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Abstract
This study looks at the health impact of the adoption of the SAFI ethanol cooker in Kibera and
Kisumu, Kenya. It shows that between 15 and 36 DALY may be averted per year per 1000 stoves
depending on the location. It means the dissemination of the ethanol stove is a cost-effective
health intervention.
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EXECUTIVE SUMMARY
This Household Air Pollution study attempts to quantify the health impacts associated with the adoption
of the SAFI ethanol cooker in Kenyan households as a result of reduced exposure of smoke.
Lab and field testing have shown that this two burner ethanol stove is very clean, so it is a good candidate
to look at the reduction in exposure to fine particulate matter achievable when used in a complex cooking
systems with multiple stoves and fuels. Indeed, while using a clean stove is a prerequisite to reduce the
exposure level down to WHO recommended or interim level, it is also necessary that the use of other
dirtier stoves is fully discontinued.
The SAFI ethanol stove has been disseminated in Kenya since 2014 and more than 6,000 households have
purchased the stove so far in both urban and rural areas of Kenya. Since suburban and urban areas have
different characteristics in terms of fuel used and kitchen size and ventilation it was decided to study a
densely populated neighbourhood in Nairobi (Kibera) and a suburban area around Kisumu near Lake
Victoria so that different baseline and intervention levels of exposure may be established separately for
each area.
A total of sixty ethanol users were selected randomly in both areas from the list of SAFI customers. And a
group of sixty neighbours were selected using a propensity score matching technique to ensure they had
similar kitchen volume and ventilation, household size and socio-economic status compared to the
ethanol users.
The data collected shows that the use of the SAFI ethanol stoves significantly reduce Indoor Air Pollution
by 28% in Kibera and by 68% in Kisumu. This in turns translate into 15 averted DALY per year for every
1000 household provided with an ethanol stove in Kibera and into 36 aDALY a year for every 1000
household provided with an ethanol stove in Kisumu.
The study also showed that intervention with clean stoves are most effective in areas where wood and
charcoal is used and in where the ambient air pollution is lower. As per the WHO CHOICE criteria a health
intervention based on the dissemination of the SAFI ethanol stove is a cost effective mean of reducing
Household Air Pollution and the associated health impact of such pollution.
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BACKGROUND
ClimateCare is implementing the CDM Support in Kenya Programme under the Department for
International Development (DFID’s) Strengthening Adaptation and Resilience to Climate Change in Kenya
Plus (StARCK+) initiative. Under this programme, which is being funded through Finance Innovation for
Climate Change Fund (FICCF), ClimateCare is financing the distribution of Safi ethanol cookers in Kibera
and other selected areas working collaboratively with Safi international and Umande Trust.
Using financing from DFID, ClimateCare has commissioned a Household Air Pollution (HAP) and Black
Carbon emissions measurements study to assess how a move to “Higher Tier” cooking appliances can
improve indoor air quality (which should have a positive impact on health) and to reduce black carbon
(which reduces climate forcing). This report focuses on the HAP of the study. The Black Carbon emissions
measurements part of the study is covered in a separate report.
ClimateCare sourced quotations from potential consulting firms to under these field measurements and
received three in December 2015, ClimateCare signed a Consulting Agreement Contract with Climate
Solutions Climate (CSC) to undertake the HAP and Black Carbon emissions measurements study.
CSC is a company based in the US and has specialisation in monitoring and evaluation of the different
outcomes of improved cookstove interventions. The study was commenced on 1st of February 2016 in
Kibera. The study was to be carried out in Kibera and Kisumu regions where Safi cookers are being sold.
CSC’s role was to undertake the field measurements, collate and analyse the data and prepare a report on
the above parameters and submit it to ClimateCare.
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INTRODUCTION
More than 2.9 billion people still rely on dirty solid fuels for their energy needs and at the current rate of
progress this figure likely remain unchanged in 20301. Achieving universal access to clean fuels and stoves
would indeed require US$ 4.4 billion dollars annually2. However, in 2012 an estimated US$ 0.1 billion was
spent globally3.
Because of this huge funding gap and because of the price drop in the carbon offsets market which was
seen by many as a way to funnel investment towards access to clean and modern cooking, there is now a
dire need to find alternative streams of funding. Recently, interest started to grow around the idea of
developing a result based funding mechanism rewarding the health impact achieved by clean cooking
interventions4.
Breathing Particulate Matter (PM) with a diameter of less than 2.5 µm (PM2.5) emitted during the use of
solid fuels is recognised as a major risk factor in a number of diseases. The World Health Organisation
(WHO) has established guidelines5 on safe level of exposure to PM2.5. It recommends a concentration level
not higher than 10 µg/m3. An interim target of 35 µg/m3 has also been identified as a more achievable
intermediary step on a journey to truly clean kitchens. Unfortunately, the average exposure of people
using solid fuel for cooking is above 300 µg/m3.
To get down to the recommended level however, a very clean stove has to be used almost exclusively,
completely eliminating the use of dirtier solid fuels6. Furthermore, studies have also shown that, like for
sanitation, whole communities need to transition toward cleaner alternatives, if only one household is
using a clean stove, the smoke coming from its neighbours would probably still subject this particular
household to dangerous levels of exposure.
The 2010 Global Burden of Disease (GBD) study (published in 2012 by the Institute for Health Metrics and
Evaluation7) established that about 4 million premature deaths could be attributed to household air

1Global

Tracking Framework, Key Findings,2015. Consulted online on August 2016 at:
https://www.iea.org/media/news/2015/news/GlobalTrackingFramework2015KeyFindings.pdf
2 Energy access, cooking: Energy for All Scenario, World Energy Outlook (International Energy Agency, 2012).
3 Global Tracking Framework 2015, Full report, Table 1.
4 See for example: Monetizing the Climate, Health and Gender Co-benefits of Efficient Clean Cooking and Heating: A Proposed
Approach. Draft for consultation. Consulted online on July 24th 2016 at: http://www.wocan.org/news/world-bank%E2%80%99sconsultation-workshop-monetizing-climate-health-and-gender-co%E2%80%90benefits-efficient
The development of the Gold Standard 3.0 framework, also include a methodology to quantify health impact. This methodology
is still under development at the time of the publication of this report.
5 See: WHO Air quality guidelines for particulate matter, ozone, nitrogen dioxide and sulfur dioxide Global update 2005 Summary
of risk assessment
6 See: See Johnson and Chiang 2015, Quantitative Guidance for Stove Usage and Performance to Achieve Health and
Environmental Targets
7 See: A comparative risk assessment of burden of disease and injury attributable to 67 risk factors and risk factor clusters in 21
regions, 1990–2010: a systematic analysis for the Global Burden of Disease Study 2010. Lim, Stephen S et al. The Lancet , Volume
380 , Issue 9859 , 2224 - 2260
And: Burden of disease from Household Air Pollution for 2012, WHO, march 2014.
Consulted online on August 2016:
www.who.int/phe/health_topics/outdoorair/databases/FINAL_HAP_AAP_BoD_24March2014.pdf
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pollution (in the form of PM2.5) worldwide, each year. Most of these are attributable to users of dirty solid
fuel in the developing world.
To explore the potential of a health based funding mechanism to scale access to clean cooking we propose
to look at a real world case study: the SAFI ethanol cooker in Kenya.
In Kenya alone, more than 21,000 premature deaths may be attributed annually to household air pollution
because a large share of the population still use solid fuel for cooking. LPG and kerosene are used in urban
area, but while they are relatively clean (the LPG more than the kerosene) they also are fossil fuels. Ethanol
is both a very clean fuel and a renewable energy when produced from the by-products of sugar factories.
The SAFI ethanol cooker is a double burner ethanol stove promoted by SAFI international. Because this
stove is very clean (Tier 4) it has the potential to achieve significant health impact on the household
adopting it. This case study looks at the health impact of the adoption of the SAFI ethanol cooker in both
an urban area (the very densely populated Kibera slum in the suburbs of Nairobi) and in a suburban area
(the prefecture of Kisumu which include the town of Kisumu and the surrounding countryside).
After quantifying the health impact of the project we will look at the potential funding that could be
attributed to it and how that could enable SAFI to scale up its operations in Kenya.

I.

METHOD
How to quantify the health impact of a cookstove intervention


From emissions to health impacts

The mechanisms that link the usage of cookstoves to adverse health effects are complex and depends on
a lot of different factors. The chart below summarizes this path quite well it was presented by Kirk Smith
in 20158.

o

Stove emission: stove emissions are usually expressed per kg of fuel or per minute of cooking
time. This metric measures the stove/fuel intrinsic cleanliness. It expresses how much PM2.5 the

8

See: Cocinas Limpias en la Región de la OPS - ¿Porqué son Importantes? • PAHO Meeting on the WHO Indoor Air
Quality
Guidelines • Tegucigalpa, Honduras
• June
16,
2015,
consulted
online
at:
http://ehsdiv.sph.berkeley.edu/krsmith/Presentations/2015/Honduras_WHO.pdf
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o

o

o
o

o



stove output. The stove output depends on the fuel quality, the stove and the cook, that is why
it is better to measure this metric in the field during uncontrolled cooking tests9.
Kitchen concentration: this metric is usually expressed in µg/m3 and measured during 24 or 48
hours (or other multiple of 24 hours to reflect the diurnal pattern of kitchen PM2.5 concentration
dynamics). Multiple stoves may contribute to the overall kitchen concentration, the amount of
time each of them is used as well the ventilation rate10play an important role in determining this
parameter.
Exposure: this parameter is also expressed in µg/m3 and measured during intervals of 24 hours.
It represents however the average concentration of PM2.5 in the breathing environment of one
person (usually the cook). So the exposure may well be very different from the kitchen
concentration since the cook will also spend some time elsewhere. The cook may also be
cooking outside of the kitchen for some tasks.
Dose: the dose measures how much of a pollutant actually enters the body, it depends on
factors like the breathing rate. The dose might be measured indirectly with biomarkers.
Health effect: there is strong evidence that shows that exposure to PM2.5 increases the risk of
Chronic Obstructive Pulmonary Disease (COPD), Ischemic Heart Disease (IHD), Lung Cancer,
Stroke and Acute Lower Respiratory Infection (ALRI). ALRI is also called pneumonia and affects
mostly children under five. The evidence for increased risk of cataract is getting stronger and
will be included into the next GBD update.
DALYs: To quantify the effect of different diseases, the World Health Organization has adopted
in 1996 the use of a metric called Disability Adjusted Life Year (DALY)11. This metric includes
mortality and morbidity. As per the WHO12: “One DALY can be thought of as one lost year of
"healthy" life. The sum of these DALYs across the population, or the burden of disease, can be
thought of as a measurement of the gap between current health status and an ideal health
situation where the entire population lives to an advanced age, free of disease and disability.”
This metric includes both the years of life lost due to premature death and years lost due to
disability (due to the disease). The latter is weighted based on the severity of the disease.
Reduction of Exposure to PM2.5 as a way to quantify health impact

Monitoring directly the heath impact of an intervention by trying to detect a reduction in diseases
prevalence would not be practical. With chronic disease, the impact of a change in exposure will take time
to materialize itself which would make such a study very expensive.
Like we have seen in the previous paragraph there are different mechanisms that explain how stove
emissions lead to adverse health effect. If there are strong relations between some of these steps that
would allow us to look into precursors that might be easier to measure.

9

This metric was measured in this study for ethanol, charcoal and kerosene stove, please refer to the first part of
the report for more details.
10
Good ventilation (or a flue) is great to reduce kitchen concentration. The smoke however is only displaced outside
and contribute to the ambient level of pollution.
11
This concept was first defined by Murray and Lopez for the first Global Burden of Disease study in 1990.
12
See: http://www.who.int/healthinfo/global_burden_disease/metrics_daly/en/ (consulted on August 2016)
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Exposure to health effect: Integrated Exposure Response (IER) functions that link exposure to increased
risk of morbidity from each disease identified earlier were established as part of the Global Burden of
Disease study. These equations still present some uncertainties but they allow to link exposure to health
effect.
Concentration to exposure: Kitchen concentration would be easier to measure than exposure because it
does not require the cook to wear monitoring equipment. However, there does not appear to be a
systematic predictable relation between kitchen concentration and the exposure13.
Emissions to concentrations: Some model exist to estimate kitchen concentration based on stove
emissions and usage14. These models require to know the kitchen volume and ventilation rate. They
remain very simple and do not predict actual kitchen concentration very well.
It appears that the cook exposure to PM2.5 will give us a good idea of the health effect. Unfortunately, this
exposure cannot easily be predicted from kitchen concentration or from stove emissions alone. We will
thus select exposure as the main metric of interest here and use the Integrated Emission Response
functions to estimate the corresponding health effect.



Tools available to quantify health impacts

To translate PM2.5 exposure reduction into actual health impact expressed in averted DALYs (aDALYs) we
used two methods:
-

-

The HAPIT tool which was created by Ajay Pillarisetti and Kirk R. Smith of the Household
Energy, Climate, and Health Research Group at University of California, Berkeley with support
from the Global Alliance for Clean Cookstoves (GACC). This tool is based on country specific
data and on method compliant with the IHME Global Burden of Disease (GBD-2010), HAPIT
translates exposure reduction into averted DALY for Acute Lower Respiratory Infection (ALRI),
Chronic Obstructive Pulmonary Disease (COPD), Ischemic Heart Disease (IHD), Lung Cancer
and Stroke. This data is broken out between children under 5 and adults. A more complete
description of HAPIT is available in Annex I.
The method developed by Green Development and certified by DNV which gives an estimate
of aDALYs based on world average and a somewhat simplified risk factors curve. A more
complete description of this method is available in Annex II.

To quantify the health impact of the usage of the SAFI ethanol cooker we measured the average 24-hour
exposure of the cook to PM2.5 in two separate groups. The intervention group was composed of
households who bought a SAFI ethanol cooker and used it for at least one meal during the sampling period.

13

See table 4 in: Hill LD, Pillarisetti A, Delapena S, Garland C, Jagoe K, Koetting P, Pelletreau A, Boatman MR, Pennise D, Smith
KR. Air Pollution and Impact Analysis of a Pilot Stove Intervention: Report to the Ministry of Health and
Inter-Ministerial Clean Stove Initiative of the Lao People’s Democratic Republic. June 2015.
14 The most widely used is called the “box model”. It assumes that emission rate are constant and that the concentration in the
kitchen are uniforms (perfect mixing). With these assumptions, the kitchen concentration is dictated by stove emission rate, stove
usage, kitchen volume and kitchen ventilation rate.
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The control group did not own a SAFI cooker and relied on their usual stove (like three stone fire, charcoal
stove, kerosene or LPG stove) for their cooking needs. In both cases the cooks were instructed not to
change in any way their cooking habits because of the study; the group with the SAFI ethanol cooker was
not instructed to use exclusively this stove.

Study area
The aim of the present study is to assess the health impact of the SAFI ethanol cooker for Kenya. However,
because of a limited budget it was not possible to draw a sample representative of the whole country. As
a proxy, it was decided to study one urban area and one semi-rural area and to extrapolate the results to
all the SAFI users located in urban or in rural areas respectively. The urban area of Kibera in Nairobi and
the rural area of Kisumu were chosen because they comprise areas where a significant number of ethanol
cookers have been sold.
Kibera (Nubian: Forest or Jungle) is a neighbourhood of the city of Nairobi, 5 kilometres from the city
centre. Kibera is the largest slum in Nairobi, and the largest urban slum in Africa. The total population of
Kibera is unknown, estimates vary between 200,000 and 1 million residents. The neighborhood is divided
into a number of villages, including Kianda, Soweto East, Gatwekera, Kisumu Ndogo, Lindi, Laini Saba,
Siranga, Makina and Mashimoni. Kiberia is exceptionally densely populated.

Figure 1: Aerial picture of the Kibera slum in Nairobi suburbs (copyright: Schriebkraft)

Kisumu is a port city in Kisumu County, Kenya 1,131 m (3,711 ft), with a population of 409,928 (2009
census). It is the third largest city in Kenya, the principal city of western Kenya, the immediate former
capital of Nyanza Province and the headquarters of Kisumu County. It is located on the shores of Lake
Victoria.
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Figure 2: Kisumu panorama viewed from Lake Victoria. (Copyright: Victor Ochieng)

The study area comprised the whole Kisumu County and included household living in both urban and rural
areas of the county.

Sampling strategy
For each study area, 30 households in each group were selected. Ethanol users were selected out of the
list of SAFI customers with a simple random sampling method. For each ethanol user two neighbours were
surveyed, a spin dial was used to designate a random direction and then the first household in this
direction was included into the study.
Including neighbours of ethanol users allowed for more similarity in the socio-economic background and
types of accommodation between the two groups. To reduce even more the potential influence of factors
not directly related to the type of stove used a preliminary survey was done to assess socio economic
status and dwelling characteristic. Then a Propensity Score Matching technique was used to select out of
the 60 neighbours the 30 households with properties the most similar to the ethanol stove users.
While this setup is not as robust as a randomized control trial, it improves the homogeneity of the two
groups and reduces the risk of bias from confounding factors.

Exposure measurement
To assess the cooks’ exposure, two sets of instruments were used: a size selective gravimetric sampler and
a real time light scattering data logger. The gravimetric sampler was comprised of an AP Buck Elite Libra
pump, a Teflon PTFE filter (with 2um pore size) and an impactor (manufactured by SKC) with a cut point
of 2.5µm. The real time light scattering data logger used was the HAPEx Nano (manufactured by Climate
Solutions Consulting) which log both real time PM concentration and small movements, indicating
whether the device is being worn or not.
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Hapex Nano

Figure 3: Constant flow pump and impactor
Figure 4: HAPEx Nano

Ideally, the gravimetric sampler should be worn directly by the cook, but this system is quite heavy, bulky
and noisy which creates a risk of non-compliance from the subject or might create a bias by influencing
the subject in staying inside their house thereby increasing their exposure to pollution they would have
not been subjected to had they left their home.
To alleviate those risks and to ease the burden of the cooks who accepted to participate in this study we
used the HAPEx Nano. This device is very small (5cm*5cm*2cm for 100g) and completely silent so it is not
too inconvenient for the cook to wear it. Since they also record small movement, the compliance of the
cook may be checked and data can be discarded if the cook did not wear the device.
However, the sensing technology used by these light scattering devices is not as accurate as the
gravimetric sampler. The two methods complement each other, the gravimetric method gives an accurate
24 hours average and the light scattering method use this average to give minute by minute measurement
of the PM2.5 concentration, which provides a better understanding of PM2.5 concentrations dynamics.
In addition to the HAPEx worn by the cook, we placed a collocated gravimetric sampler and a HAPEx Nano
in the kitchen at a standardised position. This method allows for a systematic field calibration of the HAPEx
readings in each household. By comparing the value of the HAPEx located in the kitchen to the one located
on the cook we were able to establish to which fraction of the indoor air pollution the cook was exposed
and to express the real time readings of the HAPEx in µg/m3.
When the surveyors collected the instrument at the end of the sampling period they also administered a
short post-sampling survey to check that nothing interfered with the sampling and to provide information
on the kind of fuels used and the type of meal cooked during the 24 hours period.
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II.

RESULTS
A. Preliminary study
As explained in the method section, the preliminary survey was conducted before the particulate matter
sampling to provide some elements of context for the study areas and as a tool to match households in
both groups in order to ensure that both the control group (households not using the ethanol stoves) and
the ethanol users group were as similar as possible regarding key parameters like kitchen volume and
ventilation, household size and socio-economic status.

1) Summary of the preliminary survey in Kibera
a) Household composition
The average household size is 4.5 persons with 1.8 children under 15, 1.5 women above 15 and 1.2 men
above 15. The 2 groups show very similar average household composition.

Kibera ethanol users
household composition

Kibera control group
household composition

0.0

0.0

1.2

1.1

1.7

1.8

1.4

1.5

Children under 15

Women over 15

Children under 15

Women over 15

Men between 15 and 60

Men over 60

Men between 15 and 60

Men over 60

Figure 6: Household composition of the ethanol users in Kibera

Figure 5: Household composition of the control group in KIbera

b) Meal cooking habits
100% of household cooks breakfast and dinner with the ethanol cooker while 60% to 80% cook lunch with
the cooker (probably because of being away at work). Only 54% of households using ethanol cooker
declared cooking lunch at home compared to 79% the households in the control group.
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Kibera ethanol users meal
cooking habits

Kibera control group meal
cooking habits
Dinner

meal type

meal type

Dinner

Lunch

Lunch

Breakfast

Breakfast
0%

20%

40%

60%

80%

100%

0%

20%

% of households

40%

60%

80%

100%

% of households

Figure 8: Ethanol users meal cooking habits in Kibera

Figure 7: Control group meal cooking habits in Kibera

c) Fuel use frequency
Among the users of the ethanol stove, 100% of them declared using their ethanol stove on a daily basis
(there is a risk of courtesy bias since some of the surveyors were employees of SAFI, the manufacturer of
the ethanol cooker). Data collected during the sampling shows that a few of them actually did not use
their ethanol stove during the 24-hour sampling period.

Kibera ethanol user fuel use frequency
% of households

100%
80%
60%

Never

40%

Less than once a week

20%

At least once a week
Every Day

0%
Ethanol

Electricity

Charcoal

Firewood

Kerosene

LPG

fuel type
Figure 9: Type of fuel used by the ethanol group in Kibera

Besides ethanol, electricity (24%) and LPG (10%) are also used on a daily basis by some households.
Charcoal remains a significant secondary fuel with 8% of the households using it every day and 60% using
it at least once a week.
In the control group kerosene is the most used fuel (80% of household use it on a daily basis). Charcoal is
also very common with 35% of household using it on a daily basis and 80% at least once a week. Electricity

P a g e | 17

and LPG are used by a small minority of households while firewood is not used at all in this densely
populated urban area.

Kibera control group fuel use frequency
% of households

100%
80%
60%

Never

40%

Less than once a week

20%

At least once a week
Every Day

0%
Ethanol

Electricity

Charcoal

Firewood

Kerosene

LPG

fuel type
Figure 10: Type of fuel used by the control group in Kibera

While it is normal to see widely different fuel use pattern between the two groups, a comparison is still
meaningful. If we assume that the ethanol users had a fuel use pattern similar to the control group before
buying the SAFI cooker, then it appears that the SAFI stove mostly replaced the kerosene stove as a
primary cooking appliance and has been somewhat displacing the role of the charcoal stove as a
secondary stove (the SAFI cooker has 2 burners).

d) Cooking locations
Most of the households in Kibera cook inside their kitchens. 15% of the intervention group’s households
declared that they sometimes cook outside as well. From what we have seen in the field, the cooks often
light their charcoal stoves outside and then bring them back into the house once the stove produces less
smoke. Some use their charcoal stoves on their door step “or front porch”.
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Kibera cooking location habits

Kibera indoor cooking habit by
fuel type
100%

80%

% of households

% of households

100%

60%
40%
20%

80%
60%
40%
20%
0%

0%
ethanol users

control group

Always cook inside

Very often cook inside

Sometimes cook inside

Never inside

ethanol users

Figure 12: Cooking location habits in Kibera

control group

Figure 11: Type of fuel used indoors in Kibera

e) Kitchen characteristics
The kitchens between the 2 groups are quite similar with an average volume of around 30m3and bit less
than one window per kitchen. 70% of the kitchens have no eaves and 25% have eaves less than 10 cm
wide. The number of windows, doors and the size of the eaves are critical since they directly impact
ventilation which in turn has an impact on kitchen concentrations and cook exposure.

Kibera kitchen characteristics:
volume, windows, doors

Kibera kitchen characteristics:
eaves
control group

control group

ethanol users

ethanol users
0%

20%

40%

60%

80%

-

100%

1

2

3

no eaves

average kitchen volume (*10 m3)

eaves are less than 10 cm

average number of windows in the kitchen

eaves are more than 10 cm

average number of door in the kitchen

Figure 14:Kitchen eave size in Kibera

Figure 13: Kitchen volume and openings in Kibera
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4

f) Socio economic status
This chart displays the average likelihood of the households in each group to be below the 4$/day/person
poverty line (expressed in Parity of Purchasing Power in 2005). This estimation is based on the Progress
out of Poverty Index (PPI) developed by Mark Schreiner of Microfinance Risk Management and widely
promoted by the Grameen Foundation. This poverty measurement tool allows to derive the likelihood of
each household to be under various poverty lines based on their answers to 10 simple questions. The
Kenya PPI is based on latest data available from the 2005-2006 Integrated Household Budget Survey.
When adjusted for inflation, US$ 4 in 2005 represent US$9.91 in 201615.

Kibera calculated poverty likelyhood (4$/day 2005PPP)
control group

ethanol user

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Figure 15: Average likelihood of each group being under the 4$/day poverty line in Kibera

The chart shows that the households in the ethanol users group are less likely to be under the 4$/day
poverty line. We tried to minimize this gap by surveying neighbouring households and by matching
households using the propensity score matching but some difference remained for this parameter. The
ethanol stove represents a big purchase and the people who choose to purchase it are more likely to be
somewhat less poor.
A slightly different socioeconomic status might have indirect implication on the exposure level but we
think that the most important parameter is the volume and ventilation rate of the kitchen and the two
groups are very similar in this regard.

2) Summary of the preliminary survey in Kisumu
a) Household composition
For both groups in Kisumu the average household size is around 5 persons. The ethanol users tend to have
more children (2.1) compared to the control group (1.4).

15

This is based on an annual average inflation rate of 8.6% between 2005 and 2016. Data from the Central Bank of
Kenya. Consulted online on August 2016 at: https://www.centralbank.go.ke/index.php/balance-of-paymentstatistics/inflationrates
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Kisumu control group
household composition

Kisumu ethanol user
household composition

0.0

0.1
1.1

1.4

1.8

2.1

1.6

1.8

Children under 15

Women over 15

Children under 15

Women over 15

Men between 15 and 60

Men over 60

Men between 15 and 60

Men over 60

Figure 17: Household composition in the ethanol users group in
Kibera

Figure 16: Household composition for the control group in
Kibera

b) Meal cooking habits
The two groups have similar cooking habits, breakfast and dinner are almost always prepared at home
while some household (20-25%) eat lunch outside.

Kisumu ethanol user meal
cooking habits

Kisumu control group meal
cooking habits
Dinner

meal type

meal type

Dinner

Lunch

Breakfast

Lunch

Breakfast
0%

20%

40%

60%

80%

100%

% of households

0%

20%

40%

60%

80%

100%

% of households

Figure 18: Meal cooking habits for the ethanol users group in Figure 19: Meal cooking habits for the control group in Kisumu
Kisumu
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c) Fuel use frequency
Most households owning a SAFI ethanol stove declared using it on a daily basis; charcoal, firewood and
LPG continue to be used quite frequently. This chart show the importance of the fuel and stove “stacking”
where household in spite of using their new clean stove continue to use their traditional stove.

Kisumu ethanol users fuel use frequency
% of households

100%
80%
60%

Never

40%

Less than once a week

20%

At least once a week
Every Day

0%
Ethanol

Electricity

Charcoal

Firewood

Kerosene

LPG

fuel type
Figure 20: Type of fuel used by the ethanol group in Kisumu

Households without the SAFI cooker rely on charcoal, firewood, kerosene and LPG as their primary fuel.

Kisumu control group fuel use frequency
% of households

100%
80%
60%

Never

40%

Less than once a week

20%

At least once a week
Every Day

0%
Ethanol

Electricity

Charcoal

Firewood

Kerosene

LPG

fuel type
Figure 21: Type of fuel used by the control group in Kisumu

d) Cooking locations
Most households in Kisumu have a kitchen that is separate from their main house. For both groups about
60% of the respondents declared always cooking inside while about 20% declared cooking outside
regularly.

P a g e | 22

Kisumu indoor cooking habit
by fuel type

Kisumu cooking location habits

100%

80%

% of households

% of households

100%

60%
40%
20%

80%
60%
40%
20%
0%

0%
ethanol users

control group

Always cook inside

Very often cook inside

Sometimes cook inside

Never inside

ethanol users

Figure 23: Cooking location habits in Kisumu

control group

Figure 22: Type of fuel used indoor in Kisumu

e) Kitchen characteristics
Kitchens of the ethanol users have less eave space than those of the control group but they tend to have
slightly more openings. Ventilation rates are probably similar between the two groups.

Kisumu kitchen characteristics:
eaves

Kisumu kitchen characteristics:
volume, windows, doors

control group

control group

ethanol users

ethanol users

0%

20%

40%

60%

80%

-

100%

0.5

1.0

1.5

no eaves

average kitchen volume (*10 m3)

eaves are less than 10 cm

average number of windows in the kitchen

eaves are more than 10 cm

average number of door in the kitchen

Figure 25: Kitchen eave size in Kisumu

2.0

Figure 24: Kitchen volume and openings in Kisumu

f) Socio economic status
The households in Kisumu appears to be less likely to be under the 4$/day poverty line than the
households surveyed in Kibera. Similar to Kibera though, the households owning an ethanol cooker are
probably slightly better off average than in the control group.
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Kisumu calculated poverty likelyhood (4$/day 2005PPP)

control group

ethanol user
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Figure 26: Average likelihood of each group being under the 4$/day poverty line in Kisumu

B. Exposure measurement
The table below presents the kitchen concentration and cook exposures. For each variable mean, standard
deviation and 90% confidence interval are provided.

1) Kibera
Table 1: detail of kitchen concentration and cook exposure to PM2.5 in Kibera

cook exposure
Mean kitchen mean cook
standard
concentration exposure
n
deviation
(µg/m3)
(µg/m3)
(µg/m3)
control
group

coefficient
of variation

low
bound
90% CI

high bound
90% CI

118

166

171

33 105%

115

217

ethanol
100
user

118

97

25 82%

97

151

A one tailed two sample Welch t-test shows that the mean exposure of the ethanol users is significantly
less than the control group mean exposure (t=-1.31, α=0.09). In Kibera, the 24-hour average exposure of
the cook is reduced by 28% in the group using the ethanol stove compared to the control.
The chart below describes how the cook’s exposure is distributed within each group. The probability
density was calculated with a bin size of 50 µg/m3. For each bin (i.e.: 0-50 µg/m3; 50-100 µg/m3; 100-150
µg/m3, etc...) it represents the percentage of the household that falls in this bin compared to the overall
number of household surveyed.
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We can see that in both groups a significant percentage of cooks have exposure levels below 100 µg/m3.
The overall exposure reduction in the ethanol user group is achieved because there are less households
with an exposure above 200 µg/m3.

probability density

Kibera: distribution of cook exposure for the ethanol users and
the control group
50%
40%
30%
20%
10%
0%
0

100

200

300

400

500

600

cook exposure
ethanol users

700

800

900

1000

(µg/m3)

non ethanol users

Figure 27: Distribution of cook exposure for each group in Kibera

2) Kisumu
Table 2: detail of kitchen concentration and cook exposure to PM2.5 in Kisumu

control
group

mean
Mean kitchen
cook
concentration
exposure
(µg/m3)
(µg/m3)

Exposure
standard
deviation
(µg/m3)

n

cov

low
bound high bound
90%
90%
confidence
confidence
interval
interval

265

320

313

32

98%

226

414

109

84

25

77%

80

138

ethanol
91
user

A one tailed two sample Welch t-test shows that the ethanol users mean exposure is significantly less than
the control group mean exposure (t=-3.64, α=0.0004). In Kisumu, the 24h average exposure of the cook is
reduced by 66% in the group using the ethanol stove compared to the control group.
The chart below describes how the cooks’ exposure is distributed within each group. The exposure in the
intervention group is mostly below 150 µg/m3 while the control group has significant numbers of people
with an exposure level above 200 µg/m3 due to the more frequent use of wood as a primary cooking fuel.
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probability density

Kisumu: distribution of cook exposure for the ethanol users and
the control group
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Figure 28: Distribution of cook exposure in each group in Kisumu

C. Post sampling survey
As described in the Method section, the post sampling survey reflects what actually happened during the
24-hour sampling period. It allows to check that the other parameters besides the type of fuels used were
actually similar between the two groups.
Information for each household also allowed us to understand better each individual context when some
measurements appeared to be outside of the norm.
The post survey showed that the pump placement has been very similar in the two groups as well as the
number of meals cooked. This show that the decrease in exposure between the two groups can be
attributed to the adoption of the SAFI ethanol cooker rather than to other factors. The details of the postsampling survey is available in Annex III.

D. Quantification of health impact
In this section we present how the exposure reduction translated into aDALYs. We present the results
from both the HAPIT method and the method developed by Green Development. Please refer to annex I
and II for more details on the calculations that lead to these results.

1) Quantification of the health impact in Kibera
 HAPIT method
Based on the pre and post exposure level measured in Kibera, the HAPIT16 method yields the following
estimate (for each disease the number of averted DALYs and averted premature deaths are detailed).
Table 3: Detail of aDALY per disease type in Kibera

16

HAPIT is available at: https://hapit.shinyapps.io/HAPIT/

P a g e | 26

ALRI
ALRI
Lung
Lung
COPD COPD IHD
IHD
Stroke Stroke Total
Total
aDALYs Deaths
Cancer Cancer
aDALYs Deaths aDALYs Deaths
aDALYs Deaths aDALYs Deaths
<5
<5
aDALYs Deaths
13

0

1

0

0

0

0

0

0

0

15

0

A total of 15 aDALY/1000 stoves/year of use is achieved in Kibera thanks to the adoption of the SAFI
ethanol cooker. Most of those aDALYs comes from the avoidance of Acute Lower Respiratory Infection
(ALRI) on children under five years old.
 Green Development/DNV methodology
The method proposed by Green Development yield a significantly higher result with 50 aDALYs/1000
stoves/year of use. For more details on the method please refer to annex II. We examined the differences
between those two methods in the “Discussion” section

2) Quantification of the health impact in Kisumu


HAPIT Method

Table 4: details of aDALYs per disease type in Kisumu

ALRI
ALRI
Lung
Lung
COPD COPD IHD
IHD
Stroke Stroke Total
Total
aDALYs Deaths
Cancer Cancer
aDALYs Deaths aDALYs Deaths
aDALYs Deaths aDALYs Deaths
<5
<5
aDALYs Deaths
31

0

3

0

1

0

0

0

1

0

36

0

A total of 36 aDALYs/1000 stoves/year of use may be achieved in Kisumu thanks to the adoption of the
ethanol cooker. Like for Kibera, most of the aDALYs comes from the avoidance of Acute Lower Respiratory
Infection (ALRI also called pneumonia) for children under five years old.
a) Green Development method
The method proposed by Green Development yields a significantly higher result with 71 aDALYs/1000
stoves/year of use.

3) Project scale
To estimate the aDALYs achieved at the project scale we scale the impacts obtained in Kibera to all the
stove sold in urban centres and the value obtained in Kisumu to all the stove sold in rural or suburban
areas.
The table below summarises the value used to calculate the health impact at the project scale for the first
monitoring year.
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Table 5: main parameters used to compute aDALYs at the project scale

number
of
stoves sold
usage rate

aDAYL/1000
stove/year
(HAPIT)

aDAYL/1000
stove/year
(Green
Development)

rural area

1500

100%

36

71

urban area

4500

100%

15

50

With the value derived from HAPIT the project would yield 121.5 aDALYs for the first monitoring year
(0.0203 aDALYs/stove/year). With the value from the Green Development method this figure would rise
to 331.5 aDALYs (0.0553 aDALYs/stove/year).

III.

DISCUSSION
Comparison of result between Kisumu and Kibera
The reduction in exposure and corresponding aDALYs are a lot higher in Kisumu than in Kibera. This fact
may be explained by two reasons:
-

The exposure in the control group is higher in Kisumu than in Kibera

Firewood and charcoal were used by 30% and 55% respectively of the households in Kisumu. By
comparison they were only used by 2.5% and 45% of the household in Kibera. The use of solid fuels like
firewood and charcoal which are a lot dirtier than kerosene, LPG, electricity or ethanol really increases the
average exposure in the control group in Kisumu (320 µg/m3) compared to Kibera (166 µg/m3).
This means that there is more room for improvement in Kisumu than in Kibera, where the use of kerosene
stove and the absence of firewood stove allow for less dirty indoor air.
-

The influence from neighbours still using dirty fuel is probably higher in Kibera.

Despite a limited usage of other fuel among the ethanol users in Kibera (12% used kerosene and 8% used
charcoal) the average exposure of the cook is higher in Kibera (118 µg/m3) than in Kisumu (109 µg/m3).
This could be explained by the proximity of the dwellings in Kibera compared to Kisumu where the kitchen
is usually outside of the house and where there is more space between each house.
In Kibera, a higher level of ambient air pollution from the neighbours and the surrounding city might
represent a background level that limits exposure reduction achievable, even by the cleanest stove (like
the SAFI cooker). On the other hand, lower exposure might be achievable in Kisumu in households using
fully the SAFI cooker due to a lower ambient air pollution.
The reader should note that we did not have the resources to monitor ambient air properly. The
statements on ambient air pollution in this paragraph are based on reasonable assumptions rather than
hard facts.
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Comparison between kitchen concentration and cook exposure
In previous studies17, the exposure of the cook is usually lower than the kitchen concentration since the
cook also spend some time outside the kitchen where the PM2.5 concentrations is usually lower. But in this
study we have found the cook’s exposure to be often higher than the concentration measured in a
standardized place inside the kitchen.
Even though some households declared cooking inside, they often have multiple stoves in their kitchen.
The pump was placed nearby the ethanol stove or the main stove in the control group. The comparison of
the real time data from the HAPEx shows that the cook is sometimes exposed to cooking emissions not
picked up by the pump located nearby the main stove. This is the case when the cooking is done outside
or when the “secondary” stove is inside but far enough from the main stove. Some households tend to
start and put off their stove outside because they produce a lot of smoke (charcoal) or a displeasing odour
(kerosene) while lighting or dyeing down and it is brought inside for the actual cooking. This is even
reinforced by the fact that outdoor cooking is done with the dirtier fuel while the cleaner stoves are more
often used inside.
The chart below shows one example of the output from the HAPEx located inside the kitchen and with the
cook. The compliance values were measured by the movement sensor and shows when the cook is
wearing the HAPEx (a value of zero means that the cook did not wear the sensor while a value of one
means the sensor was worn).

Comparison of kitchen concentration to cook exposure
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Figure 29: Comparison of HAPEx output for kitchen concentration and cook exposure

17

See for example: Pokhrel AK, Bates MN, Acharya, J, Valentiner-Branth P, Chandyo RK, Shrestha PS, Raut AK, Smith
KR. PM2.5 in household kitchens of Bhaktapur, Nepal, using four different cooking fuels, Atmospheric
Environment 2015 . doi: 10.1016/j.atmosenv.2015.04.060
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This household has declared having used charcoal and kerosene. The pump was placed nearby the
kerosene stove. By looking at the data from the two HAPEx we can see that the kerosene stove was used
for dinner and breakfast while the charcoal stove was used for lunch probably outside or on the door step
so that most of the emission were not picked by the HAPEx near the kerosene stove. Even with the
charcoal stove outside, the cook exposure to the charcoal smoke was significant.
This shows the importance of measuring exposure directly rather than estimating it based on kitchen
concentration alone. In the latter case we would have missed a significant part of the exposure. This is
especially true when a lot of different fuel and stove combinations are used together, like is often the case
in the two study areas.

Importance of compliance assessment
Measuring compliance is also very useful to assess whether the cook has been actually wearing the device
during the sampling period. Typically, the respondents will not admit easily that they have not been
wearing the device. The HAPEx capability to log small movements with an internal accelerometer allows
us to have a detailed understanding of when it was worn.
In the example above the data was considered valid because the cook wore the HAPEx during the 3
cooking events. The HAPEx was not worn during 3 hours in the afternoon but this is probably a limited
impact on the overall exposure assessment.
When the HAPEx was not worn during a cooking event, the data was discarded. This is the case with the
data in the chart below.

Example of partial compliance
Lunch and
warming up bath
water outside on a
charcoal stove

600.00

1
Cook
Kitchen
compliance

400.00

0

dinner

200.00

breakfast

-

Compliance

PM2.5 concentration (ug/m3)

800.00

-1

1:00:00 PM
12:00:00 PM
11:00:00 AM
10:00:00 AM
9:00:00 AM
8:00:00 AM
7:00:00 AM
6:00:00 AM
5:00:00 AM
4:00:00 AM
3:00:00 AM
2:00:00 AM
1:00:00 AM
12:00:00 AM
11:00:00 PM
10:00:00 PM
9:00:00 PM
8:00:00 PM
7:00:00 PM
6:00:00 PM
5:00:00 PM
4:00:00 PM
3:00:00 PM
2:00:00 PM
1:00:00 PM
12:00:00 PM
11:00:00 AM
10:00:00 AM
9:00:00 AM
8:00:00 AM
Figure 30: Example of partial compliance

In this case the cook first prepared lunch on her charcoal stove outside and then used the remaining coal
to warm up bath water. Around 3PM she took off her HAPEx and did not wear it again after that. The
HAPEx was probably placed inside the kitchen nearby the other one with the pump and it shows a very
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similar signal for dinner and breakfast. This makes detecting non-compliance very difficult without the
accelerometer. Because the cook did not wear the HAPEx during 2 of the 3 cooking events this data was
not considered for the purpose of calculating the ratio between cook exposure and kitchen concentration.
Note also that the charcoal use outside was not picked up by the HAPEx (and probably the pump as well)
placed inside the kitchen as discussed in the previous paragraph.

Example of partial compliance
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Figure 31: Another example of partial compliance

In this example the cook wore her HAPEx in the afternoon while she was preparing lunch but took it off
around 6:30 PM and did not wear it while preparing the dinner. She wore it for about an hour or so in the
evening. In the morning many small cooking events happened but she did not wear the HAPEx for those
until about 11 AM. In this case too, when not worn, the HAPEx was probably placed near the other one
since they both show a very similar signal.
About 76% of the cooks wore their HAPEx throughout the cooking events in Kibera while only 27% of them
did so in Kisumu. For those households who did not comply, the median ratio between kitchen
concentration and cook exposure was used (this ratio was calculated separately for each location). Even
if the cook did not wear the HAPEx we still obtained valid data from the gravimetric sampler in the kitchen,
so we were able to assess the cooks’ exposure for those households as well.

Comparison between the HAPIT and Green Development method
We used two different methods to translate reduction of exposure into averted DALYs. The two methods
however yielded different results. The Green Development (GD) method results are 2 to 3 times higher
than the HAPIT results.
The following point could explain the discrepancy:
-

There is a 20% discount factor built into HAPIT (because only 80% of the health impact of
chronic diseases is attributed to the intervention)
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-

-

-

The GD method assume that the IER are linear between 50 and 200 µg/m3 which is not
completely true. This not clear how this simplification affects the results compared to HAPIT
The GD method assume that at 50 µg/m3 all the possible health benefits are achieved.
However, the IER show that at 50 µg/m3 a significant risk remains. This overestimate the
health benefits of the project.
The GD method assume that reducing exposure from above 200 µg/m3 to 200 µg/m3 will not
yield any health benefits. This is not the case, and this overestimate the health benefits that
may be achieved between 200 and 50 µg/m3.
HAPIT includes country specific data for parameters like the prevalence of the diseases
studied, the average household size and the percentage of household using solid fuel. The GD
method uses world averages. This not clear how this affect the result in the case of Kenya.

Those points suggest that the calculations from HAPIT are considerably more conservative in the estimate
of effect of intervention for achieving aDALY that then calculations made with the methodology developed
by Green Development.

Funding that could be associated to the project impact in aDALY
The World Health Organization has developed cost effectiveness analysis and strategic planning tool to
allow the public health sector to best allocate public money to interventions with the greatest impact. This
system is called WHO CHOICE18 (CHOosing Interventions that are Cost-Effective).
This tools uses a cost effectiveness threshold based on the host country GPD/capita. If the cost of avoiding
one DALY is less than the GDP/capita then the intervention is classified as “very cost-effective”. If the cost
of avoiding one DALY is less than three times the GDP per capita then the intervention is classified as “cost
effective”, above this threshold the intervention is judged “not cost effective”.
Kenya GDP per capita was US$ 1,358 in 2015. As per the WHO-CHOICE thresholds, funding the SAFI ethanol
cooker with US$44 per stove for each year they are used would be considered a “very cost effective”
public health intervention while putting US$ 13219 per stove for each year they are used would still be
considered a “cost effective” public health intervention. The SAFI cooker stove is very robust, the lifespan
of the stove is expected to be around 5 years.

18

See: http://www.who.int/choice/en/
These values are based of the result from the HAPIT estimates, they would be higher with the Green Development
method results.
19
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Table 6: Detail of parameter used to calculate level of funding available per stove

Parameter
Kenya GDP/capita in 2015
"very cost effective" WHO CHOICE threshold
"cost effective" WHO CHOICE threshold
number of DALY per stove (HAPIT method)
“very cost effective” health intervention
“cost effective” health intervention

Value
$1,358.00
$1,358.00
$4,074.00
0.0325
$44.14
$132.41

Unit
US$/capita
US$/DALY
US$/DALY
DALY/stove/year of usage
US$/stove/year of usage
US$/stove/year of usage

SAFI is a for profit company that distributes the cooker and sells the ethanol. To make the stove more
affordable, a subsidy brings its purchase cost down from about US$ 100 to US$ 35. If the funding from the
monetisation of the aDALYs is to be enough to scale the project up, it should be able to cover this subsidy
in addition to the monitoring and certification cost incurred by the quantification of the aDALYs.
Given the stove expected lifespan, a level of funding between the “very cost effective” and the “cost
effective” threshold would probably be sufficient. As with carbon offset projects, a significant initial
investment would be needed to cover the initial subsidy and certification cost. This investment should be
able to be recovered in the later on with the monetisation of the yearly aDALY.
In a context where the carbon prices are lower than anticipated, extra funding based on verified health
impacts could significantly help promote these truly clean stoves and fuels and allow them compete
against the dirtier but cheaper stove that still massively used in Kenya. However, in order to achieve this
there needs to be demand for the aDALYs and a willingness to pay for them that is higher than the cost of
delivering them.
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CONCLUSION
We can conclude that the adoption of the SAFI ethanol cooker has a significant impact on exposure to
PM2.5 in the households who purchased it. Because the initial situation is a lot worse in suburban areas
(where the use of firewood and charcoal is more common) this is where the SAFI cooker can achieve the
highest impact. In densely populated urban areas, the somewhat cleaner fuel used initially and the
influence of neighbours still using their dirtier fuels limited the impact the SAFI cooker could achieve. It
was found to reduce exposure to PM2.5 by 66% in Kisumu (suburban area) and 28% in Kibera (urban area).
This in turn translates to 36 DALYs avoided in Kisumu and 15 DALYs avoided in Kibera for 1,000 stoves
used during one year. This result is very encouraging and shows that promoting a clean stove is a valid
public health intervention. It should be noted however that the exposure level achieved by the cooker
users (118 µg/m3 and 109 µg/m3 in Kibera and Kisumu respectively) are still far above the WHO guideline
of 10 µg/m3 and interim target of 35 µg/m3. This means that a significant portion of the health outcome
due to PM exposure are left untouched by the intervention. However, getting down to these levels is very
challenging. It would require the cooker to be used exclusively and that whole communities adopt the
cooker so that the ambient pollution would be reduced as well.
Quantifying the ongoing health impact for a “real world” clean stove intervention (more than the 6,000
stoves that have been sold in Kenya so far) opens a way to a result based finance mechanism monetising
the certified DALYs avoided by the project. This would be a crucial source of finance since, the price of the
SAFI cooker remains more expensive than the dirtier stoves in common use in Kenya.
A public private partnership like the one proposed by the World Bank recently20, would allow private
developers to leverage public money and to have the private sector to cover the advance cost needed by
entrepreneurs like SAFI to make their stove more affordable and truly scale up their activities.
Based on the amount of DALYs avoided and the current GDP per capita in Kenya, the level of funding
required would be considered “cost effective” by the WHO-CHOICE strategic planning tool would enable
the project to cover the stove subsidy and the ongoing aDALYs monitoring and verification costs.

20

See: Monetizing the Climate, Health and Gender Co-benefits of Efficient Clean Cooking and Heating : A Proposed
Approach. Draft for consultation. Consulted online on July 24th 2016 at: http://www.wocan.org/news/worldbank%E2%80%99s-consultation-workshop-monetizing-climate-health-and-gender-co%E2%80%90benefits-efficient
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ANNEX I: DESCRIPTION OF THE HAPIT METHOD
Because the inner working of HAPIT is very technical and beyond our own knowledge, we chose to present here
some excerpts taken directly from the latest description of HAPIT by its authors rather than to try to paraphrase
them and to risk misrepresenting key concepts of HAPIT. Please refer to the complete paper for more details:
Pillarisetti, A; Mehta, S; Smith, KR. HAPIT, the Household Air Pollution Intervention Tool, to evaluate the health
benefits and cost-effectiveness of clean cooking interventions. Ch 10 in Thomas, E., Ed, Broken Pumps and
Promises: Incentivizing Impact in Environmental Health, Springer International Press, 2016, pp. 147-169

Data sources
In this paragraph the authors describe the main sources of data used in HAPIT:
“HAPIT relies (1) on up-to-date national background health data and (2) on the methods and databases developed
as part of the Comparative Risk Assessment (CRA), a component of the 2010 Global Burden of Disease (GBD 2010).
HAPIT utilizes exposure-response information for each of the major disease categories attributable to particulate
air pollution and 2010 background demographic, energy, and economic conditions for the 57 countries in which
solid fuels are the primary cooking fuel for 50 % or more of homes (Bonjour et al. 2013). HAPIT additionally includes
a number of countries in which household energy disseminations are underway or planned but who have less than
50 % solid fuel use nationally. All data are for year 2010, the most recent year for which country-level data are
currently available from GBD.”

Integrated Exposure-Response Functions
In this paragraph, the authors explain how the “integrated exposure-response” function were elaborated:
“Estimating the burden of disease attributable to all types of air pollution – including household air pollution (HAP)
– during the 2010 Global Burden of Disease required elaboration of integrated exposure-response (IER)
relationships (Burnett et al. 2014) that relate PM2.5 exposures to risk for a number of health endpoints. The IERs
leverage epidemiological evidence from a wide range of PM2.5 exposures spanning multiple orders of magnitude
(ambient air pollution, active and second-hand tobacco smoke, and household air pollution) and result in supralinear exposure-response curves (Fig. 32)”
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Figure 32: “Integrated Exposure Response (IER) curves relating Exposure to PM2.5 to health end- points associated with exposure to air
pollution, including ischemic heart disease (IHD), stroke, chronic obstructive pulmonary disease (COPD), and lung cancer (LC) in adults and
acute lower respiratory infection (ALRI) in children”

Evaluating Averted Ill-Health
In this paragraph the authors describe the equations used to translate the relative risk into averted DALYs:
“HAPIT generates 1000 pairs of pre- and post-intervention exposures by sampling from a lognormal distribution
reconstructed from the user input mean exposure and measurement standard deviation. For each pair of
exposures, HAPIT identifies the corresponding relative risks from the look-up table. The population attributable
fraction is then calculated as follows:

where SFU refers to the percent of the population using solid fuels and RR refers to the relative risk calculated using
the IERs. The approach utilized is based on methods developed by the GBD and others (Smith and Haigler 2008;
WHO 2004), but adapted to take advantage of the continuous IERs.
To estimate changes in deaths and DALYs attributable to an intervention (ABint), we subtracted the PAF after the
intervention (PAFpost-intervention) from the PAF prior to the intervention (PAFpre-intervention) and multiplied by the user
input usage fraction; the underlying disease burden (Bendpoint) for a specific country, health endpoint, and age- group
as follows; and the percentage of solid-fuel use in the target population:

Averted burdens are calculated for all combinations of the lower, central, and upper relative risk estimates and the
central background disease rate estimates for each of the 1000 exposure pairs. HAPIT outputs the following:
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the mean averted deaths and DALYs – the mean of the 1000 attributable bur- dens calculated using
the central relative risk
the minimum averted deaths and DALYs – the mean of the 1000 attributable burdens calculated using
the lower bounds of the IERs
the maximum averted deaths and DALYs – the mean of the 1000 attributable burdens calculated using
the upper bounds of the IERs
the maximum avertable deaths and DALYs – the burden that could be averted by going from the preintervention exposure to the counterfactual, assuming 100 % stove usage”

Temporality
In this paragraph the authors explains how the benefits are expressed with regards to time:
“HAPIT assumes that all deaths and DALYs due to ALRI are accrued instantaneously upon implementation of the
intervention. For chronic diseases in adults (COPD, stroke, IHD, and lung cancer), HAPIT utilizes the 20-year
distributed cessation lag model of the United States Environmental Protection Agency (US EPA), a step function for
estimating the accrual of benefits due to changes in expo- sure to air pollution (Fig. 33). The EPA model assumes
that 30 % of mortality reductions occur in the first year, 50 % are distributed evenly in years two through five, and
the remaining 20 % are distributed evenly in years six through twenty (EPA 2004). At the end of the intervention’s
lifetime, we assume that benefits for children from reduced ALRI cease; an additional 75 % of a full benefit-year
accrue for chronic diseases.”
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Figure 33: “Visual representation of the EPA 20-year cessation lag function. The cessation lag function as outlined by the US EPA is used to
adjust downward the attribution of averted DALYs and Deaths from chronic disease due to reduced PM2.5 exposures resulting from HAP
intervention”
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ANNEX II: DESCRIPTION OF THE METHOD DEVELOPED BY GREEN DEVELOPMENT
We reproduced here the section C and D of the methodology developed by Green Development and validated the
DNV for inclusion into DNV’s “Global Carbon Standard – Standard for Quantifying Development Benefits”. This
methodology is meant to be used in conjunction with CDM AMS-IE methodology.

Section C: Baseline Methodology
C.1 Baseline Situation

10. The baseline situation is that indoor pollution is at such a level that it is causing health problems
and premature deaths and that this indoor pollution is caused by one or several sources that
will be altered or replaced by the project activity.
11. It is recognized that the baseline situation include source of indoor pollution that will not
be affected by the project activities.
3

12. The project participant might choose to use the standard measurement of mg/m of PM2.5 as a
reference for the air pollution.
13. The baseline situation can be determined from any of the following 2 solutions:
a. A reference value determined by independent 3rd party or by a random sample
of households prior to project implementation
b. A reference sample taken by households as part of the first years monitoring by
monitoring indoor pollution by households which is NOT project participating
households.
14. This methodology assumes that the health effect is proportionally to the exposure of PM2.5.
through the levels of PM2.5 µg /m3 values between 50 and 200 PM2.5 µg /m3. The fact that
the emission is measured directly, rather than the emission reduction caused by the
deployed
technology is conservative as the pollution caused by the equipment relative to the
equipment replaced by the project will be much greater than the total reduction in indoor
pollution as some of the sources of indoor pollution will not be affected by the project
activity.
15. All exposure levels shall be measured in average exposure indoor over a 24 hour period.
16. The baseline scenario is considered constant throughout the project duration.
17. Baseline values shall be available upon validation of the Development Benefit Project
Design Document, or alternatively within 12 months of validation and before the first
verification of the Development Benefits.
18. The project participating shall use a default value of 0.0067 for the number of premature
deaths each year in each household due to indoor pollution. This value is determined from
the Global Alliance for Clean Cook-stoves, based on updated data from the WHO, which
conclude that 3 billion people use solid fuel for cooking and that this leads to 4 million deaths
worldwide. 4 million / 3 billion = 0.0001333 deaths per person exposed to indoor smoke from
solid fuel. With 5 people in each household this represents 0.00667 deaths per household per
year as a result of smoke from solid fuels.
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19. The project participant shall use the default value of 25.6 for Baseline values for the
number of Daily Disability Adjusted Life Years lost from each death from Indoor Pollution.
This value is determined from WHO Global Health Risk: Mortality and Burden of Diseases
attributed to selected Major risk. 2009. According to these data 1.3 million deaths caused
by Indoor smoke from solid fuel caused 33.4 million Disability Adjusted Life Years in low
income countries. This gives a value of (33.4 / 1.3) 25.6 Disability adjusted life years lost
due to each premature death caused by indoor smoke from solid fuel.
20. Reduction in the number of Disability Adjusted Life Years (DALY) in year y, caused by the
project activity shall be determined by:

a. Reduction in average DALY from each project participating households multiplied with the
number of project participating households
DALYy

= DALYhousehold,y * PP,households,y * 0.95

Where:
DALYy
DALYhousehold,y

=
=

PP,households,y
0.95

=
=

Reduction in Disability Adjusted Life Years caused by the project in year y.
Average reduction in Disability Adjusted Life Year callused by the project
from each project participating household in year y.
Number of project participating households in year y.
Fraction to account for up to 5% of project participating households being
institutional households with more than 20 people.

b. Reduction in average DALY per project participating household is determined by:

DALYhousehold,y

= DALYBaseline * DALYreduction,y

Where
DALYBaseline

=

DALYreduction ,y

=

Average number of Disability Adjusted Life Year lost each year by each
household due to Indoor Air Pollution in the baseline situation.
Percentage reduction in likelihood of a lost Disability Adjusted Life year
for a project participating household.

c. DALYbaseline is determined by:
DALYbaseline = DBaseline * DDALY,Baseline Where

DBaseline

=

DDALY,Baseline

=

Number of premature deaths each year in each household due to
indoor pollution. Default value of 0.00667 shall be used.
Number of Disability Adjusted Life Years lost for each premature
deaths in baseline situation. Default value of 25.6 shall be used.
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d. Reduction in likelihood of a lost Disability Adjusted Life year for a project participating
household is determined by the percentage reduction in average exposure to PM2.5. This is
determined by:

Where
PM2.5,reduction

=

PM2.5,baseline
PM2.5,project,y

=
=

Average reduction in PM2.5 in project participating households relative to
baseline situation.
Average exposure to PM2.5 in baseline situation
Average exposure to PM2.5 by project participating households in year y.

If:
 Average exposure of PM2.5 in baseline situation is higher than 200 PM2.5 µg/m3, then
baseline value shall be set at 200 PM2.5 in µg /m3 as the health effect from 200 PM2.5 µg
/m3 is so great that values higher that this does not increase health damage significantly.




The values of each sample used to calculate the average PM2.5 µg /m3 might be
higher than 200, but if the average of all the samples is more than 200, then the
baseline shall be considered 200 PM2.5 µg /m3.
Exposure of PM2.5 µg/m3 falls below 50 PM2.5 µg/m3 in any project participating
households, then the PM2.5 value for that household shall be set as 50 PM2.5 µg/m3.
Carbon emission reduction is at least 90% of the emission reduction in the first
year of the monitoring period, the project participant might chose to use the
PM2.5,project,y values obtained in the first year to be used as default values for the
subsequent years of the crediting period.

Leakage:

21. There is no leakage to be considered from the project activity.

Section D : Monitoring

22. Monitoring shall be done annually or alternatively every two years.
23. The monitoring process shall be described in details in the Development Benefit Project Design
Document.

D.1 Data and Parameters that shall be available at validation and verification
1.

Parameters to be available at validation, or alternatively within 12 months of validation, before
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first verification shall be specified in the Development Benefits Project Design Document but shall
include the following two parameters:
I.
DALYBaseline

II.
III.
IV.
V.

PM2.5,baseline
PM2.5project
PPhousheolds,y
Confirmation of % of households that are institutional households with more than
20 members.

D.2.Description of the Monitoring Plan
24. Monitoring shall be done by random sample of project participating households
25. The process of obtaining the baseline value for PM2.5baseline and the project values for obtaining
PM2.5project,y shall follow the same procedures.
26. The monitoring process and the justification for the chosen process shall be provided in the Development
Benefits Project Design Document.

27. Best practice equipment shall be used for the monitoring of the PM2.5.
28. The values obtained from the first year of monitoring of project participating households might be used
as default values if the average emission reduction from project participating households are no
less than 90% of the emission reduction in the year in which the time used for cooking, cleaning
and gathering of fuel and water was obtain for the project participating households.
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ANNEX III: POST SAMPLING SURVEY
1) Details of the post sampling survey administered in Kibera
a) Meals cooked during the sampling period
The control group cooked slightly more meal but the average number of people eating them was lower. Overall
the two groups are probably similar in term of the amount of food cooked.

Type of meal prepared during
the 24 hours sampling period

Number of people catered for
during the 24 hours sampling
period

Dinner
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% of household
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2
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Figure 35: Meal type prepared during the sampling period in
Kibera

Control Group

Figure 34: Number of people catered for during the sampling
period in Kibera

b) Fuel used during the sampling period
This chart show that ethanol was the main fuel used in the intervention group (not surprisingly) but that a few
households also used kerosene (12%) and charcoal (8%) as well.
The control group mostly used kerosene and charcoal.

Type of fuel used during the 24 hours sampling period
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Figure 36: Fuel type used in each group during the sampling period in Kibera

c) Cooking time during the sampling period
An average of 80 minutes was spent cooking by the two groups. This figure is based on declared cooking time by
the cook not on SUMS data.

Average cooking time during the 24 hours sampling period
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Figure 37: Cooking time in each group during the sampling period in Kibera

d) Other sources of household air pollution
Beside the fuel used for cooking, the other potential sources of indoor air pollution were very limited: very few
cigarettes were smoked and no mosquito coils were used during the sampling period.

Other source of household air pollution during the 24 hours
sampling period
mosquito coil
cigarette
0

0.1

0.2

0.3

0.4

ethanol users

0.5

0.6

0.7

0.8

0.9

1

Control Group

Figure 38: Other source of pollution during the sampling period in Kibera

e) Position of the pump inside the kitchen
The pump were positioned in a similar way in both groups. The distance from the ground was the parameter
followed with the most consistency.
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Pump position inside the kitchen
distance from the wall
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Figure 39:Pump position in the kitchen for each group in Kibera

f) Cooking location during the sampling period
In both groups most households declared having cooked exclusively inside. Our real time exposure data show that
sometimes the cooks did actually cook outside and were exposed to particulate matter not picked up by the
gravimetric/real time system located inside the kitchen. More details are provided in the discussion section.

cooking location per type of
meal for ethanol users
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Figure 40: Cooking location per type of meal for the control
meal for the control group
group in Kibera
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Cooking location per type of meal for the ethanol
group in Kibera
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2) Details of the post sampling survey administered in Kisumu
a) Meals cooked during the sampling period
The control group cooked slightly more meals for lunch while the ethanol user group cook more diners and
breakfasts. The average number of people eating is very similar in both group with a slight increase for the control
group.

Number of people catered for
during the 24 hours sampling
period

Type of meal prepared during
the 24 hours sampling period
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Figure 42: Type of meal prepared during the sampling period in
Figure 43: Number of people catered for during the sampling
Kisumu
period in Kisumu

b) Fuel used during the sampling period
The ethanol user group relied mostly on ethanol with still a significant usage of charcoal. The control group used
mostly charcoal with LPG, Kerosene and Firewood being used significantly as well.
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Figure 44: Fuel used during the sampling period in Kisumu
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c) Cooking time during the sampling period
The cooking time was slightly lower for the ethanol users than for the control group.

Average cooking time during the 24 hours sampling period
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Figure 45: Cooking time during the sampling period in Kisumu

d) Other sources of household air pollution
The other sources of pollution inside the households were very limited, no mosquito coils were used and very few
cigarettes were smoked.

Other sources of household air pollution during the 24 hours
sampling period
mosquito coils
cigarette
0

0.1

0.2

0.3

0.4

ethanol users

0.5

0.6

0.7

0.8

0.9

1

control group

Figure 46: Other source of pollution during the sampling period in Kisumu

e) Position of the pump inside the kitchen
Great efforts was put into achieving consistent placement of the monitoring equipment inside the kitchen. But
the surveyors had to adapt to each unique kitchen configuration. The highest priority was put on the distance
from the ground and the distance from the stove.
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Pump position inside the kitchen
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Figure 47: Pump position during the sampling period in Kisumu

f) Cooking location during the sampling period
Most of the meals were cooked inside the kitchen with about 20% of lunches or dinners cooked outside. The two
groups are very similar in this respect. The ethanol users cooked all their breakfast inside while 10% of the
households in the control group cooked outside.

cooking location per type of
meal for ethanol users

cooking location per type of
meal for the control group

diner

diner

lunch

lunch

breakfast

breakfast
0%

20%

40%

60%

80%

100%

% of meal prepared
inside

outside

both

Figure 49: Cooking location for ethanol users in Kisumu
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Figure 48: Cooking location for the control group in Kisumu
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