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ABSTRACT

Indoor cooking with solid biomass fuels is a daily practice in 30% of poor Filipino households,
contributing to a 76% accruable burden of respiratory diseases. As indoor air pollution is a worsening
burden in the Philippines, this study aimed to determine whether the use of a Fuel-Efficient Stove (FES)
would reduce exposure and perceived respiratory symptoms, as compared with the traditional Three-
Stone Fire (TSF) stoves, in two sub-units (30 households each) of Brgy. Sta. Cruz, Sto. Tomas,
Batangas. Methodology. The study utilized a quasi-experimental interventional design. A laboratory
analysis comparing the FES and TSF carbon monoxide (CO) point emission levels, and performance
was done. Mothers aged 25 years old and above using solid biomass fuels indoors were selected using
simple random sampling. The participants answered a questionnaire on perceived respiratory
symptoms, and 10% from the experimental group was tested for ambient and stove CO concentrations
before and after the stove deployment. Results. Results showed that the FES significantly reduced CO
concentrations for both in the laboratory setting (77.18%) and in the household setting (overall 79.32%).
The Water Boiling Test for stove efficiency showed that, in the laboratory, the FES boiled water 43.16%
faster, and consumed 27.59% less wood per minute while heating 60.16% more water per gram of wood
by transmitting 171.43% more heat to the pot, as compared to the TSF. After the three-month period,
there were observed decreases in almost all respiratory symptoms in the experimental group, but these
were not statistically significant. Conclusion. The FES was found to be more efficient and produced
less emissions but did not significantly decrease respiratory health symptoms in the study population.
Keywords: household indoor air pollution, respiratory health, solid biomass fuel use, clean fuel-
efficient cookstove, user perception.

1 INTRODUCTION
Household solid fuel combustion is a primary source of indoor air pollution (IAP) in
developing countries [1]. IAP is defined as the emission and accumulation of pollutants
generally leading to poor ventilation and air exchange [2].

IAP contributes significantly to the burden of disease in the Philippines; morbidity in the
Philippines due to lower respiratory infections and pneumonia was above 750,000 cases as
0f2006, and mortality due to chronic lower respiratory disease was above 15,000 as of 2000.
Furthermore, 42% of chronic lower respiratory disease incidences, including morbidity and
mortality, can be attributed to environmental factors [3].

Moreover, the population affected by IAP due to the utilization of solid biomass fuel
(SBF) mostly comes from the lower socio-economic class, which consists a big part of the
Filipino population with 22.3% of families falling below the poverty threshold in the first
quarter of 2012 [4]. Arcenas et al. [5]. found that the total costs for morbidity and mortality
in the Philippines due to Acute Lower Respiratory Infection and Chronic Obstructive
Pulmonary Disease (COPD), along with tuberculosis and lung cancer, were estimated to be
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up to 435 million USD. These economic and health effects of IAP stress the need for an
intervention to reduce IAP levels in the Philippines. The segment of the population with less
access to health care is also the most at risk to hazardous exposure. This reiterates the need
for an intervention that reduces IAP that is accessible to the lower socio-economic class.

Stove interventions have been used to reduce IAP [6]. Stoves are commercially available
and are marketed as economic, fuel-efficient, and having less detrimental health effects due
to reduced emissions, but studies have not been conducted on their actual benefits.

The study intervention, Fuel-Efficient Stove (FES), designed by a local sustainable
solution engineer, combines the benefits of two design templates into one: (a) the Rocket
Stove design, which is efficient in heat transfer, and (b) the Top-Lit Up Draft design, which
ensures adequate fuel aeration to facilitate complete combustion. The stove for the study was
produced in a pottery manufacturing company in Pampanga; the total cost incurred per FES
used in the study was Php 1,428.58, including manufacturing, transportation, professional
fee, and other logistical costs. As such, the study aimed to determine whether perceived
respiratory health conditions of mothers in selected households were affected by the FES by
comparing results from Purok 6 (experimental group) and Purok 2 (control group) in Brgy.
Santa Cruz, Sto. Tomas, Batangas.

To achieve this, the following specific objectives were met: (a) the difference in carbon
monoxide (CO) point emission levels and performance in laboratory setting was determined
between FES and the most commonly used cooking tool in rural Philippines— the three-stone
fire (TSF); (b) the current cooking practices involving SBF and cookstove usage, and
smoking practices of selected mothers in the two areas, were determined; (c) the difference
in perceived respiratory health conditions of control and experimental groups, pre- and post-
implementation of the improved stove, was measured; (d) the difference in CO
concentrations between pre- and post-intervention in the experimental group was determined;
and (e) the relationship between CO levels and perceived respiratory health conditions of
mothers was determined.

The term mother is operationally defined in the study as the primary or secondary female
cook in the household aged 25 years and above. Female cooks of age 25 were chosen for the
study population as, according to literature, (a) they are the most exposed to indoor air
pollution due to SBF use in the Philippines; and (b) SBF use has the largest health and non-
health impact among this population.[4]-[6]. User perception was utilized in this study due
to the limited available timeframe and resources to support a clinical diagnosis made by
spirometry or medical physical examination for correlation. The use of user perception as a
metric, as well as its questionnaire, has been validated by the World Health Organization
(WHO) as well as other previous studies— the tool used in this study was developed by
Winrock International, translated into Filipino and validated for use in Saksena and Hashmi
et al. [7], [8]. The tool used screens for possible confounding factors, such as asthma and
smoking. The measuring of CO in the households was done on three households (10%) of
each purok population, following similar methods from Oluwole et al. [10].

This quasi-experimental interventional study can be taken as an integrated solution to the
abovementioned problems, testing the veracity of the locally made FES by deploying it in a
community, and measuring the user-perceived respiratory health effects of the stove. It will
also aid in the assessment of the problem in the Philippines and will pave new ways in finding
solutions. It will add to the limited knowledge on IAP in the Philippines, as well as propose
a practical action to reduce its negative health impacts. Figs 1 and 2 depict the TSF used by
the community and the FES deployed.
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Figure 1: Samples of three-stone fire set-up in control group households.

Figure 2: Deployment of fuel-efficient stoves in the experimental group.
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2 METHODOLOGY

PHASE 1: Laboratory Analysis. To ensure the non-maleficence of the study, the emissions
and efficiencies of both FES and TSF were compared. To test the efficiencies of the stoves,
the Water Boiling Test (WBT) [9] was performed on both the FES and TSF, and the data
obtained was further compared to pre-existing efficiency values of the TSF. To test the
emissions, CO concentrations were measured from both stoves in a laboratory setting. To
conclude that the FES was an effective intervention in terms of efficiency there had to be a
decrease in time to boil, a decrease in burning rate, a decrease in specific fuel consumption,
and an increase in thermal efficiency. Specific fuel consumption refers to the “ratio of the
total amount of wood used to the amount of water ‘cooked’” while thermal efficiency is the
“ratio of the work done by heating and evaporating water to the energy consumed by burning
wood” [9].

PHASE 2: Demographic Surveillance and Gathering of Participants. Region IV-A was
chosen for the study due to (1) pulmonary diseases being part of the top 5 leading causes of
morbidity in the region in 2009 and 2010, (2) the significant usage (33.4%) of SBF in the
area in 2010 considering other regions in the country, and (3) technical and political
considerations [7], [11], [12]. Specifically, in Batangas, a province in Region IV-A, the usage
of SBF was reported to be 40.94%, higher in indigent households [17]. Within the chosen
barangay, qualified participants were determined through visual inspection and a short
interview, which determined if they met the following criteria: (1) female, (2) primary or
secondary cook of household, (3) aged 25 years old or above, (4) uses SBF to cook, and (5)
cooks inside household. From that initial list, simple random sampling was performed to
determine the list of final participants. The Pre-Interventional Emissions Field Testing, where
the SBF CO concentrations within each participant’s household were measured using a
CEM-CO 180 Carbon Monoxide Meter, and the Pre-Intervention Survey, which gathered
data on the participants’ perceived respiratory health conditions, cooking practices, and
household practices, was also performed in this phase.

PHASE 3: Intervention Deployment. The stoves were distributed to the households of the
experimental group, and the participants were told to use them for the next three months. The
households of the control group, on the other hand, were not given any stoves.

PHASE 4: Assessment Phase. A Post-Interventional Emissions Field Testing followed by
a Post-Interventional Survey were conducted three months (or nine weeks, one week more
than the duration it takes for cough to be considered chronic [11]) after the deployment of
the stoves using the same tools that were used before the intervention deployment. These
results were compared with the pre-interventional results to determine any significant
statistical change.

PHASE 5: Data Analysis. Three analytical tests were used. (1) Wilcoxon Signed Rank
Test was used to compare the CO measurements for the pre- and post-intervention time
periods, which were treated as paired samples (e.g. the first minute in the pre- will correspond
to the first minute in the post-). (2) The Kruskar-Wallis H Test was used to analyze data on
CO concentrations during the pre- and post-intervention period to show if there was a
significant difference among three-time periods (i.e. before, during, and after CO
measurements of the pre- and post- periods). (3) Logistic Regression was done to verify
whether the changes in the respiratory health symptoms were due to the intervention.
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3 RESULTS AND DISCUSSION
3.1 Water boiling test for efficiency

The WBT was conducted using the FES and a TSF. Emissions were also observed before,
during, and after the WBT. Three trials for each phase were done; however, the difficulty in
maintaining the open fire and the volume of smoke emitted deemed the hot-start and low-
power phases of the open fire WBT un-executable. Only the Phase 1 data was useful for the
purposes of the study, as values across literature usually only refer to High Power Cold Start
WBT test types. Table 1 shows a comparison of the FES and TSF among specific factors —
time to boil (min), burning rate (g/min), specific fuel consumption (g/L), and thermal
efficiency (%). Table 2 summarizes the CO measurements taken during the following phases
of WBT that immediately follow each other: Cold-Start High-Power Test (Phase 1), Hot-
Start High-Power Test (Phase 2), and Simmer Test (Phase 3). The last phase determines the
amount of fuel required to simmer a measured amount of water at just below boiling for 45
minutes.

All three variables (Burning Rate, Specific Fuel Consumption and Thermal Efficiency)
showed an improvement in efficiency when using the FES. Essentially, according to the
Burning Rate, the FES, when compared to the TSF, consumed 27.59% less fuel per minute,
yet according to Specific Heat Consumption, the FES heated 60.16% more. Overall, the stove
transmitted 171.43% more heat to the pot as does the TSF. Against literature values, the FES
deployed in the study had lower Specific Fuel Consumption than the range provided in
literature; it was also above average in thermal efficiency versus other stoves in Southeast
Asia [16] and Africa [14]. Overall, the FES was above average in efficiency versus other
stove designs, and even above the usual range of efficiency, according to the metrics.
Average of CO point levels across the phases of the WBT was at 1.16 ppm CO, much lower
than that of the TSF; furthermore, this subscribed to the WHO 2010 Guidelines for Indoor
Air Quality of maintaining an average indoor CO level below 24.4 ppm. Values across FES
WBT CO point level measurements within phases all indicated a large decrease in CO levels
between FES and TSF.

3.2 Emissions field testing

Shown in Table 3 are the average levels of CO of the 10% of experimental households.
During the pre-intervention emissions field test, the experimental group’s averages before,
during, and after cooking were 0.97 + 0.80 ppm CO, 7.98 £+ 6.11 ppm CO, and 0.95 + 1.36
ppm CO, respectively. The highest dispersion values were from the ‘during cooking’ phase.
In the post-intervention emissions field test for the experimental group, the averages for
before, during, and after cooking were 0.05 + 0.22 ppm CO, 1.65 = 2.52 ppm CO, and 1.73
+ 3.11 ppm CO, respectively. The standard deviation for the ‘during cooking’ values of the
experimental group post-intervention decreased as they used the same cooking technology
(FES). Thus, the high standard deviation for the pre-intervention ‘during cooking’ values was
inferred to be due to differences in cooking technology and kitchen characteristics.

Pre- and Post-Intervention Emissions Field Testing Comparison. On average, there was
a 79.32% decrease in CO concentration during cooking. The difference in the average CO
levels of the pre- and post-intervention showed a statistically significant decrease in CO
during cooking (p=0.000) from 7.98 = 6.1 ppm to 1.65 +2.52 ppm.
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Table 1: Comparison between TSF and FES efficiency.

FES (High Percent
difference .
TSF Power Cold Literature values**
Start)* between TSF
and FES
Mean St. Mean St. TSF Improved
Dev. Dev. stoves
Time to boil 254~
(min) 29.33 3.7 16.2 4.7 54.54% 40.66 13-17"
[12], [13]
Burning rate o 21-44.02
(¢/min) 31.9 15.1 23.1 7.2 27.59% [14] -
Specific fuel
consumption 376.3 | 1353 | 1499 | 1.3 60.16% 202;100 2322**
(g/L)
15.44—
Thermal N 8.75-10.4- sk
efficiency (%) 7 1 19 1 171.43% [12] 17.6§ [1

* Only High-Power Cold Start could be conducted for the TSF. Thus, only High-Power Cold Start values were
displayed for FES in this table.

**These values compare to High Power phase laboratory tests. The FES High Power phase thermal efficiency is
18%.

***Taken from MacCarty, N, Still, D, Ogle, D, & Drouin, T 2008, Assessing Cook Stove Performance: Field and
Lab Studies of Three Rocket Stoves Comparing the Open Fire and Traditional Stoves in Tamil Nadu, India, on
Measures of Time to Cook, Fuel Use, Total Emissions, and Indoor Pollution, Aprovecho Research Center, Oregon
(Unpublished).

Table 2: Summary of CO measurement during laboratory WBT.

Mean CO point | Mean time Peak CO St. Dev
emissions (ppm) | to boil (min) | levels (ppm) : :
TSF
Phase 1 Before 0.03 28.3 1.00 0.18
During 109.25 519.00 105.46
After 43.72 662.00 110.34
TSF Avg. 57.60 28.5 662.00 101.04
FES
Phase 1 Before 0 16.2 0 0
During 1.60 20.00 3.32
After 2.35 56.00 7.82
FES
Phase 2 Before 0.05 10.4 1.00 0.22
During 2.43 10.00 3.11
After 1.62 18.00 3.76
FES "
Phase 3 Before 0.07 1.00 0.25
During 1.79 17.00 3.33
After 0.30 8.00 1.15
FES Avg. 1.16 13.3 56.00 3.62

* Simmer test must not reach boiling phase.
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Table 3: Pre-intervention (TSF) and post-intervention (FES) average CO concentrations of
the experimental group.

Pre-intervention Standard in tef\(f)::l-tion Standard
average (ppm) deviation (pre) average (ppm) deviation (post)
Before 0.97 0.80 0.05 0.22
cooking
During 7.98 6.11 1.65 252
cooking
After 0.95 1.36 1.73 3.11
cooking

Table 4: Kruskal-Wallis H test of CO levels for the experimental group emissions.

Household and Chi-square | p value
time period
Pre-intervention
Household 1 TSF 2.37 0.306
Household 2 TSF 38.10 0.000
Household 3 TSF 33.19 0.000
Post-intervention
Household 1 FES 24.74 0.000
Household 2 FES 15.46 0.000
Household 3 FES 8.14 0.017

N =50 for households 1 and 3; N = 60 for household 2

Table 5: Computed Stove Contribution.

TSF average | FES average
Stove emission (ppm CO) 7.01 1.60
Percent decrease 77.18%

Kruskal-Wallis H Test for CO Measurements in Experimental Group. There were
significant changes in CO measurements (an obvious spike in CO during cooking) in the
three phases (before, during, after) of all the households (p < 0.05) except for household 1
during the pre-intervention period, as seen in Table 4.

3.3 Computed Stove Emissions
The formula below was used to compute for the theoretical stove emissions:
During Cooking CO - Before Cooking CO = CO Stove Contribution (1)
The ‘before cooking’ value represents the ambient air CO levels; if subtracted from the
‘during cooking’ CO level, it would result to the CO emissions the used stove produced. As

seen in Table 5, the TSF emissions were higher than the FES by 5.41 ppm CO, which supports
the proven decrease in CO emissions by the lab analysis.
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3.4 Perceived Respiratory Health Symptoms.

Fig. 3 depicts a summary of the perceived health respiratory symptoms experienced by both
groups of participants in the pre-intervention and post-intervention stages. For the control
group, even without the presence of an intervention, there was an evident decrease across all
symptoms, except for Cough in the Morning (remained constant). For the experimental
group, a decrease in all symptoms was observed, except for Wheezing in General (remained
constant) and Shortness of Breath (slightly increased).

After doing Logistic Regression, the intervention was inconclusive as seen in all the
confidence intervals. No p-values were significant as well. The intervention failed to
significantly reduce the incidence of the symptoms after the three-month period.

4 CONCLUSION
Laboratory Tests: Efficiency. The WBT for stove efficiency showed that, in the laboratory,
the FES boiled water 43.16% faster, consumed 27.59% less wood per minute, heated 60.16%
more water per gram of wood used, and transmitted 171.43% more heat to the pot as
compared to the TSF. Compared to other reported efficiencies of fuel-efficient stoves across
literature, the FES was above average in terms of thermal efficiency and specific fuel
consumption.

Laboratory Tests: Emissions. The method of simulating user exposure to CO emissions
found that the FES produced 77.18% less CO than did the TSF. The findings further proved
that increased efficiency is correlated with lower emissions. The FES also proved to be above
average in terms of efficiency. Based on these findings, the study proceeded having
established the non-maleficence of the intervention.

Emissions Field Testing. Households of the experimental groups utilize TSFs as their
current stove. The TSF CO emissions did not exceed the WHO recommendation of 28.4 ppm
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Figure 3: Perceived Respiratory Symptoms of Experimental and Control Groups.

WIT Transactions on Ecology and the Environment, Vol 230, © 2018 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)



Air Pollution XXVI 299

CO over an hour of exposure. The FES lowered the average CO emissions during cooking of
all chosen households by 79.3%.

Perceived Respiratory Health. Frequent cough was the symptom that was predominant in
both control and experimental groups that was observed during the pre-intervention survey.
After three months, even with the intervention of an FES, no significant changes in perceived
respiratory symptoms indicative of acute respiratory conditions between study groups were
observed. Absence of reduction in perceived respiratory health results may be due to the
relatively short, although adequate, timeframe of the study. The study predicts better health
outcomes in the future however given the significant reduction in emissions.
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