Initial Test Results PM, . and CO www.elfuegodelsol.com
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The following are the main research, results and conclusions of the stove
emissions testing conducted by FdS Haiti in May and June of 2018. This summary
accompanies the full-length research study also currently available from FdS Haiti.

Haiti burns over 400,000 tons of charcoal annually (USAID 2011); that amount
translates to over 4,000,000 tons of trees destroyed since it takes 10 tons of
wood to produce one ton of Haitian charcoal (ESMAP 2007). Regional
environmental studies in Haiti, including Ghilardi, et a/l 2018, have determined
that the Haitian charcoal industry has a destructive effect on the trees of Haiti.
However these studies have neglected to discuss health effects of charcoal
cooking. International studies that explored charcoal’s negative health effects,
including, Mortimer, et al 2016, have focused on PM, . measurements. Charcoal
stoves also release CO emissions in concentrations considered deadly.

Fuego del Sol Haiti SA (FdS) is a Social-Eco Enterprise that has implemented
ecological cooking solutions in Haiti and the Dominican Republic since 2006; FdS
has worked as a partner in the Global Alliance for Clean Cookstoves since 2010.
FdS Haiti is now studying the PM2.5 and CO emissions in charcoal stoves and in
the FdS Eco-Cooking System. Preliminary results confirm that charcoal cookstoves
threaten the health of Haitian cooks and that the FdS Eco-Cooking System does
not emit harmful quantities of smoke particulate matter or carbon monoxide.

Fds Haiti implements the FdS Eco-Cooking System: the FdS Gen-8 Gasifier Stove,
non-carbonized recycled fuel briquettes (recycled paper, cardboard and sawdust),
and the Retained-Heat Basket Cooker that reduces fuel-to-cook-beans by 60+ %.
Since 2012, FdS Haiti has recycled over 130 tons of material, offset over 13,000
trees, and fueled over 850,000 meals, mostly for homes, schools and orphanages.
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To the right is the FdS testing team,. The
team was selected from over two-dozen |
applicants based on their interest and | § ‘
abilities in engineering, technology and f";
math. FdS has access to many other
qualified applicants who are available to |«®
join the team when opportunities to
conduct stove testing in Haiti expand.

The scientific stove emissions monitors that were utilized to measure the PM, .
and CO impurities in the air are pictured below:

PM, . Monitor CO Monitor
DYLOS Corporation LASCAR EL - USB - CO
Air quality Monitor 1700

The DYLOS 1700 measures the quantity of particle impurities (smoke, dust, etc.)
in the air per cubic foot (“particle concentration”). “Small particles” range in size
from 0.5 microns up to 10 microns. “Large particles” range in size from 2.5
microns up to 10 microns. The DYLOS corporation rates air-quality based on the
small particles per cubic foot of air by the chart below.

Air Quality Chart
>0.5 microns / cubic foot
Small Count Reading

3000+ = very poor
1050-300= poor
300-1050= fair
150-300 = good
75=150 = wvery good
0-75 = gxcellent
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All ambient indoor and outdoor air has a basic “background” particle
concentration. To account for that background number the FdS air-impurities
research team began each test-trial with a DYLOS reading at least 10m from the
nearest cookstove . The DYLOS 1700 was then powered-off and relocated to a
second testing location 2.5m away from the nearest cookstove and powered-on
for a second reading. Then, the DYLOS unit was powered off again and relocated
to within 0.5m of the stove (at a sufficient distance that researchers were not in
danger of burns). The DYLOS 1700 takes one (1) sample of the small and large
particulate matter every second and averages the readings every sixty (60)
seconds. When the DYLOS 1700 data were downloaded, the averaged readings
were reported for each of the three test-trial distances.

The LASCAR EL - USB - CO measures carbon monoxide present in the air in the
increment of Parts-per-Million (ppm). The manufacturer of the LASCAR EL - USB -
CO includes a factory-installed audible alarm to warn researchers of the need to
evacuate when CO levels reach or exceed 50ppm. The LASCAR unit requires
connection of its attached USB port into a specially programed laptop in order to
power-on the monitor unit, power it off, and download the unit’s recorded data.
Unlike the DYLOS unit, the LASCAR unit records one continuous data record, at
10-second increments, during the complete run of every test trial. It then
downloads the hard-data, which is not averaged. The LASCAR unit also includes
the “EasyLog” software, which generated a point-and-line graph for each trial. For
test-sites where one exemplary trial is reported in this summary, the
manufacturer’s chart is used. For the multi-trial site, composite charts are used.

The FdS Briquette Stove, Testing for PM2.5 and Carbon Monoxide

The testing team monitored PM,. and CO for the FdS Gen-8 Gasifier Stove,
burning 18 FdS briquettes while boiling water. Readings were conducted at 10m,
2.5m and 0.5m distances. Since the study was designed to compare with random
home-based charcoal stoves, the team tested an FdS Gen-8 Gasifier Stove that
was over 1-year old. This particular FdS stove is designed to fit a typical Haitian
bean-pot; FdS builds stoves which are customized to all sizes of Haitian cookpots.

With the FdS Gen-8 Gasifier Stove at full boil, the researchers recorded
measurable emissions from 10m, 2.5m and 0.5m.

3/12 www.fdshaiti.com



The DYLOS 1700 measured PM,. levels that were marginally lower nearer the
stove than at 10m. Since background impurity levels are already very high in
P-a-P air, having no measurable increase in PM levels nearer the FdS stove can
only be considered optimum test-trial results.

FdS Gasifier Non-Carbonized Briquette Stove
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The LASCAR monitor recorded zero (0) ppm CO for the FdS Gen-8 Gasifier Stove
at 10m, 2.5m and 0.5m. CO quickly breaks down in the atmosphere, so the
LASCAR unit only registers a measurable reading near an active CO source.
Therefore, the results from the monitors of both PM,. and CO indicate that the
FdS Gen-8 Gasifier Stove is not a source of air impurities in measurable amounts.

4/12 www.fdshaiti.com



House 1. Multiple Charcoal Stoves in the Corner of the Household’s Yard
The researchers followed the same 10m, 2.5m and 0.5m testing protocol for
several charcoal-cooking household sites in Tabarre / Delmas, P-a-P, Haiti.

L A

At the first house, in the corner of their yard, family members were preparing
food, cooking it over charcoal, to be sold to street patrons for the noon-meal. The
charcoal stove results showed dangerous increases of PM, . (left) and CO (right).
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A small particulate matter count above 3000 particles-per-cubic-foot is rated as very poor air-quality, and
a CO level above 50 ppm is considered dangerous. Since Haitiis baseline air-quality is already very poor,
what is significant in the PM, . charts is the amount and the percentage of increase closer to the stoves.

House 2. Three Burners of Charcoal Cooking the Noon-Meal
A second house in the same neighborhood was also burning charcoal, on one
2-burner stove and one 1-burner stove, to cook the noon-meal for the household.
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