
   

 

 

  

HOUSEHOLD AIR POLLUTION STUDY 
 
PART 1: BLACK CARBON EMISSION FACTOR 

MEASUREMENT FOR ETHANOL, CHARCOAL AND 

KEROSENE STOVES IN KIBERA, KENYA 
 

Olivier Lefebvre 
olivier@climate-solutions.net 

Report completed in October 2016 by Climate Solutions Consulting for ClimateCare 
 

Abstract 
 This report describes the results of measurements taken in 30 households using ethanol, 

charcoal and kerosene stoves in Kibera, Kenya. Field measurements of stove emissions of carbon 
dioxide, carbon monoxide, particulate matter and black carbon paints a clearer picture of the 

stoves’ performance in real life settings. 
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EXECUTIVE SUMMARY 
 

This study was commissioned by ClimateCare using funding provided by the Finance Innovation for Climate 

Change Fund (FICCF), part of DFID’s STARK+ initiative.  The black carbon emission factor measurements 

were carried out in households in Kibera where ClimateCare, in collaboration with Safi International, have 

promoted the sale and dissemination of ethanol cookers using DFID’s funding.  

The study aims at characterising cookstoves’ real life emissions of black carbon. Cookstoves used in the 

developing world are responsible for about 25% of the world’s black carbon emissions1. The role of black 

carbon as an agent of climate forcing, is only just beginning to appear on the political radar and as a 

significant contributor to mitigation efforts. The challenge faced by the development sector is that there 

are no readily available emissions factor for black carbon (as there are for pollutants such as CO2) they 

have to be measured for each individual stove and fuel combination. As such, substantial effort is needed 

to establish those factors for the many different stoves used in the world. 

This study focus on three stoves: two “baseline” stoves used throughout Kenya (i) the charcoal burning 

Kenya Ceramic Jiko (KCJ) and (ii) a kerosene stove. The third stove is the Safi ethanol cooker which is the 

focus of this study. For each type of stove tested, 10 cooking events were measured from start to finish. 

The cook was free to cook any dish of their choice and to decide how long the cooking would last and how 

the stove was used (Uncontrolled Cooking Test).  

We used the Carbon Balance Method to measure the emission factors for carbon dioxide (CO2), carbon 

monoxide (CO), particulate matter (PM) and black carbon. This method looks at the carbon present in the 

fuel burnt and in the gases and particulate matter emitted in the plume. It is particularly interesting for 

field studies because it does not require collection and sampling of all of the combustion gas. This allows 

the use of a lighter probe rather than a more cumbersome hood. 

The data collected shows that there is a notable difference between the charcoal stove and the other two 

stoves (ethanol cookers and kerosene stoves). Emission factors for CO, PM and black carbon were of a 

magnitude higher for charcoal stoves than for the kerosene and the ethanol stoves. 

To quantify the impact on climate change, we have taken into account the Global Warming Potential of 

black carbon and of the co-emitted organic carbon. Per unit of energy delivered to the cooking pot, the 

Safi ethanol cooker reduced the climate impact associated with black and organic carbon by 91% 

compared to the kerosene stove and by 83% compared to the charcoal stove. 

Taking into account the average yearly fuel consumption of the households targeted by the SAFI ethanol 

cooker in Kenya, this reduction translates into about one tonne of CO2 equivalent per year per household 

avoided. This reduction comes in addition to the 10 tonnes of CO2 equivalent from the reduction of CO2 

calculated with the CDM AMS IE methodology. Whilst this 10% reduction may seem modest, when 

combined with upstream reductions in black carbon from avoided charcoal production, the reductions 

could make a significant impact on project economics, if the reduction in Black Carbon could be 

monetised in the same way as the reduction in CO2. 

                                                           

1 http://cleancookstoves.org/impact-areas/environment/  

http://cleancookstoves.org/impact-areas/environment/
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The difference in Particulate Matter emissions between charcoal stoves and ethanol stoves is wide but 

not so between the kerosene stove and the ethanol stove. So the greatest health impact is expected to 

be for households who switch from charcoal to ethanol.  

It is important to keep in mind that the overall impact of a stove intervention depends not only on the 

stoves’ intrinsic cleanliness (what we have measured here) but also on the extent to which they are used 

and actually displace the usage of dirtier fuels/conventional stoves previously used in the household. 

Stove and fuel “stacking” are indeed very common practices.  

We studied the health impacts in the second half of the report in which we looked at the kitchen 

concentration of PM2.5 over the course of 24 hours as well as real time exposure of the cook for a sample 

of 120 households. More details are available in Part 2 of this report. 
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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 black carbon emissions measurements part of 

the study. The household air pollution 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 Consulting (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 Feb 2016 in Kibera. 

The study was to be carried out in Kibera and Kisumu regions where Safi cookers are being sold. CSC’s 

roles was to undertake the field measurements, collate and analyse the data and prepare a report on the 

above parameters and submit it this to ClimateCare.  
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INTRODUCTION 
Emissions from cookstoves that impact the climate may be classified in two broad categories:  

a) Long lived climate polluting gasses such as carbon dioxide (CO2) which have long term effects 

because they have a longer atmospheric lifetime in the region of 100 years. 

b) Short Lived Climate Pollutants (SLCP) which typically have a strong effect but only during a short 

period of time because they have a short atmospheric lifetime, that is, from days to a few weeks. 

Black carbon belongs to the SLCP category. Black carbon is a form of pollution that is related to 

the emission of particulate matter (PM2.5) and contributes a net climate warming effect. Black 

Carbon has a shorter lifespan in the atmosphere compared to CO2 as it lingers for days/weeks and 

then falls or washes out with rainfall within a few kilometres from its emission source.  

Historically, international mechanisms to mitigate greenhouse gas emissions (GHGs) have focussed on 

carbon dioxide (CO2) and methane (CH4) and overlooked black carbon. One key reason for this is that the 

United Nations Framework Convention on Climate Change (UNFCCC) is only mandated to reduce GHGs 

and black carbon is not technically a gas (it is particulate matter). So, even though it traps short wave 

radiation in a similar way to GHGs, it has not been regulated by the UNFCCC.   

CO2 emissions from a cooking activity are easily quantifiable, since a default emissions factor may be used 

which retains a high degree of certainty. But because black carbon is a product of incomplete combustion, 

its emission is dependent on the stove used to burn the fuel and not only on the fuel itself.   

This is unfortunate, since cookstoves used in the developing world contribute to up to 25% of the world’s 

black carbon emissions2. Recently, however, more effort has been put in quantifying black carbon 

emissions for results based finance.  This effort, enabled by funding from the Climate and Clean Air 

Coalition (CCAC) and the World Bank (WB), has led to the publication of a methodology to quantify and 

monitor black carbon emissions and other short lived climate pollutants from cookstoves under the Gold 

Standard Foundation. This methodology was developed in collaboration with the Global Alliance for Clean 

Cookstoves (GACC), The Energy and Research Institute (TERI), Project Surya and The University of 

California at San Diego (UCSD).  

Furthermore, the methods and tools needed to measure these emissions in situ are becoming more easily 

available and though this kind of measurement remains technical, measurements can now be carried out 

with a relatively limited set of equipment which can still provide precise results. 

This study focuses on the ethanol cookers financed by ClimateCare using DFID’s monies and 

promoted/distributed by Safi International in Kenya and compares it to two conventional stoves 

commonly used in Kenya: a kerosene stove and a charcoal “jiko” stove. The results of this study will be 

applied by Green Development to their CDM carbon offset Programme of Activity.3  

                                                           

2 See: http://carbonfinanceforcookstoves.org/about-cookstoves/cooking-and-climate-change/  
3 The CDM does not have any approved methodology for the quantification of black carbon. Green Development has 
developed a methodology that will be submitted to DNV for inclusion into DNV’s Global Carbon Standard – Standard 
for Quantifying Development Benefits. ClimateCare and Climate Solutions Consulting are working together to apply 
this research to that methodology. 
 

http://carbonfinanceforcookstoves.org/about-cookstoves/cooking-and-climate-change/
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1) STOVE DESCRIPTION 
Two baseline stoves were chosen because of their ubiquity in the study area 

in Kibera. Each of the baseline stoves follows designs that are very common 

in the market. 

 

The kerosene stove has one burner and is not pressurized. Based on its 

measured fuel consumption the power is around 1.5 kW. A default thermal 

efficiency4 of 40%5 was used in this study for this stove. 

 

 

The charcoal stove is called Kenya Ceramic Jiko locally.  It has a ceramic liner 

to improve the insulation and a door to control airflow and optimise 

simmering at a lower power. Their measured power is around 2.5 kW, we 

used a default thermal efficiency of 24.3%6 for these stoves. 

 

 

 

 

The Safi ethanol cooker is a new generation of bioethanol stove. It is 

clean, highly efficient, safe and affordable. The cooker has a unique 

design. It has two independent burners and two fuel (bioethanol) 

canisters. It has a handle to allow users to turn down the power 

quickly when needed. Its measured power is around 1.5kW and the 

lab measured thermal efficiency is 64.7%.7  

 

                                                           

4 For a cookstove, the thermal efficiency is defined as the ratio between the energy delivered to the pot to the total 
energy available in the fuel. 
5 See: “Efficiency Measurement of Biogas, Kerosene and LPG Stoves” from the Center for Energy Studies Institute of 
Engineering Tribhuvan University Pulchowk, Lalitpur, July 2001. This report find efficiency between 37% and 43%. An 
average value of 40% is being used for this study. 
6 See the clean cooking catalog for the Jiko, metal: http://catalog.cleancookstoves.org/test-results/399 
See also: Jetter, J., Zhao, Y., Smith, K.R., Khan, B., Yelverton, T., DeCarlo, P., Hays, M.D., 2012. Pollutant Emissions 
and Energy Efficiency under Controlled Conditions for Household Biomass Cookstoves and Implications for Metrics 
Useful in Setting International Test Standards. Environ. Sci. Technol. 46, 10827-10834. 
7 This is based on a report of laboratory test results of the Safi cooker, tested at the Sustainable Energy Technology 
and Research (SeTAR) Centre, University of Johannesburg, a facility supported by the GACC 

Figure 1: Kerosene stove 

Figure 2: Charcoal stove 

Figure 3: Ethanol cooker 

http://catalog.cleancookstoves.org/test-results/399
http://dx.doi.org/10.1021/es301693f
http://dx.doi.org/10.1021/es301693f
http://dx.doi.org/10.1021/es301693f
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2) METHODOLOGY 

(a) Sampling strategy 
A total of 30 tests were done for this study (10 tests for each type of stove). Cooking events were spread 

equally between breakfasts, lunches and dinners and they were each sampled in different households. 

Uncontrolled Cooking Tests (UCTs) were performed: the cook had total freedom on the dish prepared, the 

amount of fuel used, the cooking time and the cooking location (indoor or outdoor). 

Ten households were selected using Simple Random Sampling Method from a list of all the households 

that have purchased an ethanol stove in the Kibera community. Then surrounding neighbours using 

charcoal and kerosene stoves were enlisted based on their willingness to participate in the study. The 

extensive survey done for the HAP component of this study shows that the ethanol stove users and their 

neighbours share very similar socio-economics characteristics.  

(b) Emission Factor assessment method 
We have used the “Carbon Balance Method” to determine the field emission factors of the three 

considered stoves. This method requires the measurement of CO2, Carbon Monoxide (CO), PM and black 

carbon emissions as well as the mass of the fuel used during a full cooking event. It is based on the 

following equation8: 

Cfuel – Cchar = CCO2 + CCO + CTHC + CPM 

Where: 

 Cfuel     mass of carbon in fuel (g) 
 Cchar     mass of carbon in remaining char (g) 
 CCO2     mass of carbon in carbon dioxide (g) 
 CCO      mass of carbon in carbon monoxide (g) 
 CTHC     mass of carbon in total hydrocarbons (g) 
 CPM      mass of carbon in particulate matter (g) 
 

                                                           

8 The content of this paragraph and of the annex I has been taken directly from the presentation given by Ryan 
Thompson at the ETHOS 2014 conference.  
See http://ethoscon.com/pdf/ETHOS/ETHOS2014/SatRm1/CarbonBalanceRyan.pptx for more details. 

http://ethoscon.com/pdf/ETHOS/ETHOS2014/SatRm1/CarbonBalanceRyan.pptx
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Figure 4: Carbon Balance Method 

For this project total hydrocarbons were not measured but we did measure Black carbon. Black carbon is 

a sub category of Particulate Matter (CPM).  

A “partial capture” sampling method was used (as opposed to a total capture with a hood) since only a 

fraction of the emitted gas is sampled. By comparing the amount of carbon present in the fuel burnt to 

the amount of carbon in the gas sampled, relative emission of each species may be expressed per quantity 

of fuel burnt. The detailed equations for emissions factor calculation are available in Annex I. 
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(c)  Sampling line 
We used the following sampling line to capture the gases emitted from the stoves in people’s houses: 

 

 

Sampling probe: the probe was custom made with copper tubing and has 4 different sampling points to 

insure a more representative sampling of the plume. 

Tubing: conductive silicon tubing was used up to the filter to ensure that static electricity build up did not 

affect Particulate Matter sampling. 

Impactor: the “PME impactor” made by the company SKC was used with its calibration hood to select 

particulates of less than 2.5 micrometer (PM2.5). The nominal flow rate of this impactor is 3 L/minute. 

Pump: Buck Libra Elite pumps were used. These pumps ensure a constant flow is maintained throughout 

the sampling session. 

Filters: Teflon (PTFE ) filters were used with a diameter of 37 mm and a pore size of 2 µm (manufactured 

by SKC, part number: 225-1709) 

(d)  Summary of the sources of data used 
The table here-under summarises whether the various parameters used to calculate the emission factors 

were measured or estimated based on values taken from the literature. More details on the measurement 

methods is provided in the next paragraph.  

CO2 

sensor 

CO/Temp/RH 

sensor 

PUMP (3L/min) 

PME Impactor for PM2.5 with 

PTFE filter 2µm pore size 

STOVE 

Plume 

0.5 metres 

Conductive 

silicon tubing 

Sampling Probe 

Figure 5: Sampling Line Schematics 
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Table 1: Summary of data source 

Type of data Source of data  

Sampling time Measured 

Flow Rate Measured 

Black carbon  Measured 

Organic Carbon Deducted from PM and BC 

Particulate Matter Measured 

CO2 Measured 

CO Measured 

Temperature measured 

Relative humidity measured 

Fuel mass consumed Measured 

Fuel energy content Estimated based on literature 

Ethanol purity Measured 

Charcoal carbon content measured 

Kerosene carbon content  Estimated based on literature 

Ethanol carbon content Estimated based on literature and based on measured ethanol 
purity 

Stove Thermal efficiency Estimated based on literature 

Cooking time  measured 

 

(e) Measurement methods 
 Black Carbon: Stove testing black carbon samples were taken in the field in an uncontrolled 

environment and later analysed by RTI Laboratory in the USA with a Magee Sootscan™ Model 

OT21 Transmissometer. 

 Gravimetric assessment of Particulate Matter: RTI Laboratory weighed the filters using the 

“Precision Weighing System” manufactured by MTL which performs as a complete automated 

filter processing solution for gravimetry analysis. The MTL AH225 robotic weighing system (RWS) 

uses a Mettler Toledo XP6 micro analytical balance with a readability of 1.0 μg for mass 

determinations. The RWS was designed with a repeatability of 0.75 μg and incorporates 

automated static discharge using both Po-210 and MTL’s internally-developed Faraday pan. 

 Carbon content of the fuel: The carbon content of charcoal sample collected in the field was 

analysed by Galbraith Laboratories, Inc. in the USA with an elemental HCN analysis method. 

Samples of charcoal were collected during each cooking event and mixed together to form 4 

different samples (one sample per day). Default tabulated values were used for kerosene9. Ethanol 

carbon content is derived from its purity with the assumption that we have a mix of water and 

ethanol. 

 Purity of ethanol was measured in the field using a hydrometer. 

 Carbon dioxide (CO2) was measured with a CO2S-A-5000 from SST sensing (with a zero to five 

thousand ppm range). 

 Carbon monoxide (CO) was measured with a CO-AF sensor from Alphasense (0-1000 ppm range). 

                                                           

9 See: IPCC 2006 Volume 2 Chapter 1 
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(f) Description of the metrics used 
Emissions of carbon dioxide (CO2), carbon monoxide (CO), Particulate Matter (PM2.5) and black carbon (BC) 

may be expressed in different units to underline specifics characteristics. In this report we use the 3 

different sets of metrics detailed here under. All emissions factors were converted to standard condition 

of pressure and temperature (100 kPa and 25°C)10. 

 Emission Rate 

This set of metrics expresses emissions per unit of cooking time. This metric take into account the speed 

at which stoves use fuel. This is relevant for indoor air pollution since it will directly impact kitchen 

pollution concentration. 

 Emission factor per unit of useful energy  

This set of metrics take into account the fuel energy content and the stove’s thermal efficiency. It describes 

emissions per MJ of useful energy provided to the cooking pot. This is the best way to compare different 

stoves/fuel performances since it will reflect emissions needed to achieve a particular task.  

The thermal efficiency of the stove was not measured during this study (this require to control the cooking 

conditions which was not possible given the objective of the study to measure emissions during an 

uncontrolled cooking event), instead, for each of the three stoves studied we used thermal efficiency 

derived from lab testing conducted independently from this study.  

It should also be noted that household cooking systems are complex and integrate multiple stoves to do 

multiple tasks. This use of multiple cooking appliances for different tasks is often referred to as 

“stacking”11. Numerous field studies have shown that a stove which is twice more efficient does not half 

the household’s fuel consumption over a given period of time.  

 

 Emission factors per unit of mass 

In this set of metrics emissions are expressed per unit of fuel mass burnt by the stove. This is useful to 

assess overall emission when the total fuel consumption is known (this is often the case for carbon offset 

projects in which fuel consumption is measured to derive CO2 emissions). 

 

                                                           

10 The measurement were done in Nairobi which is at 1,800 meter of altitude. The CO2 sensor was corrected to give 
accurate measurement based on the local pressure. Afterwards, we converted all the metrics to standard 
temperature and pressure conditions. 
11 See: Ruiz-Mercado, I., Masera, O., Zamora, H., Smith, K.R., 2011. Adoption and sustained use of improved 

cookstoves. Energy Policy 39, 7557–7566. doi:10.1016/j.enpol.2011.03.028 
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(g) Quantification of climate impact 
Black carbon has a Global Warming Potential (GWP) 2,421 times that of CO2 over 20 years12. However, co-

emitted Organic Carbon has a cooling impact equivalent to -244 times that of CO2
13. So it is important to 

consider both black and organic carbon in evaluating the overall warming effect of emissions.  

However, accurate Organic Carbon measurement is difficult because it requires very strict filter handling 

procedures. It was not possible to implement these during this study.  As a result, only black carbon was 

measured during in this study. We approximate quantities of organic carbon based on the following 

equation14: 

EFOC = (EFPM-EFBC)/1.8 (1) 

This allows an assessment of the overall climate impact of the short lived organic fraction of the emission 

in tonnes of CO2 equivalent. The climate impact was expressed for the three set of metrics described above 

(per kg of fuel burnt, per minute of cooking and per MJ of useful energy delivered to the pot). 

(h) Comparison with the Gold Standard Foundation black carbon 

methodology 
The Gold Standard Foundation (GSF) has approved recently a very comprehensive methodology entitled: 

“Quantification of climate related emission reductions of Black Carbon and Co‐emitted Species due to the 

replacement of less efficient cookstoves with improved efficiency cookstoves”. 

There are multiple references to this pioneering work in this report. The present study is however different 

on the following aspects: 

- Fuel consumption measurement: the GSF methodology requires that fuel is measured with a 

Kitchen Performance Test in accordance with the Technologies and Practices to Displace 

Decentralized Thermal Energy Consumption methodology. The present project study is meant to 

be used in conjunction with the CDM AMS I-E methodology which does not requires Kitchen 

Performance Tests (KPTs). Instead, fuel consumption is measured for ethanol users and 

corresponding baseline fuel use is calculated based on the ratio of thermal efficiencies between 

project and baseline stoves. Resources were not available to carry out a KPT for this study.  

- Number of tests: the GSF methodology requires that at least twenty field tests are done for each 

stoves. We have performed only ten tests per stove in this present study because of budget 

constraints. 

                                                           

12 However, BC has a GWP of 480 when measured over 100 years. See: Reddy, M. S., and O. Boucher (2007), Climate 
impact of black carbon emitted from energy consumption in the world's regions, Geophys. Res. Lett., 34, L11802, 
doi:10.1029/2006GL028904. http://www.lmd.jussieu.fr/~obolmd/PDF/2006GL028904.pdf   
This shows that the standard metric of a 100 year GWP tends to underestimate the impact of high-power short-term 
climate pollutants.  
13 IPCC, 2013, Table 8.SM.16, Metric to support Figures, Chapter 8 Anthropogenic and Natural Radiative Forcing, 
Climate Change 2013: The Physical Science Basis 
14 See equation (3) page 8 of Gold Standard “Quantification of climate related emission reductions of Black Carbon 
and Co-emitted Species due to the replacement of less efficient cookstoves with improved efficiency cookstoves” 
methodology. 
 



  
  
  P a g e  | 17 

- Measurement of organic carbon: the GSF methodology requires the direct measurement of 

organic carbon, except in the case of firewood where it may be estimated from PM and BC 

emission. In this study we extended this approach to charcoal, kerosene and ethanol, as described 

above. 

(i) Emission Reduction at the project level 
To scale the results of this study to the project level we need to know the fuel mix used by the households 

targeted by the project in Kenya, their average fuel consumption and the usage rate of the ethanol stoves. 

These data were provided by Green Development which has registered the project under the Clean 

Development Mechanism using the CDM AMS-IE methodology. 

To calculate the Emission Reduction at the project level we use the following equations: 

𝐸𝑅𝑝𝑟𝑜𝑗𝑒𝑐𝑡,𝐶𝑂2𝑒 = 𝐸𝑅ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑,𝐶𝑂2𝑒 ∗ 𝑁 ∗ 𝑈  (2) 

Where:  

𝐸𝑅𝑝𝑟𝑜𝑗𝑒𝑐𝑡,𝐶𝑂2𝑒: Emission Reduction at the project level from black/organic carbon emissions (ton 

of CO2e/year) 

𝐸𝑅ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑,𝐶𝑂2𝑒: Emission Reduction at the household level from black/organic carbon emissions 

(ton of CO2e/year/household) 

𝑁: Number of stove included into the project 

U: average usage rate of the stove 

𝐸𝑅ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑,𝐶𝑂2𝑒 = 𝐸𝑅ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑,𝐵𝐶 ∗ 𝐺𝑊𝑃𝐵𝐶 + 𝐸𝑅ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑,𝑂𝐶 ∗ 𝐺𝑊𝑃𝑂𝐶  (3) 

Where: 

𝐸𝑅ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑,𝐵𝐶: Emission Reduction of Black Carbon at the household level (ton of 

BC/year/household) 

𝐺𝑊𝑃𝐵𝐶: Global Warming potential of Black Carbon 

𝐸𝑅ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑,𝑂𝐶: Emission Reduction of Organic Carbon at the household level (ton of 

BC/year/household) 

𝐺𝑊𝑃𝑂𝐶: Global Warming potential of Organic Carbon 

 

𝐸𝑅ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑,𝐵𝐶 = 𝐸𝐹𝑓𝑖𝑟𝑒𝑤𝑜𝑜𝑑,𝐵𝐶 ∗ 𝑌𝑓𝑖𝑟𝑒𝑤𝑜𝑜𝑑 + 𝐸𝐹𝑐ℎ𝑎𝑟𝑐𝑜𝑎𝑙,𝐵𝐶 ∗ 𝑌𝑐ℎ𝑎𝑟𝑐𝑜𝑎𝑙 − 𝐸𝐹𝑒𝑡ℎ𝑎𝑛𝑜𝑙,𝐵𝐶 ∗ 𝑌𝑒𝑡ℎ𝑎𝑛𝑜𝑙 

 (4) 

Where:  

𝐸𝐹𝑓𝑖𝑟𝑒𝑤𝑜𝑜𝑑,𝐵𝐶: Black Carbon Emission Factor for firewood (ton of BC/ton of firewood) 

𝑌𝑓𝑖𝑟𝑒𝑤𝑜𝑜𝑑: Average baseline firewood consumption displaced by the usage of the ethanol stove 

(ton of firewood/year/household) 

𝐸𝐹𝑐ℎ𝑎𝑟𝑐𝑜𝑎𝑙,𝐵𝐶: Black Carbon Emission Factor for firewood (ton of BC/ton of charcoal) 

𝑌𝑐ℎ𝑎𝑟𝑐𝑜𝑎𝑙: Average baseline firewood consumption displaced by the usage of the ethanol stove 

(ton of charcoal/year/household) 

𝐸𝐹𝑒𝑡ℎ𝑎𝑛𝑜𝑙,𝐵𝐶: Black Carbon Emission Factor for firewood (ton of BC/ton of ethanol) 
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𝑌𝑒𝑡ℎ𝑎𝑛𝑜𝑙: Average baseline firewood consumption displaced by the usage of the ethanol stove (ton 

of ethanol/year/household) 

 

𝐸𝑅ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑,𝑂𝐶 = 𝐸𝐹𝑓𝑖𝑟𝑒𝑤𝑜𝑜𝑑,𝑂𝐶 ∗ 𝑌𝑓𝑖𝑟𝑒𝑤𝑜𝑜𝑑 + 𝐸𝐹𝑐ℎ𝑎𝑟𝑐𝑜𝑎𝑙,𝑂𝐶 ∗ 𝑌𝑐ℎ𝑎𝑟𝑐𝑜𝑎𝑙 − 𝐸𝐹𝑒𝑡ℎ𝑎𝑛𝑜𝑙,𝑂𝐶 ∗ 𝑌𝑒𝑡ℎ𝑎𝑛𝑜𝑙 

 (5) 

𝐸𝐹𝑓𝑖𝑟𝑒𝑤𝑜𝑜𝑑,𝑂𝐶: Black Carbon Emission Factor for firewood (ton of OC/ton of firewood) 

𝐸𝐹𝑐ℎ𝑎𝑟𝑐𝑜𝑎𝑙,𝑂𝐶: Black Carbon Emission Factor for firewood (ton of OC/ton of charcoal) 

𝐸𝐹𝑒𝑡ℎ𝑎𝑛𝑜𝑙,𝑂𝐶: Black Carbon Emission Factor for firewood (ton of OC/ton of ethanol 

4) CALIBRATION 
 CO2 and CO sensor: a two points calibration was done for both sensors. The CO sensor was 

calibrated at 0ppm and 300ppm of CO. The CO2 sensor was calibrated at 400 ppm (fresh air) and 

3,000 ppm of CO2. An on-demand flow regulator was used to ensure the flow is identical to the 

one that will be used during the sampling (3L/min). The diagram here-under details the sampling 

line for the calibration procedure. The calibration lasted until the reading of both CO and CO2 

sensors stabilised (about 10 minutes).  

 

 

 Pump calibration: the calibration of the pump was carried out in the field with a rotameter 

corrected with the local pressure. The pressure was measured with a Barometric Track-It logger 

from Monarch Instrument. Then the rotameter was used before and after each sampling event to 

insure that the flow remained the same. 

 Pressure logger: the logger was purchased for this field study and was factory calibrated (with a 

NIST traceable certificate). 

 Temp and RH sensor: these sensors are quite stable and were not recalibrated before the sampling 

session. Humidity data was used only to check that the conditions remained non-condensing. 

On Demand 

flow regulator 

 

CO2 sensor 

CO/Temp/RH sensor 

Pressure sensor 

 

PUMP (3L/min) 

CALIBRATION 

GAS 

Figure 6: Calibration line 
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5) RESULTS 

(a) Summary of measurements taken 
10 measurements per type of stove were carried out. However two measurements for the kerosene stove 

failed. So only 8 valid measurements are available for the kerosene stove. 

Table 2: Sample size 

 

 

 

 

(b) Synthesis of the results for charcoal stove 
This table summarises the results for the charcoal stoves for the three categories of metrics described in 

2 (f) above. The detailed data for each household is available in Annex II. 

Table 3: Synthesis of results for charcoal stove 

  Average 
Standard 

deviation 

Coefficient 

of 

variation 

90% 

Confidence 

Interval 

Lower 

Bound 

90% 

Confidence 

Interval 

higher 

Bound 

Mass 

Emission 

Factors 

Fuel burned (g) 206.20 84.31 0.41 157.17 255.23 

CO2 EF (kg/kg fuel) 2.13 0.20 0.10 2.02 2.25 

CO EF (mg/kg fuel) 393.22 98.22 0.25 336.09 450.34 

PM EF (mg/kg fuel) 6,651.78 5225.70 0.79 3,612.53 9,691.02 

BC EF (mg/kg fuel) 404.03 293.53 0.73 233.32 574.74 

BC/PM ratio 7.44% 5% 0.65 0.05 0.10 

Emission 

Rates 

Cooking time (min) 40.10 12.56 0.31 32.80 47.40 

CO2 EF (g/min) 11.52 5.03 0.44 8.60 14.44 

CO EF (mg/min) 2,294.44 1,494.16 0.65 1,425.45 3,163.44 

PM EF (mg/min) 45.36 65.65 1.45 7.18 83.54 

BC EF (mg/min) 2.60 3.47 1.33 0.58 4.62 

Energy 

Emission 

Factors 

Thermal efficiency 
(%) 

24% 0.00 0.00 
0.24 0.24 

CO2 EF (kg/MJ) 0.30 0.03 0.10 0.28 0.31 

CO EF (g/MJ) 54.85 13.70 0.25 46.88 62.82 

PM EF (mg/MJ) 927.92 728.98 0.79 503.95 1,351.89 

BC EF (mg/MJ) 56.36 40.95 0.73 32.55 80.18 

Comparison between field measured values and tabulated values 

The field measured value of 2.13 kg of CO2/kg of charcoal is lower than the tabulated value of the CO2 

emission factor found in the IPCC 2006 (Volume 2 chapter 1). With an emission factor of 112 kg CO2/TJ 

Type of stove Valid 
measurements 

Charcoal 10 

Ethanol 10 

Kerosene 8 
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and a net calorific value of 29.5 MJ/kg of fuel, the Intergovernmental Panel on Climate Change (IPCC) 

emission factor per mass of fuel is 3.3 kg of CO2 per kg of charcoal. 

This difference can be explained by the fact that the IPCC value assumes the fuel is perfectly dry (whereas 

a moisture content of 10% is to be expected in real life conditions). It also assumes the combustion 

efficiency of the appliance burning the charcoal is 100%. Our measurements show the actual modified 

combustion efficiency is only 84%. The IPCC value also assumes the carbon content of charcoal is 89.9%, 

instead our measurements show the charcoal used had only between 70% and 78% of carbon per unit of 

mass)15.  

By correcting for fuel moisture, carbon content and combustion efficiency the IPCC value drops to 2.06 kg 

CO2/kg of fuel. This is very close to the field measured value and confirm the validity of our measurement. 

(c) Synthesis of the results for kerosene stove 
This table summarises the results for the kerosene stoves for the three type of metrics of interest. The 

detailed data per household is available in annex III. 

Table 4: Synthesis of results for kerosene stove 

  average 
Standard 

deviation 

Coefficient 

of 

variation 

90% 

Confidence 

Interval 

Lower 

Bound 

90% 

Confidence 

Interval 

higher 

Bound 

Mass 

Emission 

Factors 

Fuel burned (g) 33.75 20.6 61% 19.96 47.54 

CO2 EF (kg/kg fuel) 2.83 0.1 4% 2.76 2.90 

CO EF (g/kg fuel) 111.98 63.1 56% 69.70 154.26 

PM EF (mg/kg fuel) 994.85 956.7 96% 354.04 1,635.67 

BC EF (mg/kg fuel) 287.81 354.2 123% 50.58 525.05 

BC/PM ratio 0.26 0.2 76% 0.13 0.40 

Emission 

Rate 

Cooking time (min) 24.37 10.6 44% 17.25 31.50 

CO2 EF (g/min) 3.90 1.7 44% 2.74 5.06 

CO EF (mg/min) 127.63 69.5 54% 81.10 174.17 

PM EF (mg/min) 1.15 1.1 95% 0.42 1.88 

BC EF (mg/min) 0.31 0.3 107% 0.09 0.53 

Energy 

Emission 

Factors 

Thermal efficiency (%) 0.40 0.0 0% 0.40 0.40 

CO2 EF (kg/MJ) 0.16 0.0 4% 0.16 0.17 

CO EF (g/MJ) 6.51 3.7 56% 4.05 8.97 

PM EF (mg/MJ) 57.840 55.62 96% 20.58 95.10 

BC EF (mg/MJ) 16.733 20.59 123% 2.94 30.53 

                                                           

15 Variation of charcoal carbon content is to be expected, its carbon content depends a lot on the quality of the 
production process. This why the carbon content was actually measured for charcoal rather than estimated using 
tabulated value like we did for kerosene and ethanol. 
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Comparison between field measured values and tabulated values 

The field measured value of kerosene of 2.83 kCO2/kg of kerosene compare to the tabulated value found 

in IPCC 2006 (Volume 2 Chapter 1). With an emission factor of 71.9 kg of CO2/GJ and a Net Calorific Value 

of 43.8 MJ/kg the emission factor per mass of fuel is 3.15 kg of CO2 per kg of kerosene. 

The field measured modified combustion efficiency is 96.3 %, if we apply this correction to the tabulated 

value it drops to 3.0 kCO2/kg of fuel. This is very close to the field measured value. 

(d) Synthesis of the results for SAFI ethanol cooker 
This table summarises the results for the ethanol stoves for the three type of metrics of interest. The 

detailed data per household is available in annex III. 

Table 5: Synthesis of results for the ethanol cooker 

  Average 
Standard 

deviation 

Coefficient 

of 

variation 

90% 

Confidence 

Interval 

Lower 

Bound 

90% 

Confidence 

Interval 

higher 

Bound 

Mass 

Emission 

Factors 

Fuel burned (g) 106.30 59.81 0.56 71.52 141.08 

CO2 EF (kg/kg fuel) 1.93 0.05 0.03 1.90 1.96 

CO EF (g/kg fuel) 114.75 31.71 0.28 96.30 133.19 

PM EF (mg/kg fuel) 448.84 355.84 0.79 241.89 655.80 

BC EF (mg/kg fuel) 44.07 28.48 0.65 27.51 60.64 

BC/PM ratio 0.17 0.21 1.24 0.05 0.29 

Emission 

Rates 

Cooking time (min) 31.20 17.06 0.55 21.28 41.12 

CO2 EF (g/min) 6.63 0.74 0.11 6.20 7.05 

CO EF (mg/min) 389.16 96.26 0.25 333.18 445.15 

PM EF (mg/min) 1.52 1.22 0.80 0.81 2.23 

BC EF (mg/min) 0.15 0.09 0.64 0.09 0.20 

Energy 

Emission 

Factors 

Thermal efficiency (%) 0.65 0.00 0.00 0.65 0.65 

CO2 EF (kg/MJ) 0.11 0.00 0.03 0.11 0.11 

CO EF (g/MJ) 6.68 1.84 0.28 5.60 7.75 

PM EF (mg/MJ) 26.1140 20.70 0.79 14.07 38.15 

BC EF (mg/MJ) 2.5642 1.66 0.65 1.60 3.53 

 

Comparison between field measured values and tabulated values 

The field measured value of 1.93 kCO2/kg of ethanol compared to the tabulated value found in IPCC 2006 

(Volume 2 Chapter 1). With an emission factor of 70.8 kg of CO2/GJ and a Net Calorific Value of 27.0 MJ/kg 

the IPCC emission factor per mass of fuel is 1.91 kg of CO2 per kg of kerosene. 

Comparison between field and lab testing of ethanol stoves 
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Prior to this study, the Safi ethanol cookstove was tested by the Sustainable Energy Technology and 

Research Centre at the University of Johannesburg. However, particulate matter and black carbon were 

not tested by the research centre so in order to compare lab and field performances of the stove we 

looked at the combustion efficiency and carbon monoxide emission. We used the metrics from high power 

phase of the Water Boiling Test (WBT) for this comparison since in the field most households were using 

there stove for short tasks at the stove maximum power. 

Table 6: Comparison between lab and field testing for the ethanol cookstove 

Type of testing 
Number of 
tests 

Power (kW) 
Modified Combustion 
Efficiency 

CO EF (g CO/MJ) 

Laboratory 3 1.3 96.4% 3.5 

Field 10 1.5 94.4% 6.68 
 

This shows that the stoves perform better in the lab than in the field. The combustion efficiency is lower 

in the field and results in higher CO emissions. Stoves sent for lab testing are usually brand new and they 

are used in draft-free controlled conditions. On the other hand, in a real life setting, stoves are not in 

perfect conditions, the fuel used is often of poorer quality and the users usually carry out other tasks 

besides tending to their stoves. 

This illustrates how a change of a few percent in the combustion efficiency translates into almost twice as 

much CO emissions. Being a product of incomplete combustion, CO, PM and BC are very sensitive to 

change of the combustion efficiency, this is the case for any stove. 
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(e) Comparison between stoves 
The three graphs here-under use a logarithmic scale to allow very different figures to be displayed on the 

same chart. The error bars represent the 90% confidence interval. 

i. Emission rates 

 

Table 7: Emission rate expressed as a percentage of reduction to the charcoal stove 

  kerosene ethanol 

Black Carbon 88% 94% 

Particulate Matter 97% 97% 

Carbon Monoxide 94% 83% 

 

ii. Emission factors per unit of useful energy 
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Charcoal

Ethanol

Emission Rate
(emissions per minute of cooking time)

BC EF (mg/min) PM EF (mg/min) CO EF (mg/min)
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Emission Factor per unit of useful energy
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  P a g e  | 24 

Table 8: Emission factor per unit of useful energy expressed as a percentage of reduction to the charcoal stove 

  kerosene ethanol 

Black Carbon 70% 95% 

Particulate Matter 94% 97% 

Carbon Monoxide 88% 88% 

 

iii. Emission factor per unit of fuel mass 

 

 

Table 9: Emission factor per unit of fuel mass expressed as a percentage of reduction to the charcoal stove 

  kerosene ethanol 

Black Carbon 29% 89% 

Particulate Matter 85% 93% 

Carbon Monoxide 72% 71% 

 

iv. Comparison of stove’s power and combustion efficiency 
 Table 10: Comparison of stoves' power and combustion efficiency 

 Kerosene Charcoal Ethanol 

NCV (MJ/kg) 43 29.5 26.6 

total power (kW) 0.99 2.53 1.51 

useful power (kW) 0.40 0.61 0.98 

Modified Combustion Efficiency 96.2% 84% 94.4% 

 

The total power is derived from measured fuel consumption and the fuel Net Calorific Value. The charcoal 

stove is the most powerful stove followed by the ethanol and kerosene stoves. We also looked at the 

useful power based on the stove thermal efficiency (this value was not measured, it is based on values 

derived from other studies).  

 1.00  10.00  100.00  1,000.00  10,000.00

Kerosene

Charcoal

Ethanol

Emission Factor per unit of fuel mass

BC EF (mg/kg fuel) PM EF (mg/kg fuel) CO EF (g/kg fuel)
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When thermal efficiency is taken into account the ethanol stove is twice as powerful as the charcoal stove 

and 2.5 times more powerful than the kerosene stove. 

As far as the modified combustion efficiency16is concerned, the kerosene stove had the best efficiency at 

96.2% with the ethanol stove following closely at 94.4%. The charcoal stove had a very low combustion 

efficiency with only 84%. This means that about 16% of the carbon present in the fuel is not transformed 

into CO2 but into harmful carbon monoxide. Per unit of useful energy, moving from a charcoal stove to an 

ethanol stove reduce CO emissions by 88%. 

v. Ratio to ethanol stove 
This table shows the ratio of the emissions from the kerosene and charcoal stoves to those of the ethanol 

stoves. Values higher than 1 means emissions are higher than those of the ethanol stove and values below 

1 means emissions are lower. 

Table 11: Ratio to ethanol stove 

 Ratio to Ethanol Ethanol Kerosene Charcoal 

Emission Rates 
per minute of 
cooking 

CO2 EF (g/min) 1 0.59 1.74 

CO EF (mg/min) 1 0.33 5.90 

PM EF (mg/min) 1 0.76 29.81 

BC EF (mg/min) 1 2.08 17.64 

OC EF(mg/min) 1 0.61 31.11 

Climate Impact (mgCO2e/min) 1 3.69 2.92 

Emissions 
factors per MJ 
of energy 
delivered to 
the pot 

CO2 EF (kg/MJ) 1 1.46 2.65 

CO EF (g/MJ) 1 0.98 8.22 

PM EF (mg/MJ) 1 2.21 35.53 

BC EF (mg/MJ) 1 6.53 21.98 

OC EF (mg/MJ) 1 1.75 37.01 

Climate Impact (mgCO2e/MJ) 1 11.59 6.07 

 

The charcoal stoves emit a lot more pollutants than the kerosene or ethanol stoves. Per unit of useful 

energy, particulate matter is 35 times higher than that of ethanol and 15 times that of kerosene. Black 

Carbon emissions are 22 times higher than that of ethanol and 3 times higher than that of kerosene. 

The kerosene stove has a power of 1 kW compared to 1.5 kW for ethanol stove. It emits less particulate 

matter and black carbon per unit of time than the ethanol stove. This means that transient spikes of 

particulate matter pollution could be slightly higher with an ethanol stove than with a kerosene stove.  

Because of its high thermal efficiency, the ethanol stove is the cleanest stove per unit of useful energy 

delivered. From a climate forcing perspective, the ethanol stove performs 12 times and 6 times better 

than kerosene and charcoal stoves respectively.  

                                                           

16 The modified combustion efficiency is the ratio between CO2 emission on one hand and the sum of CO2 and CO 
emission on the other hand, 
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It is interesting to note that, even though the charcoal stove emits more black carbon than the kerosene 

stove, the co-emitted cooling organic carbon is also a lot higher, so kerosene ends up having a higher 

warming effect than charcoal. (Note this is at the point of use and does not take into account the emissions 

from making the charcoal). 

(f) Stove Field Performance according to the ISO IWA Tier system  
The ISO IWA (TC285) has developed a system of tiers to easily summarise stoves’ performance. This 

system is intended for stove testing in a controlled environment (Water Boiling Test performed in a lab). 

Four categories are evaluated under this system: thermal efficiency, safety, emission factors and 

emission rates. 

The measurements done in this study were not done within a controlled environment (instead the cook 

had total freedom over the stove power, the cooking duration, the quantity of fuel used) but most of the 

dishes prepared did not involve any simmering, they mostly consisted of high power cooking for a short 

period of time. This is relatively similar to the high power phase of the Water Boiling Test. 

We did not measure thermal efficiency nor the stove safety, but we collected data on PM2.5, CO and 

black carbon emission per unit of fuel used and per minute of cooking.  

If we use default thermal efficiency factors based on lab measurements done independently from this 

study, we can classify the stove using the Tier system of the ISO IWA in five out of the nine existing 

subcategories. 

Table 12: Classification of the stoves according to ISO IWA Tiers 

  

Kenya Ceramic Jiko 

(Charcoal Stove) Kerosene stove Safi ethanol stove 

  Value Tier Value Tier Value Tier 

High power Thermal efficiency (%) 24.0% 1 40.0% 3 64.7% 4 

High power CO (g/MJd) 54.85 0 6.51 4 6.68 4 

High power PM2.5 (mg/MJd) 927.92 1 57.84 3 26.11 4 

Indoor emissions CO (g/min) 2.29 0 0.13 4 0.39 4 

Indoor emission PM2.5 (mg/min) 45.36 0 1.15 4 1.52 4 

 

These figures should be taken with caution since we did not actually perform a Water Boiling Test in the 

field and since we did not measure the thermal efficiency. The Safi ethanol stove is in Tier 4 in all the 

categories, the kerosene stove is closely behind with a slightly less good performance in two of the five 

categories while the charcoal stoves performed poorly and is ranked in Tiers zero and one. 
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(g) Black Carbon emission reduction at the project level 
To quantify the emission reductions enabled by the ethanol stove at the project level we use the average 

fuel consumption per household per year derived from the monitoring done by Green Development for 

the certification of the climate impact under the methodology CDM AMS IE.  

Only firewood and charcoal consumption are considered and kerosene consumption is deemed negligible. 

Since we studied kerosene and charcoal as baseline stove we need to use a firewood emission factor for 

a three stone fire established by another source.  

We selected the data from “Quantification of Black Carbon and other Pollutant Emissions from a 

traditional improved CookStoves” by Environment Energy Technology division Lawrence National 

Laboratory Berkeley Ca 94720.  November 2010. (page 18, figure 12). This study established the BC and 

PM2.5 emission factors of a three stones fire with a series of Water Boiling Test done in a laboratory setting. 

We derived OC emission factors using equation (1). 

Table 13: details of the value for the calculation of BC emission reduction at the project level 

Title Value Unit Source 

Number of household using their 
ethanol stove 

6,420 household 
latest Monitoring Report from Green 
Development  

Average baseline charcoal 
consumption displaced by 
ethanol 

0.94 t/year/hh 
latest Monitoring Report from Green 
Development  

Average baseline firewood 
consumption displaced by 
ethanol 

0.30 t/year/hh 
latest Monitoring Report from Green 
Development  

Average project ethanol 
consumption 

0.30 t/year/hh 
latest Monitoring Report from Green 
Development  

Global Warming Potential BC 2,421 unitless 
Gold Standard Black Carbon 
methodology 

Global Warming Potential OC -244 unitless 
Gold Standard Black Carbon 
methodology 

Ethanol Black carbon emission 
factor 

0.0000441 t/t of fuel Present study 

Ethanol Organic carbon emission 
factor 

0.0002249 t/t of fuel Present study 

Charcoal Black carbon emission 
factor 

0.00040403 t/t of fuel Present study 

Charcoal Organic carbon 
emission factor 

0.003471 t/t of fuel Present study 

Firewood Black carbon emission 
factor 

0.001300 t/t of fuel 

Reference: “Quantification of Black 
Carbon and other Pollutant Emissions 
from a traditional improved 
CookStoves” by Environment Energy 
Technology division Lawrence National 
Laboratory Berkeley Ca 94720.  
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November 2010. See page 18, Figure 
12.  

Firewood Organic carbon 
emission factor 

0.001444 t/t of fuel 
Deducted from BC and PM from the 
above source using equation 1 

kg of Black Carbon avoided by 
the project 

0.00076 t/year/hh Calculated using equation 4 

kg of Organic Carbon avoided by 
the project  

0.00363 t/year/hh Calculated using equation 5 

tonnes of CO2e avoided by the 
project (from BC/OC emissions) 

0.95 tCO2e/year/hh Calculated using equation 3 

tonnes of CO2e avoided by the 
project (from BC/OC emissions) 

6,077 tCO2e/year/hh Calculated using equation 2 

 

The emission reduction from black carbon amount to about one tonne of CO2 equivalent per household 

per year. The latest monitoring report of the project for the methodology AMS IE show a reduction of 

about 10 tonnes of CO2 equivalent per year from the direct reduction of CO2 emitted.  

The extra climate impact from the black carbon emission reduction may seem limited but we should keep 

in mind that we did not take into account the black carbon emitted during the charcoal production process 

because there is no emission factor available as far as we know. Taking this into account would probably 

put the climate contribution from black carbon on par with the one from CO2. 
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CONCLUSION 
This study shows the importance of field testing stoves in real life conditions to get better insight into their 

actual performance. It also emphasises the difference in performance between the charcoal stoves on one 

hand and ethanol and kerosene stoves on the other hand. The data collected shows that there is a notable 

difference between the charcoal stove and the other two stoves. Emission factors for CO, PM and black 

carbon are an order of magnitude higher for charcoal stoves than for the kerosene and the ethanol stoves. 

The kerosene stove had a slightly better combustion efficiency than the ethanol stove but the superior 

thermal efficiency of the ethanol stove means it is by far the cleanest per unit of energy delivered to the 

pot. PM2.5 emissions are reduced by 65% compared to kerosene and 97% compared to charcoal while 

Black Carbon emissions are reduced by 84% compared to kerosene and 95% compared to charcoal. 

As far as the climate impact from the emission of black and organic carbon is concerned the ethanol stove 

performs 12 times better than kerosene and 6 times better charcoal stoves. Said differently, that means 

that switching from a kerosene stove or a charcoal stove to an ethanol stove reduces the climate forcing 

impact by 91% from a kerosene stove and 83% from a charcoal stove. This figure refers to the impact of 

black and organic carbon uniquely. The impact of the carbon dioxide emission should be added too.  

When we factor in the average yearly fuel consumption per household, we calculated that about one 

tonne of CO2 equivalent per year may be attributed to the reduction of black carbon emitted by one 

household switching to ethanol. This reduction comes in addition to the 10 tonnes of CO2 equivalent from 

the reduction of CO2 calculated with the CDM AMS IE methodology. Whilst this 10% reduction may seem 

modest, when combined with upstream reductions in black carbon from avoided charcoal production, 

the reductions could make a significant impact on project economics, if the reduction in Black Carbon 

could be monetised in the same way as the reduction in CO2.  

It should be noted that the emission reductions from black carbon are underestimated because we did 

not take into account the black carbon emitted during the charcoal production process. Quantification of 

Black Carbon and Organic Carbon emission factors for the carbonisation process with the kilns used 

throughout the developing world, would allow to quantify emission from charcoal more accurately. 

The difference in Particulate Matter emissions between charcoal stoves and ethanol stoves is wide but 

not so between the kerosene stove and the ethanol stove. So the greatest health impact is expected to 

be for households who switch from charcoal to ethanol.  

It is also important to keep in mind that merely using a clean stove is not enough to have a real impact: it 

is also necessary that the use of ‘dirtier’ stoves is discontinued completely to achieve the most significant 

impact on health and climate17. This is especially important in a context where stove and fuel stacking is 

common practice. 

We answer these questions in the second half of the study in which we looked at 24 hours kitchen 

concentration of PM2.5 and black carbon as well as real time exposure of the cook for a sample of 120 

households. More details are available in Part 2 of this report.  

                                                           

17 See Johnson and Chiang 2015, Quantitative Guidance for Stove Usage and Performance to Achieve Health and 
Environmental Targets 
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ANNEX I: DETAILED EQUATION USED WITH THE “CARBON BALANCE” METHOD. 
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ANNEX II: DETAILED RESULT FOR THE CHARCOAL STOVES. 
 

 

 HH3 HH5 HH9 HH11 HH15 HH18 HH20 HH28 HH31 HH32 
Avera
ge 

Standar
d 
deviati
on 

Coeffic
ient of 
variati
on 

90% 
Confide
nce 
Interval 
Lower 
Bound 

90% 
Confid
ence 
Interv
al 
higher 
Bound M

ass Em
issio

n
 Facto

rs 

Fuel burned (g) 157.00 279.00 225.00 115.00 203.00 356.00 327.00 102.00 160.00 138.00 206.20 84.31 0.41 157.16 255.23 

CO2 EF (kg/kg fuel) 2.34 1.98 2.22 2.35 2.04 2.46 1.73 2.10 2.12 2.00 2.13 0.20 0.10 2.01 2.25 

CO EF (g/kg fuel) 287.78 512.03 350.65 320.27 486.35 255.55 527.51 294.11 414.18 483.73 393.22 98.22 0.25 336.08 450.34 

PM EF (mg/kg fuel) 
1,982.
95 

5,266.
39 

10,359
.97 

5,879.
14 

19,926
.81 

5,053.
94 

1,291.
21 

2,089.
75 

5,637.
15 

9,030.
43 

6,651.
78 5225.70 0.79 3,612.53 

9,691.
02 

BC EF (mg/kg fuel) 
51.40 597.66 369.11 751.03 

1,048.
84 188.60 136.51 358.38 214.54 324.24 404.03 293.53 0.73 233.31 574.74 

BC/PM ratio 3% 11% 4% 13% 5% 4% 11% 17% 4% 4% 7.44% 5% 0.65 0.046 0.10 Em
issio

n
 R

ate
s 

Cooking time (min) 30.00 39.00 48.00 44.00 17.00 66.00 49.00 35.00 42.00 31.00 40.10 12.56 0.31 32.79 47.40 

CO2 EF (g/min) 12.25 14.16 10.40 6.15 24.33 13.25 11.57 6.12 8.07 8.90 11.52 5.03 0.44 8.59 14.44 

CO EF (mg/min) 
1,506.
06 

3,662.
96 

1,643.
65 837.06 

5,807.
56 

1,378.
43 

3,520.
35 857.13 

1,577.
84 

2,153.
38 

2,294.
44 1,494.16 0.65 1,425.44 

3,163.
43 

PM EF (mg/min) 10.38 37.67 48.56 15.37 237.95 27.26 8.62 6.09 21.47 40.20 45.36 65.65 1.45 7.17 83.54 

BC EF (mg/min) 0.27 4.28 1.73 1.96 12.52 1.02 0.91 1.04 0.82 1.44 2.60 3.47 1.33 0.58 4.61 En
ergy 

Em
issio

n
 

Facto
rs 

Thermal efficiency 
(%) 24% 24% 24% 24% 24% 24% 24% 24% 24% 24% 24% 0.00 0.00 0.24 0.24 

CO2 EF (kg/MJ) 0.33 0.28 0.31 0.33 0.28 0.34 0.24 0.29 0.30 0.28 0.30 0.03 0.10 0.28 0.31 

CO EF (g/MJ) 40.15 71.43 48.91 44.68 67.85 35.65 73.59 41.03 57.78 67.48 54.85 13.70 0.25 46.88 62.82 

PM EF (mg/MJ) 
276.62 734.66 

1,445.
21 820.14 

2,779.
77 705.02 180.12 291.52 786.38 

1,259.
74 927.92 728.98 0.79 503.94 

1,351.
89 

BC EF (mg/MJ) 7.17 83.37 51.49 104.77 146.31 26.31 19.04 49.99 29.93 45.23 56.36 40.95 0.73 32.54 80.17 
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ANNEX III: DETAILED RESULT FOR KEROSENE STOVE 

  HH2 HH6 HH8 HH12 HH17 HH21 HH25 HH30 Average 
Standard 
deviation 

Coefficient 
of 
variation 

90% 
Confidence 
Interval 
Lower 
Bound 

90% 
Confidence 
Interval 
higher 
Bound 

 Fuel burned (g) 24.00 33.00 22.00 5.00 60.00 29.00 68.00 29.00 33.75 20.6 61% 19.96 47.54 

Mass 
Emission 
Factors 

CO2 EF (kg/kg fuel) 2.78 2.87 2.82 2.65 2.77 2.83 2.98 2.92 2.83 0.1 4% 2.76 2.90 

CO EF (g/kg fuel) 144.71 81.84 118.70 220.92 150.05 108.16 14.51 56.91 111.98 63.1 56% 69.70 154.26 

PM EF (mg/kg fuel) 1,236.70 1,859.24 333.44 2,870.11 153.97 816.63 168.66 520.08 994.85 956.7 96% 354.04 1,635.67 

BC EF (mg/kg fuel) 291.31 492.95 102.64 1,047.02 46.13 0.00 0.00 322.45 287.81 354.2 123% 50.58 525.05 

BC/PM ratio 0.24 0.27 0.31 0.36 0.30 0.00 0.00 0.62 0.26 0.2 76% 0.13 0.40 

Emission 
Rate 

Cooking time (min) 15.00 18.00 34.00 13.00 42.00 23.00 33.00 17.00 24.37 10.6 44% 17.25 31.50 

CO2 EF (g/min) 4.44 5.27 1.82 1.02 3.96 3.57 6.15 4.97 3.90 1.7 44% 2.74 5.06 

CO EF (mg/min) 231.54 150.04 76.81 84.97 214.36 136.37 29.90 97.09 127.63 69.5 54% 81.10 174.17 

PM EF (mg/min) 1.98 3.41 0.22 1.10 0.22 1.03 0.35 0.89 1.15 1.1 95% 0.42 1.88 

BC EF (mg/min) 0.47 0.90 0.07 0.40 0.07 0.00 0.00 0.55 0.31 0.3 107% 0.09 0.53 

Energy 
Emission 
Factors 

Thermal efficiency 
(%) 

0.4 0.4 0.4 0.4 0.4 0.40 0.40 0.4 0.40 0.0 0% 0.40 0.40 

CO2 EF (kg/MJ) 0.16 0.17 0.16 0.15 0.16 0.16 0.17 0.17 0.16 0.0 4% 0.16 0.17 

CO EF (g/MJ) 8.41 4.76 6.90 12.84 8.72 6.29 0.84 3.31 6.51 3.7 56% 4.05 8.97 

PM EF (mg/MJ) 71.90 108.10 19.39 166.87 8.95 47.48 9.81 30.24 57.840 55.62 96% 20.58 95.10 

BC EF (mg/MJ) 16.94 28.66 5.97 60.87 2.68 0.00 0.00 18.75 16.733 20.59 123% 2.94 30.53 
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ANNEX IV: DETAILED RESULTS FOR ETHANOL STOVE 

  HH1 HH4 HH7 HH10 HH13 HH16 HH19 HH26 HH29 HH33 Average 

Standa
rd 
deviati
on 

Coeffici
ent of 
variatio
n 

90% 
Confide
nce 
Interval 
Lower 
Bound 

90% 
Confidenc
e Interval 
higher 
Bound 

M
ass Em

issio
n

 
Facto

rs 

Fuel burned (g) 97.00 124.00 96.00 111.00 132.00 254.00 94.00 59.00 48.00 48.00 106.30 59.81 0.56 71.51 141.08 

CO2 EF (kg/kg fuel) 1.90 1.95 1.85 1.92 2.03 1.90 1.95 1.93 1.98 1.92 1.93 0.05 0.03 1.90 1.96 

CO EF (g/kg fuel) 136.02 99.79 169.21 123.80 52.69 135.48 103.17 115.11 86.59 125.61 114.75 31.71 0.28 96.30 133.19 

PM EF (mg/kg fuel) 404.16 1,279.65 399.81 115.57 158.96 266.70 789.03 254.62 583.43 236.51 448.84 355.84 0.79 241.89 655.79 

BC EF (mg/kg fuel) 44.58 42.70 85.96 76.17 63.98 40.14 54.02 0 33.18 0 44.07 28.48 0.65 27.50 60.63 

BC/PM ratio 11.0% 3.3% 21.5% 65.9% 40.3% 15.0% 6.8% 0.0% 5.7% 0.0% 0.17 0.21 1.24 0.047 0.292 

Em
issio

n
 

R
ate

s 

Cooking time (min) 31.00 37.00 35.00 30.00 38.00 72.00 25.00 15.00 15.00 14.00 31.20 17.06 0.55 21.27 41.12 

CO2 EF (g/min) 5.94 6.55 5.07 7.10 7.06 6.71 7.33 7.60 6.33 6.57 6.63 0.74 0.11 6.19 7.05 

CO EF (mg/min) 425.61 334.45 464.11 458.05 183.01 477.95 387.94 452.78 277.08 430.65 389.16 96.26 0.25 333.17 445.14 

PM EF (mg/min) 1.26 4.29 1.10 0.43 0.55 0.94 2.97 1.00 1.87 0.81 1.52 1.22 0.80 0.81 2.23 

BC EF (mg/min) 0.14 0.14 0.24 0.28 0.22 0.14 0.20 0 0.11 0 0.15 0.09 0.64 0.09 0.20 

En
ergy Em

issio
n

 
Facto

rs 

Thermal efficiency (%) 0.647 0.647 0.647 0.647 0.647 0.647 0.647 0.647 0.647 0.647 0.65 0.00 0.00 0.64 0.64 

CO2 EF (kg/MJ) 0.11 0.11 0.11 0.11 0.12 0.11 0.11 0.11 0.12 0.11 
0.11 0.00 0.03 0.11 0.11 

CO EF (g/MJ) 7.91 5.81 9.84 7.20 3.07 7.88 6.00 6.70 5.04 7.31 
6.68 1.84 0.28 5.60 7.74 

PM EF (mg/MJ) 23.51 74.45 23.26 6.72 9.25 15.52 45.91 14.81 33.94 13.76 
26.1140 20.70 0.79 14.07 38.15 

BC EF (mg/MJ) 2.5939 2.4845 5.0012 4.4317 3.7224 2.3352 3.1428 0 1.9306 0 
2.5642 1.66 0.65 1.60 3.52 
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