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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%99s-
consultation-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 

https://www.iea.org/media/news/2015/news/GlobalTrackingFramework2015KeyFindings.pdf
http://www.wocan.org/news/world-bank%E2%80%99s-consultation-workshop-monetizing-climate-health-and-gender-co%E2%80%90benefits-efficient
http://www.wocan.org/news/world-bank%E2%80%99s-consultation-workshop-monetizing-climate-health-and-gender-co%E2%80%90benefits-efficient
http://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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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. 

o 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. 

o 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. 

o 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. 

o 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.  

o 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) 

http://www.who.int/healthinfo/global_burden_disease/metrics_daly/en/
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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. 










































































