factors are also important when con-
sidering technical mitigation options to achieve positive health effects.
Together with the barrier posed by a lack of information, these factors are
often the greatest barriers that need to be addressed.
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Nature of the Problem in Guatemala

To provide a background to understanding the nature of the problem of
health impacts of IAP in Guatemala, the following sections review the lit-
erature on exposure monitoring and statistics on morbidity and mortality
due to ARI in Guatemala. Furthermore, the importance of the problem in
Guatemala is underscored based on the specific context of the country
including the close link between IAP and poverty, levels of rural electrifi-
cation, and traditional fuel use.

ALRI and Exposure Monitoring in Guatemala

Recent statistics (table 1.1) from the Ministry of Public Health and Social
Assistance (Ministerio de Salud Publica y Asistencia Social; MSPAS) in
Guatemala indicate that between 1997 and 2000 ARI was the country’s single
most important cause of morbidity and mortality. In this period the number
of cases of morbidity due to ARI grew by an average of 31 percent per year.
ARI caused on average two to three times as many deaths as acute diarrhea,
the second most important cause of mortality in Guatemala.

As a subset of these data, the impact of ARI on the health of children
is particularly important. In 1997–2000, pneumonia was the single most
important cause of infant death in Guatemala, accounting for 36 percent of
all registered deaths among infants in 2000.

Table 1.1 Five Principal Causes of General Morbidity and
Five Principal Causes of Mortality in Guatemala, 1997–2000
Morbidity
(per 1,000 habitants) 1997 1998 1999 2000

ARI 54.0 70.2 103.3 118.7
Intestinal parasites 23.6 34.5 39.2 44.5
Acute diarrhea 17.0 28.2 31.1 45.1
Pneumonia and 

bronchial pneumonia 14.8 20.4 23.0 21.6
Anemia 8.8 11.7 19.6 29.1

Mortality
(per 10,000 habitants)

Pneumonias 10.5 11.2 10.8 9.6
Acute diarrhea 4.2 5.6 2.9 3.6
Malnutrition 1.6 1.5 1.6 1.5
Cancer 1.5 1.5 1.5 1.5
Acute heart attack 1.8 1.2 1.5 2.0

Source: MSPAS, Guatemala.
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With the exception of a few individual efforts, activities in the Latin
America and Caribbean region directed to the study of IAP have been
relatively limited. In Guatemala, work on the health impacts of IAP notably
includes measurement of the IAP concentrations associated with various
types of fuel (see Smith and others 1993, Smith and others 2000, and
McCracken and Smith 1998, among others).

In 1992, WHO established a committee to examine the feasibility of
conducting controlled intervention studies to assess the effects on key child
and adult respiratory health outcomes of a measured reduction in exposure
to particulate pollution from biomass fuel cooking. WHO subsequently
sponsored several pilot studies in the western highlands of Guatemala, with
the objective of determining the risk-reduction potential of various inter-
ventions such as fuel substitution, stove alteration, improved ventilation, and
behavior modification (Bruce and others 1998; McCracken and Smith 1998;
Neufeld 1995; Smith and others 1993). Some of these studies and their find-
ings are described below.

Bruce and others (1998) examined the association between respiratory
symptoms and the use of open fires compared with the use of improved
wood-burning stoves with chimneys (or planchas). The study sample was a
cross-section of 340 women ages 15–45 living in a poor, rural area in the west-
ern highlands of Guatemala. This study used direct measures of exposure, and
sought to address the issue of confounding by systematically examining the
extent to which strong associations with confounding variables in the study
settings limited the ability of observational studies to adequately define the
effects of IAP. The study found that the prevalence of reported cough and
phlegm was significantly higher for three of six symptom measures among
women using open fires compared to those using planchas. Strong associa-
tions were also found between the type of fire and a number of household and
socioeconomic factors, including the arrangement of rooms, floor type, and
possession of a radio or television. This study concluded that although a
reasonable case for causal association existed, confounding presented a
substantial problem for observational studies of IAP and health. It concluded,
therefore, that intervention studies were required to convincingly demonstrate
such association and, more importantly, to determine the magnitude of the
health benefit achievable through feasible exposure reductions.

McCracken and Smith (1998) compared the thermal efficiency and emis-
sions of the traditional three-stone fire and the plancha. This study reported
no statistical difference between the efficiency of the plancha and the tradi-
tional stove, but reported a significant difference in the emission of sus-
pended particles and carbon monoxide (CO), the plancha emitting far fewer
of the pollutants than the open fire.

Naeher and others (2000) conducted a study in the western Guatemalan
highlands to determine if the IAP levels in several villages made them viable
candidates for an intervention study monitoring PM2.5 (particulate matter
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with an aerodynamic diameter of less than 2.5 microns) and CO during
breakfast, lunch, and dinner in three high-density and four low-density vil-
lages. The study also investigated the impact of neighborhood pollution on
IAP levels, and characterized indoor concentrations for different meals and
stoves. The predominant stove type was the open fire, but several other
stoves, in various levels of disrepair, were observed. The findings demon-
strated a significant difference in indoor concentrations during cooking
times for the different stoves used. The highest concentrations of PM2.5,
averaging 5.31 mg/m3, were observed in homes using an open fire or equiv-
alent, but measurements in excess of 13.8 mg/m3 were also observed in
homes using the plancha. The highest indoor concentrations of CO, aver-
aging 22.9 ppm (parts per million) were similarly observed in homes using
open fires. The maximum measurement observed was in excess of 250 ppm.
Levels of PM2.5 and CO measured in homes with the plancha, Lorena stove
(an indigenous stove made in Guatemala that pre-dates the plancha and is
made of earth and sand), or open fire were significantly higher than the
levels recorded in the street or in homes using a gas stove. From an exposure-
based assessment perspective, the study concluded that the region was a
viable area in which to conduct an epidemiological intervention study of
the association between biomass fuel combustion and ARI and other health
effects in women and children. The variation of indoor levels of PM2.5 and
CO in homes using planchas additionally suggested the need for closer mon-
itoring of exposures in households with planchas.

In another study, Naeher, Leaderer, and Smith (2000) examined the effec-
tiveness of various stoves in reducing IAP. The study assessed indoor and
outdoor pollution levels, primarily of particulate matter and CO, associ-
ated with traditional and improved wood stoves and gas stoves, taking
measurements in kitchens, bedrooms, and outdoors in three test homes
before and after the introduction of potential exposure-reducing interven-
tions. With nine observations, these studies found that kitchen PM2.5, PM10
(particulate matter with an aerodynamic diameter less than 10 microns),
and CO levels for open fire conditions were consistently higher than for
plancha and gas stove conditions. Kitchen PM2.5 levels were 56 �g/m3 under
background conditions, 528 �g/m3 for open fire conditions, 96 �g/m3 for
plancha conditions, and 57�g/m3 for gas stove conditions. Corresponding
PM10/TSP (total suspended particles) levels were 173/174, 717/836, 210/276,
186/218 �g/m3,  and corresponding CO levels were 0.2, 5.9, 1.4, and 1.2 ppm
(see table 1.2). Comparisons with other studies in the area indicated that
reductions in indoor concentrations achieved by improved wood-burning
stoves deteriorate with stove age. The study concluded that the use of better
wood stoves with flues and of gas stoves reduced exposure to 10 to 20 per-
cent of that observed in kitchens using open fires for cooking.

Particulate matter would be the best indicator of pollutant risks from fuel
combustion for studies of childhood ARI, but the large scale, long duration,
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and difficult logistics of such studies make the widespread use of particulate
monitoring complicated and expensive. Naeher and others (2001) investi-
gated efficient and effective PM2.5 measurements and examined how per-
sonal measurements relate to area measurements. The study showed that
CO is a strong proxy for PM2.5 exposure in homes using open fires or plan-
chas, but that its use as a proxy is not valid under gas stove use or similarly
clean-burning conditions. This finding was in agreement with McCracken and
Smith (1998). The study also reported that a mother’s personal CO exposure
is strongly correlated with that of her child (less than age two), suggesting
that mother personal CO exposure monitoring can be used as a proxy for
child CO exposure monitoring. The study demonstrated that area CO mea-
surements are not representative of personal CO measurements.

Albalak and others (2001) measured the indoor respirable particulate
matter concentrations caused by open fire, plancha, and LPG and open fire
combination in a rural Guatemalan community. The study included 30 house-
holds and compared PM3.5 concentrations over eight months in each
situation. Its findings showed a 45 percent lower PM3.5 concentration for
the LPG and open fire combination than for the open fire alone. The plancha
showed an 85 percent lower PM3.5 concentration compared to the open fire.
The PM3.5 concentrations were not affected by time or season.

Emerging from the background of pilot and other studies that have been
conducted in Guatemala is a recently initiated intervention study, financed
by the U.S. National Institutes of Health, being conducted by Kirk Smith
and colleagues in the San Marcos area of the Guatemalan highlands. Some
of the studies described above were included in the feasibility studies that
were used to design Smith’s intervention study. The study is expected to
last two years, and hopes to achieve the following:

• reduction or elimination of the confusing variables in the IAP-health
nexus that are due to random design selection
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Table 1.2 Comparison of Indoor Pollution Levels from Open
Fire, Plancha, and LPG Stove in the Guatemalan Highlands

Indoor concentration of pollutant

PM2.5 PM10 CO
Type of stove (�g/m3) (�g/m3) (mg/m3)

Open fire 527 (248.5) 717 (284.6) 5.9
Plancha 96.5 (66.5) 186.3 (89.5) 1.4
LPG stove 56.8 (19.0) 210.2 (100.3) 1.2

Source: Naeher, Leaderer, and Smith 2000.

Note: PM2.5 and PM10 � Particulate matter with an aerodynamic diameter less than
2.5 microns and 10 microns, respectively. Numbers in parentheses are standard deviations.



• quantification of risks to permit the direct measurement of exposure
• standard definition of cases and thorough confirmation of cases in the

community
• direct proof of the effects on health of an accepted and practical intervention

in the area

The Country Context

The preceding section indicates that ARI and pneumonia are the leading
causes of morbidity and mortality in Guatemala, and describes the work
under way to show the extent of the links between these diseases and IAP.
Equally important, however, is the country context and the close linkage
between IAP and poverty, levels of rural electrification, and traditional fuel
use. In Guatemala, IAP arises from the burning of fuelwood, typically on a
three-stone fire. The rural poor are disproportionately affected by IAP
because they have no alternative to the use of fuelwood, because they are
not connected with the electricity grid, or cannot afford cleaner fuels. The
recent Guatemala Poverty Assessment Report provides the following
country-level data on these factors (World Bank 2003):

• High incidence of poverty. In 2000, more than half of all Guatemalans (56 per-
cent, or about 6.4 million people) lived in poverty, and at a level that sug-
gests that poverty is higher than in other Central American countries,
despite Guatemala’s mid-range ranking using per capita GDP. 

• Low levels of rural electrification. Access to modern utility services is highly
inequitable. While access to electricity is almost universal in urban areas,
the grid reaches little more than half of rural households. Fewer than
40 percent of the poorest households have electricity connection,
compared to 95 percent of the richest households. 

• Large rural populations. More than 60 percent of the Guatemalan popula-
tion lives in rural areas. Poverty in Guatemala is predominantly rural
and extreme poverty3 is almost exclusively rural. Eighty-one percent of
the poor and 93 percent of the extreme poor live in the countryside. Three-
quarters of all rural residents fall below the full poverty line,4 and one-
quarter live in extreme poverty.

• High levels of traditional fuel use. Fuelwood is the dominant cooking fuel
in 97 percent of households in rural areas. Among rural households,
42 percent use fuelwood only, and 55 percent practice multiple fuel use.

The Poverty Assessment Report identifies five priority groups to which
poverty reduction efforts should be targeted:

• poor and malnourished children, especially in the age groups 0–6 years
and 7–13 years
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• poor girls and women
• poor indigenous households
• the rural poor
• specific geographic areas, notably in the “poverty belt” (the northern

and northwestern regions and the departamento of San Marcos)

In the rural Guatemalan highlands, approximately 400,000 children under
age five live in homes in which open fires are used for cooking. The risks of
ARI are increased by poverty, inadequate dwellings, overcrowding, mal-
nutrition, deficiency of micronutrients, indoor and outdoor air pollution,
and environmental tobacco smoke. These findings underscore the strate-
gic importance and timeliness of a study to improve the understanding of
the impact of IAP on the health of vulnerable groups in Guatemala and to
assess the policy options for mitigating these impacts.

Context for This Report

The study reported here was carried out between October 2001 and June
2003 with support from ESMAP (Energy Sector Management Assistance
Program). This report summarizes the findings of each of a series of sub-
studies, as well as of two workshops, and presents final recommendations.

The two objectives of this study were to estimate the health impacts of
traditional fuel use and to outline strategies and policies for mitigating the
environmental health damage due to household fuel use. Mitigation of IAP
from the use of traditional biomass fuels is identified in the World Bank’s
Fuel for Thought: Environmental Strategy for the Energy Sector as a high prior-
ity (World Bank 1999). In addition, given the close linkages between IAP
and women’s and children’s health, this study provides information for the
government of Guatemala that relates to its pursuit of the Millennium
Development Goals of reducing child mortality and improving maternal
health.

The study, conducted in response to a request by the Guatemalan Ministry
of Energy and Mines, is the first of its type conducted by the World Bank in
Latin America and the Caribbean. The rich source of data on the subject of
IAP and health; the close link between IAP and poverty; and the potential
replicability for applying the lessons learned through this work to other
Central American countries that face similar issues, were important con-
siderations in carrying out this study.

Individual Studies

The major activities included individual studies of specific aspects of the
IAP and health matrix, and two dissemination workshops. Four specific
studies were carried out under the overall study:
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• a review of the literature on IAP and health globally and in Guatemala,
and an estimate of the health implications of not addressing the prob-
lem of ARIs and IAP, either through policy interventions or technical
mitigation measures

• a review of two major surveys conducted in Guatemala—the 1998–99
Demographic and Health Survey (DHS), and the 2000 Living Standards
Measurement Study (LSMS)—to investigate the potential relationship
between energy use and IAP

• an evaluation of improved stoves programs in Guatemala, and a focused
review of the cost structure of providing stoves under such programs

• a study of the LPG industry and market in Guatemala

These activities were chosen to complement activities that were under
way in Guatemala at the time, including a Poverty Assessment financed by
the Bank, an ESMAP-sponsored network in Central America on Women
and Improved Stoves, and exposure monitoring through an intervention
study financed by the U.S. National Institutes of Health. In addition, at the
time of the study the Bank and other development partners were providing
support to the Social Investment Fund (Fondo de Inversión Social; FIS),
which included, as one component in a menu of poverty reduction actions,
the largest improved stoves program in Guatemala. (This study includes a
review of and corresponding policy recommendations to enhance the impact
of this particular program, with respect to reducing IAP).

This study is by no means comprehensive. Potential future areas of inves-
tigation include the following:

• analysis of the changes in exposure to PM2.5 of different members of a
household upon introduction of an improved stove under real condi-
tions (with a focus on both operation and maintenance of the stove), and
the corresponding impact on health

• analysis of the costs and benefits of different mitigation options
• analysis of LPG availability and corresponding issues in rural areas
• assessment of rural development programs to establish, based on

worldwide experience, how best to integrate the technical options for
mitigating IAP in the context of these programs

Structure of the Report

Chapters 2 through 5 describe the findings and recommendations of the
four studies listed in this chapter. Chapter 2 presents the results of an
exploratory study, based on two large household surveys conducted between
1998 and 2000, and attempts to examine the links between energy use and
health. Chapter 3 presents a review of exposure-monitoring studies in
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Guatemala and attempts to carry out some informal estimates (based on
worldwide IAP health studies) of the health implications of not address-
ing the problem of ARIs and IAP, either through policy interventions or
technical mitigation measures. Chapter 4 examines one of the most active
stove programs in Central America. Chapter 5 assesses the LPG market in
Guatemala, to gain a better understanding of some of the current and poten-
tial future problems that might discourage households from using LPG.
Finally, chapter 6 summarizes our policy recommendations, incorporating
feedback from the two workshops, and emphasizes the need for a multi-
sectoral approach to address this issue, which is so closely linked with the
Millennium Development Goals and Guatemala’s development.

Notes

1. Acute respiratory infection (ARI) may comprise acute lower respiratory
infection (ALRI) or acute upper respiratory infection (AURI).

2. The DALY is a standard metric of the burden of disease. DALYs combine life
years lost as a result of illness and disability, with one DALY being equal to the loss
of one healthy life year (Murray and López 1996).

3. The extreme poverty line is defined by the yearly cost of a food basket that
provides the minimum daily requirement of 2,172 calories (World Bank 2003).

4. The full poverty line is defined as the extreme poverty line plus an allowance
for nonfood items (World Bank 2003).
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2
Indoor Air Pollution

and Health: Evidence from
the Demographic and Health

Survey and the Living
Standards Measurement Study

Inhaling smoke from wood combustion affects human health in ways
that depend on the levels and degree of exposure. Smoke inhalation is,
for example, one of the main causes of death due to respiratory complica-
tions following fires (Dantzker and Scharf 2000). The effects of inhalation
can be temporary or chronic, can generate permanent lesions as bronchitis
does, or can cause infections such as pneumonia. In the absence of proper
care, complications of any of these pathologies can cause death. In Latin
America there has been little study of the health effects of indoor air pollution
(IAP), although voices of alert on the subject can be traced back at least two
decades in local medical literature (Restrepo and others 1983). Studies in
Nicaragua have recently shown that acute respiratory infections (ARIs), in
many cases linked to fuelwood smoke exposure, are the second leading
cause of death among infants, after diarrhea. Respiratory illnesses associ-
ated with IAP are also one of the main burdens of disease treated by the
public health system: The cost of treating ARIs directly caused by fuelwood
smoke reaches a conservative minimum estimate of US$4 million annually
in Nicaragua. 

The purpose of this chapter is to present the results of a study that
examines the relationship between the use of different types of fuels and the
implications for the health of women and children in Guatemala. This is
an exploratory study based on two large household surveys conducted
during the years 2000 and 1998–99. Both of these household surveys provide
indicators and measures of both health and energy use. The goal is to
examine any links between energy use and health for Guatemala.  This is
complementary to ongoing major work being completed in Guatemala on
this topic (see Boy, Bruce, and Delgado 2002; Bruce, Neufeld, Boy, and West
1998; Boy, Bruce, Smith, and Hernández 2000).
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The Survey Samples

The two main data sources used for this study were the 2000 Living
Standards Measurement Study (LSMS) published by World Bank/INE/UN
(2000) and the 1998–1999 Demographic and Health Survey (DHS) for
Guatemala (Macro International 1999). The LSMS is a multipurpose survey
that is used as the basis of the World Bank country poverty assessments.
The DHS survey, which collects information mainly on children under age
five and the women who take care of them, has become a fairly standard-
ized approach to evaluating issues of health, mortality, and fertility in devel-
oping countries. The data from these surveys are analyzed to assess the
impact of the use of various types of energy or the use of particular stoves
on health in Guatemala. Both of these surveys are weak when used for such
analysis, but the results are suggestive with regard both to substantive find-
ings and to implications for areas of further research.   

The DHS Sample

For the 1998–1999 DHS survey, 5,587 households representing 30,874 family
members were interviewed on issues involving the health of women and
children in the family. A total of 6,756 women between the ages of 15 and
49 were interviewed. The survey also provided information on 4,943 children
born during the previous five years, of which about 5 percent had died. The
survey sample was designed to be representative at the national and regional
levels. Although the number of interviews in several of the regions was
small compared to population size (particularly metropolitan Guatemala,
which provided 8.1 percent of the sample compared to 32.9 percent of
the universe), the results are representative of the country as a whole.
(See table 2.1.)

The survey coverage for metropolitan areas in Guatemala is somewhat
low, but this was probably due to a greater policy interest in rural health
and demographic issues. For descriptive analysis, care must to be taken to
weight each case by its corresponding weighting factor. The major weak-
ness of the DHS data for this study is the lack of information on household
income or expenditures. A wealth index composed of various types of house-
hold assets is used as a proxy for income, but while this is useful for many
types of studies it raises a problem for the analysis carried out in this chap-
ter, because it encompasses within the index the type of stove and energy
used by each household.

The LSMS Sample

The sample for the LSMS study was designed to be representative nation-
ally and regionally. The LSMS is a multipurpose survey of which health is
just a small component. A total of 7,276 households, representing 37,926
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Table 2.1 Sample Distribution: Guatemala 1998–1999 DHS
Region

Results Metropolitan North Northeast Southeast Central Southwest Northwest Petén Total

Actual sample
Households interviewed 455 413 640 399 752 1,152 703 1,073 5,587
Individuals 2,302 2,319 3,294 2,161 3,827 6,597 4,182 6,192 30,874
Eligible women (ages 15–49) 599 507 737 456 862 1,463 906 1,226 6,756

Weighted sample
Households interviewed 1,840 362 502 499 580 1,103 549 152 5,587
Eligible women (ages 15–49) 2,112 389 481 490 571 1,208 617 152 6,021

Household distribution (%)
Unweighted results 8.1 7.4 11.5 7.1 13.5 20.6 12.6 19.2 100.0
Weighted results 32.9 6.5 9.0 8.9 10.4 19.7 9.8 2.7 100.0

Source: DHS (Macro International 1999).

Note: The unweighted results summarize the information from the survey based on sample households, and the weighted results provide
weights to the sample households so that the averages are representative of figures for Guatemala.



individuals, were surveyed for the Encuesta Nacional sobre Condiciones de
Vida 2000 (World Bank, INE, and United Nations 2000), distributed by region
and urban and rural breakdown as shown in table 2.2. The survey covered
6,074 children under age five.

In contrast to the DHS survey, one of the main features of the LSMS is
that it explicitly measures household income, consumer expenditure, and
poverty levels. It also includes detailed questions on energy use, the type of
kitchen and stoves used by the household, and additional variables related
to IAP that are not investigated by the DHS. For example, the survey
measures each fuel used for cooking, along with the time spent cooking on
the previous day by each household member. This can serve as a proxy for
exposure to IAP, particularly for young infants who typically spend much
of their time with their mothers. The treatment of health in the LSMS, and
especially of ARI, is much less specific than in the DHS.

Each survey thus has both strong and weak points in relation to its applic-
ability to this analysis. The LSMS is strong on the measurement of social
and economic characteristics of rural households, but is relatively weak in
terms of its attention to health issues. The DHS is strong on the measurement
of women’s and children’s health, but is fairly weak in its examination of the
socioeconomic characteristics of the families surveyed.

Socioeconomic Profile

While the two surveys differ in their sampling and questioning techniques,
they have enough variables in common to enable joint presentation of the
socioeconomic and energy use aspects that they assess. This section high-
lights those socioeconomic aspects considered most relevant to the analy-
sis of IAP and infant health.

The urban-rural distribution of households by region indicates that
roughly 56 percent of the population in Guatemala is rural and 44 percent
urban. The average urban household in Guatemala has between 4.67 (DHS)
and 4.97 (LSMS) members. Rural households averaged 5.7 members in both
surveys. Between 18.4 percent and 19.5 percent of households overall are
headed by women, with the proportion of female-headed households slightly
higher in urban settings (23.1 percent according to LSMS and 23.7 percent
according to DHS).

The level of household income and poverty was examined only in
the LSMS. According to the LSMS, only 1.7 percent of the urban population
can be classified as extremely poor, compared to 17.8 percent of the rural
population. The national average is 10.8 percent. Non-extreme poverty in
urban areas affects 18.3 percent of the population, compared to 47.8 per-
cent in rural areas. While only 34.4 percent of Guatemala’s rural popula-
tion is classified as nonpoor, this level of well-being has been reached by
80 percent of the country’s urban population. The incidence of extreme
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Table 2.2 Sample Distribution: Guatemala 2000 LSMS
Region

LSMS Sample Metropolitan North Northeast Southeast Central Southwest Northwest Petén Total

Unweighted results (thousands)
Urban households 807 392 375 326 427 427 404 266 3,424
Urban persons 3,431 1,916 1,658 1,575 2,048 2,128 2,120 1,312 16,188
Rural households 119 406 224 479 824 688 793 319 3,852
Rural persons 596 2,419 1,114 2,581 4,304 3,925 4,881 1,918 21,738
Total households 926 798 599 805 1,251 1,115 1,197 585 7,276
Total persons 4,027 4,335 2,772 4,156 6,352 6,053 7,001 3,230 37,926

Weighted results (thousands)
Urban households 480 29 53 46 112 161 46 20 951
Urban persons 2,113 146 241 230 540 818 246 102 4,441
Rural households 70 129 139 141 129 386 198 44 1,239
Rural persons 387 773 693 769 682 2,212 1,223 269 7,012
Total households 551 159 192 188 242 547 244 65 2,191
Total persons 2,501 919 935 999 1,222 3,030 1,470 372 11,453

Percent distribution
Urban

Sample 23.6 11.4 11.0 9.5 12.5 12.5 11.8 7.8 100
Universe 50.5 3.1 5.6 4.9 11.9 16.9 4.9 2.2 100

Rural
Sample 3.1 10.5 5.8 12.4 21.4 17.9 20.6 8.3 100
Universe 5.7 10.5 11.3 11.4 10.4 31.2 16.0 3.6 100

Total
Sample 12.7 11.0 8.2 11.1 17.2 15.3 16.5 8.0 100
Universe 25.2 7.3 8.8 8.6 11.1 25.0 11.2 3.0 100

Source: LSMS data files (World Bank/INE/UN 2000).

Note: The unweighted results summarize the information from the survey based on sample households, and the weighted results provide weights to the
sample households so that the averages are representative of figures for Guatemala.



poverty is highest in the rural areas of the north (35.7 percent) and northwest
(28.2 percent), but in absolute terms 29.1 percent of the country’s rural
extreme poor live in the southwest, followed by the northwest (25.3 per-
cent) and north (21.0 percent).

In the absence of income data in the DHS, analysts such as Filmer and
Pritchett (1998) established that from the standard list of household assets
and basic services (such as running water and garbage disposal) obtained
by such surveys, it is possible to generate an “asset index” as a proxy for
relative household wealth. Thus, a household asset index was developed
from the LSMS data that is similar to the index used by the DHS. The per-
centage of the total variance explained by the DHS-style wealth index is
about 28 percent for income per person, 22 percent for family income in the
country, and less for rural households.1 The DHS index as a proxy for family
income therefore does have some weaknesses.

The relationship between parental education and childcare, child health,
and infant survival rates is important. Both studies in general indicate less
formal schooling among mothers than fathers and less educational
attainment among parents in rural households than in urban homes.
Both also show the highest schooling among parents to exist in metropoli-
tan Guatemala and the lowest schooling to exist in the northwest and north.

Around 76 percent of Guatemalan households live in homes of their
own. Home ownership is particularly high in rural areas, and less so in
urban areas, especially the metropolitan region, where rented homes are
more common. The construction materials used are good indicators of
relative well-being or quality of life. For example, more than 50 percent
of rural households and approximately 20 percent of urban households
live in homes with earth floors. Regionally, earth floors are predominant
in the north (72 percent) northwest (68–69 percent), and Petén. These
three regions generally lag behind the others for all socioeconomic
indicators, with the metropolitan area generally showing the strongest
indicators.

The amenities in the home can also have a significant impact on family
health. Electricity is available to slightly more than 70 percent of Guatemalan
households; but where urban coverage surpasses 90 percent, the electrifi-
cation of rural households reaches only about 55 percent. The region with
the highest coverage is the metropolitan area, with the north, Petén, and
the northwest again lagging for this indicator (table 2.3). Approximately
42 percent of all households still use traditional pit latrines and 13 percent
have no toilet facilities at all. Approximately 80 percent of all households pos-
sess radios. Access to television is widespread: around 80 percent among
urban households and 37 percent among rural homes, for a national aver-
age of about 55 percent. Telephone coverage is sparse (less than 7 percent
in rural areas and only 17 percent nationally). Few households own cars or
motorcycles.
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Household Energy Use and IAP Factors

Cooking with fuelwood under poor ventilation conditions has been
demonstrated in the literature to be associated with a higher risk of infant
mortality or morbidity due to ARI. Most of the evidence for this is based on
detailed case studies with small sample sizes. In national surveys, the number
of cases of ARI is much larger and more representative of whole populations,
but the precision of definition of physical, technical, or family parameters is
weak because the questionnaires do not specifically address these issues.
The DHS and LSMS pursue many other objectives and were not designed
specifically to measure the effect of IAP on health, and as such do not directly
measure pollution. They do, however, measure factors that are associated
with IAP, such as the types of fuels used for cooking, the types of kitchens,
the existence of chimneys to vent smoke, and (for the LSMS) the amount of
time spent cooking per day by household members older than age seven.

The DHS study contains questions on the “main fuel” used for cooking,
and has established these as fuelwood and LPG. The use of electricity,
kerosene, and other fuels as the primary cooking fuel extends to only about
1 percent of households countrywide (table 2.4). In urban areas LPG has
supplanted fuelwood as a cooking fuel (in metropolitan Guatemala more
than 75 percent of households use LPG), but in far rural areas fuelwood
continues to dominate, being used in about 97 percent of homes in the north,
96 percent in the northwest, 93 percent in Petén, and 90 percent in the
southwest. However, because the preponderance of the rural population
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Table 2.3 Guatemalan Households with Electricity 
percent

Survey

Area 1998–1999 DHS 2000 LSMS

Total 70.9 73.1
Urban 91.4 95.4
Rural 54.0 56.4

Region
Metropolitan 91.0 95.8
North 33.1 30.1
Northeast 59.3 62.9
Southeast 73.0 69.9
Central 73.3 80.4
Southwest 72.0 76.1
Northwest 43.6 56.5
Petén 30.9 36.0

Source: LSMS (World Bank/INE/UN 2000). DHS (Macro International 1999).
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Table 2.4 Distribution of Main or Single Fuels Used for Cooking in Guatemala from 1998–1999 DHS
percent

Region

Main Fuel Metropolitan North Northeast Southeast Central Southwest Northwest Petén Total

Urban
Wood 22.3 41.5 37.5 50.4 36.8 39.3 76.1 59.7 31.6
Clean fuels 77.7 58.5 62.5 49.5 63.1 60.7 23.9 40.3 68.4
Kerosene 0.9 1.9 1.6 1.2 1.1 0.5 1.0 1.0 1.0
LPG 75.4 55.1 54.6 43.9 60.0 59.1 21.9 38.8 65.4
Electricity 1.4 1.5 0.3 1.5 0.2 0.2 1.0 — 1.1
Other — — 6.0 2.9 1.8 0.9 — 0.5 0.9

Rural
Wood 17.9 97.3 85.7 73.8 74.4 90.1 96.4 92.7 77.8
Clean fuels 82.0 2.6 14.4 26.1 25.6 10.0 3.5 7.3 22.2
Kerosene — — 0.4 0.7 — 0.3 — 0.4 0.2
LPG 78.3 2.3 13.2 24.0 23.9 9.1 3.2 6.4 20.8
Electricity 2.8 — 0.8 — — 0.2 — — 0.5
Other 0.9 0.3 — 1.4 1.7 0.4 0.3 0.5 0.7

Total
Wood 21.3 85.7 68.1 66.2 57.3 75.2 93.5 85.7 57.0
Clean fuels 78.8 14.3 31.9 33.9 42.7 24.8 6.4 14.3 43.0
Kerosene 0.7 0.4 0.8 0.9 0.5 0.3 0.1 0.5 0.5
LPG 76.1 13.3 28.3 30.6 40.3 23.7 5.9 13.3 40.9
Electricity 1.8 0.3 0.6 0.5 0.1 0.2 0.1 — 0.8
Other 0.2 0.3 2.2 1.9 1.8 0.6 0.3 0.5 0.8

Source: Weighted sample estimate from DHS data source provided by Macro International 1999.

Note: The weighted sample means that the figures are representative for  the regions.



lives in near-urban areas, where LPG use is strong, the national average
of rural homes that use clean fuels is 22 percent.

The LSMS for Guatemala took a different approach to determining
the fuels that are used for cooking. Instead of asking about the “main cook-
ing fuel,” the LSMS posed questions on whether the household had used a
fuel for cooking during the last month, regardless of the level of its use
(table 2.5). This allowed households using more than one fuel to give more
than one answer. In this survey, it was found that approximately 95 percent
of rural households and, remarkably, 45 percent of urban households use
some fuelwood for cooking. LPG is used by 78 percent of urban households,
including 83 percent in the metropolitan areas. In rural areas, more than
20 percent of households use LPG to some extent, but as indicated for
the DHS study the pattern of use is influenced by rural people residing in
or near the metropolitan area. Kerosene is used for cooking by more than
8 percent of rural households and by almost 25 percent of urban house-
holds. The implications of this simultaneous use of various fuels are some-
what complex, but represent how people really cook in Guatemala.

To discern the role of each fuel in satisfying cooking needs and to begin
to clarify the health implications, this study estimates the distribution of dif-
ferent fuel combinations used by urban and rural households in each of the
country’s regions. In urban areas, between 37 percent and 49 percent of
households simultaneously use fuelwood and LPG or other clean cooking
fuels, in proportions that cannot be discerned from these data. It is also
impossible to accurately assess if the two fuels are used daily and for how
much time, but recent studies in urban Nicaragua provide some insight
into this by taking into account financial considerations and the types of
foods consumed. For example, beans are a staple of the typical Guatemalan
diet, and cooking beans requires four or more hours once or twice a week.
For many households it would therefore be cheaper to cook beans with
fuelwood, with LPG used for other foods such as rice or meats.

Most rural households rely solely on fuelwood for their cooking needs
(69 percent), and few have made the switch to solely clean fuels (3 percent).
Nonetheless, it is becoming more usual for rural households, as for their
urban counterparts, to combine the use of fuelwood with clean fuels. This
combining of fuels now ranges from 7 percent in Petén and 8 percent in the
north to almost 38 percent in the northeast and metropolitan regions. In
many rural areas of Latin America, where firewood generally is self-collected
and thus is perceived as “free,” dual-fuel households are common, with the
clean fuel used for quick cooking, such as the preparation of breakfasts for
children going off to school or for heating water, and fuelwood used for all
other cooking. In conclusion, the LSMS results on cooking fuels seem to
indicate that the DHS, by ignoring the fact that approximately two out of
every three consumers maintains at least some reliance on fuelwood,
overestimates the use of clean fuels in Guatemala.
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Table 2.5 Summary of All Fuels Used for Cooking by Guatemalan Households 
percent

Region

Fuels used Urban Rural Metropolitan North Northeast Southeast Central Southwest Northwest Petén Total

Fuelwood 45.2 95.4 32.0 94.0 77.9 89.7 79.8 87.9 95.3 92.1 73.6
Kerosene 1.4 8.4 0.8 7.3 8.9 6.2 5.6 7.4 2.9 18.3 5.4
LPG 78.0 20.3 82.9 15.4 45.9 31.9 49.2 35.8 13.9 22.3 45.3
Charcoal 24.6 3.4 31.0 1.6 11.1 5.8 12.4 5.7 3.3 2.4 12.6
Electricity 4.8 0.8 4.1 1.0 4.9 1.8 2.6 1.7 1.9 0.7 2.5
Other 3.1 11.5 2.7 2.5 8.2 5.3 2.1 15.1 16.1 1.4 7.9

Source: LSMS (World Bank/INE/UN 2000).



Other factors influencing exposure to IAP include the type of kitchen
used and ventilation. While neither the DHS nor the LSMS provides
information on room sizes or the presence of windows, both classify the
type of kitchen and ask whether chimneys are used. The data show that
close to 80 percent of households, both urban and rural, have a kitchen used
exclusively for cooking. The other 20 percent of households live either in
single-room dwellings or cook in rooms that are also used for other purposes,
thus increasing the exposure to fuelwood smoke. Despite progress in the
implementation of the improved stoves program, it is uncommon for
kitchens to have chimneys.

For assessing IAP levels, households (with any kind of kitchen) that use
a clean fuel are combined into a single category with households that have
an outdoor kitchen and that use any kind of fuel (table 2.6). Among urban
households, about 40 percent can be classified as having low exposure
levels; among rural households the figure is about 6 percent. Conditions
of highest exposure—that is, cooking with fuelwood within a space
shared with other household activities—are present in 20 percent of rural
households.

The exposure of women and children to cooking smoke is an important
health issue for Guatemala. The time spent by male family members cooking
is negligible. Females, noticeably the mothers in the household, perform
most of the cooking, and most mothers who depend solely on fuelwood
spend more time cooking than those who use a mixture of clean and dirty
fuels (and all spend more time than those who use only clean fuels). The
women who use only fuelwood spend between 2.01 and 3.04 hours per day
cooking, compared to 1.45 to 2.34 hours spent by those who use modern
fuels. Given the childcare patterns observed by Naeher and others (2000)
in Guatemalan villages, it is possible that infants younger than 12 or 15
months could be exposed to high concentrations of carbon monoxide (CO)
and particulates for much of the 2.26 hours on average that their mothers
spend cooking.

Infant Respiratory Illness Analysis
and the National Surveys

The ultimate objective of this study is to explore the data generated by
Guatemala’s national DHS and LSMS surveys for evidence of the differen-
tial effects that exposure to IAP, or more specifically, to fuelwood smoke,
might have on infant mortality and respiratory illness. In this section, the
relationship between energy use and the conditions associated with IAP
and respiratory health in children under age five are explored. This group
was selected because the literature shows that children of this age are most
vulnerable to ARI, but also because the two national surveys limit their
measurement of respiratory illness to infants and young children.
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Table 2.6 Combination of Fuels and Kitchen Facilities in Guatemalan Homes 
percent
Fuel and Region
kitchen Type of Type of
combination fuel kitchen Metropolitan North Northeast Southeast Central Southwest Northwest Petén Total

Urban
1. Worst Dirty Shared 2.2 10.6 3.5 6.2 10.0 2.1 13.5 9.9 4.4
2. Mixed Shared 18.9 6.3 16.0 12.3 24.0 9.9 13.2 11.1 16.7
3. Dirty Exclusive 2.7 29.1 15.8 19.5 17.6 20.7 22.4 27.5 11.4
4. Mixed Exclusive 24.9 30.2 24.4 31.1 24.4 35.6 32.1 28.9 27.5
5. Best Clean Outdoors 51.3 23.8 40.4 30.8 24.0 31.7 18.7 22.6 40.1

Rural
1. Worst Dirty Shared 12.6 38.9 14.8 7.8 30.2 16.0 24.8 19.5 20.1
2. Mixed Shared 7.3 1.2 12.0 4.7 11.1 13.4 9.9 0.8 9.4
3. Dirty Exclusive 41.9 51.7 38.7 61.5 31.1 44.9 52.8 68.2 47.3
4. Mixed Exclusive 29.9 6.4 24.8 18.0 16.8 20.6 11.1 6.2 17.4
5. Best Clean Outdoors 8.3 1.9 9.6 8.1 10.9 5.1 1.4 5.2 5.8

Total
1. Worst Dirty Shared 3.5 33.7 11.7 7.4 20.7 11.9 22.7 16.5 13.3
2. Mixed Shared 17.4 2.1 13.1 6.6 17.1 12.4 10.6 4.1 12.5
3. Dirty Exclusive 7.7 47.5 32.3 51.1 24.8 37.8 47.1 55.3 31.7
4. Mixed Exclusive 25.5 10.8 24.7 21.2 20.3 25.0 15.1 13.4 21.8
5. Best Clean Outdoors 45.8 5.9 18.1 13.7 17.1 12.9 4.6 10.7 20.7

Total 100 100 100 100 100 100 100 100 100

Source: LSMS (World Bank/INE/UN 2000).

Note: Rankings (worst to best) are based on exposure to IAP. When clean fuels are used, there are negligible or no emissions, so they do not matter.
When cooking outdoors, exposure to IAP is considered negligible, regardless of the fuel used.



The two infant health issues that can be addressed using these national
surveys are infant morbidity and mortality. Only the DHS study has infor-
mation on mortality of children younger than age five, but out of a total of
4,435 children up to age five, only 227 (5.1 percent) were reported to have
died. It was impossible to use these data to examine the relationship between
household characteristics and the infant mortality rate. The LSMS likewise
does not account for deceased children. Both surveys do, however, provide
information on children’s respiratory illness: The DHS and LSMS asked the
parents and guardians whether their children had experienced respiratory
illness during the previous two weeks and one month, respectively.
Therefore, in this section the relationship between children’s respiratory
illness and factors related to IAP are examined.

Evidence from the DHS Study

The DHS collected information on both respiratory illness and the types of
fuels used and the cooking environment in the home. Questions were asked
of the guardian regarding any illnesses suffered by children in the house
during the previous two weeks. One category of illness noted was the res-
piratory problem of a cough and shortness of breath; another was for the
same symptoms but accompanied by fever. Combining this information
with the information on household characteristics of fuel use and type of
kitchen can indicate whether the presence of smoke in the household has an
impact on children’s health.

The findings from this study are consistent with some of the recent
literature on IAP and health. The most serious ARI symptoms were present in
15 percent of children living in homes cooking with fuelwood and in
11 percent of children living in homes using clean fuels (table 2.7). A sepa-
rate room for cooking seems significant for the prevention of ARI symp-
toms: About 18 percent of children in homes with common cooking and
sleeping or living quarters have serious symptoms, compared to 13 percent
of children living in homes with a separate kitchen. Combining these two
findings, homes that use biomass fuels and that have a shared-use kitchen
have a serious-infection rate of 19 percent, compared to just 11 percent of
households that use LPG. Conversely, the highest proportion of children
with no symptoms is 74  percent of those living in households using LPG,
compared to 65 percent of children in households that use biomass in a
common room. It would also appear that having a separate kitchen combined
with a chimney has almost as much impact as using LPG.

The group of households that use LPG includes a greater proportion of
urban, wealthy households than the group that uses biomass. Poor diet,
poor sanitation, and many other factors may be contributing to these find-
ings. Nonetheless, it is likely that cooking smoke has at least a contributory
effect on the distribution of respiratory illness.

23INDOOR AIR POLLUTION AND HEALTH



24

Table 2.7 Respiratory Symptoms in Children by Fuel and Cooking Space from 1998–1999 DHS 
percent

Part A Fuel type and Fuel Cooking area

cooking areas Biomass LPG No kitchen Kitchen Total

No symptoms 68 74 65 71 69
Cough and breath

shortness 16 15 17 16 16
Cough, breath

shortness, and fever 15 11 18 13 14

Total 100 100 100 100 100
Total children (cases) 3,303 769 1,012 2,074 4,086

Part B Fuel type combined Biomass, no Biomass, kitchen, Biomass, kitchen,
with cooking areas kitchen, no chimney no chimney chimney LPG Total

No symptoms 65 69 72 74 69
Cough and breath

shortness 16 17 14 15 16
Cough, breath

shortness, and fever 19 14 14 11 15

Total 100 100 100 100 100
Total children (cases) 773 1,987 487 769 4,016

Source: DHS (Macro International 1999).



Evidence from the LSMS Study

The measure of respiratory illness provided by the LSMS data is less
satisfactory than that made possible by the DHS. In the LSMS study,
the single question asked about respiratory illness covers a spectrum of
symptoms that, while certainly referring to respiratory illnesses, cannot be
unequivocally elevated to ARI. Furthermore, the reference period is one
full month, which also poses problems of correct recall by respondents. The
longer recall period does, however, have the advantage of returning a higher
proportion of respondents displaying some kind of symptoms. The survey
sample also is larger, including 6,074 children under age five.

Once again, the findings presented in table 2.8 merely indicate association,
and other factors such as income class, access to health facilities, and sanitary
conditions may be contributing to these findings. There seems, nonetheless,
to be a significant association between respiratory symptoms and the type
of fuel used in the home and whether there is a separate kitchen for cook-
ing. Generally, in homes using fuelwood alone or in combination with petro-
leum fuels, the level of respiratory illness symptoms in children was between
45 percent and 51 percent. By contrast, for homes using mainly petroleum
fuels such as LPG or in which there is no cooking, the incidence of symptoms
of respiratory illness was between 40 percent and 42 percent. It would seem,
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Table 2.8 Respiratory Symptoms in Children by Fuel
and Cooking Space from 2000 LSMS 
percent

Fuel

Mix of fuelwood, Clean only
Part A: Fuel type Fuelwood only LPG, and other (mainly LPG) Total

No symptoms 52 54 60 53
Respiratory illness 48 46 40 47

Total 100 100 100 100
Total children (cases) 3,631 1,769 649 6,049

Fuel and room for cooking

Part B: Fuel type and Biomass, no Mixed, no Biomass, Mixed, LPG,
cooking area kitchen kitchen kitchen kitchen kitchen Total

No symptoms 50 47 53 57 58 53
Respiratory illness 50 53 47 43 42 47

Total 100 100 100 100 100 100
Total children (cases) 1,167 661 2,314 1,069 841 6,052

Source: LSMS (World Bank/INE/UN 2000).



therefore, that the availability of a kitchen exclusively for cooking decreases
the incidence of respiratory illness, but this finding is also related to whether
fuelwood is used in conjunction with clean fuels or alone.

The overall indications of the LSMS data are similar to those of the DHS.
Reductions in respiratory illness symptoms are associated both with the
use of petroleum fuels and with the use of a separate room for cooking.
Disentangling some of the causal associations with respiratory illness that
are due to income, sanitary conditions, drinking water, and other factors is
still required.

A study by Martinez Cuellar (2003) also used the LSMS data to assess
whether such factors as the use of a chimney or the use of wood are related
to respiratory illness in children. The results of this work highlight how dif-
ficult it is to sort out causes and effects.2 The findings indicate that the use
of wood for cooking increases the incidence of respiratory illness among
children by about 35 percent, and that the use of a chimney for cooking
reduces the incidence by about 45 percent. The conclusion of the Martinez
Cuellar study is that even after controlling for other important factors there
is a relationship between clean air in the home and a reduction of children’s
respiratory illness.However, given the difficulties of attributing causality
with cross-sectional health data, we would still have to to conclude that
the findings to date are inconclusive; they do, however, represent prelimi-
nary steps in the complex process of linking IAP and health.

Conclusion

A growing body of work has detected alarmingly high levels of IAP in
homes that use traditional solid fuels. A number of studies in Guatemala
have confirmed the high exposure to toxic pollutants from fuelwood com-
bustion that women and children endure. The literature also points to the
strong association between IAP and health conditions, particularly among
children in their first few years of life. This book draws upon the 1998–1999
DHS and the 2000 LSMS databases for Guatemala to verify whether large
national surveys can broaden to the national level the evidence already
discerned by surveys at the village, household, and cookstove levels in
Guatemala’s highlands. The results of this work have shown that there is
evidence of a relationship between both infant mortality and ARI and the
use of wood without chimneys for cooking.

Several limitations were confronted in the analysis of both surveys. First,
both the DHS and LSMS lack information directly related to the subject. The
DHS lacks direct information on household income, ARI symptoms, and
women’s respiratory illness. The LSMS lacks clarity on ARI symptoms and
on the relative use of fuels in households that use more than one fuel. For
comparative international analysis it is interesting to use these standardized
databases, but of their thousands of variables there are disappointingly few
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that are directly pertinent to the type of analysis desired. As IAP becomes a
more visible issue, it would be helpful to incorporate into the DHS and
LSMS questionnaires a specific module or set of questions related to health
and kitchen smoke: for example, questions on the size and ventilation con-
ditions of the kitchen, on the amount of exposure to smoke per typical day,
and on the precise symptoms of ARI, both for children and women.

The combined evidence from health and IAP studies and national survey
analysis indicates an association between fuelwood smoke and infant
respiratory illness in Guatemala. However, ambiguity remains. Our level
of knowledge of the phenomenon in this country must be improved on the
basis of more specific surveys and measurements, using representative
sampling techniques at the national level, if we are to design and substan-
tiate public policies geared toward mitigating the effects of IAP on human
health. This would include the development and use of specific questions
or modules in future LSMSs and DHSs to pinpoint ARI symptoms in children
and adults, and to quantify fuel and kitchen use patterns, ventilation, and
exposure times to fuelwood smoke. The development of self-standing,
national-scale survey and measurement instruments may be advisable, with
sampling techniques, questionnaires, and the use of technologies designed
specifically to investigate energy-pollution-health interactions. For public
policy purposes, a nexus could be developed between the epidemiological
and econometric approaches to analyze the effects of IAP on human health. 

Cooking patterns in Guatemala’s urban areas, and most notably in the
metropolitan area, seem to have shifted radically from fuelwood use to
LPG. While there has been some change in rural areas also, traditional
fuelwood use remains predominant. Consumer choice is not a clear-cut
question of  either fuelwood or LPG, however: There is strong evidence,
particularly in the LSMS, that a large proportion of households combine
the use of both clean and polluting fuels. Thus, it will become increasingly
difficult to determine from the available data the levels of the impacts of
IAP on human health.

Notes

1. The correlation between income per person and consumer expenditure per
person is 0.613. The asset index (0.471) is similar to that of the DHS survey, which
means that there is an R square of 0.38 and 0.22 respectively. This is based on 7,275
cases and the coefficients are significant at the 0.001 level. The correlation between
the asset index and expenditure per person in the family is 0.529, with an R square
of 0.28.

2. The model used estimates whether the household choice of wood or use of a
chimney relates to the health of children in the family. The results suggest that
there is a significant relationship between the choice of fuels and stove and the
incidence of respiratory illness among children in the family.
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3
Estimating Health Impacts

This chapter presents estimates of the health impacts of indoor air pollution
(IAP) in Guatemala. The purpose of these estimates is to provide an
indication of the potential severity of the problem for policy makers.
This chapter specifically focuses on estimating the health impacts of
traditional fuel use in the rural areas of the Guatemalan highlands, where
the impact is potentially most severe. In the northwest and southwest of
Guatemala, approximately two-thirds of households use wood fires, without
chimneys, for heating and cooking. The associated levels of PM10 (particu-
late matter with an aerodynamic diameter less than 10 microns) inside these
houses are in excess of 1,000 �g/m3. The estimates focus on the reduction
in morbidity and mortality associated with acute lower respiratory infection
(ALRI) for children under age five living in households that use open fires.
Dose-response functions from the international epidemiological literature
are used to predict the reductions in mortality and morbidity if PM10 levels
were to be lowered to less than 200 �g/m3. This level could, in theory at
least, be achieved by a well-maintained improved stove.

The following sections provide a brief description of the scope of this
chapter, examine the characteristics of IAP in the Guatemalan highlands
that are used in estimating the health impacts of IAP, and describe in greater
detail the methodology used to estimate the health impacts of IAP.

Scope of the Study

The effects of indoor air pollution are vast. This particular study restricts
its scope to the effects of IAP with respect to acute lower respiratory infections
in children under age five  in the Guatemalan highlands.

Target Health Outcome: Acute Lower Respiratory Infection

For practical reasons, this chapter focuses on the effects of IAP on ALRI.
According to Von Schirnding and others (2001, p. 6):

There is consistent evidence that exposure to biomass smoke increases the
risk of a range of common and serious diseases of both children and adults.
Chief amongst these are acute lower respiratory infections (ALRIs) in
childhood, particularly pneumonia.



The health impacts of IAP are not limited to ALRI. Smith (2000) divides
the evidence on the health effects of IAP into three classes: strong, moderate,
and suggestive, as follows: He cites strong evidence for acute respiratory
infection (ARI) in children under age five, for chronic obstructive pulmonary
disease (COPD) in women, and for lung cancer in women. The epidemio-
logical literature linking IAP to COPD in women is limited in comparison
to the literature linking IAP to ARI in children. Lung cancer in women is a
well-demonstrated outcome of cooking with open coal stoves in China, but
coal is not commonly used as cooking fuel in the Guatemalan highlands.
Based on these observations, this chapter estimates the health impacts only
for ARI in children under age five. Because the health effects in women are
ignored, these estimates constitute a lower bound to the health benefits of
reducing IAP.

Smith classifies as moderate the evidence regarding a relationship between
solid fuel use and other health outcomes such as cataracts and blindness,
tuberculosis, asthma, and adverse pregnancy outcomes. He cites evidence
of IAP causing heart disease in women as suggestive only, because there
do not appear to be any studies of heart disease related to indoor biomass
use in developing countries.

ARI is among the class of disease risks with strong evidence of a
relationship with IAP. The definition used for ARI is as follows (Smith and
others 2000, p. 520):

. . . it comprises a set of clinical conditions of various etiologies and severi-
ties that are generally divided into two main forms: upper respiratory tract
infections (URIs) and lower respiratory tract infections (ALRIs). . . . WHO
defines URI to include any combination of the following symptoms: cough
with or without fever, blocked or runny nose, sore throat, and/or ear
discharge. . . . ALRI includes severe ARI involving infection of the lungs,
with pneumonia being the most serious form. . . . Clinical signs of ALRI
include any of the above symptoms of URI with the addition of rapid breath-
ing and/or chest indrawing and/or stridor.

Target Age Group: Children under Age Five

This chapter concentrates on children under age five, as they are at high-
est risk of contracting acute respiratory diseases thought to be linked to
IAP. ARI is the most common cause of illness in children and the leading
cause worldwide of death in children under age five. As noted by Smith
(2000, p. 518), “among children under five years of age, 3 to 5 million deaths
annually have been attributed to ARI, of which 75 percent are from pneu-
monia.” In addition, in houses where biomass fuels are used, children under
five are likely to be more exposed to air pollution than older children.
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Children under five spend more time at home with their mothers and thus
receive higher exposures than older children, who may spend much time
away from the household. The epidemiological literature relating IAP to
respiratory illness is also larger for children under age five than it is for
other age groups. Due to these factors, this chapter focuses entirely on the
effects of IAP on children under age five.

Target Area: Guatemalan Highlands

The population studied consists of households in the rural highlands of
Guatemala, defined as the southwest (SW) and northwest (NW) regions of
the country. Approximately two-thirds of these households rely on open
wood fires for heating and cooking, often in houses where ventilation is
poor. Children in these households are exposed to high levels of particu-
late matter. Approximately one-quarter of the households use improved
stoves, which should reduce indoor particulate concentrations. The main
objective of the chapter is to estimate how many fewer fatal and nonfatal
cases of ALRI would result if households that currently use open fires were
to switch to improved stoves. 

Information on fuel use in Guatemala is based on two databases that
were designed to be representative at the national and regional levels: the
1998–1999 Demographic and Health Survey (DHS) (Macro International
1999) and the 2000 Living Standards Measurement Study (LSMS) (World
Bank/INE/UN 2000).

Indoor Air Pollution in the Guatemalan Highlands

This section analyzes two main determinants of individual exposure to IAP:
the type of fuel used for cooking, and the related ambient levels of partic-
ulate matter. The implied individual exposure to IAP will, in turn, be used
to estimate the health impacts of IAP.

Types of Fuels Used for Cooking

The DHS and LSMS provide information on fuels used for cooking, on the
existence of a separate room (kitchen) for cooking, and on the use of
chimneys. However, these surveys do not provide direct information on
indoor concentrations of particulate matter (PM) or on personal exposures
to PM. Table 3.1 summarizes the indirect evidence of exposure to IAP that
is available from the DHS. The DHS sample was designed to be represen-
tative at the national and regional levels. Of the 5,587 households in the
sample, 1,152 were in rural areas in the SW region and 703 in rural areas in
the NW region of Guatemala.
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Table 3.1 shows that wood is the main cooking fuel in the Guatemalan
highlands. Wood is used by a total of 89.9 percent of rural households in
the SW and 96.1 percent in the NW. The majority of households—67.3 percent
of households in the SW and 66.5 percent in the NW—burn wood in open
fires, without a chimney. Approximately one-quarter of households burn
wood in a stove with a chimney. Clean fuel (kerosene, liquefied petroleum
gas [LPG], and electricity) is used by 10.1 percent of rural households in
the SW region and by 3.9 percent in the NW region. The LSMS supports
the same general patterns, but provides complementary information:
According to the LSMS, charcoal is not commonly used in rural areas of
Guatemala, as only 3.4 percent of households use it for cooking.

In addition to the DHS and LSMS, studies providing detailed informa-
tion regarding biomass usage in Guatemala have been undertaken in rural
villages in the western highlands of the country, especially in the area of
Quetzaltenango.1 Quetzaltenango is a mountainous region with altitudes
in the range of 2,500–2,800 meters. An initial survey in Los Romeros,
Quetzaltenango, indicated that “70 percent of the households have only
open fires for cooking, 25 percent have some form of improved wood-burning
stoves, and 5 percent have gas stoves” McCracken and others (1999, p. 122).

Other information on cooking fuel use for the area can be found in
the study by Albalak and others (2001, p. 2,651), which states that “as
of September 1998, 49 percent of the 867 households in La Victoria
[Quetzaltenango] used a traditional open firewood cookstove for all
their cooking needs. Thirty-one percent used the plancha exclusively, and
10 percent used an LPG/open fire combination.” These results are broadly
consistent with the DHS survey results reported in table 3.1.

Indoor concentrations of PM10. Ambient concentrations of particulate
matter inside houses differ depending on the type of cooking fuel
used, whether it is burned in a stove or open fire, and whether a chimney
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Table 3.1 Percentage of Rural Households Using Fuelwood,
Conditional on House Characteristics

Separate Chimney in
Fuel kitchen kitchen Southwest Northwest

Fuelwood no no 12.1 18.1
Fuelwood yes no 55.3 48.4
Fuelwood yes yes 22.6 29.7
Clean Fuel 10.1 3.9

100 100

Source: Torres 2002.

Note: Percentages may not add to 100 due to rounding.



is used. Table 3.2 summarizes the available information on ambient IAP
concentrations in the Guatemalan highlands, measured as particulate matter
monitored in the kitchen area. The study by Naeher, Leaderer, and Smith
(2000), which was conducted during the fall, selected three houses in which
open fires were used for cooking and measured indoor PM concentrations
(PM2.5, PM10, and total suspended particles) in these houses when an open
fire was used, when the open fire was replaced by a plancha, and when the
open fire was replaced by a gas stove. The study attached personal monitors
to the mother and child for 12 hours. Because new planchas were introduced
solely for the study, the results cannot be considered representative of normal
operating conditions.

The study by Albalak and others (2001) monitored 30 households six
times during the year (between December and July), with one-third of the
households using each cooking type (LPG, plancha, open fire). The authors
noted that the planchas were in relatively good condition, but were not new,
nor did they appear to have been planchas mejoradas.2 Naeher and others
(1999) carried out a cross-sectional study in which measurements of PM2.5
(particulate matter with an aerodynamic diameter less than 2.5 microns)
were reported for both planchas already in place and open fires. The study
by McCracken and others (1999) measured 24-hour average PM2.5 concen-
trations in 45 homes over a period of five months (six observations per
house), with the sample evenly divided between households using an open
fire for cooking, households using LPG, and households using an improved
plancha (plancha mejorada). Smith and others (1993) measured concentrations
inside 60 homes, 23 of which used open fires, 25 of which used planchas,
and 12 of which used LPG for cooking.

In all the studies in table 3.2, kitchen PM concentrations (24-hour aver-
age) were significantly higher when an open wood fire was used for cook-
ing than when a plancha was used. Average PM10 concentrations reported
by Smith and others (1993) with an open wood fire were 1,210 �g/m3. This
is much higher than the concentration of 717.1 �g/m3 reported by Naeher,
Leaderer, and Smith (2000). However, the study by Naeher, Leaderer, and
Smith was conducted in the fall, when temperatures are higher than in the
winter months and when home heating requirements consequently may
be lower. Four of the studies in table 3.2 reported PM2.5 concentrations.
Albalak and others (2001) reported the highest average 24-hour concentra-
tions: 1,930 �g/m3. McCracken and others (1999) reported an average 
24-hour PM2.5 concentration of 1,102 �g/m3. The figures for PM2.5 and PM10
in the studies by Naeher and others (1999) and Naeher, Leaderer, and
Smith (2000) are lower than for the other studies.

By averaging the PM2.5 concentrations in table 3.2, weighting each by
the number of observations reported in the study, the mean concentration
is revealed to be 1,325 �g/m3. Using the ratio of PM10 to PM2.5 for open fire
reported by Naeher, Leaderer, and Smith (2000)—that is, 717.1 to 527.9—a
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Table 3.2 Personal and Daily Average Kitchen Measurements of Particulate Matter in the Guatemalan Highlands
Daily average concentrations in kitchen area Personal monitoring

Data for Data for Data for Data for Data for Data for Data for Data for
PM2.5 (Naeher, PM10 (Naeher, PM2.5 PM2.5 PM2.5 PM10 PM2.5 (Naeher, PM2.5 (Naeher,
Leaderer, and Leaderer, (Albalak  and (Naeher and (McCracken (Smith and Leaderer, and Leaderer, and 
Smith 2000) and Smith others 2001)a others 1999) and others others 1993) Smith 2000) Smith 2000) 

Stove condition �g/m3 2000) �g/m3 �g/m3 �g/m3 1999) �g/m3 �g/m3 �g/m3 child �g/m3 mother

Background Average 56.2 183.9 174.1
Std. dev. 17.6 134.6 113
Sample size 9 8 9

LPG stove Average 56.8 210.2 217.7 148.5 135.6
Std. dev. 19 100.3 88.1 68.5 117
Sample size 9 9 9 3 3

Comal LPG Average 790
(real conditions Std. dev. 654
with open fire) Sample size 60
Plancha mejorada Average 180

Std. dev. 107
Sample size 60

Plancha (in Average 96.5 186.3 330 169.7 257.2
good condition) Std. dev. 66.5 89.5 220 153.6 75.4

Sample size 9 9 59 3 3
Plancha (real Average 152 520
conditions) Std. dev. 120 572

Sample size 26 25
Open fire Average 527.9 717.1 1,930 868 1,102 1,210 279.1 481.2

Std. dev. 248.5 284.6 1,280 520 606 726 19.5 194.4
Sample size 9 9 58 17 60 23 2 3

Sources: Albalak and others 2001; McCracken and others 1999; Naeher and others 1999; Naeher, Leaderer, and Smith 2000; Smith and others 1993.

a. Albalak and others (2001) refer to particles measured as PM3.5, because the SKC (name of manufacturer’s model) monitors used in the study were run at a flow rate
of 2 liters per minute to avoid saturating the filters. This is the same flow rate at which the monitors were run by McCracken and others (1999), who refer to measuring
PM2.5. The Albalak and others measurements are therefore referred to as measurements of PM2.5.



24-hour average PM10 concentration of approximately 1,800 �g/m3 is
obtained.

Ambient levels of PM when a plancha is used depend on how the stove
is maintained. Table 3.2 shows that concentrations of PM2.5 and PM10 of
less than 200 �g/m3 can be achieved with a well-maintained plancha.
Under actual conditions of use, the emissions from a plancha may be
considerably higher. The study by Smith and others (1993) indicates that
24-hour concentrations of 520 �g/m3 of PM10 can be achieved for a plancha.
Using the ratio of PM2.5 to PM10 (186.3 to 96.5) reported by Naeher,
Leaderer, and Smith (2000), the PM2.5 concentration associated with the
plancha in the study by Smith and others (1993) would be approximately
1,004 �g/m3.

Individual exposure estimation. Predicting cases of ALRI associated with
IAP requires that the personal exposure to PM10 of children in the
Guatemalan highlands be estimated. For the purposes of this study, the
challenge inherent in making such predictions on the basis of the average
kitchen concentrations reported in table 3.2 lies in determining how long
children are exposed to these concentrations. One approach is to use the
ratio of a child’s personal exposure to average kitchen concentrations in
a household with an open fire, as reported in Naeher, Leaderer, and Smith
(2000). This ratio (0.53), when applied to the estimated 24-hour PM10
kitchen concentration of 1,800 �g/m3 in households with open fires,
suggests a personal PM10 exposure of 954 �g/m3 (24-hour average).
The Naeher, Leaderer, and Smith results are, however, based on only two
observations.

Ezzati, Saleh, and Kammen (2000), in their study of exposure to PM10 in
villages in Kenya, suggest that average indoor concentrations are a good
proxy for the personal exposure of children under age five, suggesting a
personal PM10 exposure for such children in homes with open fires of
1,800 �g/m3 (24-hour average). In view of the fact that children in Kenya are
not carried on their mother’s back, as they are in Guatemala, the estimate
of exposure levels in Guatemala could be higher.

Estimation of Health Impacts of IAP

Estimating the health impacts of exposure to IAP requires dose-response
(or concentration-response) information from the epidemiological litera-
ture relating ALRI to exposure to IAP. A review article by Smith and others
(2000) summarizes 13 studies conducted in developing countries that relate
IAP to ALRI in children.3 Three of the studies examine the impact of IAP
on mortality; the others examine the impact of IAP on morbidity.

The main difficulties in establishing a relationship between ALRI and
IAP lie in measuring exposure to IAP and in controlling for confounding
factors, that is, variables that are correlated with the use of biomass fuels
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that may also contribute to ALRI. In all but one of the studies reviewed by
Smith and others (2000), exposure to IAP is measured by a qualitative index;
for example, an indicator variable � 1 if biomass fuel is used for cooking,
or an indicator variable � 1 if the child is carried on the mother’s back
during cooking. The only study conducted in a developing country that
has carefully attempted to measure indoor air concentrations and personal
exposures is Ezzati and Kammen (2001a), which is discussed in more detail
below.

Controlling for confounding variables is especially important in IAP
studies. The use of biomass for cooking is likely to be inversely correlated
with income, access to health care, and good nutrition, all of which could
affect the incidence of ALRI. A study that fails to control for these factors
may simply demonstrate that poor children are more likely to contract (and
die from) ALRI than are children who are better off. Five of the studies
reviewed by Smith and others (2000) make no attempt to adjust for con-
founders. Other studies attempt variously to control for number of siblings,
crowding, birthweight, and economic status. As table 3A.1 in the annex to
this chapter indicates, the studies with the largest odds ratios are those that
fail to control for confounders.

The World Health Organization, when computing the global burden of
disease associated with IAP, relied on an odds ratio for ALRI morbidity and
mortality associated with IAP of 2.3 [95 percent CI (confidence interval):
1.9, 2.7] (WHO 2002). This was based on a meta-analysis of the studies
reported in Smith and others (2000). The assumption that an odds ratio
based primarily on studies of the impact of IAP on morbidity should apply
equally to mortality is questionable. In particular, it assumes that IAP has
no impact on the case fatality rate associated with ALRI. There are, how-
ever, an insufficient number of case-fatality studies in the literature to permit
estimation of an odds ratio for mortality.

In the study in this book, calculation of the impacts of exposure to IAP
in the Guatemalan highlands is based solely on the work by Ezzati and
Kammen (2001a), which is the only study to date to associate the incidence
of respiratory illness to personal measurements of exposure to PM10. The
study was carried out in the Laikipia district of central Kenya, a moun-
tainous region in which the rate of under-five child mortality is compa-
rable to that in the Guatemalan highlands.4 Members of 55 households
were followed for two years, receiving biweekly and then weekly visits
from a nurse to diagnose cases of ARI. A measure of personal exposure to
PM10 was constructed for each household member, based on a sample of
measurements inside each house and combined with information on the
length of time spent in various microenvironments by each household
member.

Table 3.3 summarizes the odds ratios reported in Ezzati and Kammen
(2001a) for logistic regression models to explain the incidence of ARI and
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Table 3.3 Adjusted Odds Ratios for ARI and ALRI in Children
under Age Five Estimated with a Logistic Model

ARI (n � 93) ALRI (n � 93)

Odds ratio Odds ratio
Factor (95% CI) p statistic (95% CI ) p statistic

PM exposure 
(�g/m3)
�200 1.00 — 1.00 —
200–500 2.42 (1.53–3.83) 0.001* 1.48 (0.83–2.63) 0.18*
500–1,000 2.15 (1.30–3.56) 0.003* 1.40 (0.74–2.67) 0.30*
1,000–2,000 4.30 (2.63–7.04) 0.001* 2.33 (1.23–4.38) 0.01*
2,000–3,500 4.72 (2.82–7.88) 0.001* 1.93 (0.99–3.78) 0.05*
2,000–4,000 — — — —
�3,500 6.73 (3.75–12.06) 0.001* 2.93 (1.34–6.39) 0.007*
4,000–7,000 — — — —
�7,000 — — — —

Female 0.99 (0.83–1.17) 0.88 0.84 (0.65–1.10) 0.21

Age� 0.88 (0.83–0.94) 0.001 0.76 (0.70–0.84) 0.001

Smoking — — — —

Village type�� 1.29 (0.99–1.67) 0.06 1.18 (0.79–1.77) 0.41

Number of people 1.00 (0.95–1.05) 0.99 0.98 (0.91–1.06) 0.70
in house�

Source: Ezzati and Kammen 2001a.

Notes: * Jointly significant (p � 0.01).
� Odds ratio of illness with every additional year of age/extra person in house.
�� Cattle compound or maintenance compound.

ALRI among children under age five. The distribution of the 93 children,
according to their category of exposure, is as follows:

• 7 children with an average daily exposure �200 �g/m3

• 20 children with an average daily exposure of 200–500 �g/m3

• 20 children with an average daily exposure of 500–1,000 �g/m3

• 21 children with an average daily exposure of 1,000–2,000 �g/m3

• 20 children with an average daily exposure of 2,000–3500 �g/m3

• 5 children with an average daily exposure �3,500 �g/m3

As indicated in table 3.3, the models control for household size and
village type, as well as for age and sex.

Focusing on ALRI, the odds ratio for exposures of 1,000–2,000 �g/m3 is
significantly different from zero at the 0.009 level; however, the odds ratios



for lower exposures are not significant at conventional levels. The small
number of controls in the reference exposure category (�200 �g/m3),
together with the lack of statistical significance of exposure of 200–
500 �g/m3, suggests that combining the lowest two categories might produce
different results.5

Calculation of ALRI Associated with IAP in Guatemala

As indicated in the previous section, this study assumes that children in
households using open fires fall in the exposure range of 1,000–2,000 �g/m3,
which is associated with an odds ratio of 2.33 for ALRI [95 percent CI: 1.23,
4.38], compared with exposures of �200 �g/m3. Therefore, this odds ratio
was used to calculate cases of excess morbidity and mortality associated
with ALRI for children in households where open fires are used. The
estimates of excess morbidity and mortality shown in table 3.4 represent
how many fewer cases of ALRI would be achieved if exposure levels for
these children were to be reduced to less than 200 �g/m3, a level that, in
theory, could be achieved by a well-maintained plancha or by reliance on a
gas stove for heating and cooking. To the extent that there are benefits from
reducing the exposures of children in households with planchas who fall in
the exposure range between 1,000 �g/m3 of PM10 and 200 �g/m3, these
calculations understate the burden of ALRI associated with IAP in the
Guatemalan highlands.

Cases of Excess Morbidity

The numbers of children under age five in the different departamentos of the
Guatemalan highlands were obtained from the 1994 National Population
Census (INE 1994) as shown in table 3.5. It is assumed, following table 3.1,
that 67.3 percent of the children in the SW region and 66.5 percent in the
NW region lived in households where open fires were used for cooking;
22.6 percent in the SW and 29.7 percent in the NW lived in households
where planchas were used for cooking; and 10.1 percent in the SW and 
3.9 percent in the NW lived in households where clean fuels were used for
cooking. The incidence rates for ALRI in each departamento are also presented
in table 3.5. Due to the tendency by many departamentos for underreport-
ing, these figures may be lower than the true incidence rates. No attempt
is made in the subsequent calculation to adjust for this possible under-
reporting.

The calculation of cases of excess morbidity due to IAP exposure (rela-
tive to the baseline of �200 �g/m3 PM10) is as follows: Each ALRI incidence
rate in table 3.5 represents a weighted average of the incidence rate for
children not exposed to IAP (m) and the incidence rate for exposed children—
2.33 times m.6 Once m is calculated, the excess incidence rate (2.33m � m) is
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Table 3.4 Excess Cases of ALRI Morbidity and Mortality in the Guatemalan Highlands Associated
with IAP

Excess cases of ALRI Excess cases of ALRI
morbidity caused by IAP, mortality caused by IAP,

children exposed Estimated children exposed 
to open fire age-specific to open fire

OR 95% CI � [1.23–4.38] Age-specific Percentage of 0–4 mortality OR 95% CI � [1.23–4.38]
Departamento reduction � 19% to 77% 0–4 mortality ratea deaths due to rate due to ALRI reduction � 19% to 77%

Odds Ratio 1.23 2.33 4.38 (per 1,000) pneumoniab (per 1,000) 1.23 2.33 4.38

Solola 711 2,506 3,685 13.55 24.61 3.33 16 58 85
Totonicapan 782 2,755 4,052 16.54 34.89 5.77 43 152 224
Quetzaltenango 525 1,851 2,722 13.32 30.51 4.06 40 141 207
Suchitepequez 575 2,026 2,979 11.90 16.09 1.91 13 44 65
Retalhuleu 308 1,086 1,597 11.82 17.30 2.05 8 29 43
San Marcos 1,754 6,179 9,088 9.63 36.44 3.51 62 219 323
Huehuetenango 1,349 4,772 7,037 8.13 36.85 3.00 54 193 284
Quiche 837 2,961 4,366 12.18 33.85 4.12 50 175 258

Total 6,841 24,135 35,526 288 1,014 1,493

Source: Indicadores Básicos de Salud en Guatemala 2001, Ministerio de Salud Publica y Asistencia Social, Guatemala.

OR � odds ratio.
a. Age-specific 0–4 mortality rate was calculated as a weighted average from data on infant mortality and mortality between ages one and four.
b. Corresponds to the percentage of deaths during the first year of life caused by pneumonia.
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Table 3.5 Number of Children under Age Five and ALRI Incidence Rates
Number of Number of

children children Number of ALRI rate of
in the high in the medium children in the incidence

Children under exposure range exposure range low exposure (per 10,000
Departamento Region age five (Open fire) (Plancha) range under age five)

Percentage of children in SW 67.3 22.6 10.1
each range of exposure NW 66.5 29.7 3.9

Solola SW 36,580 24,624 8,255 3,701 1,450
Totonicapan SW 55,810 37,569 12,595 5,646 1,045
Quetzaltenango SW 73,502 49,478 16,588 7,436 533
Suchitepequez SW 48,948 32,950 11,047 4,952 876
Retalhuleu SW 30,160 20,302 6,807 3,051 762
San Marcos SW 132,257 89,029 29,848 13,380 989
Huehuetenango NW 136,940 90,999 40,640 5,301 743
Quiche NW 90,696 60,269 26,916 3,511 696

Total 604,893 405,219 152,696 46,978

Source: Vigilancia Epidemiológica, Ministerio de Salud Pública y Asistencia Social, Guatemala.

Note: Totals may not be exact due to rounding.



then multiplied by the number of children in each departamento living in
households with open fires. The results show a total of 24,135 excess cases
of ALRI morbidity attributed to IAP, as presented in table 3.4.

Cases of Excess Mortality

The number of children dying from ALRI can be expressed as:

N*(ALRI cases/10,000)*case fatality rate 
� N*(deaths due to ALRI/10,000)

where N represents the number of children in a particular group. Assuming
that the case fatality rate remains unaffected by the intervention program
to reduce IAP, it follows from the equation that the percentage reduction
in ALRI cases must equal the percentage reduction in deaths due to ALRI.
An odds ratio of 2.33 implies a 57.1 percent reduction in the death rate due
to ALRI.

Table 3.4 calculates the expected reduction in deaths due to ALRI for each
departamento. The death rate due to ALRI is approximated by multiplying
the age-specific, age 0–4 mortality rate for each departamento by the per-
centage of deaths due to pneumonia during the first year of life. The age-
specific 0–4 death rate due to ALRI is used to calculate the death rate for
children exposed to IAP assuming that their death rate is 2.33 times the death
rate of children who are not exposed. This is then multiplied by the number
of children exposed to open fires (shown in table 3.5) to calculate the expected
number of children under age five in homes with open fires who die annu-
ally from ALRI. For the NW and SW regions combined, this figure is 1,774.
The estimated number of excess ALRI mortality cases (relative to a baseline
of �200 �g/m3 PM10) is 57.1 percent of 1,774, or 1,014 deaths. Figures cor-
responding to a 95 percent confidence interval are also presented in the table.

An immediate implication of the results in table 3.4 is that the case fatal-
ity rate—the number of excess deaths due to ALRI divided by the number
of excess cases—varies greatly by departamento. Focusing on the ratio of
point estimates, the case fatality rates implied by table 3.4 range from 0.022
to 0.076. These rates are correlated with the percentage of the population
in poverty in each departamento.7

Conclusions

This chapter estimates the magnitude of health damages associated with
IAP to children under age five in the Guatemalan highlands. For children
living in homes in which open fires are used for heating and cooking, we
calculate that there are approximately 24,000 cases of ALRI [95 percent
CI: 6,841–35,526] and 1,000 deaths from ALRI [95 percent CI: 288–1,493]
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annually among children under age five that would be eliminated if indoor
PM10 levels were reduced to less than 200 �g/m3.

An important question is how this could be achieved. The study by
Naeher, Leaderer, and Smith (2000) reports average PM10 concentrations
and child exposures of less than 200 �g/m3 (24-hour average) when 
well-maintained planchas are introduced into houses in which open fires
were used previously. Studies that measure indoor concentrations in houses
where planchas have been used for some time, however, often record higher
levels of PM10. This suggests that the benefits (in terms of reduced ALRI in
children under age five) of replacing open fires with planchas could be less
than reported in this study. At the same time, other health benefits (such as
benefits to mothers) of reducing IAP in the Guatemalan highlands have not
been quantified.

Notes

1. See, for example, Albalak and others 2001; Boy and others 2000; Boy, Bruce,
and Delgado 2002; Bruce and others 1998; McCracken and Smith 1998; McCracken
and others 1999; Naeher, Leaderer, and Smith 2000; Naeher and others 2000;
Naeher and others 2001; and Smith and others 1993.

2. A plancha mejorada has an improved combustion chamber.
3. A summary of these studies from Smith and others (2000) is presented in

table 3A.1 in the annex to this chapter.
4. According to the 1993 DHS survey (National Council for Population and

Development 1993), the under-five mortality rate in the central region of Kenya is
14.7 per 1,000. This rate is comparable to those reported in table 3.5 for Guatemala.

5. In particular, it might lower the odds ratio for the 1,000–2,000 �g/m3 category
relative to exposure of �500 �g/m3.

6. The unexposed incidence rate, m, may be calculated by solving the following
equation:

Observed incidence rate � P*OR*m � (1 � P)*m,

where P � proportion of children exposed to IAP and OR � odds ratio (here 2.33).
7. The correlation between the case-fatality rate and the percentage of the

population in poverty is 0.19 including Quetzaltenango and 0.67 excluding
Quetzaltenango. It is possible that case fatality rates do not differ by departamento
but only appear to do so. This could be the result of greater underreporting of
ALRI morbidity in poorer departamentos, relative to underreporting of mortality.
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Rural South 
Africa (1980)
Natal
(Kossove 1982)

Case control,
0–12 months,
132 cases,
18 controls

Outpatients
Cases: Wheezing,
bronchiolitis, and
ALRI; Clinical �
x-ray. Controls:
Non-respiratory
problems

Asked: “Does
the child stay in
the smoke?”
Prevalence � 33%

Routine data
collection
•number of siblings
•economic status
Examined, not 
adjusted

Only 63% of 123 
x-rayed had
pneumonic changes.
Control group was
small.
Exposure assessment
was vague.

4.8 (1.7 to 13.6)

Rural Nepal
(1984–85)
Kathmandu Valley
(Pandey and 
others 1989)

Cohort,
0–23 months,
780 (study 1)
455 (study 2)

Weekly home 
visits: ARI grades
I–IV (Goroka)
breathlessness

Asked mothers
for average hours
per day the child
near fireplace. In
Study 1, same
team asked about
exposure and ARI,
therefore bias
possible. 77%
exposed over
1 hour

Since homes were
“homogeneous,”
confounding not
taken into account 

Dose-response
relationship found.
Exposure assessment
not validated.

2.2 (1.6 to 3.0)

Annex 3A. Summary of Epidemiological Studies Relating Indoor Air Pollution
to Acute Respiratory Infection

Table 3A.1 Biomass Fuel Use and ALRI in Children under Age Five in Developing Countries
Study Design Case Definition Exposure Confounding Comments OR (95% CI)
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Urban Argentina
(1984–87)
Buenos Aires
(Cerqueiro and
others 1990)

Case control,
0–59 months.
Cases: 516 
inpatients; 153
outpatients.
Controls: 669.

Three hospitals.
Cases: ALRI
within previous
12 days. Controls:
well-baby clinic
or vaccination,
matched by age,
sex, nutritional
status, socioeco-
nomic level, date
visit, residence.

Interview with
mother:
Household heat-
ing by charcoal;
heating with any
fuel; bottled gas
for cooking

None, but success of
matching verified.
Multivariate analysis
“currently under way”

No data available on
charcoal heating in
outpatient house-
holds.
Chimney smoke
nearby found to be
associated (OR �
2.5–2.7) with ALRI
in both kinds of
patients. ETS not
significant for 
either.

9.9 (1.8 to 31.4)
for charcoal heat
for inpatient,
1.6 (1.3 to 2.0)
for any heating
fuel in inpatients,
2.2 (1.2 to 3.9)
for gas cooking
in outpatients.

Rural Gambia
(1987–88)
Basse
(Campbell,
Armstrong, and
Byass 1989)

Cohort,
0–11 months,
280

Weekly surveil-
lance. Mother’s
history of 
“difficulty with
breathing” over
subsequent 3-
month-period

Reported carriage
of child on the
mother’s back.
Prevalence � 37%

Adjusted for
•birth interval
•parental ETS
•crowding
•socioeconomic

score
•nutritional

indicators
•vaccination status
•number of health

center visits
•ethnic group
•maternal education

Father’s ETS only
other significant
factor. Cautious about
interpretation, ability
to deal with
confounding, and to
establish causation
where exposure and
incidence high.

2.8 (1.3 to 6.1)

(Table continues on the following page.)
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Rural Zimbabwe
Marondera
(Collings, Sithole,
and Martin 1990)

Case control,
0–35 months,
244 cases,
500 controls

Hospital:
Cases:
Hospitalized
ALRI, clinical
and x-ray
Controls: Local
well-baby clinic

(a) Questionnaire
on cooking/
exposure to
woodsmoke
(b) COHb (all)
(c) TSP (2 hr.
during cooking):
20 ALRI and
20 AURI cases
73% exposed to
open fire

Questionnaire:
•maternal ETS
•overcrowding
•housing conditions
•school-age siblings
•paternal occupation

not adjusted

Confounding: only
difference was
number of school-age
siblings, but not
adjusted.
COHb not different
between ALRI and
AURI. TSP means:
ALRI (n � 18)
1915 mg/m3

AURI (n � 15)
546 mg/m3.

2.2
(1.4 to 3.3)

Rural Gambia
Upper River
(Armstrong and
Campbell 1991)

Cohort,
0–59 months,
500 (approx)

Weekly home
visits:
ALRI clinical and
x-ray

Questionnaire:
Carriage on
mother’s back
while cooking

Questionnaire:
•parental ETS
•crowding
•socioeconomic index
•number of siblings
•sharing bedroom
•vitamin A intake
•number of wives
•number of clinic

visits
Adjusted in MLR

Boy/girl difference
could be due to
greater exposure
of young girls.
Report carriage on
back quite a distinct
behavior so should
define the two
groups fairly clearly
with low level of 
misclassification.

Approach (1)
(all episodes )
M: 0.5 (0.2 to 1.2)
F: 1.9 ( 1.0 to 3.9)
Approach (2)
(1st episode)
M: 0.5 (0.2 to 1.3)
F: 6.0 (1.1 to 34.2)

Table 3A.1 (continued)
Study Design Case Definition Exposure Confounding Comments OR (95% CI)
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Urban Nigeria
(1985–86)
Ibadan:
(Johnson and
Aderele 1992)

Case control,
n � 103[cases]
� 103 [controls],
0–59 months

Cases: hospital-
ized ALRI (croup,
bronchiolitis,
pneumonia,
emphysema
thoracis) based on
clinical, x-ray, and
biolab workup.
Controls: infant
welfare clinic, age
and sex matched,
no respiratory
disease.

Interview:
Type of cooking
fuel used at home
(wood, kerosene,
gas)

None Age, nutritional status,
ETS, crowding, and
location of cooking
area also not signifi-
cantly associated with
ALRI.

NS

Urban Nigeria
(1985–86)
Ibadan:
(Johnson and
Aderele 1992)

Case fatality,
n � 103, 0–59
months

Cases: Death in
hospital among
ALRI patients
(see above)

Interview: Type
of cooking fuel
used at home 
(kerosene � 79,
gas � 5, wood �
16, other � 3)

None Overall case fatality
rate � 7.8%. 5 of 8
deaths were from wood-
burning homes; one
additional death had
partial exposure to
woodsmoke. Poor nutri-
tion (1.8x), low income
(1.5x), low maternal lit-
eracy (2.1x) were more
frequent in wood-
burning homes. ETS
rates were similar. Yet,
paternal income, mater-
nal education, house-
hold crowding, ETS not
related to case fatality
rate.

12.2 (p � 0.0005)
for those
exposed to
wood smoke
compared to
those exposed to
kerosene and
gas.

(Table continues on the following page.)
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Rural Tanzania
(1986–87)
Bagamoyo District
(Mtango and
others 1992)

Case control
Cases: ALRI
deaths � 154;
Other deaths �
456.
Controls �
1,160; 0–59
months

Cases: Verbal
autopsy certified
by physician of
all deaths in
period.
Controls:
Multistage
sampling (40 of
76 villages).
Children with
ALRI were
excluded.

Household inter-
view; child sleeps
in room where
cooking is done;
cook with wood

Adjusted for:
•village
•age
•questionnaire

respondent
•maternal education
•parity
•water source
•child eating habit
•whether mother

alone decides
treatment

About 95% of all
groups cook with
wood. No tendency
to be different
distances from road.
Perhaps confusion of
ALRI with other
diseases (for example,
measles). Water not
from tap had OR �
11.9 (5.5 to 25.7).
Models with all
deaths—pneumonia
deaths, and nonpneu-
monia deaths had
same significant risk
factors. No difference
in source of treatment
by location where
child sleeps. Maternal
education, religion,
crowding, and ETS
not significant.

All deaths:
2.8 (1.8 to 4.3)
for sleeping in
room with
cooking.
4.3 for pneumo-
nia only; 2.4 for
other deaths. 

Table 3A.1 (continued)
Study Design Case Definition Exposure Confounding Comments OR (95% CI)
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Urban Brazil
(1990)
Porto Alegre
(Victora and 
others 1994)

Case control,
0–23 months,
510 cases, 510
controls

Cases: ALRI
admitted to 
hospital; clinical
and x-ray.
Controls: Age
matched,
neighborhood

Trained field
worker interview:
•Any source of

indoor smoke
(open fires,
woodstoves,
fireplaces)

•usually in
kitchen while
cooking

Interview:
•cigarettes smoked
•housing quality
•other children in

household
•income and 

education
•day center 

attendance
•history of 

respiratory illness
•(other)
Hierarchical
model/MLR

Only 6% of children
exposed to indoor
smoke. Urban
population with
relatively good access
to health care. Not
representative of
other settings in
developing countries.

Indoor smoke:
1.1 (0.61 to 1.98)
Usually in the
kitchen:
0.97 (0.75 to 1.26)

Rural Gambia
Upper River 
(de Francisco and
others 1993)

Case control
Cases: 129 ALRI
deaths.
Controls: 144
other deaths.
270 live controls
0–23 months

Cases: Verbal
autopsy
confirmed by 2
of 3 physicians.
Controls:
Matched by age,
sex, ethnic group,
season of death,
and geographic
area

Indoor air
pollution index
based on location
and type of stove,
carrying of child
while cooking,
and parental ETS
(details not
provided)

Cases vs. live controls:
Adjusted for
significant factors in
univariate analysis:
•socioeconomic score
•crowding
•parental ETS
•nutrition indicators
•maternal education.
No significant factor
for cases vs. dead
controls

Only other significant
risk factor remaining
after multiple condi-
tional logistic regres-
sion was whether
child ever visited
welfare clinic OR �
0.14 (0.06 to 0.36).
Misclassification of
ALRI deaths (for
example, confusion
with malaria) is
possible reason for
lack of significant
difference between
cases and dead
controls.

5.2 (1.7 to 15.9)
for cases vs. live
controls.

(Table continues on the following page.)
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Rural Gambia
(1989–1991)
Upper River
(O’Dempsey and
others 1996)

Prospective
case control,
n � 80 [cases] �
159 [controls],
0–59 months

Attending clinic.
Cases: if high
respiratory rate,
transported to
Medical Research
Council facility
where physician
diagnosed pneu-
monia after lab
tests and x-ray.
Controls: selected
randomly from
neighborhood of
cases, matched by
age.

Household
questionnaire:
Mother carries
child while 
cooking

Adjusted for:
•mother’s income
•ETS
•child’s weight slope
•recent illness
•significant illness in

last six months

No effect of bed nets,
crowding, wealth,
parental education,
paternal occupation, age
of weaning, and nutri-
tional status. ETS OR �
3.0 (1.1 to 8.1).
Etiological (preventive)
fraction for eliminating
maternal carriage while
cooking � 39%; for
eliminating ETS in 
house � 31%. May be
reverse causality, that is,
sick children being more
likely to be carried.

2.5
(1.0 to 6.6)

Table 3A.1 (continued)
Study Design Case Definition Exposure Confounding Comments OR (95% CI)

Source: Smith and others 2000.

OR � Odds Ratio; AURI � Acute Upper Respiratory Infection; COHb � Carboxyhemoglobin; MLR � Maximum Likelihood Ratio; TSP � Total Suspended
Particulates; M � Masculine; F � Feminine; ETS � environmental tobacco smoke; NS � not significant. 

Urban and Rural
India (1991)
South Kerala-
Trivandrum
(Shah and others
1994)

Case control,
2–60 months,
400 total

Hospital. Cases:
Admitted for
severe to very
severe ARI
(WHO
definition).
Controls:
Outpatients with
nonsevere ARI.

History taken,
including
•type of stove,

with “smoke-
less” category

•outdoor
pollution

History:
•smokers in house
•number of siblings
•house characteristics
•socioeconomic

conditions
•education
•birth weight and so

forth
Adjusted in MLR

This is a study of the
risk factors for increased
severity, as the controls
have ARI (nonsevere).
On MLR, only age,
sharing a bedroom, and
immunization were
significant. Exposure
assessment was vague
and unvalidated.

“Smokeless”
stove:
0.82 (0.46 to
1.43).



4
The Evolution of Improved

Stoves in Guatemala:
Lessons from Three Programs

The modern, efficient biomass stove is an important socioeconomic bridge
for people in developing countries who have access to low-cost, readily
available biomass but who cannot afford expensive modern fuels. The many
potential benefits of such stoves include fuel economy, convenience, and
the ability to reduce smoke inside the kitchen. The stoves also offer the
environmental benefit of reducing deforestation. 

This chapter investigates the potential of an improved stoves program
to alleviate the problem of indoor air pollution. It first examines the tech-
nical development of wood stoves in Guatemala, and concludes with a
review of three of the programs currently promoting the use of these
improved stoves. 

Development of Improved Stoves in Guatemala

In the 19th century, imports from Europe brought the first significant inno-
vations in wood-burning stoves to Guatemala. In Europe the primary pur-
pose of the stove was to provide indoor heat, but some were also equipped
with a metal plate cut with holes, the diameter of which could be modified
with rings and moveable covers for cooking. The casting typically was high
quality, and some of these stoves are still in use today. In Guatemala, man-
ufacturers reproduced these designs at lower cost and with lower specifi-
cations for their own customers. During this period and later, both the
imported and home-produced models could be afforded only by the
wealthy. The stoves were bought in part to reduce the dirty, irritating smoke
that was produced by cooking fires, but typically were supplemented by an
open fire outside the kitchen. Some were specially modified to cook food
for sale in markets. Metal planchas of varying origin and form first began to
be used for cooking during this period.

This style of cooking, employing an enclosed, controlled wood fire and
controlled emissions, provided the basic format for the commercial wood
stoves that followed. The purchaser bought the stove and installed it in the
house. A bricklayer or plumber was hired to prepare it for use, and in short
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order the stove was integrated into the functioning of the home. It was fun-
damental to these first commercial models that they were produced by an
enterprise as a complete metal stove, and then custom-installed in the home.
(See table 4.1 for a brief description of all stages of stove development.)

Technological Innovation (1976–1980)

The early versions of the stoves promoted through today’s improved stoves
program in Guatemala had their foundation at the ICADA Choquí
Experimental Station, operating in the western altiplano of Guatemala, with
a single office in the departamento of Quetzaltenango. The station first began
its research on alternative technologies for renewable energy applications
in the early 1970s. The program has multiple purposes, including the pro-
motion of solar energy to heat water and dry agricultural products, the use
of organic fertilizers, soil conservation practices, and the evaluation of wind
generation for motive power. The ICADA Choquí Experimental Station’s
approach to undertaking work in its rural area of operations embraces
methodologies similar to those developed in Asia and Africa for promot-
ing alternative energy as a way to alleviate the problems of poverty in remote
areas.

During this period the basic philosophy of technology promotion influ-
enced the development and the design of improved stoves. Planners
included, for example, the intensive use of local labor and materials in the
manufacture of the stoves. The stoves themselves often were self-constructed
by local users. These development activities usually required only small
financial investments and were based on simple procedures that would
support the easy and extensive transfer and application of knowledge and
experience. The use of local or traditional technology was also emphasized.
Most projects were developed around the use of clay. 

A natural disaster in 1976 gave birth to the first prototype of what was to
be termed the Lorena stove. Following an earthquake, the Choquí Station
decided to consolidate its various small projects into a single program for
improved stoves. Technical experts from Canada and the United States were
invited to participate in the program. The first prototype of the Lorena stove
soon emerged, accompanied by printed informational pamphlets; dissem-
ination of the stove followed.

The Lorena Stove 

The Lorena stove was named for the primary materials from which it was
manufactured: lodo and arena, earth and sand. Because the clay and sand
were formed into the stove within each individual house, the stove did not
come with precise rules for its dimensions. The size and shape would depend
on the space and materials available to each user—stoves were made round,
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Table 4.1 Stages in the Development of Stove Technology
19th Century 1976–80 1980–1986 1986–1993 1993–2001 2001–Present

Models that predate Technological Technological Production and Promotion of commercial Beginning of the 
improved stoves innovation diversification dissemination of studies models of stoves commercial market period

Source: Fundación Solar 2002.

a. From October 4–10, 1987, a workshop titled “The International Workshop in Dissemination of Woodstoves” was held in Guatemala with support
from the International Development Research Centre (IDRC) of Canada and the Foundation for Woodstove Dissemination (FWD), and organized by
the Mesoamerican Center for the Study of Appropriate Technology. A main focus of the workshop was to review the Guatemalan program. Portable
models of stoves from Africa and Asia were presented.

• Imported cast-
iron stoves

• Domestically
produced cast-
iron stoves 

• Stoves made
from brick,
with planchas
made of cast
iron

• The 
innovative
Lorena
stove

• Large-scale
models based
on the Lorena
stove

• The innovative
technology of
the Center for
Appropriate
Technology
Research
(CETA) stove

• Diversification
of prefabricated
models based
on the CETA
stove

• National Survey on
Improved Stoves

• Baseline Study on
Tortilla Stoves in
Guatemala City

• The International
Workshop of FWDa

• Market Study on
Stoves in the
Guatemala City
Metropolitan Area

• Study of Indoor Air
Pollution from
Smoke in Rural
Households

• Ubicación del
Modelo de Plancha
Armada (Location
of the plancha
armada model)

• Training programs
in planchas
manufacturing

• Development of a
prototype plancha
armada stove

• Large-scale distribu-
tion of plancha
armada stoves

• Development of
commercial models

• Studies conducted
on the health impact
of the stoves on
users

• Introduction of
portable commercial
models based on the
plancha armada stove

• Emphasis on partici-
pation by women in
stove programs



square, rectangular, and even triangular, to fit into the corner of a room—
but the firebox, the diameter of internal passages, the opening through
which firewood was added, and the height of the chimney were broadly
uniform. No special tools were needed for construction, and measurements
were made using hands and fingers. Each stove, as a result, performed
differently. 

From these modest beginnings, the Lorena stove and its variants spread
through local and international donor organizations. The consequence was
the large-scale dissemination of the technology. The financing of most
projects carried out in this period depended on donations by national and
international organizations, which came to be widely known and highly
regarded.

In response to the success of the Lorena program, the Guatemala Ministry
of Energy and Mines (MEM) formed the National Group for Improved
Stoves. Working groups were organized under the Office of Alternative and
Renewable Energy to coordinate and promote efforts to disseminate the
technology.1 In 1982 roughly 30 institutions were active in this field, enabling
the working groups to be organized to address various special interests,
including the recommendations of the Seventh National Congress of
Engineering, held that same year, and those of the Third Latin American
Conference on Bioenergy. Institutions and individuals that were not involved
in these working groups continued to operate independently with their
own resources. 

At its most fully developed, the National Group for Improved Stoves
comprised 27 formally registered institutions from the public and private
sector. These institutions exchanged ideas, logistics, information, and tech-
nical resources, while trying to keep out of each other’s way. The idea behind
this organization was to make the most of the resources available for the
benefit of all institutions and to assist the work of each member group. The
achievements of the energy groups included the formulation of a national
program to develop improved stoves, integration of the institutions work-
ing in this field, the organization of an interinstitutional information system,
and the preparation of a workshop seminar on the construction, use, main-
tenance, and diffusion of improved stoves. A directory of the national group
was put together and a National Survey of Improved Stoves carried out.
With the normal progression of change in the administration and of gov-
ernment officials, however, the national group began to decline by 1986.

Studies on and Decline of Improved Stoves (1986–1993)

The isolation of the improved stoves programs that is apparent in Guatemala
today had its roots in the late 1980s. The energized period of dissemination
of the Lorena stove took a turn for the worse in the mid-1980s. Although
there were still a significant number of projects being carried out during
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this period, there also was a fairly high turnover in the number of partici-
pants: stove promotion groups would disappear and, depending on donor
funding, new ones would emerge. Part of the reason for this change was
the disappearance of the National Group for Improved Stoves.

Although the stove implementation period continued, the tangible
impacts and results were declining. The previously favorable diversifica-
tion in the program began to show serious deficiencies, and the models that
were successful when new began to have technical problems as they aged.
Consumers started to abandon them. A key part of any program is whether
consumers will purchase a new stove after the old one wears out. In this
case new stoves could no longer be found at the place where the old ones
were built, and people reverted to their old ways of cooking.

Critics of the stove programs consider these outcomes to be a significant
problem, but manufacturers and institutions nonetheless continued their
work, confident in their familiarity with the stoves they had learned to
make. Various documents and research meetings determined, however,
that the only way to coordinate these efforts and to standardize the tech-
nology would be to bring all models to formal commercialization. 

Promotion of Commercial Models of Improved Stoves (1993–2001)

Partly because of the failure of consumers to purchase new stoves when
their old ones wore out, in the early 1990s it was decided that the stove pro-
gram should be made subject to the forces of supply and demand. The
theory was that through their market decisions stove users would define
their likes and dislikes of the various features and models of improved
stoves. However, the stoves offered in Guatemala could not be readily trans-
ported once purchased, and the manufacturers could not maintain a reli-
able source of supply to meet large demand, as well as maintain consistent
quality at reasonable prices. The quality of models built almost entirely on
site—the defining feature and abiding problem of the Lorena stove—
furthermore could not be controlled because each model was a different
size and shape. 

Meanwhile, the successful use of metal components in the propane stoves
that were made for commercial tortilla producers opened the possibility of
using metal parts to address the problems of quality control and durability
that plagued clay stoves. The idea evolved into the use of a tortilla pan
(comal) in the already commercialized cast-iron planchas. In the northern
part of Guatemala, it was discovered that people were already using a
plancha armada, a sheet of metal welded to a metal frame, for cooking. Some
models were developed using the plancha and trials were conducted by pro-
viding them to food vendors in markets or on the street. After the trials,
there was widespread use of the metal plancha in the stove models made
during the 1993–2001 period. Institutions and cooperative organizations
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fostered the development of new models based on the concept of a plancha
incorporated into an energy-efficient stove, with a chimney to remove smoke
from the house. (See figure 4.1.)

In 1994 and 1995 MEM put together a training program for making plan-
chas armada and for building stoves. The program was to run in a place des-
ignated the “workshop school,” and the training events were to be attended
by artisans who wanted to start their own businesses. The underlying prin-
ciple was that the various procedures in use around the country would be
standardized, and a fundamental level of quality control thus maintained
for the finished stoves (MEM 2001).

Beginning of Commercial Distribution (2001)

The extensive diffusion of the new stove model led to the development of
further new types of programs and projects, notably those financed by gov-
ernment social funds. The process of negotiating and signing the peace
agreements that ended the war brought a great deal of international finan-
cial assistance to Guatemala, which made this activity a form of household
improvement. New programs and projects arose, such as those of the social
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Figure 4.1 Typical Plancha Stove Promoted by the Social
Fund in Guatemala
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Source: Fundación Solar 2002.



funds—the Social Investment Fund (FIS), the National Fund for Peace
(FONAPAZ), the Fund for Indigenous Development (FODIGUA), and others
that carried out work according to their own plans and with little coordi-
nation between them. During the mid-1990s, most of the responsibility and
financing for improved stoves was moved from MEM to these social funds.

The later part of this period is similar to the first phase in the history of
stove development, in that there emerged many new models based on the
original design that had been developed to improve stove performance and
lower prices. At the Mesoamerican Exchange on Efficient Cooking
Techniques and Improved Stoves, organized by Fundación Solar and held
in Antigua in August 2001, there were demonstrations of new stove models
and techniques for preparing food. The innovations presented had two
common principal characteristics—portability, and the use of metal plan-
chas in their construction. For example, a new flat plancha was on display, con-
structed in several sections and with different holes so that it could be used
in various configurations. The exhibit also included a stove that employed
natural convection and was made of fewer parts and required less firewood.
Smaller, fixed and portable prefabricated models also were demonstrated
that were made of lightweight concrete pieces.

Despite all these innovations, the dominant stove program in rural
Guatemala continues to revolve around the stove promoted by the FIS. The
FIS is a rural and social development program that offers community grants
for making local improvements to schools, water supply, local facilities, and
other development projects. As one of the options, the FIS offers community
grants for improved stoves. Without much alteration, the original stove
design developed by MEM was adopted as the only model of improved
stove that would be promoted under the FIS program. As indicated, the
program offers communities the possibility of receiving mostly grant funds
for programs of their own choosing, and the improved stoves program has
been a popular choice for the use of these funds. 

Description of Research and Main Issues

To determine the best future direction of the improved stoves program in
Guatemala, three relatively successful programs were examined. The
programs selected for the case studies were chosen based on a variety of
characteristics, including the success of the program, as gauged by its abil-
ity to achieve a high and sustained adoption rate of improved stoves; on
government and nongovernment involvement; and on geographical diver-
sity. The case studies were carried out in communities selected to reflect
broad geographical coverage and for their relatively high rates of stove pen-
etration. They were carried out for the insights they offer into the merits of
each program; they are not intended to be program evaluations or market
studies. (See table 4.2.)
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Main Issues Examined in Stove Programs

The following key issues were identified for evaluation in the case studies.
Stove pricing. The studies examined the pricing of stoves compared to

the costs of producing and marketing them. The benefits or problems of
producing relatively inexpensive stoves made of local materials were exam-
ined and compared with the use of higher-quality components or parts that
may be more expensive. How this was related to the market for the stoves
was also examined.

Program financing. The appropriate level of program financing can involve
a delicate balance between the size and the delivery mechanism of a subsidy
and the pricing of stoves such that they are affordable to poor households.
In most internationally successful programs, the stove price does not con-
tain a large subsidy component; governments typically provide financial
support (for development costs) and technical assistance to the programs. 

Market identification. The use of surveys and other market assessment
techniques has been an essential component of most successful programs. 

Identification and development of stove types to be promoted in the program.
Many internationally successful programs have required an iterative process
of development and test marketing under real conditions. 

Customer service and satisfaction. The case studies evaluated both the impact
of stoves on rural communities and the degree of consumer satisfaction
with the stoves, focusing on the techniques used to sell and service the
stoves.

Operational procedure. Operational procedures included the allocation of
institutional responsibilities, the allocation of work, and training at the
community level or for artisans. 

Communication and promotion. Communication and promotion of stoves
is often a key component in a successful program, especially for the exe-
cuting agency, the stove manufacturers, and the rural beneficiaries. 
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Table 4.2 Communities Selected for the Study
Stoves in Stoves in 

Organization Community 1 project Community 2 project

Tezulutlán Quiaté, San Miguel 74 Pahoj, Rabinal, 28
Chicaj, Baja Verapaz Baja Verapaz

FIS Los Achiotes, Jalapa, 28 Los González, 65
Jalapa Jalapa, Jalapa

Intervida San Antonio Las 41 Cantel, San Pedro 50
Barrancas, Sibinal, Sacatepéquez,
San Marcos San Marcos

Source: Fundación Solar 2002.



Local perception. Consideration of the needs and views of consumers has
been a hallmark of most successful programs. Do consumers value the
stoves because they save energy, are convenient, or eliminate indoor air
pollution? What types of modification would the consumer like to see made
to the stove?

Design of the Study

The three projects were chosen as case studies based on their locations, dif-
ferences in the availability of firewood (some had abundant supplies and
others scarce supplies), beneficiaries from various indigenous ethnic groups
as well as the Ladinos, and the use of different project implementation
methodologies, including different levels of subsidy. Together, the three
projects are fairly representative of the projects carried out in other parts of
Guatemala. The programs include the FIS project, which is national in scope;
the Intervida project, located in various departamentos in western Guatemala;
and the Tezulutlán project, which covers a number of municipalities in the
northern departamento of Baja Verapaz (table 4.2). Once the projects were
selected, a preliminary list of communities was compiled, and for each
project two communities were then chosen that best met the selection 
criteria.

Conducting the case studies involved collecting information from a vari-
ety of different sources. Several sources were used to gather secondary infor-
mation on population, economic status, housing, means of access and
transport, and poverty maps in the study areas. First, field teams were
formed to gather the data. Facilitators were needed to conduct the inter-
views with stove users, especially in the case of the study carried out in the
departamento of San Marcos, an area with a predominantly indigenous pop-
ulation. Second, the regional offices of the various projects were visited to
interview technicians and extension workers and to learn about their work
methodologies. Third, selected communities and community leaders were
contacted to ask for their help in gathering information and organizing
focus group interviews. (Leaders in all the selected communities offered
their support, which greatly eased the process of information gathering.)
Finally, the team interviewed the owners and employees of the metalworking
shops that sell components and that manufacture the improved stoves. 

Background on Stoves Program Case Studies

The three stove programs examined in this chapter include one financed
by the European Union (EU), another funded by the government of Spain,
and a third supported and implemented by the Guatemala Social Investment
Fund (Fondo de Inversíon Social; FIS). This section provides brief back-
ground for the programs and their methods of implementation.
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The Tezulutlán Project: Integrating Stoves
with Rural Development

The Tezulutlán project was an integrated rural development project that
started in 1999 and is still in operation in 2005. The funding for the project
was provided jointly by the government of Guatemala (covering person-
nel expenses) and the EU (most of the physical investments). The project
focused mainly on agricultural extension, as well as health and nutrition; the
stoves component was implemented under the health and nutrition com-
ponent and initiated in 1999. It continued for about three years. From the
beginning, the principal goal of the stove component was to improve living
conditions for rural populations, paying special attention to women, hygiene,
health, and household improvement. In pursuit of this goal, the project
looked specifically to build an improved, wood-conserving stove that would
improve the indoor environment of users. 

The Tezulutlán project was implemented in the departamento of Baja
Verapaz in the northern region, north of Guatemala City. The departamento
is 3,124 square kilometers in size, with a low population density of 68 people
per square kilometer (compared to the national average of 103 people per
square kilometer). The proportion of the population living in rural areas is
relatively high, at 78 percent. The literacy rate, at 56 percent, is low. The
departamento’s poverty rate is 72 percent, with 31 percent living in extreme
poverty. The economy of the region is based on agriculture, primarily sugar
cane, vegetables, basic grains, and cereals. The climate in most of the depar-
tamento is dry. Many communities suffer from significant deforestation and
a shortage of firewood (INE 1994). 

There were several phases to the implementation of the Tezulutlán pro-
ject, beginning with analysis of existing stove models in the various munic-
ipalities of Salamá and continuing ultimately to visits by monitors to verify
the quality and proper use of the installed stoves. Tezulutlán conducted the
first research on the improved stoves, discovering that some models still
used too much firewood. The project evaluated the various types of stoves
that were in common use,2 with the goal of developing a stove that would
combine the best features of the stoves being promoted and installed by the
diverse development organizations operating in the departamento of Baja
Verapaz (Baja Verapaz 2002). In this it enlisted the insight and advice of the
local women who were using the stoves.

Once the new stove had been designed (see figure 4.2), the work of
promoting it began. With the help of field staff, the project delivered
4,129 improved, wood-conserving stoves during the three years of
implementation. The project sought the participation of other NGOs that
operated in the area, providing them with financial support and technical
assistance for installing the stoves. The project provided the funds neces-
sary to contract with the extension workers, who remained part of their NGO

58 ENVIRONMENTAL HEALTH AND TRADITIONAL FUEL USE IN GUATEMALA



teams—Tezulutlán became a source of technical and financial support for
the NGOs that were already operating in the area, so that they could foster
the use of the improved stoves and make the intervention sustainable.

The Intervida Program: Focus on Children, Families, and Poverty

Intervida is a Spanish NGO that supports community development in
Guatemala and in six other countries through sponsored-child programs. The
goal of the program in Guatemala is to improve the lives of women and
children through training and community organization, cultural events,
education, community infrastructure, income-generating initiatives, health,
and food security. Established in Guatemala in 1996, Intervida focuses its
activities on the western highlands. 

There are three main components to Intervida’s work in Guatemala. The
Community Support, Organization, and Training program provides the
foundation for other programs, strengthening community organization and
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Figure 4.2 The Tezulutlán Stove

Photo from Tezulutlán project. Note the clay
chimney, lack of a stove door, and the shelf for
holding up the fuelwood so that it can be fed into
the stove once the wood inside is burned up.

Source: Fundación Solar.



forming community committees to manage the projects. The Basic Support
program focuses on health and education, and is responsible primarily for
medical visits and school construction. Finally, the Production and Marketing
program seeks to stimulate the economy and to generate income through
its work in livestock, agriculture, forestry, and community organization. 

The Intervida project to promote wood-saving stoves began in 1998, in
response to public demand. The project was undertaken by the Production
and Marketing Program, because Intervida sought to encourage communi-
ties to make a strong commitment to the project (and to share some of the
cost of the stoves). The Basic Support program also initiated a program of
installing improved stoves in schools. From 1998 to 2000 the household
project grew steadily: In the departamento of San Marcos, 142 stoves were
installed in 1998, 1,200 in 1999, and 2,000 in 2000. In 2001 the number of
stoves installed fell to about 500. The Production and Marketing component
generally is flexible in terms of its work strategy, with its principal objective
being the promotion of economic development in the communities in which
it works. To achieve this objective, Intervida designs work plans and strate-
gies that seek out feedback and that aim to be constantly adaptable, as was
demonstrated by the stoves program. The objectives of the wood-saving
stoves program were the following: to save firewood, to benefit both the
environment and family budgets; to improve the home by reducing indoor
air pollution; and to use and manage natural resources sustainably.

As of the end of 2000, projects implemented in the western part of the
country had installed 8,500 stoves, though after that year stove production
at the household level declined significantly, with only about 500 stoves
installed in 2001. One of the main lessons learned was that projects for
wood-saving stoves require strong community participation. One example
of a typical plancha Intervida stove in Quetzaltenango region is depicted in
figure 4.3. Note that the stove door is open and the chimney has been
replaced by a cement pipe.
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Figure 4.3 An Example of an Intervida-Type Stove

Source: Intervida.



The stove project has since been refocused on an integrated watershed
management project that will last 10 years, from 2001 to 2010. Within this
watershed project the communities involved are to carry out wood-saving
stove projects as well as integrated projects in the fields of forestry, agri-
culture, and livestock. The stove project is implemented under the condition
that each beneficiary pays back the cost of the stove (approximately US$100)
over a one-year period; these funds are subsequently used as seed money
for investment in other projects in the forestry, agriculture, and livestock
areas.

The FIS Program: Successful Government Program
with Limited Flexibility

The FIS is a decentralized, government entity with administrative auton-
omy and with its own legal standing and heritage. The FIS was created in
the aftermath of the war during the late 1990s in Guatemala to provide
grants to and make investments in activities that improve the quality of life
for the rural poor. The main working groups within the FIS are focused on
the environment; productive projects; water and sanitation; and education,
health, and nutrition. The three fundamental goals of its work are to provide
technical assistance, to finance development projects, and to strengthen
community self-management. The FIS has nationwide coverage through
24 departmental offices. 

The stoves program is the responsibility of the FIS Environment Unit—
and due to the demand for improved stoves from rural communities, is the
unit’s largest responsibility. Inaugurated in 1996, the program is based pri-
marily on promotion of plancha-type stoves developed from a FIS proto-
type that was designed originally for members of impoverished groups or
communities in rural areas, to replace worn-out stoves or as an alternative
to the open fire. The main changes to the prototype since the beginning of
the project have centered on the metal plancha, or hot plate. 

The FIS stoves program has proven exceedingly popular. FIS stoves have
been installed throughout the country, and the technology is familiar to
many rural communities. The demand for stove projects continues to be
robust, and it is estimated that approximately 15,000 stoves are built each
year. By the end of 2001, an estimated 90,000 stoves had been built in rural
homes in Guatemala and most of them were completed under the FIS
program.

The main FIS stove has a metal plancha with four holes for cooking (see
figure 4.4). This model has been used since the beginning of the program,
with the only significant change being replacement of the 8 mm cast-iron
plancha by one made of 5mm armado iron.3 It is generally accepted that the
newer plancha is both of better quality and is cheaper than the older cast-
iron version. No technical data support this perception, but because the FIS
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program, the Tezulutlán project, and Intervida all have independently
changed from cast iron to armado iron, the anecdotal evidence is strong.
The lack of interaction between the three groups that strengthens this
perception is, however, a significant weakness in the stoves programs in
Guatemala.

Under the FIS program, community groups are organized and given
the responsibility to select the development option they favor. The process
works as follows: A facilitator calls a meeting of community leaders
(religious, legal, and traditional), who together create an association com-
prising representatives of all sectors of the community. The association
members are trained in the method of operation of the FIS, and subse-
quently convene a community forum to prioritize the short-, medium-,
and long-term needs of the community. The FIS provides financing for the
highest-priority project on the community’s list, provided that the associ-
ation can manage the project. The principle underlying this process is that
the community, through the associations that are formed, will retain the
ability to manage other projects in the future, perhaps with other devel-
opment organizations. In the case of the stoves program, projects that are
identified for implementation by the committee are financed by the FIS
subject to the availability of funds and to the fulfillment of the conditions
for a viable project.

After a technical committee (comprising directors appointed by the FIS
executive board) approves a project, private companies contracted through
public bidding make the FIS stoves. The contract for the stove construction
company is a comprehensive arrangement. The builder is responsible for
constructing the complete stove, including the purchase of materials, paying
the cost of getting the materials to the community, and paying for skilled
labor. The company has to give a one-year guarantee on its work. The
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Figure 4.4 Stoves in Rural Households

Source: Photos by Fundación Solar and Rogério Carneiro de Miranda. 

Note: Typical plancha stove and FIS stove built in 2001.



construction company is paid as progress in building the stoves is made.
Forty percent is paid as an advance at the beginning of the job, followed by
three equal payments of approximately 17 percent, the first for building the
base, the second for the firebox, and the third for installing the planchas,
chimneys, and accessories. The remaining 10 percent is paid when the
completed stove is handed over.

Comparative Assessment of the Case Studies

The improved stoves program in Guatemala is relatively advanced, com-
pared to programs in other regions in Latin America. There are both good
and poor aspects to the program, but it is obvious that it has and continues
to receive significant support from both local people and donors. The next
section compares the three case studies.

Subsidies and Commercialization of the Stoves Programs 

Guatemala’s stoves program is unique in that it involves the distribution
of fairly substantial and expensive stoves. The stoves are prohibitively
expensive for many people, even the least expensive costing more than
US$50. Elsewhere in the developing world the stoves promoted by com-
parable programs typically cost US$5 to US$10. The establishment of a
purely commercial market for such an expensive stove in rural areas is out
of the question. In spite of this (and due in part to government and donor
assistance), rural people place a high priority on getting these stoves. 

Because the financing for the stoves does not come from the consumer,
the development of a dynamic market for improved stoves has been rela-
tively limited. The stoves programs typically have consisted of isolated
activities by projects operating independently. Although most projects are
fairly well designed and rural people generally seem to be satisfied with
them, such independence and isolation inevitably generate problems. For
example, the tendency of each program to produce and sell stoves for about
20 percent of their actual cost (see table 4.3) has created a situation in which
the different types of stoves do not compete with each other. This results
in market distortions and has given rise to technical deficiencies in some
stoves, to the point where it is common for a household to revert to use of
an open fire rather than to the “improved” stove. (This is a problem par-
ticularly for the FIS and the Intervida programs; the stove developed for
the Tezulutlán program appears to be much better used.)

Because each program has its own approved model, there is no competi-
tion between the different models. Although most successful programs
throughout the world cap the actual subsidies for stoves themselves, in
Guatemala the preference for more expensive stoves may limit such an
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approach. However, the development of different types of stoves and com-
petition for customers are limited in the programs, and there could be new
mechanisms to share experience between the programs. The problems faced
by all programs are fairly similar, so it would be beneficial to learn from each
program or project’s mistakes or successes. The Guatemala FIS program relies
heavily on subsidies so there has been no development of a stove market.
The only stove model approved by the government receives the subsidy. A
government unit or private agency mandated by the government involved
with improved stove design could approve a large number of stoves and also
have a technical support unit to share experience between programs.

Stove Design Issues and After-Sales Maintenance

The three projects studied all used the same process of trial and error in
developing the metal plancha, an inevitable duplication of effort given the
lack of communication between the programs. All three programs initially
used an 8 mm cast-iron plancha before arriving independently at the
conclusion that a 5 mm armada plancha was a better substitute.
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Table 4.3 Typical Subsidies of Three Programs in Rural
Guatemala, 2002

Approximate
Total Percentage total stove costs

number Firewood using Improved stove (including
Community of stoves procurement open fire cost to user user cost)

Tezulutlán
Quiate 74 Gather 12 Q 100 plus Q 500

materials
Pahoj 28 Gather 0 Q 100 plus Q 500

materials

FIS
Los Achiotes 28 Buy 40 Q 65.5, including Q 800–1,000

materials
Los 65 Buy and 38 Q 65.5, including Q 800–1,000

González gather materials

Intervida
San Antonio 41 Gather 42 Q 151, including Q 684

materials
Cantel 50 Buy 28 Q 151, including Q 684

materials

Source: Fundación Solar 2002.

Note: Q � Guatemalan quetzales. Eight quetzales are approximately equal to US$ 1.



The original cast-iron planchas suffered from cracking and warping. Of the
15 women in the sample that had trouble with the plancha, only three made
some type of homemade modification to resolve the problem. This suggests
that there is no easy way to repair a plancha, and if a plancha cracks or warps
the likely result is that the house will become smoky again. The plancha
must, therefore, be of good quality and the stove user must know the lim-
itations on its use and how to properly care for it.

According to the three case studies, the chimney, firebox, and accessories
(the door for feeding firewood and the regulator to control airflow) were
the source of most of the difficulties that users experienced in operating the
stove. In two of the four communities that used chimneys made of zinc
sheet metal, some people replaced their 100 mm diameter chimney with
one that had a larger diameter. Women in the focus groups also said they
prefer a larger chimney because it requires less cleaning. The main prob-
lem with the clay chimneys is that they are fragile and therefore difficult to
transport. In Baja Verapaz there is only one artisan who produces clay chim-
neys, so it is hard for people to get a replacement. New chimney parts must
be brought in from outside the immediate region, which again is difficult
because so many communities are remote and accessible only by poor roads. 

Some people in Los González were found to have enlarged the inside of
the firebox, because the small volume of the original firebox required them
to split their firewood into smaller pieces—an unwelcome extra chore for the
families. In San Antonio las Barrancas some users had broken the fireboxes
or dislodged the bricks that frame the opening. In Quiaté and Pahoj, where
the stoves were built by people from the community, the builders tended
from the beginning to make a larger firebox than specified in the design,
and also to build a larger opening for feeding the firewood. The design of
the firebox used in the Tezulutlán project is different from that of the FIS
and Intervida model (see figure 4.5), making it easier to put in larger pieces
of wood. The stove builders in the Tezulutlán project also did not put doors
on the fireboxes, regarding them as an unnecessary complication.4

The community that had the most problems with the firebox was San
Antonio las Barrancas. In this community, where the project was imple-
mented in 1998, local men trained by bricklayers built the stoves. It is likely
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Figure 4.5 Firebox Differences Between Stoves

Source: Fundación Solar 2002.



that the problems experienced by users were due to a lack of quality control
during construction. The main problem with the firebox was breakage at
the point where the bricks meet, which in extreme cases led to a brick coming
loose entirely, leaving a gap in the firebox. The chimney, plancha, and firebox
are critical for the proper functioning of the stove. The incidence of problems
for each component in the sample of 87 improved stoves is 18 percent for
the chimney, 18 percent for the firebox, 17 percent for the plancha, and 16 per-
cent for the accessories (see table 4.4).

The age of the stoves studied ranged from one to four years, and there was
a relationship between the age of the stove and the number of problems
reported (see table 4.5), mainly in the chimneys and poyetóns (bases). The
communities studied in the FIS and Intervida projects received no assis-
tance from the projects in making modifications to the stoves or in replac-
ing parts that failed. The communities aided in the Tezulutlán project in
contrast received support from the project’s technical staff or extension
workers during the execution and monitoring phase (the first year using
the stove). This program, which placed more emphasis than the other two
on stove design, inviting the input of users, appears to have been the most
successful in avoiding problems during actual use.

Clearly the process of stove design can have a significant impact on the
acceptance of the stove by users and whether they use it as their main cook-
ing device. The experimentation in the Tezulutlán project, including design-
ing a stove without a door, proved to be important for continuing use of
the stove. At the very least, there needs to be greater communication among
the different programs about the practice of stove design. 

User Perceptions of Improved Stoves

The general impression of participants in all three programs is that the
improved stoves have had a significant impact on their lives. Participants
reported the most valued benefits to be the use of less fuelwood, a reduc-
tion in cooking time, and the removal of smoke from the house interior
(table 4.6). Given the drudgery involved in collecting firewood and cooking,
these are significant benefits for rural women. In Cantel and San Antonio,
the reason given for the reduced time spent cooking was that with the
multiple stove pot openings the cook can prepare several dishes simulta-
neously. The respondents also state that the kitchen is cleaner than it was
before. While users favorably report removal of smoke from the house, they
are unlikely to fully understand the long-term health consequences of this
benefit. The advantages of reduced eye irritation and better respiratory
health, for example, were perceived to be the lowest benefits under the pro-
gram. A more highly valued benefit cited by female users is that they no
longer have to buy clay comals, as they can cook tortillas on the plancha of
the stove. 
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Table 4.4 Comparisons of Stove Issues for Six Villages in Three Improved Stove Projects
Replacements Changes suggested

Problems or modificationsa by users

Year Total
stove was number of Sample

Community Project built stoves size

San Antonio Intervida 1998 41 14 5 4 5 1 5 7 6 • • • •
Los Achiotes FIS 1999 28 10 5 1 1 4 1 1 1 •
Quiaté Tezulutlán 2000 74 17 4 7 4 1 1 •
Cantel Intervida 2000 50 18 1 2 9 4
Pahoj Tezulutlán 2001 28 7 1 1 1 1 1 •
Los González FIS 2001 65 21 1 1 1 7 2 1 6 1 • • •

TOTAL 286 87 16 15 16 8 16 13 3 9 9

Source: Fundación Solar 2002.

Note: Of all the stoves sampled, only one, in Los Achiotes, was not working.
a. The replacements or modifications made were not always due to failed components.
b. The additional features suggested by users were an oven, a space to store firewood, a clay comal, and a water heater.

C
hi

m
ne

y

P
la

nc
ha

Fi
re

bo
x

A
cc

es
so

ri
es

P
oy

et
ón

C
hi

m
ne

y

P
la

nc
ha

Fi
re

bo
x

A
cc

es
so

ri
es

P
oy

et
ón

C
ha

ng
e 

ch
im

ne
y

Si
ze

 o
r 

he
ig

ht
 o

f s
to

ve

A
pp

ea
ra

nc
e 

of
 s

to
ve

A
dd

ed
 fe

at
ur

es
b

C
ha

ng
e 

po
ye

tó
n



Some suggestions for improvements were also offered. In San Antonio,
almost 60 percent of those interviewed complained that the stove does not
heat the house. Other suggestions were to enlarge the chimney and to add
space to the stove for storing firewood.5 It was also suggested that the chim-
ney might be made out of cement or bricks instead of sheet metal, that the
stove could include an oven and water heater, and that the platform could
be made out of cinder blocks or brick instead of adobe. In San Antonio,
female users said they would prefer the stove to be lower and the opening
for firewood larger. In almost total contrast, interviews with users in Cantel
came up with only one objector, who suggested that the stove was too low.
No other users in Cantel raised any objections at all.

The women in Los Achiotes made several observations about the dis-
advantages of the improved stoves. They did not like the limited weight
that the plancha could support,6 they felt that there were problems control-
ling the intensity of the fire, and they suggested that the diameter of the
chimney was too small. The criticisms cited by the women in Los González
included the major observation that the smoke does not vent out of the
house. This complaint was made by 14 percent of users, but it was suggested
by program coordinators that the problem might be due to inadequate clean-
ing of the chimney. A small number of people also indicated it was difficult

68 ENVIRONMENTAL HEALTH AND TRADITIONAL FUEL USE IN GUATEMALA

Table 4.5 Problems with Improved Stove Chimneys
in Guatemala, 2002

Number of Percentage
Year Total chimneys of chimneys

Chimney chimney number Sample with with
Community construction built of stoves size problems problems

Tezulutlán
Quiaté Clay 2000 74 17 4 24
Pahoj Clay 2001 28 7 0 0

FIS
Los Achiotes Zinc sheet 1999 28 10 5 50

metal
Los González Zinc sheet 2001 65 21 1 5

metal

Intervida
San Antonio Zinc sheet 1998 41 14 5 36

metal
Cantel Zinc sheet 2000 50 18 1 6

metal

Source: Fundación Solar 2002.
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Table 4.6 The Benefits of Improved Stoves in Two Programs in Guatemala, 2002
Tezulutlán FIS

Quiaté Pahoj Total Los Achiotes Los González Total

Benefits N % N % N % N % N % N %

Uses less firewood 14 82 4 57 18 75 8 80 18 86 26 84
Less smoke in the house 12 71 3 43 15 63 7 70 15 71 22 71
Requires less time to cook 11 65 2 29 13 54 6 60 19 90 25 81
Saves time collecting firewood 6 35 2 29 8 33 4 40 8 38 12 39
Kitchen is cleaner 5 29 0 0 5 21 3 30 6 29 9 29
Effect on eyes and respiratory health 4 24 0 0 4 17 4 40 6 29 10 32

Number interviewed 17 100 7 100 24 100 10 100 21 100 31 100

Source: Fundación Solar 2002.



to cook tortillas on the plancha, possibly due to problems in controlling the
intensity of the fire. In the sample group, however, 52 percent found no
disadvantages to using the improved stoves.

Among those people who did not participate in the stoves program, there
were a variety of practical reasons for not adopting the stoves. In San Antonio
the main reason was that the respondent did not, at the time the project was
implemented, have his or her own house (one of the requirements of the
program is that the stove be built inside a home). In Cantel, eight people
without stoves were interviewed and the main reason they did not get one
was lack of money. The people without stoves still use open fires. All of
those questioned expressed an interest in getting a stove now that they have
seen the advantages of having one. According to these respondents, the
advantages of the improved stoves include firewood savings, better cooking
performance, the removal of smoke from the house, and the general improve-
ment that the addition of a stove represents to the home. While the main
reason cited for not having a stove is cost, all of the women interviewed
buy their firewood; it is possible that the savings on firewood that are
brought by stove ownership would rapidly offset the cost of the stove itself.

These results indicate that people have definite opinions on how to
improve the usability of these stoves. This leads to the topic of the next
section: how to improve the design of the stoves through bringing together
the key people involved.

Interaction Between Stove Users, Builders, and Designers

One of the most interesting aspects of the case studies relates to the differ-
ent ways in which the programs seek and use interaction between the users,
builders, and designers. Under the FIS program, the stove design basically
has been unchanged for the last 10 years. While the stove design originally
was the result of collaboration, it has failed to evolve to meet changing
needs of users. The Intervida program also sought to create intensive inter-
action in its early stages, but only the Tezulutlán program maintained sig-
nificant consultation with local people throughout the installation of the
stoves and beyond. 

One of the greatest strengths of the Tezulutlán project is the participa-
tion of users in the design of the stove. This has helped ensure that the stove
is appropriate to the needs and preferences of women in the region. The
design itself enables flexibility in construction, as it includes local materials
(also bringing down the cost). For example, making the stove out of adobe
allows the height of the stove to be adjusted to suit each user. The Tezulutlán
stove also has the virtue of having a clay chimney, the outside of which
does not become excessively hot, therefore guarding against burns, espe-
cially when making tortillas. This is important to the user because tortillas
typically are cooked several times each day.

70 ENVIRONMENTAL HEALTH AND TRADITIONAL FUEL USE IN GUATEMALA



A good indicator of the success of the Tezulutlán project is the fact that
stoves built more than three years ago are still working well. In some cases
parts have been replaced, but as this has been part of each family’s respon-
sibility it helps foster a greater sense of ownership and familiarity with the
stove, and thereby reduces the family’s dependence on the project’s technical
staff.

Most of the differences in the Tezulutlán stoves, compared to those of
the other programs, were the result of the interactive process between the
designers, builders, and users of the stove. The stove retains the basic
elements of the common metal plancha stove disseminated around the coun-
try by the FIS project. These include the stove base, firebox, metal plancha,
and chimney. The design of the Tezulutlán firebox is different from that of
the FIS model (see figure 4.5), however, while the concept of using a small
internal volume has been retained. The opening for firewood is a larger
20 � 20 centimeters, for ease of fueling, but a ramp progressively reduces
the internal dimensions so that the back of the chamber is only 10 centi-
meters high. This small internal volume ensures the efficient use of the heat
generated by the fire, which is transmitted directly to the metal plancha.
This model uses a clay chimney produced by local artisans.

The Tezulutlán model also incorporates a support for the wood to pre-
vent it from falling from the fire. The technical team determined from users
that a door to the firebox was superfluous, as few people closed it and many
actually took it off. They determined also that the airflow regulator was too
difficult to use. As a consequence, both features were omitted from the final
design. (The absence of a door or its lack of use is a common feature in the
other programs; see figure 4.4.) This simplification of the design has the
additional benefit of easing the transfer of the technology. The Tezulutlán
plancha similarly was modified on the recommendation of users. The first
planchas were made of cast iron, which sometimes cracked; the design team
therefore developed a plancha made of reinforced sheets of iron that were
available only from a supplier in Guatemala City. Additionally, the new
plancha had three holes that, based on consultation, were each fitted with
removable rings that allow their diameter to be modified to accommodate
different sizes of pots.

The FIS and Intervida projects were far less proactive in stove design. The
FIS stove has a base of a fixed height, a feature that despite being criticized
remains unchanged. While there was apparently some awareness within the
task group that carried out the stove projects that the FIS program must focus
on the women who use the stoves, there was no evidence that action was
being taken to increase the participation of these women in community devel-
opment or decision making, nor was there any attempt to grant them greater
access to resources. Where the Tezulutlán project teams made a positive deci-
sion not to have a door for the stove, the FIS project went ahead with doors:
In Los González, 35 percent of these doors fell off the firebox and are no
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longer used. The Intervida project similarly made no effort to invite input
from users, nor did it act to promote the participation of women in community
decision making or to give them greater access to resources.

For two of the projects, once the stove was designed there was little use
of feedback from users to improve that initial design. The Tezulutlán project,
in contrast, was able to develop some valuable innovations through
collaboration with users and builders. All three programs falter in their
failure to communicate with each other, to take advantage of such innova-
tions, and to develop the cross-fertilization of ideas.

Best Features and Problems of Improved
Stoves Programs

The improved stoves projects in Guatemala include good practices that
should be drawn upon and taken into account in the implementation of a
national improved stoves program. They also include weaknesses that
should be avoided or addressed. The best features of the programs and the
weaknesses of the projects are presented in this section. Both positive and
negative aspects of the programs came from the evaluations and the focus
discussion groups (table 4.4).

Best Features from the Three Case Studies

The main features of the projects that generally are accepted as positive
include the use of methodologies that promote community participation
and local capacity building with a focus on women; participation of actual
users in the design of the stoves; and commitment by people from the com-
munity to help build the stoves (table 4.7).

Because of the multiethnic, multicultural, and multilingual nature of
Guatemala, the tendency of the projects to focus on defined geographic
areas allowed intensive work to be done with groups of people of similar
ethnic and cultural backgrounds. The employment of staff from the project
area also facilitated the use of local resources for the projects, improved
communications between the project and the communities, and strengthened
support and training activities.

The use of stove models that incorporated ergonomic and safety
considerations, that were functional, and that provided economic and health
benefits also contributed to the uptake of the new technology.

Requiring users to pay part of the stove’s cost (the share paid by users
was about 40 percent in the Tezulutlán project, 30 percent in Intervida, and
10 percent in the FIS program) helped reduce their dependence on social
assistance projects.
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Table 4.7 Positive Aspects of the Improved Stoves Project Case Studies
Project

Aspect Tezulutlán FIS Intervida

Institutional

Technical

Financing

Commercialization

Family focus
Participation of women and the

family in design and
construction of the stove

Collective responsibility for
the stove

Gender focus
Reducing dependency on the

NGO (contributing 45 percent
toward the cost of the stove)

Local capacity to support the
sustainability of the project

Participation by local population

Use of materials available locally
Ergonomic criteria used in design
Safety criteria used in design
Wood-saving design

Participation of users in paying
for the stove (45 percent)

Marketing of the stove in local
hardware stores

Support to local artisans

Implementation capacity
Job creation (private Guatemalan

firms)
National scope (Departmental

offices)
Participation of local population
Identifying community priorities

through participatory practices
Evolution toward greater

community participation

Wood-saving design
Durable materials
Replicable

Participation of users in covering
part of the stove’s cost 
(10 percent)

Participation of local population
Decentralized implementation

units
Joint NGO–community effort

(contributing 30 percent of
the stove’s value)

Wood-saving design
Durable materials

Participation of users in covering
part of the stove’s cost
(30 percent)

Source: Fundación Solar 2002.



Weaknesses Found in the Case Studies

There were also some weaknesses in the projects (table 4.8). One glaring
weakness was the lack of systematic community feedback, monitoring, and
evaluation. The absence of research and technological development, as well
as the poor quality of some of the stoves, were obstacles to improvement
of the stove models, and they constrained the development of more and
better options. 

The high subsidies provided for the stoves, as well as the lack of a direct
relationship between vendors and users, distorted the market, elevated
prices, and constrained development of the commercial structures neces-
sary for the projects to be sustainable. 

There was a lack of technical assistance to support modification of the
stove models and the sort of innovation that could reduce costs and deliver
more effective and efficient models. This situation could be addressed
through the use of trials, quality certification, consultations with stove users,
and the training of stove builders. 

These observations concerning the strengths and the weaknesses of the
existing programs provide a context for developing lessons to improve the
effectiveness of future work in the area of improved stoves.

Recommendations and Lessons

One-third of rural families use wood exclusively as cooking fuel. Only about
5 percent do not use wood at all. More than 90 percent of rural families still
cook over an open fire, with its concomitant dangers of indoor air pollu-
tion and accidental burns. The three case studies reviewed in this chapter
reveal that people in the communities with improved stoves programs have
identified a number of benefits from using these stoves, particularly their
ability to save money and to improve conditions in the home, which in turn
implies better health conditions. A more structured and coordinated effort
for improved stoves would help foster and strengthen the practices used
by the existing projects, and thereby would increase the access of people in
rural Guatemala to a variety of better-quality, safer stoves. 

The lack of coordination among the dynamic stoves programs in
Guatemala is a significant problem. The government could play an impor-
tant role, both in facilitating dialogue among the various parties interested
in promoting improved stoves and in ensuring that the public has access
to stoves that are durable and of good quality. This section examines strate-
gies to raise the effectiveness of the overall effort to expand the use of better
stoves, by improving the effectiveness of existing programs and by linking
these with broader rural development programs. 
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Table 4.8 Weaknesses of the Improved Stoves Project Case Studies
Project

Aspect Tezulutlán FIS Intervida

Institutional

Technical

Financing

Commercialization

Lack of monitoring during
construction

Lack of project evaluation
Project not self-sustaining

Users have little access to some
stove components

Difficulty transporting the clay
chimneys (fragile)

Lack of standardization in stove
components, affecting efficiency

Dependence on international
donations

Subsidy of some components of
the stove: plancha, chimney,
bricks, and transportation
(55 percent)

No structures created for commer-
cializing the stove (only certain
parts of the stove are sold in the
municipal seats)

Lack of integration of the project team
Centralization of decision making power
Lack of feedback
No research or technological

development work
No participation by users in designing

the stove
No gender focus
Not a self-sustaining project

Poor construction quality

Dependence on international aid
Subsidy for everything except local

materials and unskilled labor 
(90 percent)

Commercialization only at the
project–builder level (dependence on
the programs)

No structures created for commercializ-
ing the stove (only certain parts of the
stove are sold in municipal seats)

No research or technological 
development work

No participation by users in designing
the stove

No gender focus
Lack of project evaluation
Project is not self-sustaining

Poor construction quality

Dependence on international aid from
the sponsors

Subsidy for bricks, plancha, chimney, and
transportation (70 percent)

Commercialization only at the
project–builder level (dependence on
the programs)

No structures created for commercializ-
ing the stove (only certain parts of the
stove are sold in municipal seats)

Source: Fundación Solar 2002.



Role of Subsidies

The stoves being promoted by the government and various donor agencies
in Guatemala involve about an 80 percent subsidy for the purchase of the
stove. A high percentage of the remaining 20 percent of the cost that the
consumer must bear is accounted for by materials and labor. This situation
is a consequence, in part, of the high cost of the type of stove being pro-
moted in Guatemala. At present, the subsidies are tied to specific stove
models—mainly those models offered by the program or donor providing
the subsidy.

Given that subsidies are an integral part of the improved stoves program
in Guatemala, the removal of subsidies would harm the existing programs
and would have adverse consequences for the health of rural people. This
conclusion is inescapable given the high cost of most of the stoves that are
eligible for subsidy, which puts them out of the reach of most rural people. 

The recommendation of this chapter is to create a more open process for
subsidizing improved stoves. For example, the subsidies provided by FIS
could be applied to programs sponsored by nongovernmental organiza-
tions (NGOs) or programs affiliated with other donors. Before they could be
included in the FIS subsidy program, the models being promoted by the
NGOs or donors would have to be tested and certified for reduced energy
consumption and for their ability to remove household smoke. Donor invest-
ments could then be used for developing new and different kinds of stoves
to serve a more diverse rural population. In some areas, for example, it is
important to families that the stove produces room heat, as well as improve
cooking. If the groups that promote stoves could use the subsidy from the
FIS program, they could concentrate their efforts on stove development,
project supervision, and the other tasks necessary for a successful program.
This process could be further facilitated by the development of a technical
assistance unit.

Role of the Market

In Guatemala there is a need for a market structure that would permit a
more direct relationship between stove users and the private firms that
manufacture stoves. The goal is for retailers selling the stoves to view the user
rather than the donor or government as their customer, which in turn would
require both the retailer and the manufacturer to develop high-quality stoves
and provide a high level of service. Furthermore, a commercial market
would, through market demand, give users a voice. However, in the short
term, the cost of stoves would seem to make the creation of a market with-
out some kind of subsidy impossible. It additionally should be noted that
stove manufacturers are often small businesses with little or no ability to
conduct market research into end users’ needs and desires.
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Studies are therefore necessary to clarify whether subsidies are required
for the promotion of improved stoves. Studies would also be important in
defining strategies for the retail distribution and marketing of stoves. Any
such study would require technical assistance.

Greater Interaction Between Programs: Stove Users, 
Designers, and Manufacturers

The benefits of greater interaction between stove users, designers, and man-
ufacturers is evident from the case study of the Tezulutlán project, and the
experience of such programs could be invaluable for other groups enter-
ing the business of promoting improved stoves. One of the major problems
in the overall stoves program in Guatemala today, however, is that the lack
of cooperation and communication between programs means that, in a
sense, each new program must reinvent the stove.

We therefore recommend that technical assistance be provided to an
NGO or national agency to assist it in prompting interaction between the par-
ties involved in the design and marketing of improved stoves. The lessons
learned by the various programs need to be shared among all groups
involved in the promotion of improved stoves, to eliminate duplication of
effort and to help deliver the best stoves programs possible.

Institutional Roles and Participants for Promoting
Improved Stoves

To implement these recommendations to improve the effectiveness of cur-
rent programs, we recommend that the government, through MEM, assume
a leadership role through the implementation of an intersectoral coordina-
tion group on rural household energy. MEM participated in the past as the
leader of the National Group on Improved Stoves. A coordination group,
which should include representation from all key stakeholders, including
the Health Ministry and FIS, could have as a mandate the championing and
implementation of policies related to meeting the energy needs of rural
families. This mandate must be closely linked with broader rural develop-
ment and poverty reduction programs.

The intersectoral coordination group should make the most of the infra-
structure that already exists around the projects that are being implemented.
For example, the government should take advantage of the existing struc-
tures for promoting stoves, such as FIS, which has distributed more improved
stoves than any other entity in Guatemala and has, through its departmental
offices, experience and representation in every government departamento.
Stove-building firms, manufacturers of metal planchas and accessories, firms
that provide training in the use and maintenance of the stove, and in general
the people who have worked in the stove projects also should be brought into
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the group. It is important that all stakeholders participate in the group and in
education and training events for builders and manufacturers, and it is impor-
tant that they be part of the structure for disseminating stove technology.

NGOs, universities, and other civil society groups also should be par-
ticipants in the intersectoral coordination group, whether in the promotion
and dissemination of the technology, in technical assistance activities related
to design or technological diversification, in market and monitoring stud-
ies, in promotion, or in the implementation of training and education pro-
grams. The intersectoral coordination group should, in summary, coordinate
and implement all necessary policy actions directed at meeting the energy
needs of rural families.

Technical Unit to Certify Stoves for Subsidy Approval

There is no single agency in Guatemala that can evaluate for the govern-
ment the quality and efficacy of improved stoves. This situation needs to
be rectified. Most successful stoves programs around the world have a
government-financed technical unit to evaluate the quality, reliability, and
durability of their improved stoves. These units are often involved in testing
prototypes to ensure design changes do not come at the expense of perfor-
mance. Recently some have also begun to assess the health impacts of
improved stoves and have started to measure the indoor air pollution con-
sequences of different models. The stove designs that are brought to market
should meet efficiency criteria regarding firewood consumption and
combustion; and the quality of the stove, its components, materials, and
performance also should be certified to protect the user.

It is therefore recommended that the government of Guatemala establish
a technical stoves unit to oversee testing and approval of those stoves to be
included in programs sponsored by the government and donors. Such a unit
could facilitate the work of the coordination group and help to address the
weaknesses identified in the historical review of stoves and the three case
studies presented here. The technical unit should be coordinated by MEM,
but could be run by a third-party NGO or private sector entity. It should
include the participation of civil society actors, NGOs, academic institutions,
stove users, and international aid agencies, and it should have the support
of the government to give it legitimacy in the eyes of these stakeholders.

The technical stoves unit would be responsible for

• research to help develop new stove models and to assist the manufac-
turers of improved stoves

• verification of the efficiency and quality of the stoves
• market studies (in-house or contracted out) for the different models, to

assess and feed back to manufacturers consumer criticism of the products
on the market
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The principal objective of the technical unit should be diversification of
stove models, to give users the ability to select a stove that is appropriate to
their needs. Factors to take into consideration include family size, location,
the physical characteristics of the user, customs, type of food eaten, and
income. To accomplish this the unit would be responsible for coordination
at the national level between the various improved stoves projects and
programs.

The technical stoves unit would be a focal point for the sharing among
programs of information and experiences. It also could provide technical
support for projects, helping them with quality control and measurement
of the efficiency and pollutant emissions of their stoves. Finally, the unit
would protect consumers by evaluating and certifying the general quality
of the stoves developed by the producers. 

Conclusion

This review of relatively successful projects points the way to important
work that must be done for the future development of stoves in Guatemala.
First, the subsidy process for improved stoves needs to be more open to
encourage innovation—technical and institutional—that can support the
promotion of improved stoves. Second, it is essential that a technical stoves
unit be established to ensure that the stoves offered to the public are of good
design and quality. Not only could energy efficiency be improved and the
daily workload of women be reduced, but health and productivity could
be improved in rural areas.

The record of the improved stoves program in Guatemala is better than that
of any other country in Central America. Between 1996 and 2002 more than
100,000 stoves with metal planchas were built in Guatemala, mostly through
FIS. The scale of this effort generated national and international interest in
the three case studies subsequently undertaken and that are examined here.
These studies show that even without a coordinating effort such organiza-
tions can succeed in implementing isolated projects. However, Guatemala is
now at a stage at which the efforts of these isolated programs should be
enhanced by bringing them together within the context of broad rural devel-
opment and poverty reduction programs, by improving the policy coordi-
nation between key stakeholders, by the provision of broad technical support,
and by evaluation of the stoves that they individually produce.

Notes

1. The groups are defined as follows: “National Energy Groups are composed
of all state and nongovernmental (national and international) institutions that
work directly on activities related to the development of renewable energy and
also coordinate efforts to provide technical assistance on the most relevant
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problems that directly affect the rural and suburban sectors that are held back
socially, economically, and technologically. The ultimate objective is integral
human development while protecting and conserving the environment” (MEM
1985a).

2. See section on historical review of Improved Stoves Programs in Guatemala.
3. The plancha armada was described in an earlier section. In comparison, the

cast-iron plancha is a cast metal sheet made in one piece. This is usually heavier
than the plancha armada.

4. The Incó Xanacón Project, carried out by a civil association in the departa-
mento of Chiquimula in eastern Guatemala, also did not use doors on the firebox.

5. These suggestions came out of the focus groups conducted by the FIS.
6. According to Manuel Tay, an expert on improved stoves, high-quality

planchas are not damaged by excessive weight.
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5
The Role of LPG

The preceding chapters show that switching entirely to liquefied petroleum
gas (LPG) for cooking and heating is one way to substantially reduce, if not
eliminate, indoor air pollution due to household fuel use. However, unlike
biomass, which may be collected by household members, the use of LPG
requires a cash outlay that can be significant for low-income households.
This cash outlay includes not only the purchase cost of LPG, but more impor-
tantly, the start-up cost of the LPG cylinder and stove. International expe-
rience suggests that, even when a government provides support to reduce
this start-up cost, the poor often are unable to come up with the cash needed
to refill the cylinder to meet their household energy needs.

Because the requirement for cash can make it difficult for low-income
households to use LPG, it is important to ensure that end user LPG prices
are as close as possible to best practice levels for comparable market envi-
ronments elsewhere. Economically inefficient high prices will constrain the
penetration of LPG into the lower levels of the household market. Whether
the end user LPG prices in Guatemala match international best practice
levels is therefore an important question to examine. Factors that might
contribute to overly high prices could include the following:

• excessive market concentration, leading to possible market control and
reduced competition

• fraudulent practices such as the short-selling of LPG, with the result that
while the nominal price may seem reasonable the actual price is much
higher

• the smuggling of LPG cylinders out of Guatemala to neighboring
countries, which would impose excessive costs on the industry and
thereby constrain its investment in the new cylinders that are essential to
support market growth and penetration

This study assessed the LPG market in Guatemala to gain a better
understanding of some of the current and potential future problems that
might discourage households from using LPG. To this end it examined
market structure, institutional and policy framework, recent price history,
and cylinder management.
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Fuel Use Patterns

Wood, LPG, and kerosene are the most commonly used household fuels in
Guatemala. According to the data obtained in the 2000 Living Standards
Measurement Study (LSMS), more than half of the households in Guatemala
use a single fuel for cooking and heating—one-third use only wood, and
one-fifth use only LPG. Most others use multiple fuels. It is difficult to quan-
tify the use of kerosene because it is used for lighting as well as for cooking
and heating, but it appears that its use as a cooking or heating fuel is small.
The survey results are summarized in Table 5.1. Data on household income
are not available, but household expenditures, including imputed values
of items given in kind and those collected for free by household members,
are used as a proxy for income. In table 5.1 the households are divided into
five expenditure quintiles based on per capita expenditure, with the same
number of individuals in each quintile. The top quintile is dominated by
urban households, and the bottom quintile by rural households.

In urban areas, close to half of households use only LPG for cooking and
heating. As expected, the percentage of LPG-only users increases with
increasing expenditure quintile. Among low-expenditure households, wood
is the most common fuel, and is used by close to two-thirds of urban house-
holds in the bottom two quintiles as their only fuel.
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Table 5.1 Household Fuel Use Patterns for Cooking and Heating
percentage of households in each category
Per capita LPG LPG LPG, Kerosene
expenditure LPG and and wood, and Kerosene and Wood
quintile only kerosene wood kerosene only wood only

Urban
1 (poorest) 0.0 0.0 5.9 0.3 1.2 27.8 64.7
2 7.5 0.1 18.1 0.0 0.0 11.2 63.2
3 23.7 0.1 36.0 2.0 0.1 4.3 33.9
4 37.0 0.5 44.5 1.6 0.0 1.4 15.0
5 (richest) 73.2 0.6 22.5 0.7 0.0 0.2 2.7

Urban average 45.4 0.4 30.0 1.1 0.1 3.4 19.6

Rural
1 (poorest) 0.0 0.0 1.6 0.0 0.0 59.7 38.7
2 0.3 0.0 5.0 1.1 0.1 44.4 49.1
3 1.6 0.2 16.7 2.2 0.0 28.9 50.5
4 5.7 0.0 36.5 5.2 0.0 18.0 34.7
5 (richest) 20.4 0.3 43.0 9.2 0.5 8.2 18.3

Rural average 2.6 0.1 13.6 2.1 0.1 39.4 42.2

National 19.0 0.2 19.9 1.7 0.1 25.6 33.6

Source: Heltberg 2003.
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In rural areas, the most common fuel combination among the bottom
quintile households is kerosene and wood. However, in many of these
households, kerosene is likely used for lighting rather than for cooking and
heating, for which wood is the primary fuel. Many of the households that
use kerosene and wood may in fact be single-fuel users for the purposes of
cooking and heating. Even among households in the top quintile it is more
common to supplement LPG with wood than to use exclusively LPG.

Access is an issue with LPG. If there are no LPG dealers in the area, even
those households that could otherwise afford LPG cannot use it. Table 5.2

Table 5.2 LPG Availability and Uptake by Households
percentage of households in each category
Parameter Availability Uptake Coverage

National 74 61 45

Urban 98 79 77

Rural 55 37 20

Region
Metropolitan 96 86 83
North 44 35 15
Northeast 86 53 46
Southeast 71 45 32
Central 87 57 50
Southwest 72 50 36
Northwest 30 46 14
Petén 60 38 23

Poverty
Nonpoor 91 79 72
All poor 53 25 13
Extreme poor 33 4 1

Per capita expenditure quintile
1 (poorest) 38 6 2
2 61 29 18
3 80 55 44
4 92 80 74
5 (richest) 98 90 88

Ethnicity
Nonindigenous 85 69 59
Indigenous 56 42 24
Quiche 73 52 38
Q’eqchi 45 30 14
Kaqchiqel 80 46 37
Mam 32 28 9
Other groups 39 34 13

Source: Foster and Araujo 2001.
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shows the availability of LPG in different regions of the country, the uptake
rate, and the coverage (availability multiplied by the uptake rate). The vast
majority of urban households have access to LPG, compared to only a little
more than half of rural households. Less than one-third of households in
the northwest region have access to LPG, the lowest of any region in the
country. Only one-third of the “extreme poor” live in areas where LPG is
available. Access increases with increasing household expenditure, sug-
gesting that the better off tend to live in areas with better infrastructure and
enough LPG-purchasing households to justify the establishment of LPG
dealerships, while many of the poor are isolated in remote areas. Similarly,
some indigenous groups have low access to LPG.

Cost of LPG Consumption

LPG is a gas and needs to be stored under pressure in a cylinder. Cylinder
management as a consequence is one of the unique features of LPG trade;
it is also what makes the start-up and distribution costs of LPG much higher
than the costs for solid or liquid fuels, especially with respect to delivery
in rural areas. Even if LPG had the potential of becoming the primary cooking
fuel in rural areas, many such areas lack the economies of scale that would
permit cylinder distribution, because of their low population density.
Furthermore, the probable greater availability of free biomass means that
LPG use would likely be lower in rural than in urban areas, again effectively
raising the cost of LPG distribution and making it commercially unattrac-
tive for potential dealerships.

Most LPG is sold in 25 lb (11.4 kg) cylinders, as shown in Table 5.3. While
much smaller cylinders have been marketed to reduce refill costs, interna-
tional experience with these cylinders is mixed. The most obvious draw-
backs of small cylinders include the much higher cost of cylinder
management, hence higher unit LPG prices, and the inconvenience of the

Table 5.3 Cylinder Sizes in Guatemala
Cylinder size Share of cylinder
lb (kg) LPG market (%)

20 (9.1) 0.5
25 (11.4) 77.0
35 (15.9) 17.0
40 (18.2) 1.5
60 (27.3) 1.5

100 (45.5) 2.5

Source: Matthews 2002.
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need for frequent refills. The latter is a particular disadvantage in areas
where cylinder delivery presents logistical problems.

The costs of purchasing an LPG cylinder, accessories, and a stove are
shown in Table 5.4. The figures are based on buying the equipment in one
cash payment. If the retailer finances the purchase for the buyer over three
equal monthly payments, the total cost increases by about 20 to 25 percent.
This means, for example, that the two-burner package would, over three
payments, cost about US$65.

To illustrate how these costs compare to overall household expenditures,
Table 5.5 shows mean monthly expenditures per capita and per household
in different quintiles. For the bottom quintile, the start-up cost of about
Q 425 (US$54) (after taking the consumer price index into account) is close
to two-fifths of the monthly household expenditure. Payment over three
installments can amount to one-sixth of the total household expenditure

Table 5.5 Mean Monthly per Capita and Household
Expenditures
Quetzales

Quintile Quintile Quintile Quintile Quintile
Region Expenditure 1 2 3 4 5 Average

Urban per capita 141 224 326 521 1,588 1,011
per household 1,056 1,389 1,913 2,590 5,642 3,941

Rural per capita 132 221 325 497 1,056 363
per household 975 1,321 1,805 2,140 3,455 1,728

National per capita 133 222 325 509 1,477 643
per household 981 1,332 1,839 2,368 5,185 2,685

Source: Heltberg 2003.

Table 5.4 Retail Cost of LPG Cylinder and Stove
Item Quetzales US$

25 lb (11.4 kg) cylinder, valve/regulator tubing, 250 31.60
with about 5–10 lb (2.3–4.6 kg) of LPG

Cylinder, accessories, and gas plus 425 53.80
two-burner stove

Cylinder, accessories, and gas plus 470 59.50
three-burner stove

Source: Matthews 2002.

Note: Data as of May 2002.
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per month, exceeding the monthly per capita expenditure. Given that the
expenditures calculated here include imputed costs, the percentage of actual
cash expenditures would be even higher, especially in rural areas engaged
in agriculture.

Retail LPG prices across Guatemala during the last week in April 2002 are
shown in Table 5.6. There is about a 50 percent variation in price from region
to region, with the lowest prices charged in Guatemala City and El Progreso
and the highest in Jutiapa and Jalapa. The rationale for this regional price
difference is generally a combination of logistics costs and the different unit
costs of storage, bottling, and distribution operations. (Guatemala City,
while not the closest location to the main receiving points, is home to by
far the largest of these operations.) The degree of market competition may
also be a factor in the nature of price differentiation in some locations, but
overall is not believed to play a significant role. With the exception of Jutiapa
and Jalapa, most upcountry locations had price differentials compared with
the capital city of Q2 to Q6 (US$0.25 to US$0.75) per cylinder. Jutiapa and
Jalapa are special cases: The LPG market in these locations is small and,
because these locations are close to the El Salvador border, most LPG is sup-
plied through smuggling (contrabando hormiga), as El Salvador prices are
low. The price shown is for the single dealer in each area; this dealer sup-
plies LPG sourced through Guatemalan channels, but in fact sells very little.
If the LPG supplies from El Salvador were to be factored into the equation,

Table 5.6 Retail Prices of LPG Sold in 25 lb
(11.4 kg) Cylinders, April 22–28, 2002
Location Quetzales per cylinder

Guatemala City 38.00
Escuintla 44.00
Retalhuleu 42.50
Cobán 42.75
Petén 46.50
Huehuetenango 44.33
Quetzaltenango 40.00
San Marcos 42.33
Chiquimula 40.60
Santa Rosa 41.13
El Progreso 38.00
Zacapa 43.00
Jutiapa 57.83
Jalapa 57.50

Source: Matthews 2002.

Note: 7.83 Quetzales � US$1.00 at the time of the price survey.
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the effective average price to the public in these two areas would be much
lower than the dealer price shown in the table.

Institutional and Regulatory Framework

The regulatory framework for Guatemala’s hydrocarbon sector was sub-
stantially reformed by the Marketing of Hydrocarbons Law of 1997 and its
General Regulation. This legislation includes LPG as a petroleum product
and subjects it to the same general health, safety, and environment (HSE)
rules as petroleum, as well as to a few special provisions for the licensing of
storage, transport and distribution facilities, and operations. No other spe-
cific regulatory framework applies to LPG in Guatemala.

According to the legislation, the Guatemalan Commission for Standards
(Comisión Guatemalteca de Normas; COGUANOR) is the only government
body in Guatemala authorized to prepare and issue norms and standards.
However, in practice confusion has arisen due to the fact that various other
government entities, including the Ministry of Energy and Mines, are
adopting international standards or have put in effect other instruments that
they term norms but that frequently are mixtures of technical standards, reg-
ulations, and manuals of procedure. According to Article 71 of the Marketing
of Hydrocarbons Regulation No. 522 of 1999, the General Directorate of
Hydrocarbons (Dirección General de Hidrocarburos; DGH), as the enforce-
ment agency for the hydrocarbon sector, is alone authorized to issue instruc-
tions, manuals, and circulars relating to the publication of and compliance
with quality specifications, HSE rules, inspection procedures, and other
requirements regarding the location, construction, and operation and main-
tenance of petroleum installations. The relationship between these overlap-
ping rule-making authorities needs to be clarified by legislative action.

The regulatory framework for the petroleum sector in general, and
specifically for the LPG supply, consists largely of general references to
international standards. In practical terms, the generality of those refer-
ences makes it nearly impossible for the users as well as the enforcement
agency to define the exact rules for each particular case. This creates a high
degree of uncertainty for the operators and leaves too much discretion
within the inspection and sanctioning process.

In highly developed jurisdictions, such as most of the United States and
Europe, as well as a few developing countries, the successful approach has
been to issue general regulations that define the institutional attributions,
licensing requirements, and enforcement authorities with relatively few
technical specifications. Technical specifications are covered by the formal
adoption of internationally accepted norms and standards under the respec-
tive general legislation. The adoptions are made by specific, rather than
general, references to individual standards and codes of practice and include
exceptions and other adaptations according to local requirements.
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Market Structure and Competitiveness

The LPG market in Guatemala is dominated by the two Mexican Zaragoza
family groups TOMZA (Tomás Zaragoza) and ZETA (Miguel Zaragoza).
Since early 2001, ZETA has pursued an aggressive business strategy incor-
porating logistics, pricing, vertical integration, acquisitions, and market
penetration. The logistics and market positions of the two dominant com-
panies are so strong that it is difficult to envision the possibility of a new
entrant to the market, particularly while ZETA is in the price-cutting mode.
In view of these circumstances, the main issue concerning DGH officials is
that of excessive market concentration, which has raised the danger of the
major players seizing control of the market. The situation has not as yet
manifested itself in higher margins and prices, but DGH and the antimo-
nopoly authorities must remain vigilant to the possibility of this happening.

A comparison of LPG small-cylinder prices, exclusive of taxes, in several
countries was carried out for this study. As Figure 5.1 shows, LPG prices in
Guatemala began to fall sharply in 2002 relative to those of other countries
as a result of strong price cutting by ZETA, which set the objective of
capturing 75 percent of the Guatemalan market. The imputed margins for
supply and distribution of the product to final consumers rank among the
lowest in the region.

The retail price of LPG has fallen steadily over this same period, nearly
halving between January 2001 and April 2002 as shown in Figure 5.2. If these
low margins can be maintained, consumers obviously will benefit. However,
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if the lower prices are merely a step taken to eliminate the competition,
they may represent at best a temporary relief before large price increases
follow. Those consumers who have decided in recent months to take up
LPG because of its low cost would be especially badly affected by any such
price increases.

Commercial Malpractice

The issue of short selling LPG was discussed with DGH officials for this
study. The Gas Section (Sección Gas) of the Department of Manufacturing
and Distribution (Departamento de Transformación y Distribución) has
responsibility for the supply and distribution chain up to and including the
filling of cylinders. The Licensing Department (Departamento de Licencias)
has the responsibility downstream for this: that is, for cylinder transporta-
tion, retailing, and end use. As part of their duties the Sección Gas inspec-
tors do spot checks on cylinder filling equipment and practices. They have
seen no major problems at this level, but while it is unrecorded there is a
possibility of cylinder “decanting” malpractice downstream of the filling
plant. The consumer protection body DIACO (la Dirección de Atención y
Asistencia al Consumidor; the Directorate for Consumer Attention and
Assistance) of the Ministry of Economy (Ministerio de Economia) is charged
with managing this situation as part of its responsibility for surveillance
and enforcement of weights and measures. The Licensing Department also



deals with issues affecting the LPG household consumer, but these tend 
to be mainly issues of safety, such as end user equipment setup and 
practices.

The smuggling of new LPG cylinders out of Guatemala to neighboring
countries was not highlighted as a major problem by either DGH officials
or by operators in relation to the overall situation of maintenance and
renewal of the cylinder stock in general. Some small-scale smuggling (con-
trabando hormiga) occurs of the high-quality “Sherwood” valves rather than
of the cylinders themselves; the Sherwood valve is removed and replaced
by a lower-quality Chilean or Mexican model.

Safety and Cylinder Management

The existing legislation and regulations provide the DGH with wide-
ranging authority and the faculties for supervision, inspection, and sanctions
of the supply chain for all products, including LPG. By adopting the principal
international standards by specific reference, the DGH could maintain an
efficient enforcement system if it had the necessary political support, as
well as sufficient staff and technical resources. The staffing and resources of
the DGH appear, however, to be insufficient to inspect and control the
installations and operations of the LPG supply chain with appropriate
frequency and rigor.

The ownership of LPG cylinders in Guatemala has not been established
by law, regulation, or by any other means. The total stock of cylinders is
estimated to be about 4 million, but neither the number of cylinders in
circulation is known with precision nor how much repair and replacement
are needed. Any cylinder may be filled at any filling plant regardless of its
markings or color (the distribution companies paint their cylinders differ-
ent colors to create an identity in the marketplace). No rules or any related
mechanisms exist for the exchange of cylinders, and no formal exchanges
between companies need to take place because cylinder ownership has not
been defined. Nor do any rules exist concerning the painting or marking
of cylinders for identification purposes. While there are regulations estab-
lishing quality and maintenance standards for LPG cylinders, the lack of
ownership definition means there is effectively no legal responsibility defined
for the maintenance or repair of cylinders and valves.

In the worldwide LPG market there are two principal methods of cylinder
ownership: LPG company owned, and customer owned.

Company owned. The company either loans or leases the cylinder to the
customer. The customer exchanges an empty cylinder for a full one, paying
only for the LPG. The company is responsible for filling and supplying
safely maintained cylinders. It is common to have the owner’s invest-
ment secured through a system of refundable deposits or guarantees
in cash.
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Customer owned. There are two modalities under this scheme:

• Centralized cylinder filling and distribution. Upon replenishment the
customer exchanges a legally owned cylinder for one of like kind. Because
the customer does not have physical possession of the cylinder that is
brought to the exchange transaction, the customer is not responsible for
its replacement at the end of the cylinder’s useful life. The LPG supplier
has the responsibility of maintenance and replacement, because the ini-
tial cylinder is somewhere in the inventory “float.”

• Bulk distribution, or “mini filling plant” system. The customer has a per-
sonally identified cylinder and brings it to the local filling plant to be
refilled when empty. The customer retains the same cylinder through its
life and is responsible for its maintenance or replacement. The key to
safety in this system is the diligence of the plant operator in inspecting
and rejecting as necessary any substandard cylinders. A customer with
a substandard cylinder must be refused a filling, unless a new cylinder
is purchased. The filling plant or its supplier is responsible for recycling
or otherwise disposing of the used cylinder.

Guatemala uses the centralized cylinder filling and distribution system.
Elsewhere in the region, Chile and Brazil use the system of company-owned
cylinders with refundable deposits. The two countries that use the bulk dis-
tribution system and localized filling plants are the United States and Canada.

The system in Chile may offer useful lessons for Guatemala. Among the
positive features of the company-owned, refundable-deposit system in Chile
are the clear rules and regulations on the interchangeability of cylinders
owned by different companies. Each operator is assured of retaining most
of its cylinder stock for its own use, thus making it worthwhile for it to
spend money from its margin on cylinder rehabilitation and replacement.
It is strongly recommended that the government of Guatemala investigate
the possibility of converting its cylinder management system to company-
owned cylinders, using the Chilean regulatory framework as a model.

Conclusions

There are no obvious market or regulatory distortions in the cylinder LPG
market in Guatemala that could be said to be deterring more widespread
household use of LPG. In the last few years, steadily falling LPG prices have
favored the uptake of LPG, but there has been a worrying increase in the
concentration of market power that potentially could result in a reversal of
the recent price trend. The government needs to anticipate future changes
to prevent the development of a duopoly or monopoly in the sector.

There are indications that some households are paying as much cash to
purchase wood or kerosene as they would were they to switch to LPG
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(Heltberg 2003). An understanding of why households that seemingly could
afford LPG are not yet using it may help expand the LPG market, and thus
reduce exposure to indoor air pollution. Finally, a large fraction of the cylin-
ders currently in circulation are estimated to require retirement and renewal
in the near future. A better cylinder management system needs to be put
in place, for which the regulatory framework in Chile may serve as a useful
example.
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6
Policy Recommendations

The preceding chapters described the problem of indoor air pollution (IAP)
and its links with poverty reduction; provided a ballpark estimate of the
extent of this problem in Guatemala; and discussed ways of mitigating the
impact of IAP, principally through two interventions: liquefied petroleum
gas (LPG) and improved stoves. This chapter draws together the different
recommendations and policy options, as well as other topics meriting fur-
ther discussion, as input for decision makers in Guatemala seeking to address
the problem of IAP and its related health impacts.

Poverty and IAP 

Chapter 1 showed how IAP in Guatemala is linked with the following:

• High incidence of poverty. More than half of all Guatemalans (56 percent,
or about 6.4 million people) were living in poverty in 2000. 

• Low levels of rural electrification. Fewer than 40 percent of the poorest
households have electricity connections, compared to 95 percent of the
richest households. 

• Large rural population. More than 60 percent of the Guatemalan popula-
tion lives in rural areas, including 81 percent of the poor and 93 percent
of the extreme poor. Three-quarters of all rural residents fall below the full
poverty line, and one-quarter live in extreme poverty. 

• High levels of traditional fuel use. In Guatemala, fuelwood is the dominant
cooking fuel in 97 percent of households in rural areas. Among rural
households, 42 percent use fuelwood only, and 55 percent use wood and
one or more other types of fuel.

Link with Millennium Development Goals

A growing body of evidence, based on worldwide IAP health studies,
indicates that the levels of IAP in homes that use traditional solid fuels are
alarmingly high. Exposure monitoring studies in Guatemala confirmed that
women and children endure high exposure to toxic pollutants from fuelwood
consumption. The worldwide literature also points to a strong association
between IAP and health conditions, particularly among children in the first



few years of life. Conclusive links between health and IAP are still lacking,
but a recently initiated study in the Guatemalan highlands, financed by the
U.S. National Institutes of Health, is expected to be an important source of
information.

Informal estimates, however, based on the results of worldwide IAP
health studies, indicate that the number of annual cases of acute lower
respiratory infection (ALRI) in the Guatemalan highlands could be reduced
by as many as 24,000, and annual deaths by about 1,000, through the
elimination of indoor air pollution. This would be about a 60 percent reduc-
tion in the annual cases of ALRI mortality among the 400,000 children under
age five who live in households in which open fires are used for cooking.

Despite the lack of conclusive evidence on the extent of health impacts,
the general consensus among the broad range of Guatemalan stakeholders
represented at the April 2003 workshop was that something has to be done
about the problem in the short term. This consensus was reinforced by the
fact of the problem’s close link with the fourth Millennium Development
Goal, related to reducing child mortality, and the fifth goal, related to improv-
ing maternal health. This consensus is also consistent with the recommen-
dations of the Guatemala Poverty Assessment Report, which suggest that
preventive health measures be emphasized, targeted particularly to the fol-
lowing vulnerable groups: poor and malnourished children, poor women
and girls, poor indigenous households, and the rural poor (World Bank
2003). In Guatemala, these groups are also most affected by IAP.

What Can Be Done about Indoor Air Pollution?

International academic journals contain a rich stock of papers on exposure
monitoring experiments in Guatemala. The results of some of these are
described in chapters 1 and 3. IAP was not a topic on the agenda of any
government agency at the start of this project, however. As the study devel-
oped, a gradual understanding built, primarily through the dissemination
workshops, of the importance of intersectoral collaboration on this issue
and of the importance and emotive nature of the issue itself, which is so
closely linked with the well-being of children and women, mainly in poor,
rural, indigenous households, and with the country’s poverty reduction
goals. During the April 2003 workshop, participants identified a number
of issues as barriers to successfully reducing IAP in rural homes: 

• lack of a national policy
• lack of leadership
• apathy (as reflected by a lack of willingness on the part of the govern-

ment to act and a lack of interest on the part of the population)
• lack of interinstitutional coordination
• resistance to change
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• lack of education
• lack of training
• poverty and lack of access to resources
• lack of state policies

These barriers reflect the fact that there is a dire shortage of information
about this topic, and as a result no constituency is prepared to act. The inter-
ventions described below aim to ensure availability of information so that
the extent of the problem can be monitored; facilitate solutions through
better coordination and use of technical options; and ensure sustainability
in the implementation of options, through the promotion of long-term
behavioral change. At a broad level, four types of interventions are needed:

• Monitoring the problem and improving understanding of the links between
health and poverty reduction. Building a constituency through the provi-
sion of information about the subject itself is an important intervention.
Strong evidence indicates this problem is closely linked with Guatemala’s
poverty reduction agenda, but there are gaps in the evidence that need
to be filled in. An improved stove intervention trial being conducted by
Kirk Smith and his co-workers, which aims to estimate the reduction in
ALRI that can be achieved with improved stove use, will shed more light
on the severity of the problem of IAP and ALRI in Guatemala and on the
effectiveness of improved stoves as an intervention. The government
needs to follow this study and other research in this area exploring the
link between ALRI and pneumonia and IAP. ALRI and pneumonia are the
leading health issues with respect to both morbidity and mortality for
children in Guatemala, and a better understanding of these links is impor-
tant to guide national health policies.

• Greater interinstitutional coordination. Greater interinstitutional coordi-
nation is probably the most crucial intervention. The issue of IAP is spread
across the mandates of different government institutions: for example,
the technical mitigation options lie within the mandate of the Ministry of
Energy and Mines, but the link with health impacts and dissemination
of these impacts lies with the Ministry of Health. In terms of financial
resources, the Social Investment Fund (Fondo de Inversíon Social; FIS) has
a major role in financing the technical options, such as improved stoves,
for poor households. The technical innovation and health impact aspects
are missing from its current program, however. This is a case where the
sum of the parts clearly would have a greater impact than the cumula-
tive impact of each part separately.

Coordination of the various stakeholders is also crucial. These stake-
holders consist of the government, with which the policy options and
the broader mandate of poverty reduction lie; the private sector, which
can help develop the market for the technical options, namely improved
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stoves and liquefied petroleum gas (LPG) in rural areas; nongovern-
mental organizations (NGOs), which can act as a partner to the govern-
ment in the implementation of programs addressing health service
delivery in rural areas and improved stoves; households, particularly
the women who use the stove and the men who choose to buy it and
often collect firewood for it; and academia, which is working on
establishing a firm link between health and IAP.

A third layer of coordination is with Guatemala’s neighbor to the
north, Mexico, where 28 million people use firewood for cooking
and where the same issues are under discussion. A collaboration across
boundaries has great scope for both countries; for example, there are
planned and ongoing efforts in Chiapas, a region that shares many cultural
and socioeconomic factors with neighboring parts of Guatemala, which
could be coordinated with Guatemalan programs. The main advantage
of this collaboration would be the creation of a larger market for techni-
cal mitigation options, and therefore one that would be more attractive
to the private sector. Joint monitoring and research sharing would also
bring additional benefits for both countries.

• Making people aware of the problem to promote behavioral change. Lack of
information and lack of an understanding of the link between smoke
and poor health means that there has been no constituency to champion
change. The dissemination of the findings of this study has started to
build a constituency at the level of the government stakeholders, but
much more needs to be done. A striking finding of the stoves study was
that women did not see the link between health and smoke. This clearly
needs to change if behavioral change is to follow. In one sense, the prob-
lem is akin to the improvement of sanitation and its impact on diarrheal
diseases. Only after it was recognized that washing hands is crucial to
the achievement of a better health outcome (and that the technical option
of providing a latrine is not a sufficient condition for this outcome), and
after programs accordingly sought to educate mothers on the impor-
tance of this realization, did health outcomes improve in sanitation
programs.

Women’s groups and NGOs can play an important role in getting the
message to the final users. Revising government training and health out-
reach programs, as well as existing media campaigns for improved stoves
and LPG, so that they also discuss the link between smoke and health
could greatly help the promotion of long-term changes in behavior.

• Implementing technical options. Technical options—principally improved
stoves for the lower-income quintiles with targeted subsidies through
the FIS, and improved stoves and LPG stoves for the higher-income
quintiles—need to be implemented. Most of the existing improved stoves
programs (of which there are many compared with other countries in
Central America) focus on fuel efficiency, are highly subsidized, offer
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limited choice to the user, and are implemented in a modular manner,
with no interaction between the government and its policies and the
different suppliers. The design and implementation of the various pro-
grams also seem to follow separate rules. The government must take a
more proactive role in establishing policies related to improved stoves
programs. It should equally emphasize fuel efficiency and health impact
as the key criteria for stove design, and should promote a market-based
system that targets subsidies to the poorest and offers choice and train-
ing for the user. The implementation of such policies will require full
coordination between the different government entities and other non-
governmental stakeholders. Coordination on better house design to
improve ventilation is another area for possible government interven-
tion, through building codes and work with local municipal heads. Finally,
the government can play a key role in ensuring that the technical options
for mitigating IAP are placed firmly in the context of broader rural devel-
opment programs that seek more generally to reduce poverty. Donors
and NGOs also need to ensure that their programs are in step with
government efforts and that they are not operating modularly.

The Role of Each Stakeholder in a Solution

IAP is an issue that involves many stakeholders, and for the current situa-
tion to change many people must get involved. The technical solutions to
the problem are fairly straightforward, but the behavioral and cultural issues
are much more important. The participation of the different stakeholders
in efforts to promote behavior change is therefore crucial if the solutions
are to be sustainable over time. To illustrate this, we present our conclu-
sions from the perspective of the different stakeholders: 

President’s Office or Ministry of Planning. Without leadership, any activ-
ity requiring coordination across institutions is unlikely to succeed. Here,
an institution at a different level from the involved ministries, such as the
president’s office or the Ministry of Finance or Planning, could play an
important role in promoting interinstitutional coordination and in bring-
ing mitigation of the impacts of IAP into the context of the country’s broader
policies and strategies for poverty reduction. The lead institution could also
take the reins in the short term by forming a working group of the princi-
pal stakeholders to define a plan of action that1 ultimately could develop into
an intersectoral coordination group on rural household energy.

Ministry of Public Health and Social Assistance (MSPAS). This study
attempted to estimate the impact of IAP, but more consistent information
gathering and monitoring would lead to more accurate monitoring of this
issue in Guatemala. In this regard, an expansion of the MSPAS’s outdoor
pollution unit to include IAP would be a critical step. Given the potential
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impact of this problem on infant health and mortality and its relation to the
national poverty reduction program, the MSPAS could do the following: 

• begin to gather better information on this issue, including through influ-
encing the design of subsequent Demographic and Health Survey and
Living Standard Measurement Survey questionnaires to retrieve data
specifically to help improve understanding of the links between ALRI
and pneumonia and IAP

• coordinate with ongoing academic initiatives such as the U.S. National
Institutes of Health-financed intervention study

• assist other ministries and the FIS in the design of preventive programs,
through participation in an intersectoral coordination group on rural
household energy, through the provision of information on the impacts
of IAP, by promoting better housing design (to incorporate chimneys
and to separate sleeping quarters from the kitchen), and by promoting the
mitigation of IAP into broader poverty reduction programs

• take a more active part in disseminating information on IAP in Guatemala
by using its clinic outreach program to educate people on ALRI and other
health impacts of IAP, such as low birthweight of babies and respiratory
problems in women 

Ministry of Energy and Mines (MEM). The technical solutions lie pre-
dominantly in the hands of the MEM, but the application of many of these
solutions requires that this ministry work closely with others, including the
Ministries of Planning and Health and the FIS. With respect to the promo-
tion of cleaner household energy options in rural areas, the findings of this
study suggest that the MEM could play an important role in establishing
an intersectoral coordination group on rural household energy. Such a group
should include representatives of all key stakeholders, and should operate
with a mandate to champion the implementation of policies related to meet-
ing the energy needs of rural families. It is important that this mandate also
be closely linked with broader rural development programs, and that the
group’s efforts focus on improving existing infrastructure and programs
rather than seeking only to create new programs. This applies particularly
to the improved stoves programs. Given the high use of fuelwood and its
close link with poverty, these programs need to change their current empha-
sis on large subsidies, which are associated with limited user options and
which are focused primarily on fuel efficiency, to more market-based pro-
grams that permit the user to choose from a variety of options, and for which
health impact and fuel efficiency are the cornerstones of stove design. Efforts
also need to be made to educate users on the importance of proper stove
maintenance (such efforts should be accompanied by better housing design).

As a complement to the activities of the intersectoral coordination group,
the MEM should also establish and lead a technical stoves unit, which would
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act on behalf of the consumer to certify stove designs and thereby ensure
quality, and to encourage the development of a greater range of stoves from
which the user could choose.2 This unit could be run by a third-party NGO
or private sector entity. If such a unit were to gain broad acceptance among
users, it could be expected that new NGO programs would approach it for
certification of their own stove designs; any such engagement of NGOs
would encourage research into new designs, would help organize demand
from communities, and would support the delivery of services. The gov-
ernment additionally could expand the unit’s scope to include non-FIS
designs. A final important role of the unit would be to disseminate infor-
mation to the public, and thereby promote better understanding of the links
between health and IAP and further protect users against faulty products. 

On the issue of LPG, we have two recommendations for the MEM. First,
the ministry needs to closely monitor price movements to ensure that the
current duopoly structure in LPG supply does not lead to high end user
prices. This is a serious concern given that LPG prices and start-up costs in
Guatemala are low by international standards, and market power is con-
centrated in just two dominant LPG firms. Price and other incentives to
promote the use of LPG among the poor must be primarily market-based.
Second, the MEM should explore the system of cylinder ownership in which
cylinders are owned by firms rather than by individual consumers, thus
placing the responsibility for maintaining cylinders and complying with
safety regulations with the LPG supplier. A shift to such a system should
also accelerate cylinder renewal by minimizing the migration of new cylin-
ders from one firm to another.

Ministry of Environment. Improved stoves are closely linked to greater
fuel efficiency and less deforestation. The Ministry of Environment could
clearly play a role in an intersectoral coordination group; it could also serve
as a member of the board of a technical stoves unit.

Ministry of Foreign Affairs. It is recommended that the Ministry of Foreign
Affairs oversee coordination of the IAP issue with Mexico. The advantages
of a cross-border collaboration include the creation of a larger market for
technical mitigation options—and therefore one that would be more attrac-
tive to the private sector—and the related advantages of joint monitoring and
sharing of research.

Social Investment Fund (FIS). The FIS is the major supplier of improved
stoves in Guatemala. The improved stoves program clearly needs to con-
tinue, as better stoves are the primary mechanism for reducing exposure
to smoke and IAP. The current FIS program could have a greater impact on
reducing the health impacts of IAP through 

• providing the user with a choice of certified (for both fuel efficiency and
reduced pollution) improved stoves, which would also help to encour-
age competition in the improved stoves market
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• improving training programs on the use and maintenance of stoves by
scheduling follow-up sessions for users after they have gained some
experience using the stoves

• expanding training to address the links between improved stoves, smoke,
and health 

The FIS could also play an important part in an intersectoral coordination
group and a technical stoves unit by collecting and providing input on how
stoves function in the field.

Women’s groups. Women’s groups could play a crucial role in ensuring
the participation and involvement of households and users (who predom-
inantly are women) in the development of a policy on biomass use and in
an intersectoral coordination group. In addition, these groups could pro-
vide training for women leaders on the hazards of smoke and could collect
and provide input on how stoves function in the field.

Private sector stove manufacturers. Manufacturers must work closely with
the government to ensure that their products are of an appropriate quality
and so they can help convey to users the importance of reducing IAP. In
the longer term, this would help improve their own sales. Opening up the
FIS to other certified designs would provide an incentive to the manufac-
turers to move forward along the lines suggested. It would be useful to con-
duct market studies to clarify the relationship between the market for stoves
and subsidies. Such studies would help to inform policy formulation and
to define strategies for retail distribution and marketing of stoves. Technical
assistance for such studies could be financed by donors through the inter-
sectoral coordination group and the technical stoves unit.

Private sector LPG companies. It is important that LPG suppliers continue
their efforts to reach the rural population. More broadly, it is important that
they maintain appropriate pricing of LPG and continue to improve cylin-
der safety. Including an LPG-certified stove with cylinder on the list of
stoves offered by the FIS would clearly provide a positive incentive to market
development.

NGOs (stoves). It is important that the government of Guatemala build
upon and support the considerable base of experience and institutional
capacity that has been developed by the stoves programs implemented
by NGOs. NGOs need to work closely with the government, ideally
through a technical stoves unit, when initiating new programs. It is
important that their programs fit in with governmental policy on rural
household energy, and that they be focused on the poorest income quin-
tiles. If the FIS should introduce additional certified stove designs, clearly
these NGOs could play a role in stove development, in organizing demand,
and in delivering service. NGOs also can play a role in providing education
to rural communities on the links between improved stoves, IAP, and
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health; and in collecting information on how well stoves function in the
field.

NGOs (health service delivery). Guatemala is unusual in that NGOs play a
primary role in providing health services to rural areas. These NGOs, through
their contract with the MSPAS, could also help disseminate information on
ALRI and other health impacts of IAP to the population.

Academia. The findings from the monitoring literature and field experi-
ence attest to the fact that interventions to improve stove efficiency do not
necessarily translate to reduced levels of IAP (and notably not of PM10—
particulate matter with an aerodynamic diameter less than 10 microns),
due to other contributory factors such as housing design and stove
maintenance. Further complicating this is the dependence of measured
exposure levels on the accuracy and method of measurement. Reducing
the variations in measured PM10 levels associated with the use of improved
stoves, or at least identifying the causes to which these variations may be
attributed, is necessary. Detailed and accurate exposure monitoring is
clearly required in situations where improved stoves are being used. In
particular, background concentration levels of PM10 should be monitored
and assessments of the effects of these concentrations should be under-
taken. Such studies would not only support better understanding of the
exposure levels associated with use of improved stoves, but would also
provide a better understanding of how improved stoves can be promoted
from a health perspective. Moving forward on this type of research, acad-
emia needs to work closely with the government, NGOs, and households
to ensure that its research findings are incorporated into policy. The role
of the intersectoral coordination group will be a key mechanism by which
to achieve this.

Foreign donors. Donors play an important role in poverty reduction and
in the improved stoves programs. Although they coordinate closely with
the government on poverty reduction, coordination on the stoves program
has been lax or nonexistent. Such coordination is essential to ensure that
the improved stoves programs are appropriately targeted to the neediest, and
that they are designed to be sustainable and to have an impact on both fuel
use and health.

The budgetary implications of an intervention program cannot be
ignored, particularly given the many pressing issues that the Guatemalan
government faces. These suggested interventions seek to make current
arrangements more efficient and effective in terms of combating IAP, rather
than introducing entirely new arrangements. In addition to a more tar-
geted use of existing budgetary resources, additional financing also will
be necessary. The new financing would have to cover the establishment
of a technical stove unit and an increase in the number of staff in the
MSPAS’ Environment Unit focused on IAP monitoring and information
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dissemination. Given the close link between this issue and maternal and
child health, it is expected that these increased costs would be offset in the
longer term by improvements in health. 

The sequencing of some of these events, if these recommendations are
followed, is important. For example, the first move by the government
would need to be the establishment of the intersectoral coordination group
and technical stoves unit. Changes to the FIS program cannot precede this
move.

These changes imply a change in the incentive framework under which
all IAP stakeholders operate. Opening up the FIS program to more than
one design would result in opening up the improved stoves market to sev-
eral other market players, including regional players; this would increase
the options for the user and, in the long term, would bring down the prices
of improved stoves. It would also force the stove manufacturers to make
more than one design, and would provide an incentive to NGOs to orga-
nize demand and to deliver the service. This would be a significant change
from the current situation in which the manufacture of each different stove
is the sole preserve of a single maker, and in which distinct stove programs
are led by NGOs, typically supported by foreign donors. If the FIS were to
offer a fixed subsidy amount for all certified improved stoves, the market
could provide improved stoves (including LPG stoves) at different price
levels, so that the user could make the choice between perhaps an expensive,
large stove with a long life (such as the current FIS plancha) and a cheaper,
small stove with a shorter life for which the FIS subsidy might cover the
full cost.

Finally, the activities under this study were chosen to complement exist-
ing activities in Guatemala. Therefore, they are by no means comprehen-
sive. The focus of the study has been to provide policy makers with
information on the possible extent of the IAP problem in Guatemala.
Particular emphasis has been given to policy recommendations to enhance
the impact of existing improved stoves and LPG programs. Key areas requir-
ing further investigation include the following:

• research into the changes in exposure to PM2.5 (particulate matter with
an aerodynamic diameter less than 2.5 microns) of different members of
the household when using an improved stove under real conditions (with
a focus on operation and maintenance of the stove), and the corresponding
impact on health 

• analysis of the costs and benefits of different mitigation options 
• analysis of LPG availability and corresponding issues in rural areas 
• assessment of current and planned rural development programs, and

provision of recommendations based on worldwide experience on how
best to integrate the technical options for mitigating IAP into the context
of these programs
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In conclusion, IAP must be made a priority in Guatemala. Despite the
many knowledge gaps, there is a strong case that the government and other
stakeholders should act to address this issue, in particular because of its
close links to child mortality and maternal health.

Notes

1. This suggestion was put forward by one of the working groups in a final
dissemination workshop held in Guatemala in April 2003.

2. Including through the FIS program.
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Growing recognition of the harmful effects of indoor air pollution (IAP)
on health worldwide has spurred efforts to elucidate the complex linkages
between health and air pollution. Recent WHO estimates indicate that
indoor smoke from solid fuels causes 1.6 million deaths annually and
accounts for 2.7 percent of the global burden of disease. In Guatemala,
adverse health impacts of IAP disproportionately affect children in poor,
rural households, 97 percent of which use wood as the dominant cooking
fuel.

Guatemala has a wealth of experience implementing improved stove pro-
grams. Through case studies, this book explores how this experience can be
better targeted to reduce adverse health impacts of exposure to indoor air
pollution and improve market structure and accessibility to cleaner fuels. 
A number of cross-sectoral interventions are recommended to ensure avail-
ability of information, improve monitoring of the coordination among
stakeholders, facilitate the use of technical mitigation options, and promote
long-term behavioral change. The health implications on morbidity and
mortality cases of children under five years of age due to the failure to
address the health impacts of IAP, either through policy interventions
and/or technical mitigation measures, are estimated.

This book will be of interest to those interested in the environment, ener-
gy, public health, and socioeconomic development. 

The Energy Sector Management Assistance Program (ESMAP) is a global
technical assistance program that promotes the role of energy in poverty
reduction and economic growth with redistribution. ESMAP undertakes
analytical work and provides policy advice on sustainable energy develop-
ment to governments and other institutions in developing countries and
economies in transition. ESMAP was established in 1983 under the joint
sponsorship of the World Bank and the United Nations Development
Programme as a partnership in response to global energy crises. Since its
creation, ESMAP has operated in some 100 different countries through
approximately 500 activities covering a broad range of energy issues.  
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