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The “energy ladder” relating improvements in socioeconomic status with transitions to more so-
phisticated stoves and to higher quality, less polluting fuels is often invoked as a theoretical model
for analyzing household energy management practices. We report here on an integrated study of
the energy, health and economic implications of fuel switching in the small village of Jaracuaro,
Michoacan State, México that challenges and extends the traditional energy ladder model. We moni-
tored fuel and stove use, economic status, exposure to respirable suspended particulates (RSP) and
trace gases (CO, CONOx, SO), and morbidity during both wet and dry seasons for a sample of
141 persons living in 21 homes. The families surveyed utilized simple “three stone” fires, traditional
enclosed or improved stoves, and gas ranges or a combination of these technologies. In Jaracuaro,
people who cook regularly are twice as likely as non-cooks to exhibit acute respiratory infection
(ARI), (relative risk = 2.0, 95% CI = 1.3 - 2.7). The use of improved stoves correlates with reductions
in indoor concentrations of RSPs and CO, and decreases in reported cases of ARI, eye infections,
and intestinal disorders. These changes are consistent with the technology component of the energy
ladder, relating improvements in stove and fuel type to emissions and then to respiratory ailments.
This suggests an associated “health ladder” for families adopting improved stoves or kitchen de-
signs. We find that the energy ladder framework, while useful, is also an oversimplification that
masks some of the strategies used in household decision-making. This is reflected in Jaracuaro
where the socioeconomic correlate of stove “quality” and income breaks down: the more affluent
families do not necessarily use cleaner fuel and stove combinations or invest in kitchens that are
more healthy or energy efficient. Some of the most affluent households even exhibited the highest
RSP and CO concentrations. These findings lead to a more eclectic model of fuel and stove adoption
and use that has implications for integrated health and development policies. One direct conclusion
from this study is the need and the opportunity for educational programs to facilitate transitions
to more efficient stoves and cleaner fuels for the rich and poor alike.

1. Introduction creasing affluence, a progression may be expected from
Recent policy and academic interest in promoting sustatraditional biomass fuels (e.g., dung, agricultural residues,
able development has led to efforts to facilitate command wood) to more advanced and less polluting fuels (e.g.,
nities in adopting more efficient cooking stoves, thusom wood to charcoal, kerosene, propane, and then to
mitigating the environmental impacts of fuelwood colle@as). Advancing up the energy ladder is also associated
tion and charcoal production, reducing the concentratiaith increasing commercialization and cost of both the

of indoor air pollution, and reducing the burden of distoves and the fuel.

ease. This normative chain is based largely on the beliefThe relationship between energy use and health has
in an “energy ladder” (see Figure 1) as a theoreticallyeen the focus of a growing number of studies investi-

and functionally useful framework to explain the dynangating a variety of fuel and stove technology combina-

ics of fuel and stove adoption and use [Reddy, 1982; Battbns. Important examples include those exploring the

win, 1986; Hosier and Dowd, 1987; Smith, et al., 1994elationship between woodfuel burning and malaria

Masera, 1994]. The ladder model suggests that with {isnow, et al., 1987], biomass fuel use, stoves, and respi-
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Figure 1. The energy ladder characterizing the general movement towards increased stove and fuel cost as a function of affluence. Modified from [OTA,
1991]

ratory infections [Smith, 1993], domestic coal use arglistic [WHO, 1997b]. The difficult next step is to develop
health [Ellegard, 1993], and the health effects of particpractical integrated programs that address health, environ-
late and S@ pollution from power plants [Wells, et al.,mental, and economic problems associated with stove and
1994; Florig, 1996]. Despite this growing body ofuel combinations at various points along the energy lad-
epidemiological and analytic work, there are still conder. Particularly efficient avenues to reduce childhood
paratively few efforts to systematize and act on the omorbidity, not only from ARI, but from associated oppor-
served interactions between the sources and use of en¢ugystic diseases as well, may come from programs that
and the resulting implications for human health. (For twencourage the adoption of new cookstove designs, or from
recent bibliographic studies of the health impacts of bithe implementation of building standards that promote
fuel combustion, see McCracken and Smith, 1997; afigealthy homes”.
Kammen, et al., 1998). The goal of this study was to test the applicability of
Inefficient combustion of traditional fuels is linked tathe energy ladder model in an environmentally homoge-
respiratory infections, the leading health hazard to chileous but socioeconomically stratified village. In
dren in developing countries. It is now widely recognizeghracuaro, México, access to modern fuels (liquid petro-
that among all endemic diseases, acute respiratory infextm gas; LPG) and a variety of stove technologies is
tion (ARI) is the most pervasive cause of chronic illnesayailable through the local market. However, economic
resulting in an estimated 4.3 million deaths per yeand other constraints and cultural preferences result in
[Smith, 1988, 1993]. Response and management stratedieaseholds utilizing a diverse range of fuels and combus-
to prevent ARI have become a primary focus of nationtibn technologies. In the next section (Section 2) we de-
health programs in a number of nations, including the Iseribe the experimental site and the sampling methods,
tegrated Management of the Sick Child Initiative of thend then in Section 3 present the results of 12 months of
World Health Organization [WHO, 19973a]. Internationahealth interviews, and trace gas and particulate sampling
efforts are under way to change the focus of health polistudies to monitor the concentrations of indoor air pollut-
from one of diagnosis and treatment of individual ailants. The sample of 21 households and 144 individuals is
ments, to holistic approaches that address the envirgnfficient to contrast and examine the energy decisions by
mental and socioeconomic factors contributing to diseaseveral important sub-groups in the population, but is not
Thus, many WHO activities now focus on the fact thaufficient to definitively preclude debate on the statistical
not only do five diseases — pneumonia, diarrhea, measkignificance of each finding. Nevertheless, we find that
malaria and malnutrition — cause 70% of worldwide childhe weight of both quantitative and more qualitative so-
hood deaths, but that these illnesses are negatively sywéalogical data provides a compelling argument for a set
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Figure 2. Schematic presentation of hypothesis testing in the energy-health ladder model

of conclusions on the decisions made within households
on the energy supplies and stove technologies that wetkdes 220 hectares of land which is held communally.
best for the inhabitants of a small rural community. Wextensive data exists on the patterns of energy use and
show that families adopting cleaner fuel and stove comeusehold economics in the Patzcuaro region, and in
binations do realize environmental health benefits. HoWaracuaro in particular because it is one of three regional
ever, the socioeconomic component of the energy ladgéifages under long-term study by the energy and devel-
hypothesis, between increasing affluence and the adoptigsiment scholar Omar Masera and his colleagues [Masera
of cleaner cooking practices, is not realized in Jaracuage.al., 1989; Masera, 1994].
In Section 4 and in the conclusions we outline an ex-Jaracuaro is well suited for an integrated assessment of
panded model of household energy, health, and enviree impact of fuel and stove substitution on intra- and
mental management and development based not iater-household dynamics, health, and economic develop-
simple, linear, transitions between stove types, butngéent. Commercial markets exist for a variety of stoves
model instead based on education and eclectic decisiang fuels. The region around the village is heavily defor-
by households to maintain multiple cooking technologigsted, and a fuelwood market is well established. Fuel-
and fuel options. wood costs 0.2 pesos (P)/kg (US$0.07/kg), a price that
has risen roughly 200% over the past three years. (As of
2. Methods August 1996, the exchange rate was 7.5P = $1, which is
This investigation examines the interaction between amsed throughout this paper.) Over 90% of the families in
ergy use and health based on a two-stage model linkiggracuaro purchase wood weekly. Average fuelwood con-
(1) levels of emissions from different stoves, fuel typasimption in Jaracuaro has been estimated at 2 kg/cap-
and combustion processes; and (2) a dose-responseijtaftay, and thus a total consumption of 1,400 tonnes/year.
sessment of morbidity based on local epidemiology. Thitie use of timber and fuelwood is extensive in the region.
model is presented schematically in Figure 2, and builpgs neighboring communities, fuelwood is also used in
on a number of previous efforts to illuminate the envémall pottery, brick-making, and baking industries [Fer-
ronmental health pathway [e.g., WHO, 1987; Nystromandez, et al., 1997; Hibbert, 1997]. The total demand in
1988; OTA, 1991; Smith, et al., 1994; Ellegard, 1996jhe region is estimated at 1,300,008year (600,000 ton-
The study takes place in Jaracuaro, Michoacan, a smlk/year) of which#37,000 n¥/ year is for fuel while
community in theSierra Purépechéaighlands of central 267,000 n¥ year is for other household uses, and 170,000
México. The Purépecha region covers an area of oyf¥ year is for small-scale industrial activities [Masera,
6,000 knf between 101°3&nd 102°30W and 19°20and 1994].
19°03N and has a population of roughly 250,000 with an A wide range of stove types are used in Jaracuaro. The
annual growth rate of 2%. The precipitation varies frogimple “three stone” fire is found in many households,
700 mm per year to over 1600 mm per year [Bello, 1998though used most frequently as the everyday technology
quoted in Masera, 1994]. primarily among the poorest segments of the community.
Jaracuaro village was once an island, but is now locatp@ditional stoves are used by many families as well, and
on a peninsula due to the decline in the level of Lakgnge from a ring of stones reinforced and shielded by a
Patzcuaro. The population 83,000 and the village in- wall of clay or earth, to more elaborate masonry enclo-
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Figure 3. Socioeconomic level versus reported doctor visits over a 12-month period.

The number of reported visits to the doctor is plotted against the socioeconomic level assigned to each individual and family as per Table 1. Data was
collected for 138 of the 141 people in the sample group, with 32 responses from (or about, in the case of children) members of the highest socioeconomic
group, 45 from the mid-high and mid-low groups, and 16 from members of the lowest group.

Table 1. Socioeconomic ranking of families in the Jaracuaro survey  ($ 0.16/kg). The initial cost of the LPG stove and tank is
500-2,000P, depending on the model. Beyond the cost, a

Socio econo- | Typical land | Typical family Typical significant impediment to the use and complete substitu-
mic ranking holding (ha) employment resources . .
: : . tion of fuelwood by gas is a strong local preference for
High (1 >5 Large commercial ~ Vehicles, | the taste of tortillas prepared on the wood-burning stoves,
activities livestock L.
and the need for fuelwood for frequent traditional feasts
Mid-high (II) 3-5 Wage income, Livestock and ceremonies.
professionals The data collection methodology employed in Jaracuaro
Mid-low (1l1) 1-2 Artisans, skilled | Few was designed to provide concurrent information on the
laborers animals | management of cooking fuels, health outcomes, and so-
Low (IV) <1 Underemployed, | Minimal cioeconomic status and change. The study sample consists
subsistence to none of 21 households (inhabited by 141 individuals) where
Notes indoor air pollution levels were monitored and health sur-

The 21 families were selected as a representative sample of local socioeconomic groups, ~ veys were conducted during both the wet and dry seasons.
ca‘fegorizeq as.low (Iv), mid-.low (I11), mid-high .(II), and high (1). .The categories are distir.1- The strength of this study does not lie in the quantitative
guished primarily on the basis of access to animal and mechanical resources, and are in . .
accordance with the earlier work by O. Masera [1994)]. data alone, but also in the agreement between the analytic
and more qualitative findings on energy use and health in
sures with one or more fireboxes and separate openidgsacuaro. Further, a recent survey by Masera and col-
for pots and theomal. A common improvement is lia- leagues of 420 households in three regions of Mexico,
ditional elevatedstove on a block base. A number of locahcluding more than 100 homes in the Purépecha region,
research and development organizations have been derves to confirm the findings presented here.
volved in “appropriate technology” programs in Jardcuaro The household sample we gathered is stratified socioe-
to disseminate improved efficiendgrena woodstoves conomically because extensive kinship and exchange net-
with chimneys that can substitute for the use of threeorks preclude a simple univariate income ranking. A
stone fires, traditional clay and earth stoves (either budtur-tier ranking (low, mid-low, mid-high, and high) is
directly on the ground or elevated), and even gas stovesed to maintain consistency and build on previous re-
From a health perspective, the most important single fesarch in the region [Masera, 1993]. Households were as-
ture of these stoves is that they have chimneys. Liquefiigned to one of the four categories based on survey
petroleum gas (LPG) is used throughout the region, pitformation and the preliminary interviews, and on con-
marily by the more affluent households. In Jardcuarcerdance with the local community perception of family
roughly 37% of the families use some LPG, which is suprealth and status. The ranking is in accordance with a
plied to local distributors regularly by truck. Economiwariety of local assessments, both subjective and based on
factors influence the use of LPG, which is generally sotdsource inventories. The 21 families were selected as rep-
in 30 kg tanks which sell fdrB5 P/tank, or about 1.2P/kgresentative of the local socioeconomic groups, categorized
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Table 2. Comparison of per capita costs and energy use to prepare a meal

Stove type Fuel Fuel cost Usage Sample size | Energy content Cost/meal Energy use

(US¢/kg) (kg/meal/cap) #) (MJ/kg) (¢/meal/cap) | (MJ/meal/cap)
TSF Wood 7 0.5-1.0 > 100 16 3-7 8-16
Traditional Wood 7 0.7 3 16 5 11
Elevated Wood 7 0.3-0.8 38 16 2-6 5-13
Lorena Wood 7 0.6 2 16 4 10
LPG Gas 18 0.4-1.0 > 40 51 7-18 20-50

Notes

The table compares estimates of the energy use and the cost of the fuel used to prepare meals with the stove/fuel combinations most common in Jaracuaro. Wood use in a three-stone
fire (TSF) is based on two separate estimates: (1) the regional per capita daily range of 1.0-2.0 kg/wood/day, assuming two cooked meals/day (Masera, et al., 1993; Masera, 1994, p.
269); and (2) our data set of 10 three-stone stoves (used for the preparation of nixtamal, tortillas, and comida) that used an average of 0.55 kg/capita/meal. Among the houses we
surveyed, the traditional stove and the improved lorena stoves were used only for fortillas; the wood use levels are given as single average values due to the small sample size. Data
for the elevated, but otherwise unimproved, stove is from homes we surveyed, and is for the same cooking pattern as the three-stone fire: preparation of nixtamal to be subsequently
made into fortillas, and an aggregate number for comida (main, mid-day, meal). Masera (personal communication) estimates that the standard 30-kg LPG tank lasts for about 45 days
(for mixed fuelwood-LPG users). This is used to prepare two meals/day, a light breakfast and a large lunch, which suggests a reasonable lower bound on the gas required to prepare a
meal to be 0.2-0.5 kg. Based on a 50:50 wood/LPG split for actual fuel use, we estimate 0.4-1.0 kg/meal of fuel used per idealized “LPG” meal. Monitoring of individual homes is
consistent with this range. Family size is based on that of the Jaracuaro sample, (141 persons/21 families) = 6.7 persons per household. Both wood and gas are purchased commodities
in Jaracuaro. Note: “Energy use” is not a measure of efficiency, it is instead based on total fuel consumption, and thus reflects the energy usefully consumed and wasted heat.

measurements, 24 during the preparationnitamal

as low (group 1V), mid-low (III), mid-high (Il), and high (corn base for tortillas), 37 measurements during tortilla
(). The categories are distinguished on multiplpreparation, and 7 while the main meedmida,is pre-
ground$”, with the most direct measures based primaripared. The measurements lasted for 30-180 minutes, span-
on land ownership, the type of family employment, aming the period of active food cooking. The air was
by level of access to animal and mechanical resourcessampled continuously at a flow rate of 1.9 I/min as per
show in Table 1. the SKC cyclone pump. The pump and filter assembly

Surveys were also used to collect data on the purchagese worn by the cook, with the air intake valve placed
of fuelwood or gas for each household, while in-deptiear the collar bone. To generate a representative concen-
interviews were used to detail the health history of eatfation parameter for each household, RSP measurements
individual. The survey was developed in collaboratiomere averaged across food types and data collected during
with an indigenous community development organizatiothe wet and dry seasons [Saatkamp, Masera and Kammen,
a regional doctor (MD), and local energy and health r&998].
searchers. The survey forms are in Spanish, with translaTrace gas emissions (CO, §ONO«, SO)) were re-
tion to Purépecha when necessary. Data on individwalrded at a set of points around the stove during food
morbidity was based on interview responses withoutpaeparation: at the location of the stove (x = 0.0m dis-
medical practitioner present, and later discussed andi@nce, y = 0.0m height above the stove), in the effluent
spot-checked with a collaborating MD from the Centrgas column (0.0m, 1.0m), at the average location of the
de Estudios Sociales y Ecoldgias, A.C., for consistencgok (0.5m, 0.5m), as well as at grid points extending up
with records from out-patient clinic visits in the regionto 1.0m in radius along three cardinal directions. The
Data was collected from over 200 individuals, but somj€0] data, which is featured in this analysis, and the other
houses were not revisited for pollutant data during bottace gas measurements, were recorded by an electro-
the wet and dry seasons and these have been excluztegmical sensor manufactured by Energy Efficiency Sys-
from this study. Interviews in 21 households with or (items (Westbury, NY). The individual [CO] measurements
the case of children) about 141 individuals, over 65% girige accurate to withie 5 ppm (at standard conditions of
and women, are included in this data set. 1 atm pressure and 25°C temperature, 1.145 ppm =

The RSP data were collected by a drawn air filter calimg/n?). Measurements were taken every 15 minutes dur-
brated to a flow rate of 1.9 I/ min (SKC Inc., Eighty Fouing the cooking of each of the primary foodsxfamal,
PA). Samples were collected via an SKC cyclone, whigbrtillas, comida). The [CO] cited in this paper is the con-
removes particles larger than 7quin. The resulting col- centration at the location of the cook (as with the RSP
lected particulate matter is roughly comparable too®?Mdata, averaged over food types, and season). The sample
The exposed filter and a control (matched to within 2%nsisted of measurements for three households using
ug) were handled and weighed according to NIOSHhree stone” fires, four traditional adobe and brick stoves
[1994] protocol 0600 on a 5-digit accuracy electronic bagtrectly on the floor, 13 traditional stoves with the com-
ance at the University of Morelia, Mexico (pilot studypustion chamber elevated 0.5m off the floor, two im-
and at Texas A&M University. The resulting uncertaintproved efficiency biomasglorenas) stoves with an
in airborne particulate concentrations 4s30 pg/m°. enclosed combustion chamber and a chimney to vent pol-
These data consist of readings of 37 ambient contféfants outside the home, and one gas $tove
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Figure 4. The technological energy ladder

Average airborne concentrations of both respirable particulate matter [RSP] and [CO] for a variety of cookstove varieties utilized in Jaracuaro, México
are presented. Both the RSP and CO data were taken at the location of the primary cook, with hand-held sampling equipment (for CO) or personal
monitors worn at shoulder height in the case of RSP data. The data shown are the averages of wet and dry season measurements and during the
preparation of each of the local staple foods. The RSP data is based on over 230 individual filter exposures, while over 400 [CO] measurements were
used. The three-stone fires and some of the traditional stoves are placed outdoors, diluting the concentrations and lowering the RSP and CO levels;
all other measurements are for indoor kitchens.

3. Results as well as several other traditional dishes. In addition,
Households in Jaracuaro all have at least some accesfamoilies using both fuelwood and LPG (the dominant
a range of fuels, primarily wood and gas, and even soimnend in Jaracuaro) spend more money on all fuel pur-
of the poorest families on occasion use improved stovebases than families that rely exclusively on wood. Thus,
or gas ranges. The fuel cost per meal prepared on thtbe combination of fuelwood and LPG is not simply a
stone fires, traditional stoves, traditional but elevatesfrategy to minimize costs or maximize convenience. In-
stoves, or improvetiorena” stoves is roughly US$ 0.02-stead, the use of both fuels can be viewed as a strategy
0.07 per person per meal, which is less than half the cdesigned to maintain the benefits of the suite of fuels
of gas (Table 2). The price of the stoves themselves varf@®od for tortilla preparation and LPG for morning
greatly, from nothing for the simplest models, to over US#ieals). Relying on both fuelwood and LPG is also a logi-
200 for the most expensive gas ranges. A simple break} insurance against shortages in one or the other fuels.
down of stove and fuel use by home is impossible becaus@he average airborne concentrations of both respirable
the combination is not constant within a home. This vaparticulate matter [RSP] and [CO] in the cooking area for
ation is due to a number of factors: the relative prices afvariety of stoves is shown in Figure 4. The data are the
wood and gas; seasonal variations; employment and eawerages of wet and dry season measurements. The three-
ing power; and because different stove/fuel combinatioa®ne fires, and some of the traditional stoves are placed
are preferred for different foods. Nevertheless, a surveytdoors, often in shielded alcoves or alleys. This arrange-
of the stoves in use during our visits to conduct househaient dilutes the concentrations of RSPs and CO; all other
surveys and pollutant measurements provides one rougeasurements are for indoor kitchens. The strong corre-
measure. Over 80% of cooking observed in the highéation of reduced pollutant concentration with improve-
ranked homes (Type |; n = 30 observing sessions) wasroant in stove type from three-stone, to traditional, to
gas stoves, with 60% in Type Il (n = 26). The proportionsmproved traditional, téorena to LPG stove is consistent
fell to only 30% gas use in Type lll (n = 29) and 15%ith the findings of a number of other studies [c.f. Smith,
in the poorest (Type IV; n = 15) households. The bulk dB93], and what may be called the “technological com-
the cooking ¥80%) in the less affluent homes was oponent” of the standard energy ladder hypothesis.
three-stone and traditional stoves. The relationship between elevated pollutant exposure
The survey data listed above suggests that LPG @@l morbidity was statistically significant, and can be
generally increases with affluence. Fuelwood, however,demonstrated through both quantitative and qualitative
more complex. Even in homes that purchase LPG, womgasures. People in Jaracuaro possess a large and often
is preferred as a fuel for making tortillas, and fiotamal  specific vocabulary when it comes to illnesses. There is
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some variation by socioeconomic level, but most peof
interviewed were quite precise when identifying typhoi
fever, asthma, cholera, diarrhggipa (general pulmonary .
disorder), and hepatitis. The interviews were all based
local terminology for each condition, and the conditior
reported were cross-checked with community membé
and the local MD. An independent validation was als
performed by asking individuals reporting these condi
tions to describe the symptoms associated with each
ness as a test of their ability to discern morbidify
outcomes.
Eighteen of 141 people surveyed reported pneumori
bronchitis, bronchial pain, chronic cold, and sever i
asthma/breathing disorder associated with pollutant exp 5%
sure. These symptoms are characteristic of, and were |
corded as, acute respiratory infection (ARI). As seen ]
Figure 5, women who cook regularly presented a relatiy 0%
risk (RR) for ARI of 2.0 (95% confidence interval 1<3 Cook Non-cook
RR < 2.70%. This result is particularly telling, with the Cook status
real RR probably even higher because women were gl__
far less likely to report iliness of any kind than were meRgyre 5. Cooking and the incidence of ARI
Measurement of RSP levels revealed a further set aafong the study population of 141 individuals, those reporting cooking
correlations with morbidity. The average [RSP] exposugea primary occupation were twice as likely to report symptoms of ARI
for individuls reporing ARI was SSRQIT whil i av. (220,951 21827 o et i
efaged 574lg/m3 for non-reporting individuals (19 0.02). _vidualsywithin households consistently reported fewer illnesses than did
Similarly, the RSP exposure for those reporting eye ifzn and formal wage earners.
fections was 644 mgfincompared with 574ig/m® for
non-reporting persons. Intestinal illness also correlated Table 3. Morbidity and RSP exposure
with increased domestic RSP exposure. These resultsfare
presented in Table 3. The significant linkage between {n-'"ess Mean level | Mean level | - Number
testinal disorders and higher RSP levels is probably due In homes | in homes not of

; - . reporting reporting observations
to the correlation between cooking practices that lead|to illness illness (N)

e

[N

20%

()
N
o
o
X
P

ARI case percentage

10%

indoor air pollution and reduced availability of either pg- (Hg/md) (Hg/md)

table water, or of kitchens with adequate sanitary or clear=

up facilities. In total, these measures make a compellind*RI 655 574 18
case for broad linkages between morbidity and lowprgye infection 644 574 15
quality energy supplies, and specific food technologi¢s

and management practices. Intestinal infirmity 688 534 15

The connection between stove type and pollutant expotes
sure, and the correlation between human exposure @amchary of illnesses found to be significantly correlated with increased RSP exposure is
health risks argues for the need for integrated energy Aligilpyed here. Note that both RSP concentrations in both types of homes are far above

L . HB recommended US and Japanese exposure levels of 200-260 pg/ms.

health research, and indicates the presence of avoidable
health risks. Many policy-makers often look to economi®@veal a breakdown in the reliance on affluence alone to
advancement as a clear avenue to shift families up théigate health risks. Within our household survey, the
energy ladder and thus to reduce the morbidity in devakerage particulate concentration did not decrease consis-
oping nations [WHO, 1987; Hosier and Dowd, 198%ently as income level rose, as illustrated in Figure 6. The
World Bank, 1993]. Jaracuaro presents a community wiglverage particulate concentration in the lowest income
all the traditional factors at work: differential economitiomes is 44%g/m®, but it is almost twice that, 845
advancement; market pressures on all fuels and stoveyn?, in the most affluent households. The absolute com-

and multiple options as to which stove to select. parison of these values is not particularly significant,
5 given the small sample size, and because many of the
4. Broken rungs on the energy ladder~ poorest families cooked outside, which resulted in lower

As we have shown in the previous section, transitions apncentrations.

the energy ladder from one fuel and stove combination toln Jaracuaro homes, the mean RSP and CO concentra-
another can reduce the household pollution burden. Tkins from gas stoves are measured to be 5-7 times lower
result is in agreement with a number of previous studigsn from traditional stoves. This fact, combined with the
of the energy ladder [Reddy, 1982; Masera, et al., 1988gh pollution levels observed in some of the most afflu-
Hosier and Dowd, 1987; Smith, 1993; Masera, 1994nt homes, paints a very mixed picture that does not con-
Ellegérd, 1996]. However, the data from Jaracuaro alswm to the traditional energy ladder. At least in Jaracuaro,
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Figure 6. Relationship of indoor air quality to socioeconomic status

In contrast to Figure 2, no significant beneficial relationship is observed between indoor air quality (as measured by RSP concentration) and socio-
economic status. Some of the cleanest and best ventilated kitchens were found among the most affluent (Table 4), but so were some of the most
polluted and poorly designed, maintained, or ventilated. The result is particularly striking in that the highest proportions of gas stove usage were from
the most affluent, Type |, households. Mean RSP and CO concentrations from gas stoves are 5-7 times lower than from traditional stoves.

and arguably in many other areas as well, cooking pragthout any vent for smoke, one woman said, “We keep
tices and attention paid to the environmental quality afeaning to fix the kitchen, buto one comes in hesny-
the kitchen are the most important determinants of thwy, and we just haven’t done it.”

health impacts of energy and fuel management.

Increases in socioeconomic status do commonly lead®oC
household improvements such as improved accessA® we demonstrated in the Results section, and charac-
health care, potable water, and sufficient food suppligerized in Figure 4, the technology and the management
Of direct relevance to our study, increases in socioedkills certainly exist to reduce indoor pollution levels. Fur-
nomic status also resulted in the installation of vented tild®er, the reductions are not simply between equally un-
and cement floors in the main living spaces of the honfeealthy conditions. Clear benefits for the poor and rural
As shown in Table 4, however, a rise in income level dopepulations, in terms of respiratory, eye, and intestinal
not necessarily lead to an equivalent increase in kitchéisorders, are associated with improvements in the indoor
quality. Almost every household classified as high or miégnvironment. In turn, the indoor environment is deter-
high (Type | or Il) invests in cement or improved floorsnined largely by the management of energy and water
(100%) and vented (“Spanish”) tile roofing (83% forresources for cooking. The next stage in the ladder hy-
Type | households) for the main dwelling area. By compothesis predicts a corresponding improvement in the pol-
trast, 33-50% of those same households still have dirtant burden when stove technology is replaced by
floor kitchens (33%), or poor quality, unventilated kitchesocioeconomic status as the independent variable. Both
roofs (50%). Figure 6 and Table 4 document that this has not consis-

In higher quality kitchens vented ceiling tiles, to permiently taken place in Jaracuaro.
the escape of pollutants, and cement floors also are incortn Figure 7 an additional measure, that of self-reported
porated in the construction. Kitchens are often overlookederall health quality, is presented. The use of markers
as families make household improvements, and relativguch as “Poor health means that you cannot work, or
wealthy families choose to invest their income in otheannot be without pain from a serious illness”) helps to
areas. When questioned why her kitchen was constructeshtrol for the “wealth-health effect”, which itself can

onclusions
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take two, opposite, forms. First, some individuals may seeable 4. Relationship of house and kitchen construction materials

themselves as more/less healthy as a function of to socioeconomic status
greater/loyver economic stgtus, and second, |t. is possipble Construction High | Mid-high | Mid-low | Low
that with increased education as to the potential rangg of material (n=6) | (n=6) (n=6) | (n=3)
ilinesses, some individuals may view themselves as Bfijouse  cement floor 67% 67% 179 ove
fllctted whten a smﬂirly |IIt but Iszgt aﬁluen: pTerston \;voul jh Mixed floor 33% 33% 66% 67U
not report any significant morbidity event. Tests of ea¢ Dirt floor 0% 0% 17% 33%
potential wealth-health effect were statistically insignif :
s . Vented tile roof 83%) 33% 17% 0%

cant on our sample. This is important given the clear tregnd _ ] ] . .
of increasing medical access for the more affluent fas Mixed roof 17% 67% | 8%| 33
shown in Figure 3. Overall, we find no clear trend towardls Carton roof 0% 0% 0% | 679
greater health simply as a function of increasing socjo-Kitchen Cement floor 679 50% 0% 0%
economic status in Jaracuaro. Mixed floor 0% 0% 0% 33%

The problems of viewing household development and Dirt floor 33% 50% | 100% 67%
fuel choice strictly in terms of the energy ladder lead fo Vented tile roof 50% 50% 0% 09
an obvious but important.conclusion: the availr?\bility and Mixed roof 33% 0% 33% 0%
dg\_/elopment of _approprlatel stove technologle§ is lgss Carton roof 17% 50% 67%!  100%
critical in combating health risk due to indoor air pollug

otes
tion than is general educgtlon reg.a:rdmg these risks. T'lgseis a comparison of the material investment in the living areas of the homes with that
trend suggests that even if all families possessed the @ kichens in the surveyed houssholds in Jarécuaro.
nomic resources to purchase less-polluting stove technolo-
gies and kitchen refurbishments, the benefits of doing advancement model. Lorena stoves present several advan-
are either not recognized or devalued in comparison wtdges. On one hand, their proper use can save 30-40% of
other investments. In facho family member interviewed the average fuelwood requirements of the traditional
irrespective of socioeconomic level identified the vario3ype-U and TSF) stoves. In addition, the average total
pulmonary disorders as related to smoke exposure. Thespended particulate and carbon monoxide concentra-
result is that even as families move up the energy laddiens associated with the lorena stoves can be half that of
there is often little attention paid to stove placemerthe traditional models. These reductions are, however, de-
kitchen ventilation, and construction materials. pendent on careful training, installation, and management

Improved, lorena, stoves present an important and ineducation. In communities with active improved cook-

teresting alternative to the energy-ladder socioeconorsiove promotion and construction programs, the lorenas

%
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Figure 7. Socioeconomic level versus reported health status

Reported health status as a function of socioeconomic level for 138 of 141 members of the Jaracuaro study group. While this is a subjective indicator,
the lack of any clear health-wealth correlation is consistent with the other project findings. Statistical analysis indicates no significant trend correlation
between socioeconomic status and ARI, eye or stomach illnesses. In fact, the highest incidence of ARI occurs in the mid-high (l) group (nine of 18
total cases), versus three in Group I, five in Group I, and one in Group IV.
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have been quite successful and are in considerable dentausefold fuer”, Energy Policy, 21, pp. 598-614.
among the Wealthy and the poor alike. Ellegard, A., 1996. “Cooking fuel smoke and respiratory symptoms among women in low-
. - in Maputo”, Environmental Health Perspectives, 104, pp. 980-985.
Development planners have often relied on technic&f™ #*"
interventigns as F’Ehe catalyst for socioeconomic advan%rlandez, G.O.,, et al., 1997. “High blood lead levels in ceramic folk art workers in
. . = ) ) hoacan, Mexico”, Archives Environmental Health, 52, pp. 51-55.
'mer_“' This trend is _exem_p“fled by the Wldespread mtereF%Fig, H.K.,, 1996. “The benefits of air pollution reduction in China”, Env. Sci. Technology,
in “inverted-U” relationships, or Kuznets curves, betwees ), pp. 274-279.
pollutant concentrations and per capita GNP as a fundanam, NMH. 1990. “The epidemiology of acute respiratory infections in children and
mental means to improve the health and well-being of thigts: Global perspectives”, Epidem. Rev., 12, pp. 149-178.
poor [WOI’|d Bank, 1992]_ However, the data frontibbert, R, 1997. Lead Exposure in the Homes of Mexican Artisans (B.S. thesis, Department
Jaracuaro sounds a warning that increasing income |e{/&}" Enomeerng. Princeton University).
and even improving the quality of energy technology dog‘ﬁl
not guarantee an Improvement In . household .heal arhmen, D.M., 1995a. “Cookstoves for the developing world”, Scientific American, 273,
Greater affluence naturally has a variety of benefits, bitz27s.
does not replace social and educational programs, Nork@men, DM., 1995b. “From energy efficiency to social utilty: improved cookstoves and
search and deve|opment efforts directed at specific SOC]@“SmaIIis Beautiful model of development”, in Energy as an Instrument for Socio-economic

. . . Il Gol . h TB. 3 ited Nati Devel t
economic, and environmental problems. As shown in ogfg‘;;’g"n:?"h‘ew°yd;rk")bif‘ ;d_:;d Johansson, T.8., {eds) (United Nations Developmen

a.‘naIySIS' chal acceptablhty’ fu.elwooq savings, and po”kla_mmen, D.M., Wahhaj, and Yiadom, M.A., 1999. Broad-Search Annotated Bibliography on
tion reduction can all be achieved in households acrogs Respiratory Infections (ARI) and Indoor Air Pollution With an Emphasis on Children
socioeconomic levels. The challenge for policy-makers lrger Five in Developing Countries (Washington, DC: Environmental Health Project,

er, R.H., and Dowd, J., 1987. “Household fuel choice in Zimbabwe: an empirical test
e energy ladder hypothesis”, Resources Energy, 9, pp. 347-361.

to integrate and sustain technology and health educatln”"

as a primary component of development planning.m
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Notes

1. A second measure of socioeconomic status, access to health care, is also highly in-
structive. In Figure 3 we plot the annual doctor visits for members of the four socioeco-
nomic groups. This measure of status is quite robust: a clear drop-off in visitation
frequency between the mid-high and mid-low groups can be seen, but this was never
a question when members of Jaracuaro were polled on where to assign particular house-
holds or individuals. What debate existed at all was almost always between the two
lowest or between assignment within the two highest groups; switching ranking between
these groups has minimal impact on the results presented here. In addition, the house-
hold rankings based on material resources (livestock and vehicle ownership) and em-
ployment (Table 1) were generally equally clear and robust against “mis-assignment”.
One interesting, although somewhat subjective, observation is the correlation between
access to health care and actual health (measured by reported episodes of illness). In
particular, is there a “wealth effect” in term of greater overall health among the more
affluent households? We shall return to this issue in the later part of this paper and the
discussion of Figures 6 and 7.

2. The variation in the number of stoves reflects the distribution observed in the village.
All families in Jaracuaro were included in the study, with the data presented drawn from
all households where sufficient data was obtained.

3. The relative risk, RR, indicates the excess risk (RR>1) with the associated 95% confi-
dence interval shown in parenthesis. The RR of 2 indicates that the exposed individual
is twice as likely (200%) to develop ARI as a person in the control group.
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