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Abstract

Emissions and Energy Use Efficiency of Household
Biochar Production during Cooking in Kenya

Hanna Helander, Lovisa Larsson

This project examines the efficiency of 
a biochar-producing stove in meeting the 
needs of households in rural of Kenya. 
The stove has been tested and evaluated 
by five household in Embu, Kenya and 
compared with two other common cooking 
methods. The main parameters were time 
consumption, fuel consumption and 
emissions of carbon monoxide and 
particulate matter. Usability and energy 
use efficiency have also been evaluated. 
Three potential feedstocks have been 
examined for use in the biochar-
producing stove; Grevillea prunings, 
maize cobs and coconut husks.
The biochar-producing stove was well 
received by the households. It has 
potential of saving time, it saves fuel 
and it has a significantly lower level 
of emissions than other examined stoves. 
Despite some challenges related to the 
usability and the handling of the stove, 
an implementation of the biochar-
producing stove can contribute to an 
alleviation of the women’s burdens, save 
fuel and contribute to a healthier 
indoor air climate. 
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1. Introduction 
A growing energy demand, in combination with a changing climate and the dwindling 

natural resources, is one of the major challenges facing the world today. 2.9 billion 

people in developing countries rely on biomass, such as firewood, charcoal and 

agricultural waste as energy source for cooking (WHO, 2014). The presently used fuels 

and methods of cooking affect health, the environment and the social-economic 

situation. The World Health Organization (WHO) wrote in March 2014 that air 

pollution is the single largest health risk in the world. Women and children are exposed 

to the emissions from the cooking process to a larger extent than men, as they spend a 

lot of time in the kitchen preparing food. Globally, 4.3 million people die prematurely 

every year because of this (WHO, 2014). Women and children also devote valuable 

time and effort to collect firewood, time that otherwise could be devoted to income 

generation or education. (International Energy Agency, 2006)  

The demand of biomass energy is likely to rise in pace with a growing population. In 

Kenya, the population is expected to increase by 18 % until 2020 to 52 million (World 

population review, 2014). Therefore, methods for energy- and fuel saving are necessary 

to be able to maintain the environment. Presently, the most common cooking method in 

Kenya is over open fire, a three-stone fire, in the rural Kenya with firewood as fuel and 

with charcoal in the urban areas. But there are also several types of improved, more fuel 

efficient, stoves at the market. There is a need of finding better cooking methods to 

meet the families challenges in getting fuel, improve health and improve living standard 

are big.   

This report examines the potential impacts and the suitability of a cooking technology, 

with a biochar-producing stove. A biochar-producing stove is more flexible regarding 

the use of biomass and the fuel used is carbonized to charcoal. This aims to improve 

energy use efficiency, save fuel and improve indoor air condition. Consequently, it 

would contribute to saving time spent on fuel collection for women. This brings other 

social benefits that are related to the domestic work distribution, such as education and 

equality between men and women. 

1.1 Aim 

This report aims to evaluate households’ indoor production of biochar while cooking 

from different feedstocks in terms of emissions, cooking time and fuel consumption and 

to compare the results with the currently used three-stone fire and an improved cooking 

stove. The purpose is to evaluate the effects on emissions from introducing the biochar-

producing stove, the energy efficiency and the potential time saving; to be able to 

discuss the potential improvements for families in their daily life. 

1.2 Research questions 

What is the energy use efficiency for the different feedstocks used in the biochar-

producing stove compared with other types of stoves? 
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How much of  carbon monoxide (CO in ppm) and fine particulate matter (PM 2.5 in 

mg/m
3
) are emitted from three different feedstocks, coconut husks, grevillea robusta 

(firewood) and maize cobs, during cooking of a local meal in a household with different 

stoves?  

What are the benefits and challenges for the biochar-producing stove in meeting the 

needs of the families, when time and fuel consumption, emissions and usability are 

taken into consideration? 

1.3 Limitations 

The quality of the produced biochar, including calorific value and soil improvement 

properties, is not included in this report but will be examined in following research. The 

climate aspect is just briefly discussed but is part of the research project that implements 

a holistic perspective of sustainable development. The impact of greenhouse gases 

related to the combustion of the fuel used in this study is not examined and was not 

taken into consideration when environmental aspects are discussed. The properties of 

the feedstocks and the produced biochar are not examined. 

1.4 Structure of the report 

The report begins with a background section that starts with the background of the 

research area and the underlying needs in order to explain the relevance of the research. 

Second, the background section provides information of the evaluated technological 

solution, the biochar-producing cooking stove, and previous research in the same area. 

The background section is followed by the methodology used for this study. This 

section includes the selection of tests and sites, the test procedure, how data is treated 

and how calculations are done to answer the research questions. In the results section 

test data is presented as well as results from interviews with families. Finally a 

sensitivity analysis is done and sources of error are discussed before the analysis of the 

result and the conclusion. 
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2. Background 

2.1 Problems related to currently used cooking fuel and 
cooking methods  

In 2004 nearly 10% of the primary energy demand in the world came from households 

energy use in developing countries. Alone these households consumption of biomass 

represent 7% of the world’s energy demand. The main usage of energy is for cooking, 

heating and lighting in this order. (International Energy Agency, 2006, p.420)  

2.1.1 Access to firewood 

In most households in the rural area, firewood and charcoal are the most common 

energy sources for cooking. In sub-Saharan Africa 90 % of the habitants depend on 

these two fuels for energy; hence over 575 million people rely on biomass as primary 

energy source (International Energy Agency, 2006, p. 419).  The collecting of firewood 

is a time-consuming and physically demanding duty, mostly performed by women and 

children. In sub-Saharan Africa the average load of firewood is around 20 kg and is 

carried on the head or back, see Figure 1. Many women suffer from long term physical 

damages due to hard and time consuming work related to firewood collection. The time 

taken to collect firewood could otherwise be spent on education for the children and 

income generating tasks by the women. It is mostly girls and young women who first 

get their chances of education withdrawn because the need of spending more time on 

their increased domestic chores (International Energy Agency, 2006, p. 428).  New 

technology can save both fuel and time expenses and make the cooking more efficient. 

It also gives opportunities of increased level of education in the household as a result of 

more time and economic ability. In the urban areas collection of firewood is less, and 

most of it is bought from salesmen while majority of households use charcoal (Practical 

action consulting, 2010, p. 23).   

 

Figure 1 - Woman carrying 32 kg of firewood  
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2.1.2 Environmental impacts 

Unsustainable wood production, inefficient wood carbonization process and utilization 

practices of charcoal as cooking fuel contributes to deforestation and land degradation. 

The use of firewood makes a smaller impact on deforestation compared to charcoal as 

most of the firewood comes from tree residues such as dead wood and tree prunings. 

When firewood and charcoal are not available, other sources of fuel are used for 

cooking such as agricultural residues and animal dung. If these products are used as fuel 

instead of being left in the field to use as soil fertility, the soil erosion increases and the 

nutrition of the soil decreases (International Energy Agency, 2006, pp. 427-428). 

Hence, it is important for farmers to adopt farming practices such as agroforestry. Trees 

on farms enhance soil fertility, soil moisture, reduce soil erosion and reduce wind 

speeds while providing biological products such as woodfuel and fruits. A solution 

could be to return the ash and biochar produced when cooking into the field as fertilizer 

to increase the soil health even though agricultural residues are used as cooking fuel.         

2.1.3 Health impacts 

Having free access to air and water of acceptable quality is a fundamental human right. 

WHO have estimated that 4.3 million people die prematurely every year due to indoor 

air pollution (WHO, 2014). Children under five years of age represent over half of these 

deaths. The deaths due to indoor air pollution are therefore responsible for more deaths 

than Malaria. (International Energy Agency, 2006, p. 424) 

Combustion of firewood causes emissions of carbon monoxide, hydrocarbons and 

particulate matter. The ones mostly affected of these emissions are women and children 

since they are responsible of cooking in most households. Diseases related to indoor air 

pollution include cancer, lower and chronic respiratory diseases. Also it affects the 

immune system which leads to asthma, tuberculosis and increased risk of catching other 

infections and diseases (International Energy Agency, 2006, p. 427). Because of this 

global health problem WHO made, in 2005, guidelines for level of exposure of indoor 

air pollutions.  

Other health effects related to the collecting of firewood is exhaustion, pain in back, 

legs, shoulder and chest. Women’s daily chores do also sometimes result in domestic 

quarrels due to the women’s exhaustion. (Practical action consulting, 2010, p.24) 

2.2 Status of cooking energy in Kenya 

The most common source of cooking energy in Kenya today is biomass fuels, such as 

charcoal, firewood and agricultural residues. According to the Kenya Integrated 

Household budget Survey 68 % of the households in Kenya cook with firewood and it is 

the main source of cooking energy in the rural areas while charcoal is the most 

commonly used cooking fuel in urban areas. Electricity and Liquid Petroleum Gas are 

rarely used for cooking and especially not in the rural areas because of high costs and 

lack of electricity. In absence of other energy sources, occasionally plastic containers, 
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animal dung and other burnable items serves as cooking fuel. (Practical action 

consulting, 2010 p.16) 

The most common cooking technique is still the traditional three-stone fire (see Figure 

3), which is particularly common in the rural areas. It is getting more common to use 

various improved cooking stoves for saving fuel and the ability to use other energy 

sources. One of the main reasons for investing in an improved stove is to save income, 

as costs of cooking fuels have increased. (Practical action consulting, 2010 p.18)    

2.3 Biochar-producing stoves 

Biochar is a solid material that in most contexts is called charcoal (see Figure 2 - 

Biochar made of maize cobs). It is obtained from the carbonization of biomass and is 

found in soils around the world as a result of natural processes and of old practices of 

converting agricultural waste into soil improver (International Biochar Initiative, 2014). 

The term biochar is often used in discourses of sustainable production and use of 

charcoal. In this report, biochar is the term used for the product of the stove, since this 

term previously has been used in the field of cooking stoves.  

2.3.1 Properties of Biochar 

Biochar has gained attention for its many advantages corresponding to the major 

challenges the world is facing today, in particular when comes to soil enhancing 

properties, but it also serves as a cleaner cooking fuel than firewood and might be used 

in a way that improves fuel efficiency (N. Bhattarai, 1998 and International Biochar 

Initiative, 2014). When comes to soil enhancing properties, biochar is firstly, a fine-

grained and highly porous material which helps the soil to retain both nutrients and 

water. Using biochar in the soil improves water quality and quantity since more 

nutrients stay in the soil instead of leaching into groundwater and causing 

overfertilization. Moreover, by extension, better soils can boost food security. Secondly, 

the biochar has a good ability to hold carbon and resist degradation for hundreds to 

thousands of years. Thereby, when putting biochar in the ground, you get a “carbon 

negative” result of the carbonization of the biomass. The biochar has therefore gained 

attention also for the possibility of help to combat global climate change since it reduces 

emissions from biomass that would otherwise naturally degrade to greenhouse gases. 

(International Biochar Initiative, 2014)  

2.3.2 Smallscale indoor biochar production and its potential benefits 

Besides the various beneficial properties that biochar has gained attention for, the small 

scale production of biochar in rural households has potential to bring additional benefits 

to the household such as less indoor pollution in the kitchen and less fuel consumption. 

The considered method of biochar-production is through biochar-producing cookstoves 

that takes various types of biomass as fuels and generates biochar while cooking. The 

stove has a more efficient combustion of gases, which may decrease the emissions from 

cooking. (International Biochar Initiative, 2014) 
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2.3.3 The technical function of a gasifier  

A gasifier is a type of improved stove where heat converts solid biomass into flammable 

gas. By adding secondary air, this gas can be burned immediately and used to cook on 

which makes it a gas-burning stove. (Roth. C, 2011) 

When biomass is heated with a limited access to oxygen or no oxygen at all, two types 

of reactions occur. The biomass transforms to biochar according to the following 

chemical equation, where the solid carbon is biochar. 

CxHyOz  CO (g) + H2 (g) + CHO (l) + C(s) 

The gases created in the first process then react like explained in the next chemical 

equation. The equilibrium of this reaction is decided by pressure and temperature 

conditions and also the relation of carbon, oxygen and hydrogen in the vapors. Also this 

reaction takes place during limited or no access to oxygen. (Roth. C, 2011) 

CO + H2  H2O + CH4 

When adding secondary air the wood gases created in the first two phases are burnt in 

the chimney and energy in terms of heat is released in the gasifier. Remaining from this 

process, if the combustion is clean, are water and carbon monoxide. The wood gases 

consist of carbon monoxide, hydrogen (g), methane and other hydrocarbons. The 

combustion when adding secondary air occurs like explained in the chemical equation 

below. (Roth. C, 2011) 

CO + H2 + CH4 + CHO + O2  CO2 + H2O + heat 

The heat released is the energy used for cooking on the gasifier.  

 

Figure 2 - Biochar made of maize cobs 
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2.4 Relation to the research project Biochar and Smallholder 
Farmers in Kenya  

This project is part of a multi-disciplinary research project Biochar and smallholder 

farmers in Kenya, which is realized through a partnership between two CGIAR
1
 centres; 

IITA and ICRAF, Nairobi University in Kenya, Lund University and SLU in Sweden. 

The project is led by Cecilia Sundberg (SLU) and Kristina Röing de Nowina and 

implemented at sites in IITA’s and ICRAF’s bench-mark areas in Kenya, building on 

previous local contacts. The project aims to generate evidence-based knowledge of 

biochar’s role in smallholder farming systems and is organised around four “Work 

Packages” that relate to four objectives of the research program. Work Package 1 aims 

to characterize availability and quality of organic resources for biochar production. 

Work Package 2, which include this project, assess different methods of producing 

biochar in terms of energy use efficiency, quantity and quality of biochar. Work 

Package 3 will determine how quality of biochar affects soil health and crop yield, 

along with agro-ecological gradients. Work Package 4 will use information from the 

other Work Packages and together with socio-economic impact assessment; assess the 

role of biochar as a smallholder technology. 

2.4.1 The application and the context of the project   

The overall hypothesis of this ongoing research, led by Cecilia Sundberg and Mary 

Njenga, is that there are stoves available that can be used to cook food and produce 

biochar, using locally available feedstocks, and that these fuels can provide additional 

benefits except for cooking. Pre-tests have been performed with the objective to provide 

information of stoves and fuels available, in order to guide further experimental 

planning and for introduction of stoves to households. The fuels that were pre-tested are 

coconut husks, maize cob, maize stover and Grevillea robusta prunings and four 

different stoves were evaluated.  

Based on these pre-tests, this project evaluates three feedstocks in terms of biochar 

produced, energy efficiency and emissions from the gasifier and compares the results 

with other used methods of cooking. This aims to contribute to answer the overall 

research question for work package two regarding already available bio-char producing 

stoves and fuels. This study will be followed by an evaluation of the charcoal produced 

in the biochar-producing stove, in terms of fuel quality and emissions. 

                                                           
1
 ”CGIAR is a global partnership that unites organizations engaged in research for a food secure future. 

CGIAR research is dedicated to reducing rural poverty, increasing food security, improving human 

health and nutrition, and ensuring more sustainable management of natural resources.” 

(http://www.cgiar.org/who-we-are/ 2014.04.11) 

http://www.cgiar.org/who-we-are/
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3. Methodology 
The methodology of the report consists of a series of tests to collect the data needed for 

the purpose of the study and methods for investigating the result. The method consists 

of: determination of the tests needed, selection of households, performance of tests, 

collection of information from the households, processing the data and analysis of the 

results. 

3.1 Study site 

The study was carried out in Kibugu village, north part of Embu County, and 120 km 

northeast of Nairobi. Embu is located at an elevation of 1350 m above sea level (Embu 

County News, 2013). The village Kibugu is rich in different crops, including maize, tea, 

coffee and a number of vegetables.  

3.2 Selection of feedstocks, stoves and tests 

A previous investigation shows that the most common way of cooking in the area of 

Embu is using firewood on a three-stone fire (Karmeback, 2014). The current used 

method of cooking served as reference with the purpose to evaluate the potential for 

improvement of cooking methods through adaption of household indoor production of 

biochar on the environmental management and livelihoods. 

The feedstocks were chosen on basis of their availability and energy use efficiency. The 

efficiency for cooking mainly depends on the duration the fuel burns in the stove, the 

ease of lighting the fire and the amount of fuel used for cooking. The chosen feedstocks 

include coconut husk, maize cob and prunings from Grevillea robusta. Coconut husks 

are used at the coast where it is available, but since time for the research project is 

limited, the coconut husks were included in the field study in the county of Embu. 

Stoves have been evaluated by former research with the purpose to find the most 

convenient stove for a prospective implementation in the households, taking many 

aspects into account, such as efficiency, economically and practically. Four gasifiers 

were tested at the University of Nairobi and the galvanized gasifier was chosen for the 

study.  

The tests were repeated in five households and performed with the chosen feedstocks 

and the gasifier, as well as the three-stone fire and an improved cooking stove with 

Grevillea Robusta. See Table 1.  
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Table 1- Households and date of tests, variety of stoves and fuel 

Type of stove and 

fuel 

Household 

A 

Household 

B 

Household 

C 

Household 

D 

Household 

E 

Gasifier 

Maize cob 
22-apr 11-apr 26-apr 25-apr 01-maj 

Gasifier  

Coconut husks 
15-apr 03-apr 09-apr 07-maj 07-apr 

Gasifier  

Grevillea Robusta 
10-apr 03-maj 12-apr 23-apr 08-apr 

Improved cookstove 

Grevilla Robusta 
04-apr 08-maj 01-apr 02-maj 09-maj 

Three stone stove 

Grevillea Robusta 
05-maj 24-apr 06-maj 02-apr 14-apr 

 

The field-based tests consisted in that a family cook a traditional meal while the 

quantity of fuel needed for cooking, biochar produced and emissions were measured. 

For further explanation and details see the explanation of the participatory cooking test 

in field. 

 

 

Figure 3 – Three-stone fire 
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Figure 4 - Improved stove 

3.2.1 The Galvanized gasifier 

The gasifier used in this study is a galvanized gasifier, see Figure 5. For the galvanized 

gasifier, the fuel is packed in a container inside of the outer casing. The upper part, 

which serves the purpose of a chimney to give a concentrated flame, is removable and is 

removed before, when loading fuel, and when harvesting biochar after finished charring 

process. The stove is lighted from the top so that the fuel is charred from the top down. 

To harvest the biochar produced during cooking, the inside container is removed and 

emptied of the biochar it is containing when the fire has burned out. In the lower part of 

the stove there is an opening for air inflow which size can be regulated to control the 

flame of the combustion. 

 

Figure 5 - The galvanized gasifier used in the study 
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3.3 Selection of households and test order 

Out of 57 households that were already involved in the research project in the area of 

Kibugu, five was randomly chosen using MATLAB. Likewise, the order of the tests 

performed was randomly selected to minimize impact of seasonal weather conditions 

during the period of field tests.  

3.3.1 Descriptions of kitchen 

To show the differences of the kitchens within the study a documentation of each 

kitchen was done, see appendix B for complete data of each kitchen setup. In Table 2 an 

overview of the kitchens is shown. Outside kitchen referrers to a kitchen in a separate 

house, while an indoor kitchen is connected to the main house. 

Table 2 - Dimension and properties of kitchen 

Household 
Number of 

Windows 

Number 

of Doors 
Chimney 

Type of 

kitchen 

A 0 1 No Outside 

B 1 1 No Outside 

C 1 2 No Outside 

D 2 1 No Outside 

E 1 1 Yes Indoor 

 

In Figure 6 the kitchens used in the study are visually illustrated. The different items in 

the schematic drawing are explained in the illustration of household A and B.  Items of 

interest have been doors, windows and where the stove and measuring equipment were 

located in the room.   
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Figure 6 –Schematic drawing of kitchen used in the study 

 

3.4 Participatory cooking test in field  

3.4.1 Implementation of the cooking test 

The data was collected through participatory cooking tests in the households. The test 

were based on a standardized Controlled Cooking Test by Rob Bailis (2004) but 

modified to be performed in field. The woman in the household cooks the traditional 

dish of Ugali (solid maize porridge) and Sukuma wiki (Kale fried with tomato and 

onion) with the examined stove and fuel. For the Ugali, one kilo of maize flour is used, 

while the amount of water is determined by the preferences of the user. For the Sukuma 

wiki approximately 750 grams of kale has been used and around three tomatoes and one 

onion depending on the users preferences. The exact amount of food has been 

documented. This traditional meal is in this report referred to as “a meal”. The data 

collected during the test includes time spent on cooking, fuel consumption, biochar 

produced and other parameters that might affect the result. Any incident, e.g. fire going 

out or heavy rain was documented, see appendix A for the complete template used for 

the participatory cooking test. The cooking tests were always performed in the 

afternoon to provide as similar conditions as possible. The ventilation of the kitchens, 

such as windows and doors, were documented. This template is also to be found in 

Appendix A. Emissions were measured from 30 minutes before the cooking started until 

30 minutes after cooking/charring process. Picture of a typical test is shown in Figure 7. 
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Figure 7 - Participatory cooking test in field in action 

3.4.2 Lighting of stoves and harvesting of biochar 

The gasifier was lighted outside of the kitchen and then brought into the kitchen when 

the pyrolysis process was initiated and the gases from the oxidation had caught fire. The 

three-stone fire and the improved stove were lit inside because of their immovability 

when lit. The lighting material consisted of Grevillea leaves, sticks or pine depending 

on what was available at the farm.  

When the charring of the fuel was done before the dish was finished, the biochar were 

harvested and the stove was packed and lighted again. This is referred to as a reload in 

the report. 

3.4.3 Measurements of emissions 

The measurement equipment were hanged one and a half meter above the ground and 

one meter to the side of the cooking pot and stove, simulating the height of a person 

cooking. To measure CO, an EasyLog USB CO-meter was used and recorded levels of 

CO in ppm. Fine particulate matter was measured using University of California 

Berkley Particle Monitor. Particulate size measured was 2.5 μm and theirs concentration 

recorded in mg/m
3
.Carbon dioxide was measured by Hobo CO2 monitor in ppm.  
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3.5 Processing of data 

3.5.1 Time consumption 

To evaluate time consumption the following parameters were used: 

Time of cooking process was documented in order to evaluate how time demanding the 

cooking process was. It is determined by the time from start of lightning to finish time 

of dish two was recorded. 

Time to cook was determined by the time taken from putting the first pot on the stove to 

the time dish two was finished. This includes time for reload. 

Time to char was determined by the time the gasifier lasted until the charring of one 

load of fuel was finished. This gives information about how long you can cook without 

the need to harvest the biochar and reload the stove. When two loads were needed for 

cooking, only the first load from the test was taking into consideration when calculating 

time to char. This was because of that the second load in many cases not had been 

completely loaded because of the little time left to finish cooking.  

3.5.2 Fuel consumption and Energy use efficiency 

To evaluate the energy use efficiency several parameters were taken into consideration. 

Fuel- and energy consumption were evaluated for the two alternatives of how to use the 

produced biochar. Firstly, assuming the biochar is not being used as fuel but might be 

used as soil fertilizer and secondly assuming the biochar will be used as fuel. 

Availability of fuel and the preferences of the households were also taking into account. 

To these calculations, the following parameters were used. 

Gross fuel consumption (g) refers to the feedstock (Grevillea, maize cobs or coconut 

husks) used per test or meal. This is used when the biochar is not assumed to be used as 

cooking fuel.  

Net fuel consumption (g) is used when assuming that the biochar will be used as 

cooking fuel. It was calculated as the difference between feedstock used and biochar 

produced. This definition was made with the assumption that the biochar produced has a 

similar heating capacity as the feedstock used. Net fuel consumption was calculated 

according to equation (1). 

                                             

Taking the time to cook into account, the gross or net fuel consumption per meal was 

calculated according to equation (2). 

                   
                   

                  
  (2) 

*excluding time to reload stove 
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For the improved stoves and 3-stone fire the net fuel consumption, gross fuel 

consumption per meal and test are all equal, namely the fuel used to cook the meal, 

since the cooking methods allow that fire is put out when cooking is done.   

Energy consumption (kcal) was determined by equation (3). The calorific values used 

were 3365 kcal/kg for maize cobs (Brunner el al., 2011) 4000 kcal/kg for the coconut 

husks (Banzon, J.A, 1980) and 4800 kcal for Grevillea Robusta (Orwa et al., 2009) 

                                                    (3) 

with three-stone fire as a point of reference according to equation (4). 

   
                

                                    
  (4) 

Potential of energy saving of a stove/ fuel combination is calculated similarly using 

energy consumption in place of fuel consumption. 

Standard error is provided in figures. The formula for standard error is found in 

Appendix B. 

3.5.3 Emissions 

In order to compare the results and levels of emissions from the different stoves and 

fuels the mean values from the five experiments were calculated and their 

corresponding standard error. The emissions data is provided for the cooking period that 

is when the cooking pot was put on fire until end of cooking time. The result is also 

presented separately for the kitchen with chimney (household E). 

The resulted values were compared with the guidelines from WHO according indoor 

emission. The guidelines of CO and PM2.5 are 31 ppm in one hour duration for the CO 

(WHO guidelines) and 25 μg/ m
3
 for 24 hours according PM2.5 (WHO Air quality 

guidelines for particulate matter, ozone, nitrogen dioxide and sulfur dioxide Global 

update 2005). 

3.5.4 Variance analysis ANOVA 

To determine whether there is any significant difference between the stoves and fuels a 

variance analysis (ANOVA) was done. The test compares the mean values and helps 

decide if there is any significant difference within the samples and between tests by 

comparing the variability and determine the significance by using the probability 

distribution called F-distribution. The hypothesis tested is: 

H0:  μ1 = μ2 = …=μk  or 

H1: Not all means are equal. 

The analysis is done by calculating the following values: 
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k= the number of test groups that will be compared 

nj=  number of tests/values in group number j(j goes from one to k) 

n= total number of tests/values 

xij= value number i (igoes from 1 to nj) from group j 

  ̅= mean value in group j 

 ̿ = meanof all the data 

 

Sum of square between groups is calculated: 

      ∑     ̅   ̿ 
 
 

Sum of square within groups is calculated: 

      ∑∑       ̅ 
 
 

The mean square values gives information about the variance between and within the 

groups. The variance between groups is called the explained variation and the variance 

within groups is called unexplained variation. The F-value is given by the relation 

between the explained and unexplained variation (se table) and depends on the degrees 

of freedom. (Explorable.com, 2009) 

The shape of the F-distribution is shown in Figure 8. It has the F value on the horizontal 

axis and the probability for each F value being represented on the vertical axis. The F 

distribution has two degrees of freedom, d1 for the numerator (which is given by k-1) 

and d2 for the denominator (given by n-k). For each combination of degrees of freedom, 

there is a specific F distribution. It is the most dispersed when the degrees of freedom 

are small. As the degrees of freedom increase, the F distribution is less spread out. With 

a rising F value along the horizontal axis the curve approaches but never touches the 

axis. (Explorable.com, 2009) 

The area on the right side of the marked Fα represents the level of significance α.  

 

Source of 

Variance 

Sum of 

Squares df Mean Square F p-value 

F-critical 

value 

Between groups SSB k-1 MSB = 
    

   
 F=

   

   
 

Value from 

table 

Value from 

table 

Within groups SSW n-k MSW = 
   

   
 

   

       

Total 

SST=  

SSB+ SSW n-1 
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The calculated F-value is compared with the F-critical value, Fα, for a chosen 

significance level (calculated by excel). If the evaluated statistical F value appears at the 

left side of Fα, then the probability that the expected mean values are the same is 1- α., 

meaning that if the F-value is smaller than the F-critical value, Fα, then hypothesis H0 

can be accepted with the level of significance α. If it is the other way around, then the 

hypothesis H1 can be accepted with the conclusion that there is a difference of mean 

values for at least two of the groups. (Explorable.com, 2009) 

If nothing else is stated, the level of significance used in the analyses is α = 0.05, 

meaning that with a probability of 95%, there is/there is not a significant difference 

between means.  

3.6 Interviews & Ranking of stoves and fuel 

To get a broader understanding of the feasibility of stoves and fuel, open ended and 

semi-structured interviews were conducted with the women in the households. The 

content of these interviews were determined during the first week of participatory 

cooking tests which gave a better understanding of the families’ needs and habits. This 

resulted in interviews that focused mainly on fuel use and cooking time but also other 

benefits and problems with the biochar-producing stove and how it can be improved.  

The questions can be found in Appendix C.  

To be able to quantify the perceptions of the women in the household, a ranking system 

was developed where the women compared the three stoves and gave each stove points 

in six different criteria and the points under each criterion added up to fifty. This was 

realized by using maize grain that was distributed among the three stoves. Similar 

procedure was applied in comparison of the three fuel types used in the gasifier. The 

tables used for the ranking exercise can be found in Appendix C. The exercise was 

made without that any results from the tests had been shared with the households. 

F 

P(F) 

Fα 

α 

Figure 8 - The F distribution 
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Figure 9 - Ranking exercise with household 
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4. Result 

4.1 Cooking time 

The time of cooking process divided in time to cook and lightning time is shown in 

Figure 10 - Average time of cooking process The table of time to cook from each test is 

found in Appendix D. 

 

Figure 10 - Average time of cooking process 

The gasifier was slightly faster to cook on than the other stoves. In 4 out of 5 tests, the 

gasifier/maize cob combination needed a reload to be able to complete the cooking. The 

gasifier/coconut husk combination needed a reload in 1 of 5 tests. Therefore, the time to 

cook includes a part of changing the fuel load when considering these two 

combinations. For the gasifier/grevillea pruning combination no reload were needed 

since the time of charring exceeded the cooking time in every test (see Table 3 for time 

to char). Despite the time taken to reload the gasifier, an analysis of variance showed 

that there is a significant difference between stoves, irrespective fuel. No significant 

difference between fuels could be shown (see Appendix D for a summary of the 

analysis).  

The average time to char (shown in Table 3) was significantly longer for Grevillea 

prunings than for coconut and maize cobs, where maize cob had a time to char that is 

shorter than the time to cook. 
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Table 3 - Average time to char (hh:mm) with standard error for each feedstock  

Maize cob  Coconut husks  Grevillea  

00:24±00:03 00:31±00:02 00:51±00:04 

  .   

4.2 Fuel consumption and energy use efficiency 

4.2.1 Fuel consumption 

The mean values of fuel consumption during a whole test and to cook a meal are shown 

below in Figure 11.  The complete table of mean values is found in Appendix E. 

 

Figure 11 - Average fuel consumption for all stove and fuel combinations, where net 

fuel consumption is the amount of feedstock used and gross fuel consumption is the 

amount of feedstock used minus the biochar produced. 

The gasifier had the lowest fuel consumption, irrespective whether the biochar produced 

is taking into consideration or not. Considering the biochar produced as fuel, with equal 

cooking quality as the feedstock, the difference in fuel consumption between the 

gasifier and  both the three-stone fire and the improved stove is greater, as the net fuel 

consumption shows. An analysis of variance showed that there is a significant 

difference (with a 95% significance level) of both net fuel consumption and gross fuel 

consumption between stoves, but no significant difference between fuels. A summary of 

the analysis is found in Appendix E. 

The potential of fuel saving for the improved stove and for the gasifier with different 

fuels are presented in Table 4. The numbers shows the average difference in fuel 

consumption in percentage of the average fuel consumption of the three-stone fire. 
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Table 4 - Potential of fuel saving (g) compared to the three-stone fire 

 

 
Gasifier 

average 

Gasifier 

Maize 

Gasifier 

coconut 

Gasifier 

Grevillea 
Improved 

Net fuel 

saving 
41% 37% 43% 41% 19% 

Gross fuel 

saving 
24% 20% 26% 27% 19% 

 

Energy consumption, based on assumed energy density values for the different fuels 

(see section 3.5.2), and the potential of energy saving are presented in Table 5  - Energy 

consumption (kcal) and potential of energy saving compared with the three-stone . 

Table 5  - Energy consumption (kcal) and potential of energy saving compared with the 

three-stone fire 

 
Gasifier 

Maize 

Gasifier 

Coconut 

Gasifier 

Grevillea 
Improved 3-stone 

Net energy 

consumption 

(kcal) 

3328 3540 4406 6048 7512 

Net energy 

saving 
56% 53% 41% 19% 0% 

Gross energy 

consumption 

(kcal) 

4203 4640 5458 6048 7512 

Gross energy 

saving 
44% 38% 27% 19% 0% 

 

The potential energy saving of using alternative cooking methods compared with the 

three-stone fire is 55 respectively 56% for maize cobs and coconut husks. Thus, the 

energy saving potential is larger than the fuel saving potential. 

The amount of biochar produced in the gasifier was similar between different feedstocks 

as shown in Table 6. 
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Table 6 - Mean value of percentage of kg biochar produced per kg feedstock with the 

standard error 

Maize cob Coconut husk 
Grevillea 

pruning 

20±0.43% 24±0.25% 20±0.46% 

 

4.3 Emissions  

4.3.1 Carbon monoxide (CO) emissions 

The mean value of CO emissions the five tests for each stove with their respective fuel 

is presented in Figure 12. In Appendix F a table with mean values for every test is 

found.  

 

Figure 12 - Mean values of emissions of CO divided by kitchen without and with 

chimney 

The highest emissions of CO were given by the improved stove followed by the three-

stone fire. The gasifier, irrespectively of fuel, had significantly lower levels of CO 

emissions according to an analysis of variance. As seen in Figure 12 - Mean values of 

emissions of CO, coconut husks had a lower level of emissions. An analysis of variance 

showed that a significant different could be shown between the maize cobs and the 

coconut husks but no statistically significance was verified between coconut husks and 

Grevillea prunings, due to the large standard error. See Appendix F for a summary of 

the analysis of variance. 
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4.3.2 Fine particulate matter (PM2.5) 

The mean value of the five tests for each stove with their respectively fuel is presented 

in Figure 13. The mean value for every test is shown in Appendix G. 

 

Figure 13 - Mean value and standard error of PM for each stove- and fuel combination 

The Analysis of variance, with a significance level of 95%, shows that there is a 

significant difference in PM values between stoves (irrespectively of fuel) and with a 

significance level of 92%, also is a difference between fuels was shown. See Appendix 

G for a summary of the calculation. 

4.4 Preferences of the Households 

4.4.1 Ranking exercise 

The total distribution of maize grains between the stoves is shown in Figure 14. The 

percentage of maize grains for each stove according the different criterion is shown in 

the columns.   
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Figure 14- Households ranking of stoves, the higher value the better stove according to 

criteria 

The figure of grain distribution between the stoves shows that the gasifier was given 

over half of the grains in the criterions “Saves fuel”, “Saves cooking time” and “Less 

emissions”. The Three-stone fire was given most grains in the usability categories; 

“Good warming for house” and “Easy preparation of stove and fuel”.  

The total distribution of the maize grains between the fuels used in the gasifier is shown 

in Figure 15. 

 

Figure 15 - Households ranking of different fuels 

Between the fuels, maize cob was the feedstock given least grains in average and had 

the lowers percentage in all categories except from “Easy preparation of fuel and stove”. 
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Between Grevillea pruning and coconut husk the result are similar in most criterions 

except from the last one where coconut husk got over 50% of the total amount of grains.    

4.4.2 Outcome of Interviews 

Fuel and stoves used 

All of the households used the 3-stone fire with firewood, of which three households 

used 3-stone fire as their primary stove. One of the households collected firewood from 

Mt Kenya forest and four households collected firewood from their own farm or 

woodlot. All households used charcoal at some occasion, more common during the 

rainy season and when it was cold. Two households used gas stoves. Every week the 

households with three-stone fire as primary stove spent between 3-7 hours to collect 

firewood.  The two households with other primary stoves spent only a couple of hours a 

month for collecting firewood.  

4 of 5 household have access to Grevillea pruning and use them as firewood today. 

Other feedstocks available are tea and coffee prunings, eucalyptus tree and maize cobs 

but maize cobs are only available during the harvesting season and are then used as feed 

for cattle as well as cooking fuel.  

The galvanized gasifier 

 One advantage of the gasifier was mentioned in all households; it is fast to cook with. 

Other common comments were that it saved fuel and gave lower emissions than the 

ones they already use. Also that you get biochar were mentioned several times. 

Negative aspects were that it was hot and therefore dangerous to touch and to harvest 

the biochar from. Two households thought that harvesting was not a problem, more a 

question of getting used to handling the stove.  

When asked for improvements of the gasifier the general suggestions were about how to 

improve the harvesting process. One household thought that the gasifier should have a 

shutter in the bottom which can be opened when the charring is done. Another 

suggestion was that it could be made in a heat isolated material so it would not be as hot 

and difficult to handle. Another desire was that it could be bigger and therefore cook 

bigger meals.   

4 of 5 households would like to have this kind of stove.  

4.5 Sources of uncertainty  

The field study forming base of this study is limited to five repetitions in five different 

households, thus, it is of interest to evaluate the impact of the properties of the kitchens 

on the result of emissions. To be able to do this comparison, the percent deviation from 

the mean value for each fuel and stove combination was calculated for each test and for 

the three measured emissions, CO, CO2 and PM2.5. Grouping the tests according to 
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households showed the average deviation from the mean value of emissions for each 

household. The summary of percentages is found in Appendix H. 

 

Figure 16 - Mean percent deviation from mean value of emissions in each household 

The Analysis of variance showed that there is a significant difference between the 

households. 

To be able to value the results from this study is it important to consider the impact of 

proportions of the kitchens. The analysis comparing households showed that in this 

study the kitchen with a chimney were not statistically different from the other kitchens. 

Instead the kitchen that performed best in the test was the biggest kitchen, household D. 

Another important parameter is that D is the only household with two or more windows, 

Table 2. This result indicates the importance of a “good” kitchen when it comes to the 

level of indoor emissions.  

In this study, both the stove used and the kitchen design are shown to affect the level of 

emissions related to cooking. To determine which of the two parameters that has the 

biggest impact further evaluations are needed.   

With this small amount of tests there are a lot of parameters affecting the result at each 

test. Possible parameters affecting the result are weather conditions and differences in 

cooking habits (e.g. when the dish is ready and amount of water used in the Ugali, that 

both affect the time of cooking process). Also the variety of packing of the gasifier 

affects fuel consumption, time of cooking process etc. The way of using firewood can 

also affect the amount of emissions. At one point a visible difference in amount of 

smoke appeared when big pieces of firewood where displaced by smaller upstanding 

pieces in the improved stove. The amount of smoke was reduced which clearly indicate 

that how the stove is used affects the results. In our tests the women have managed the 

stoves they are used to themselves and with assistance from us when they are new users 
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(or in this case when the way of using it could be improved). Thus, it is important to 

consider both how the stoves were used, weather and cooking habits when interpreting 

the results from this study. However, more tests could show more significant 

differences. 

In the study the energy properties of the biochar were assumed to be the same as the 

feedstocks, but the correct energy properties need further evaluation. Therefore the 

report contains two scenarios; gross fuel consumption, where the biochar is not 

considered to be reused as fuel, and net fuel consumption, where the biochar is 

considered to be reused as fuel with the same heating capacity as the feedstock.  
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5. Discussion 

5.1 Cooking time 

The time of the cooking process shows that the gasifier is slightly faster to use than the 

three-stone fire and the improved stove (Figure 8). What is also shown in the graph is 

that the lighting time has a considerable impact on the time of the cooking process. The 

lighting time is an insecure parameter since it is both very user dependent and is 

depending on uncontrolled conditions such as weather and wind direction, moisture 

content of feedstock and how well the loading of the gasifier allows air to flow etc. 

Therefore, the main parameter used for evaluating the time consumption is the actual 

cooking time.  

Time to cook was shorter for the gasifier than both the three-stone fire and the improved 

stove (Figure 10). What is also shown from the test results is that the need of reloading 

the gasifier has an important impact on the cooking time and therefore the type of 

feedstock used in the gasifier also matters for the cooking time. The results from the 

interviews and the ranking aligns with the data since it clearly shows that the gasifier is 

the fastest and that coconut husks and grevillea prunings saved more time than maize 

cobs. Since charring time differs a lot between fuels and determines how long you can 

cook without the need of reloading the stove, it would be recommended to choose 

feedstock depending on what to use the stove for, e.g. to use maize cobs for warming 

food or cooking tea and Grevillea prunings for more time consuming dishes. 

5.2 Fuel consumption and Energy use efficiency  

The results of the tests show that the gasifier has the lowest fuel consumption, followed 

by the improved stove and the three-stone fire. This is irrespectively whether the 

biochar is deducted from the fuel used or if the biochar produced not is taken into 

consideration (Figure 11).  

Considering the biochar as fuel with similar properties as the feedstock, the fuel 

consumption of the gasifier is on average 931 g per meal, with slightly higher values for 

the maize cobs than for the other feedstocks. This small difference for maize cobs is 

probably due to the lower calorific value compared with the other feedstocks and the 

need of reload which causes that some extra fuel is consumed during the second 

lightning. Comparing the stoves with the same fuel used – Grevillea prunings – the 

gasifier saved 41 % of fuel compared with the three-stone fire. The numbers are very 

similar for maize cobs and coconut husks (Table 4). 

If the biochar produced is not considered to be used as fuel again and preferably used as 

fertilizer of the soil the resulted fuel consumption for the gasifier is in average 1.2 kg 

per meal, which is lower than the improved stove with a fuel consumption of 1.3 kg and 

24 % lower than the three-stone fire which average fuel consumption is 1.6 kg (Figure 

11 and Table 4).  Estimating the energy consumption, meaning the calories used, for 
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this scenario, the maize cob, together with the coconut husks are the most energy 

efficient. Since the fuel consumption is lower for the gasifier, it is also more energy 

efficient for all fuels.  

The difference in fuel consumption between the two scenarios is that using the biochar 

as fuel saves 20 to 24 % since that is the proportion of the biochar (Table 6).  

From the ranking exercise the gasifier got on average over 50 % of the distributed 

points according the subject; saves fuel, compared with the three-stone fire and the 

improved stove. The comparison between the feedstocks was almost even, although 

Grevillea prunings scored slightly more than maize cobs and coconut husks.  

Taking the assumed energy content of the feedstock into account, the potential energy 

saving was more than 50% and the highest potential energy saving was for coconut 

husks and maize cobs since they have a lower energy density than Grevillea prunings. 

The results show that the energy content and the fuel consumption are not necessarily 

correlating. This means that a higher energy density of the feedstock might not be fully 

utilized while cooking. Hence, when just taking the energy content of the feedstock into 

consideration, some of the energy in the Grevillea prunings is superfluous and the 

energy use efficiency is higher for maize cobs. However, the energy content of the 

biochar is not taken into consideration and doing so the energy use efficiency might be 

different. Further research is needed and will be done within the research project. 

5.3 Emissions 

The outcome of the tests showed that the gasifier is significantly better when it comes to 

decreasing the emissions from the cooking process and consequently improving the 

indoor air condition. There are two things to point out when comes to emissions. Firstly, 

it is remarkable that the improved stove had higher emissions of both PM and CO than 

the three-stone fire. But, since the number of tests was small and the conditions might 

differ between the different days, this result needs to be verified by further research. 

However, there is a possibility that this is due to limited airflow that causes an 

incomplete combustion, which in turn might due to either the properties of the stove or 

the way the stove is used. More research is needed examine and further analyse this 

result. The ranking exercise does not align with this result. The households’ impression 

is that the three-stove fire, that they have used the most, has the highest level of 

emissions. Secondly, the results do not show any improvement of the indoor air 

condition in the household with chimney which could be expected. A difference 

between kitchen designs has been shown but no significant difference of indoor air 

pollution between the kitchen with chimney and the ones without. In this case other 

parameters such as kitchen area and number of windows seem to have a bigger effect on 

the kitchen environment as well as the cooking technique.  

However, the households do consider the gasifier as the most efficient when comes to 

reducing the emissions. The perception of the households also indicates that the maize 
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cobs contributed more to an unhealthy kitchen environment than the coconut husk and 

Grevillea prunings. The division of grains between these two was almost the same. This 

aligns very well with our measured result of PM levels. 

5.3.1 Carbon monoxide 

The level of CO emissions from the Gasifier with Coconut husks is on average 8 ppm 

and for Grevillea prunings and maize cobs the averages are 19 ppm respectively 21 

ppm. The three-stone fire and the improved stove have significantly higher emissions, 

35 ppm respectively 41 ppm. The differences between fuels might be explained either 

by moisture content, which needs to be determined, or by the shape of the coconut 

husks that might facilitate a better combustion since it doesn’t allow to be packed too 

tightly.  

 The WHO guideline of indoor level of CO is 31 ppm for one hour’s duration. Both the 

improved stove and the three-stone fire exceed this limit and the average time for the 

cooking process with these stoves are close to an hour. It is also important to consider 

that the households in general cook food several times during a day and it is therefore 

likely that the users are exposed to toxic levels of CO while using the three-stone fire 

and improved stove.  

The result of CO emissions is important since the technology of the gasifier is based on 

controlling the inflow of oxygen which puts on risk that the combustion will be 

inefficient and large amount of CO will be emitted. This result shows that for the 

galvanized gasifier, this is not the case. However, the range of results from the different 

tests is wide for the three-stone fire in particular, but also for the improved stove and for 

the gasifier with Grevillea prunings (which is illustrated as error bars in Figure 12). To 

confirm this outcome, further research is needed with a bigger number of experiments. 

5.3.2 Particulate matter 

The average PM2.5 levels are for the gasifier 0.45 mg/m
3
, for the improved stove 4.39 

mg/m
3 

and for the three-stone fire 2.50 mg/m
3
. That there is a significant difference is 

validated with a significant level of 95 %. The concentration of PM2.5 is over five times 

bigger for both the improved stove and three-stone fire. It is hard to compare our result 

with the recommended levels from WHO since PM2.5 causes the biggest health risk over 

a long time of exposure. The emissions from all stoves are certainly higher than the 

recommended limit of 25 μg/ m
3
 for 24 hours. But if measured emissions are spread out 

on 24 hours and multiplied with three cooking occasions a day, the emissions from the 

gasifier are far much closer to the recommended limit than the three-stone fire and the 

improved stove. 
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5.4 Suitability of the biochar-producing stove and potential 
improvements for the households 

To evaluate the gasifier, its time saving potential, energy use efficiency, health impacts 

and ability to meet the needs of the families, several parameters must be taken into 

account.  

The households’ overall perception of the gasifier was very positive, the main 

appreciated benefit of the stove was that it is fast to cook on but the fuel saving aspect 

was also frequently mentioned.  

The fuel and energy efficiency do not only depend on the fuel consumption but also on 

the availability of the feedstock, its energy content and its ability to be used for cooking 

and for other purposes. The presently most common fuel is firewood, which in Kibugu 

is the most accessible alternative. The maize cobs are presently used for cooking (and 

sometimes also as feed to cattle) but is only available during the harvesting season. 

Since the coconut husks are not available in the area of the field study its availability 

and alternative usage or present usage is not investigated. 

For a family that spend on average five hours a week on collecting firewood, using the 

gasifier with grevillea prunings and the produced biochar would weekly save them 2 

hours of work (do to the decreased fuel consumption of 41%) and contribute to an 

alleviation of the heavy burden of rural women. The women themselves also stress the 

point that they would save time of cooking, which is verified by the result of the 

experiments. 

The challenges with an implementation of the gasifier are the usability and the handling 

of the stove. Several households consider the harvesting of biochar risky or 

inconvenient, but two of them consider the harvesting as an issue of getting used to it. 

Suggestions of how the stove can be improved were collected from the household and 

many of the suggestions were related to the harvesting. During the tests, harvesting has 

been done with gloves and stick and for distribution of the stove, equipment for 

harvesting is recommended to be provided. The other concern of the households was the 

preparation of fuel and stove, where coconut was preferable since it rarely inquires a 

reload neither in need to be treated before loading compared with maize cobs that often 

require a reload and Grevillea that needs to be chopped in preferable pieces. This is a 

disadvantage compared with the traditional cooking methods.  

The kitchen stove is not only used as a tool for cooking but is also a source for heating 

people and the house during cold evenings and nights. Considering this usage the 

gasifier got very low grades and the three-stone fire was the stove most suitable for this 

purpose according to the households.      
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6. Conclusions 
The energy use efficiency is significantly better in the biochar-producing stove 

compared to other types of stoves. The biochar-producing stove saves on average 41% 

of the fuel used in a three-stone fire when biochar is reused as fuel and 24% when the 

biochar is not used. The energy use efficiency for the different feedstocks used in the 

gasifier is similar in terms of fuel consumption while in energy consumption coconut 

husks and maize cobs are more energy efficient. For these two, the potential energy 

saving is more than 50 % compared to the three-stone fire. 

Regarding emissions of CO and PM of the stoves used in the study, a statistical 

substantiated difference between the stoves have been proved were the biochar-

producing stove has the lowest mean values of both CO and PM2.5. With a 92 % 

significance level it is shown that there is a difference of CO between maize cob and 

coconut husk when used in the gasifier, with maize cobs having the highest mean value. 

No significant difference on the levels of PM2.5 between the fuels has been 

substantiated. 

The biochar-producing stove saves both fuel and time as well as contributing to lower 

levels of indoor emissions (CO and PM2,5) compared to the established cooking 

techniques examined in this study. This can help to make time available, primary for 

women and children, to spend at economic and educational activities and also contribute 

to a safer indoor climate. The usability of the biochar-producing stove is shown to be 

good even though the handling and harvesting of biochar sometimes cause difficulties. 

In general the households considered the gasifier to be better with the established 

cooking techniques.  

Reducing cooking time is a potential improvement for equality between men and 

women since the time girls and women spend on cooking reduces their possibilities of 

studies and thereby also their opportunities to enter higher education. Therefore an 

implementation of the gasifier may contribute to an alleviation of the women’s burdens. 

Also the possible decrease of fuel consumed related to the use of the gasifier would save 

both time and energy spent on fuel collection for the women and children within the 

household.   
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Type of stove:

Gasifier

Improved stove
3-stone fire

PARAMETERS Units Test 1

Weight of stove alone g Amount (g)

Weight of stove and fuel (W1) g 1

Start Weight of fuel (not gas..) g 2

Start time lighting time 

Start time of cooking (T1) time

Boiling time time

Time to boil (boiling time-T1) min

Finish time (F1 )(charring/cooking) time

Time Taken (F1-T1) min

Weight of stove and biochar g

Weight of biochar(C1) g

Weight of fuel left (not gas..) g

Change Over 1 Amount (g)

Weight of stove and fuel (W2) g 1

Start time (T2) time 2

Time taken to change (F1-T2) min 3

Finish time (F2) (charring) time 4

Time Taken (F2-T2) min 5

Weight of stove and biochar g 6

Weight of biochar(C2) g

Change Over 2
Weight of stove and fuel (W3) g

Start time (T3) time

Time taken of change (T3-F2) min

Finish time (F3) (charring) time

Time Taken (F3-T3) min C˚
Weight of stove and biochar g

Weight of biochar(C3) g

Summary

Total time taken to cook min

Total time to char min

Total fuel used g

Total ash produced (not gas..) g

Total char produced g

%Char produced %

Comments about cookingtest

Dish 1                 Weight of pot (g):

Weight of dish 1 after cooked (g)

Weight of dish 2 + pot (g)

Weight of dish 1 + pot (g)

Dish 1 Start time (cooking)

Dish 1 finish time(cooking)

Total cooking time Dish 1 (min)

Dish 2 Start time 

Dish 2 finish time

Total cooking time Dish 2 (min)

Temperature of flames (time)

Test number:

Weight of dish 2 after cooked (g)

Template for fieldbased cooking test

Name of household:

Data of food cooked

Ingredient

Date:

Data of fieldbased performance test

Name of fuel:

Ingredient

Dish 2                  Weiht of pot (g):

Appendix A 
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Indoor conditions for field based cooking test 

Date of inspection

Name of Houshold:

geografical Yes No

direction Chimney

1 Air gap

2

3

4

5

geografical out door or

direction  inside door

1

2

3

geografical hight from

direction floor (m)

1

2

3

4

Other comments about indoorconditions:

if Yes, how big (m):

Where stove is located in room

Doors width (m) height(m)

Windows width (m) height(m)

Walls width (m) height(m)
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Appendix B 

To determine how well the sample mean from the tests approximates the population 

mean, standard error (of the mean) was calculated in the following way:  

   
 

√ 
  N =sample size 

Where   is the standard deviation determined by: 

  √
∑    ̅  

 
n= size of population, x=sample value  ̅  mean value 
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Appendix C 

Questionnaire for interviews 

Background information: 

Number of people in the household? Of whom kids? 

 

Fuel: 

1. Which fuel and stove do you usually use for cooking? 

2. How do you get fuel?  

3. How much time do you spend at getting fuel? 

4. How much money do you spend on fuel a month? 

5. What potential fuels do you think is available on your farm? 

6. Do you have access to Grevillea prunings? Would you like to use it as fuel? Do you use 

it as fuel today? 

7. How is the availability of maize cobs? Do you use it for something today? 

 

Evaluation of gasifier (compared with other stoves): 

8. What are the pros and cons with this stove?  

9. What do you think about handling the stove? 

10. Do you have any suggestion on how the stove could be improved?  

11. Would you like to have this kind of stove? (With any modifications?)  

12. How much would you be willing to spend on it? 

  

General: 

13. Who takes the decision of buying a new stove in your household? – What is the role of 

husband and wife in the decision making? 

14. Do you use different stoves for different kinds of meal? If yes how? 

15. Do you use different fuels for different kinds of meal? If yes how? 

 

Kitchen design 

16. What is your preferences when comes to the kitchens? How do you want a Kitchen to 

look like?  

17. What makes it a good Kitchen? 

18. What function does the kitchen have? (e.g. protects from rain, and wind, dry firewood, 

warming etc)  
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Model of ranking system for different stoves 

  Area                      Stove 

G
alvin

ised
 

 G
asifier 

Im
p

ro
ved

 

co
o

k sto
ve 

3
- sto

n
e 

Amount of 

points to 

distribute 

Saves fuel 

   

50 

Saves cooking time 

   

50 

Good warming for the house 

   

50 

Less emissions 

   

50 

Easy to handle    50 

Easy preparation of fuel and stove    50 

 

Model of ranking system for different feedstocks 

    Area                        Stove 

Type of fuel for gasifier 
Amount of 

points to 

distribute 

G
revillia 

p
ru

n
in

gs 

M
aize 

co
b

s 

C
o

co
n

u
t 

h
u

sk 

 Saves fuel        50 

Saves cooking time        50 

Good warming for the 

house 

      
50 

Less emissions       50 

Easy to handle    50 

Easy preparation of fuel and 

stove 

   
50 
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Appendix D 

Table of mean values of time to cook (hh:mm) 

Stove/Fuel 
Household 

A 

Household 

B 

Household 

C 

Household 

D 

Household 

E 

Mean 

HH A-E 

Gasifier  

Maize cob 
00:44 00:25 00:51 00:39 00:39 00:39 

Gasifier  

Coconut husk 
00:31 00:28 00:34 00:45 00:26 00:32 

Gasifier 

 Grevillea pruning 
00:36 00:30 00:29 00:31 00:32 00:31 

Improved stove 00:56 00:37 01:13 00:50 00:40 00:51 

Three-stone fire 00:39 00:36 00:36 00:59 00:50 00:44 

 

Analysis of variance of time to cook between stoves 

Using the mean values of net fuel consumption from household A-E, an ANOVA analysis was 

made comparing the three different stoves, irrespective of feedstock. Meaning all 15 tests with 

the gasifier was included. Level of significance was 95% (alpha=0.05) 

H0:  μ1 = μ2 = …=μk  or 

H1: Not all means are equal. 

SUMMARY of data 
    Groups Count Sum Average Variance 

Gasifier 15 0,361111 0,024074 2,76E-05 

Improved 5 0,177778 0,035556 9,97E-05 

3-stone 5 0,152778 0,030556 4,99E-05 

The table shows number of values in each group of comparison, sum of values, mean value 

and standard deviation from each group. 

ANOVA TABLE 
      Source of Variation SS df MS F P-value F crit 

Between Groups 0,000547 2 0,000273 6,104153 0,007784 3,443357 

Within Groups 0,000985 22 4,48E-05 
   

       Total 0,001531 24         
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Since F > F critical value the hypothesis H1 can be accepted and a significant difference 
between the stoves with a significant level of alpha=0.05 can be proved. 
 
Conclusion: A significant difference between the stoves according time to cook is proved.  

 

Analysis of variance of time to cook between fuels 

Level of significance was 95% (alpha=0.05) 

SUMMARY 
   Groups Count Sum Average Variance 

Maize 5 0,1375 0,0275 4,38E-05 

Coconut 5 0,113889 0,022778 2,69E-05 

Grevillea 5 0,109722 0,021944 3,52E-06 

The table shows number of values in each group of comparison, sum of values, mean value 

and standard deviation from each group. 

ANOVA 
      Source of 

Variation SS df MS F P-value F crit 

Between Groups 8,98E-05 2 4,49E-05 1,815345 0,204748 3,885294 

Within Groups 0,000297 12 2,47E-05 
   

       Total 0,000386 14         

Since F < F critical value there is no significant difference between the fuels that has been 
proved.  
 
Conclusion: No significant difference of the time to cook between fuels used in the gasifier can 
be proved. 
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Appendix E 

Table of net fuel consumption per meal (g) 

Stove/Fuel 
Household 

A 

Household 

B 

Household 

C 

Household 

D 

Household 

E 

Mean 

HH A-E 

Gasifier  

Maize cob 
1078 743 1136 839 1149 989 

Gasifier  

Coconut husk 
881 818 937 1050 738 885 

Gasifier 

 Grevillea pruning 
887 919 937 868 980 918 

Improved stove 1340 1340 1320 1020 1280 1260 

Three-stone fire 1514 1290 2040 1440 1540 1565 

 

Analysis of variance of net fuel consumption per meal between stoves 

Using the mean values of net fuel consumption from household A-E, an ANOVA analysis was 

made comparing the three different stoves, irrespective of feedstock. Meaning all 15 tests with 

the gasifier was included. Level of significance was 95% (alpha=0.05) 

SUMMARY 
    Groups Count Sum Average Variance 

Gasifier 15 13960,39 930,6929 16464,04 

Improved stove 5 6300 1260 18600 

3-stone 5 7824 1564,8 80025,2 

The table shows number of values in each group of comparison, sum of values, mean value 

and standard deviation from each group. 

ANOVA 
      Source of Variation SS df MS F P-value F crit 

Between Groups 1624508 2 812253,9 28,59146 7,62E-07 3,443357 

Within Groups 624997,3 22 28408,97 
   

       Total 2249505 24         

Since F > F critical value the hypothesis H1 can be accepted and a significant difference 
between the stoves with a significant level of alpha=0.05 can be proved. 
 
Conclusion: A significant difference between the stoves according net fuel consumption is 
proved.  
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Analysis of variance of net fuel consumption per meal between fuels 

Level of significance was 95% (alpha=0.05) 

SUMMARY 
    Groups Count Sum Average Variance 

Maize 5 4944,749 988,9497 34610,58 

Coconut 5 4424,262 884,8524 14021,07 

Grevillea 5 4591,384 918,2768 1930,767 

The table shows number of values in each group of comparison, sum of values, mean value 

and standard deviation from each group. 

ANOVA 
      Source of Variation SS df MS F P-value F crit 

Between Groups 28246,86 2 14123,43 0,83798 0,456395 3,885294 

Within Groups 202249,7 12 16854,14 
   

       Total 230496,5 14         

Since F < F critical value there is no significant difference between the fuels that has been 
proved.  
 
Conclusion: No significant difference of the net fuel consumption between fuel used in the 
gasifier can be proved. 

 
Table of gross fuel consumption per meal (g) 

Stove/Fuel 
Household 

A 

Household 

B 

Household 

C 

Household 

D 

Household 

E 

Mean 

HH A-E 

Gasifier  

Maize cob 
1342 929 1421 1114 1440 1249 

Gasifier  

Coconut husk 
1175 1048 1260 1386 931 1160 

Gasifier 

 Grevillea pruning 
1085 1151 1147 1075 1226 1137 

Improved stove 1340 1340 1320 1020 1280 1260 

Three-stone fire 1514 1290 2040 1440 1540 1565 
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Analysis of variance of gross fuel consumption per meal between stoves 

Using the mean values of gross fuel consumption from household A-E, an ANOVA analysis was 

made comparing the three different stoves, irrespective of feedstock. Meaning all 15 tests with 

the gasifier was included. Level of significance was 95% (alpha=0.05) 

SUMMARY of data 
    Groups Count Sum Average Variance 

Gasifier 15 17730,33 1182,022 26561,75 

Improved stove 5 6300 1260 18600 

3-stone fire 5 7824 1564,8 80025,2 

The table shows number of values in each group of comparison, sum of values, mean value 

and standard deviation from each group. 

ANOVA TABLE 
      Source of Variation SS df MS F P-value F crit 

Between Groups 550701,6 2 275350,8 7,904479 0,002589 3,443357 

Within Groups 766365,3 22 34834,79 
   

       Total 1317067 24         

Since F > F critical value the hypothesis H1 can be accepted and significant difference between 
the stoves with a significant level of alpha=0.05 can be proved. 
 
Conclusion: A significant difference between the stoves according gross fuel consumption per 
meal is proved.  

 

Analysis of variance of gross fuel consumption per meal between fuels 

SUMMARY of data 
    Groups Count Sum Average Variance 

Maize 5 6246,19 1249,238 48912,73 

Coconut 5 5800,593 1160,119 31563,87 

Grevilla 5 5683,547 1136,709 3675,792 

The table shows number of values in each group of comparison, sum of values, mean value 

and standard deviation from each group. 

ANOVA TABLE 
      Source of Variation SS df MS F P-value F crit 

Between Groups 35254,94 2 17627,47 0,628413 0,550111 3,885294 

Within Groups 336609,5 12 28050,79 
   

       Total 371864,5 14         

Since F < F critical value there is no significant difference between the fuels that has been 
proved.  
 
Conclusion: No significant difference of the gross fuel consumption between fuels used in the 
gasifier can be proved. 
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Appendix F 

Table of mean value of CO in each test 

Stove/Fuel 
Household 

A 

Household 

B 

Household 

C 

Household 

D 

Househol

d E 

Mean HH 

A-E 

Mean HH 

A-D 

Gasifier with 

Grevillea 

robusta 

4,22 11,48  53,15 7,79 18,43 19,01 19,16 

Gasifier with 

Maize cobs 
26,96 27,77 18,57 4,89 25,41 20,72 19,55 

Gasifier with 

Coconut 

husks 

4,46 14,35 15,75 0,76 5,22 8,11 8,83 

Improved 

cookstove 

with Grevillea 

robusta 

72,36 44,48 30,29 17,36 35,65 40,03 41,12 

Three stone 

stove with 

Grevillea 

robusta 

 7,04 44,71  80,06 11,83 31,30 34,99 35,91 

 

Analysis of variance of CO from different stoves 

Using the mean values of CO emissions from household A-E, an ANOVA analysis was made 

comparing the three different stoves, irrespective of feedstock. Meaning all 15 tests with the 

gasifier was included. Level of significance was 95% (alpha=0.05) 

SUMMARY of data 

Groups Count Sum Average Variance 
  Gasifier 15 239,1894 15,94596 183,8917 
  Improved stove 5 200,1398 40,02797 423,299 
  Three-stone fire 5 174,9432 34,98864 864,2977 
  The table shows number of values in each group of comparison, sum of values, mean value 

and standard deviation from each group. 

  ANOVA TABLE   
      Source of Variation SS df MS F P-value F crit 

Between Groups 2853,094 2 1426,547 4,062727 0,031505 3,443357 

Within Groups 7724,87 22 351,1305 
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       Total 10577,96 24         

Since F > F critical value the hypothesis H1 can be accepted and a significant difference 
between the stoves with a significant level of alpha=0.05 can be proved. 
 
Conclusion: There is a significant difference in CO values between the stoves.  
 

Analysis of variance of CO from different fuels 

Level of significance was 95% (alpha=0.05). 

 

SUMMARY 
    Groups Count Sum Average Variance 

Maize cob 5 103,6046 20,72093 91,41288 

Coconut husk 5 40,52991 8,105983 43,26605 

Grevillea pruning 5 95,05488 19,01098 391,867 

The table shows number of values in each group of comparison, sum of values, mean value 

and standard deviation from each group. 

ANOVA 
      Source of Variation SS df MS F P-value F crit 

Between Groups 468,2995 2 234,1497 1,33407 0,299804 3,885294 

Within Groups 2106,184 12 175,5153 
   

       Total 2574,483 14         

Since F < F critical value the hypothesis H1 cannot be accepted and no significant difference 
between the fuels can be proved.  
 
Conclusion: No significant difference of levels of CO can be proved between the different fuels 
used in the gasifier. 
 

Analysis of variance of CO between coconut husk and maize cobs 
 

Level of significance was 95% (alpha=0.05). 

SUMMARY 
    Groups Count Sum Average Variance 

Maize 5 103,6046 20,72093 91,41288 

Coconut 5 40,52991 8,105983 43,26605 

The table shows number of values in each group of comparison, sum of values, mean value 

and standard deviation from each group. 

ANOVA 
      Source of Variation SS df MS F P-value F crit 

Between Groups 397,8422 1 397,8422 5,908009 0,041161 5,317655 

Within Groups 538,7157 8 67,33947 
   

       Total 936,5579 9         
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Since F > F critical value the hypothesis H1 can be accepted and a significant difference 
between maize cob and coconut husk with a significant level of alpha=0.05 can be proved. 
 
Conclusion: There is a significant difference in levels of CO between maize cob and coconut 
husk.  
 

Analysis of variance of CO between coconut husk and Grevillea prunings 
 
Level of significance was 95% (alpha=0.05). 

SUMMARY 
   Groups Count Sum Average Variance 

Coconut  5 40,52991 8,105983 43,26605 

Grevillea 5 95,05488 19,01098 391,867 

The table shows number of values in each group of comparison, sum of values, mean value 

and standard deviation from each group. 

ANOVA 
      Source of Variation SS df MS F P-value F crit 

Between Groups 297,2971 1 297,2971 1,366465 0,27607 5,317655 

Within Groups 1740,532 8 217,5665 
   

       Total 2037,83 9         

Since F < F critical value the hypothesis H1 cannot be accepted and no significant difference 
between coconut husk and Grevillea prunings can be proved.  
 
Conclusion: No significant difference of levels of CO can be proved between the coconut husk 
and Grevillea pruning used in the gasifier. 
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Appendix G 

Table of mean value of PM in each test 

Stove/Fuel 
Household 

A 

Household 

B 

Household 

C 

Household 

D 

Household 

E 

Mean HH 

A-E 

Mean HH 

A-D 

Gasifier with 

Maize cobs 
1,28 0,60 0,33 0,21 1,40 0,76 0,60 

Gasifier with 

Coconut 

husks 

0,20 0,37 0,35 0,11 0,54 0,32 0,26 

Gasifier with 

Grevillea 

robusta 

0,08 0,12 0,46 0,27 0,41 0,27 0,23 

Improved 

cookstove 

with Grevillea 

robusta 

12,32 3,35 1,25 0,55 4,46 4,39 4,37 

Three stone 

stove with 

Grevillea 

robusta 

1,66 2,66 4,90 1,12 2,17 2,50 2,58 

 

Analysis of variance of PM from different stoves 

Using the mean values of PM emissions from household A-E, an ANOVA analysis was made 

comparing the three different stoves, irrespective of feedstock. Meaning all 15 tests with the 

gasifier was included. Level of significance was 95% (alpha=0.05) 

SUMMARY 
    Groups Number of values Sum Mean Variance 

Gasifier 15 6,744234 0,449615608 0,155405 

Improved cookstove 5 21,93046 4,386091386 22,15813 

Three stone stove 5 12,50037 2,500073142 2,12726 

The table shows number of values in each group of comparison, sum of values, mean value 

and standard deviation from each group. 
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ANOVA Calculation with a significant level of alpha=0.05 
   Source of Variance Sum of Squares df Mean Square F p-value F-critical value 

Between groups 62,65771775 2 31,32885887 6,939732 0,004606215 3,443356779 

Within groups 99,3172262 22 4,514419373 
   

       Total 161,974944 24         

Since F > F critical value the hypotesis H1 can be accepted and we can prove a significant 
difference between the stoves with a significant level of alpha=0.05  
 
Conclusion: There is a significant difference in PM values between stoves  
 

Analysis of variance of PM from different fuels 

Level of significance was 92% (alpha=0.08). 

 

SUMMARY 
    Groups Number of values Sum Mean Variance 

Maize combs 5 3,822847 0,764569431 0,299926 

Coconut Husks 5 1,580338 0,316067657 0,027444 

Grevillea 5 1,341049 0,268209737 0,029123 

The table shows number of values in each group of comparison, sum of values, mean value 

and standard deviation from each group. 

 

ANOVA Calculation with a significant level of alpha=0.08 
   Source of Variance Sum of Squares df Mean Square F p-value F-critical value 

Between groups 0,749695278 2 0,374847639 3,154461 0,07927 3,140492274 

Within groups 1,42597169 12 0,118830974 
   

       Total 2,175666969 14         

Since F > F critical value the hypothesis H1 can be accepted and we can prove a significant 

difference between the fuels with a significant level of alpha=0.08  

Conclusion: There is a significant difference in PM values between at least two of the fuels 

used in the gasifier (with a significant level of 0.08). 
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Appendix H 

Table of percentage of mean in each test for CO 

Stove/Fuel 
Household 

A 

Household 

B 

Household 

C 

Household 

D 

Household 

E 

Gasifier with 

Maize cobs 
130,09% 134,02% 89,63% 23,62% 122,64% 

Gasifier with 

Coconut 

husks 

54,97% 177,07% 194,24% 9,33% 64,39% 

Gasifier with 

Grevillea 

robusta 

22,18% 60,36% 279,58% 40,96% 96,93% 

Improved 

cookstove 

with Grevillea 

robusta 

180,78% 111,12% 75,68% 43,37% 89,05% 

Three stone 

stove with 

Grevillea 

robusta 

20,13% 127,78% 228,82% 33,80% 89,47% 
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Table of percentage of mean in each test for PM 

Stove/Fuel 
Household 

A 

Household 

B 

Household 

C 

Household 

D 

Household 

E 

Gasifier with 

Maize cobs 
167,36% 78,97% 42,93% 27,18% 183,57% 

Gasifier with 

Coconut 

husks 

64,80% 118,32% 111,26% 34,73% 170,90% 

Gasifier with 

Grevillea 

robusta 

29,00% 44,19% 171,81% 101,35% 153,65% 

Improved 

cookstove 

with Grevillea 

robusta 

280,97% 76,41% 28,40% 12,62% 101,60% 

Three stone 

stove with 

Grevillea 

robusta 

66,26% 106,51% 195,86% 44,61% 86,76% 
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Table of percentage of mean in each test for CO2 

Stove/Fuel 
Household 

A 

Household 

B 

Household 

C 

Household 

D 

Household 

E 

Gasifier with 

Maize cobs 
98,19% 109,90% 114,91% 54,58% 122,41% 

Gasifier with 

Coconut 

husks 

68,45% 104,65% 138,39% 52,96% 135,56% 

Gasifier with 

Grevillea 

robusta 

67,77% 83,86% 122,38% 54,35% 171,64% 

Improved 

cookstove 

with Grevillea 

robusta 

121,08% 105,89% 113,89% 55,95% 103,19% 

Three stone 

stove with 

Grevillea 

robusta 

57,03% 87,24% 200,44% 59,14% 96,16% 

 

Analysis of variance of percentage of mean from different households and all tests 

SUMMARY 
    Groups Count Sum Average Variance 

HH A 15 14,29049 0,9527 0,504249 

HH B 15 15,26302 1,017535 0,104194 

HH C 15 21,08228 1,405485 0,49353 

HH C 15 6,485141 0,432343 0,050256 

HH E 15 17,87906 1,191938 0,132038 

The table shows number of values in each group of comparison, sum of values, mean value 
and standard deviation from each group. 

ANOVA 
      Source of Variation SS df MS F P-value F crit 

Between Groups 7,890567 4 1,972642 7,680035 3,44E-05 2,502656 

Within Groups 17,97973 70 0,256853 
   

       Total 25,87029 74         

Since F > F critical value the hypothesis H1 can be accepted and a significant difference 

between the households with a significant level of alpha=0.05 can be proved. 
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Conclusion: The Analysis of variance shows that there is a significant difference between the 

households when it comes to deviation from the mean of emissions, at least between two 

households.    

 

 


