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Abstract 
 
Human activities affect the climate. If the utilization of fossil and other hazardous fuel 
methods is eliminated, it would reduce the impact on climate change. By investigating fuel 
usage patterns in three rural areas of Kenya, looking at social, economic and ecological 
factors, a foundation to facilitate future local actions towards sustainable fuel consumption 
can be made. With the help of local surveys performed in Siaya, Kwale and Embu, 
correlations could be found. The data was not extensive enough to generate general 
conclusions but can act as a beginning to a foundation for future sustainable actions. More 
data should be retrieved and investigated regarding methods and local conditions included in 
this project to work as a well-rounded foundation for future local actions regarding fuel 
methods and practices.  
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Sammanfattning 
 
Klimathot och miljöpåverkan är till stor del konsekvenser av mänskliga aktiviteter och vanor. 
Fossila bränslen genererar utsläpp och bidrar till ökade globala temperaturer, vilket kan 
innebära förödande effekter. Klimatförändringar innebär att balansen i ekosystem hotas, arter 
utrotas och händelsekedjor utan kända slut sätts i rullning. Genom att använda alternativ till 
fossila bränslen kan påverkan på klimatet från bränslen minskas. Ökad användning av 
förnyelsebara bränslen och hållbara alternativ är en stor del av ett framtida hållbart samhälle. I 
delar av mindre utvecklade länder är användningen av träbaserade bränslen högt. Att införa 
hållbara, billiga och tillgängliga alternativ i dessa områden kan göra skillnad. 
 
Rapporten strävar efter att undersöka sociala, ekonomiska och ekologiska korrelationer 
relaterade till bränslekonsumtion, i tre olika områden i Kenyas landsbygd. Egenskaper i lokala 
material, sociala förutsättningar och tillgängliga bränslealternativ diskuteras. Eventuella 
mönster och förutsättningar kan vara till stor nytta när nya aktioner mot ett hållbart samhälle 
ska utföras.  
 
Genom att använda data bestående av lokalt besvarade enkäter i de tre områdena Siaya, 
Kwale och Embu, kunde samband hittas. Data var inte omfattande nog för att dra definitiva 
slutsatser men arbetet kan verka som början på en grund av kunskap, att använda vid 
kommande beslut för framtida bränslenyttjande i Kenya och dess landsbygd. Korrelationer 
mellan utbildningsnivå på ansvarig för hushållet och huvudsaklig arbetssyssla visar att 
lokalbor med lägre eller ingen utbildning huvudsakligen arbetar med jordbruk. En utförd 
variansanalys visar att det är en signifikant skillnad i markstorlek mellan de undersökta 
områdena. Kol och andra träbaserade bränslen används till hög grad och det är ofta äldre 
kvinnor som står för insamlandet av ved. Värdet av tid värderas inte lika högt som pengar. 
 
Nästan alla hushåll i studien var villiga att prova alternativa bränslen, med hälsoskäl som 
största anledning. Inget utav hushållen svarade att miljöpåverkningar var den största 
anledningen. Detta skulle kunna förklaras med att fokus ligger på direkta problem som 
påverkar vardagen och att det kan vara svårt att se bortom dessa. Lösningar fokuserade på 
hälsoproblem och andra faktorer kan ha positiv inverkan även på miljön. 
 
Då data från enkäterna inte inkluderar kvantiteter eller priser går det inte att dra definitiva 
slutsatser gällande de tre områden som undersöks. Studien visar att platserna har liknande 
situationer med små skillnader och potentiella åtgärder för nya bränslevanor skulle kunna vara 
lönsamma i alla tre områden, där det finns material lokalt som kan verka som substitut för 
bränslen som inte är bra för miljön. Etanol eller biogas kan verka som bra alternativ till kol 
och andra träbaserade bränslen. Fler alternativ bör undersökas och mer data gällande bland 
annat kvantitet och priser bör insamlas för att kunna dra bra slutsatser som kan ligga grund för 
hållbara beslut gällande Kenyas bränslekonsumtion. 
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1.!Introduction 
 
Human activities affect environmental surroundings, contributing to climate change. Human 
behavior has affected the planet, forcing it to enter a new geological epoch called the 
Anthropocene. The consequences of a switch in epoch are not fully known. One main 
contributor to this shift of change is the combustion of different fossil fuels, generating a 
higher concentration of carbon dioxide in the atmosphere. This causes a rise of temperature 
with large-scale ecological consequences (Rockström and Klum, 2012). Because of the global 
climate complexity, there are many uncertainties regarding the extent of these consequences 
following a higher temperature. It is certain that a rise in temperature by two degrees Celsius 
(compared to pre-industrial levels) will entail disastrous effects (Rockström and Klum, 2012).  
 
The usage of wood as main fuel source is highly concentrated to less developed countries. 
The continuation of this type of fuel in these areas can be connected to social and economic 
factors. Gender, economic wealth, farm size, pollution, clearing of forests can all be 
associated with the use of wood as fuel (Bailis, 2004). Approximately three billion people 
utilize fuel methods related to charcoal, wood, corn stovers, other biomass and manure 
(World Health Foundation, 2018).  
 
Firewood and charcoal are the most common types of fuel in Sub-Saharan Africa, with 80 % 
of the population using it frequently (van der Kroon et al., 2014). Six out of ten people (609 
million) in Sub-Saharan Africa lack any electricity access (World Bank, 2017), which can 
partly explain the extensive use of wood based fuels. The fuel is mainly used for cooking 
purposes in this area. A lack of new technology regarding cooking techniques in this area, 
results in a continuation of using older, traditional cooking methods. These methods involve 
both indoor and outdoor cooking and stoves relying on wood fuel. The combustion of wood 
based fuel generates smoke that can contribute to health issues, especially when using these 
methods while cooking indoors. Research presented by the World Health Organization (2018) 
shows that 4.3 million people die prematurely every year due to illnesses that can be related to 
household air pollution. An increase in electricity access and other solutions connected to the 
improvement of local infrastructure could help reduce health issues related to wood based 
fuels.  
 
There are multiple alternatives to fossil fuels, all in different levels of development. The fossil 
fuel system in general is a well-established infrastructural system, which can sometimes 
aggravate the development of new fuel methods. The fuel methods used when cooking in 
developing countries however are not a part of a well-established sustainable system. The 
increase of renewable fuels and more sustainable options can play a part towards!working for 
a future sustainable existence and cooking practices. According to the IVL Swedish 
Environmental Research Institute (2010), a higher demand for agriculture and agroforestry 
fuel products initiates further development and change. The energy system is a vital part of 
the development of a country. It facilitates and creates a momentum for social and economic 
development (Oludhe, 2013).  
 
The global goal of sustainable energy use and a decrease in environmental impacts due to 
human activities could be achieved if the energy demand remains within low limits. 
Economic growth tends to go hand in hand with a higher energy consumption and demand. 
Therefore, in developing countries emerging from poverty, there may be an increase in energy 
demand. If the demand increases for sustainable options and companies begin to settle to start 
local sustainable fuel systems, economic growth will surely follow. This entails multiple 
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opportunities for sustainable solutions if all aspects are included in the action process. Effects 
on surrounding environment, global climate, public health, education, proper maintenance of 
production, gender equality and poverty status are some of the aspects in need of 
consideration (World Bank, 2017). By utilizing research and new methods, adapting a greener 
way of industrialization and urbanization, the effects on surrounding climate can be reduced. 
According to Pueyo (2018), policymakers in Sub-Saharan Africa should focus on technical 
solutions at a low cost. They operate with relatively low budgets and the electricity access 
level needs to increase. One way to push change is to attract investors by the implementation 
of beneficial policies. This can be difficult in an energy sector that is not already well-
established. The prices on renewable energy is closing in on fossil fuels and should be 
encouraged (Pueyo, 2018).  
 
To create future actions towards a more sustainable environment, locally personalized 
solutions suited for locations under examination can be an alternative. This may help facilitate 
effective actions, based on local conditions, education, accessible materials and demand. All 
factors and variables constitutes a local socio-ecological system where each change in a 
component may affect other components in the ecosystem as well. This project strives to 
investigate this further in three local areas in Kenya, searching for correlations between 
social, economic and ecological variables, which can provide information as to which fuel 
solutions that are best suited for their specific situation. Key factors in this project is 
educational level, farm size and usage of different fuel methods. All factors in a large system 
may have extensive effects on the rest of a system if changed. These key factors have been 
chosen for this subject aiming to capture important social, ecological and economic 
connections. This may affect the way future actions are taken to reach a state of sustainable 
living for all. 
 
 

1.1 Aim and Objectives 
 
The aim of the project is to investigate fuel usage patterns found in three rural locations in 
Kenya. Local raw material for future fuel consumption will be analyzed, including ecological 
and socio-economic factors. The project strives to provide a foundation of local patterns to 
facilitate future actions towards sustainable fuel consumption. To achieve the aim, the report 
will: 
 

-! Investigate possible fuel options based on local raw material access and production 
processes. 

-! Identify local fuel usage patterns and conditions, based on social, economic and 
ecological factors. 

-! Compare data and results from the three areas investigated, including seasonal 
differences in two of the three areas. 
 
 

1.2 Delimitations 
 
Literature used is limited to Kenya or general information, except for two case studies 
presented in chapter 2 illustrating correlations in similar projects. This report will only focus 
on the fuel methods that are based on data from the surveys executed in the case study; wood, 
charcoal and agricultural residues. The case study is limited to the surveys executed in Siaya, 
Kwale and Embu between August 2016 – February 2017. Results and suggestions are only 
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intended for the three locations examined in the study, Kwale, Siaya and Embu in Kenya. 
 
 
1.3 Methodology 
 
The report methodology includes an extensive literature review to provide updated and 
relevant information regarding the study project. The search engine primarily used was 
Science direct. Scholar and KTH primo operated as secondary search engines for additional 
support, covering a wider base of scientific articles. Main keywords applied in multiple 
combinations to mentioned search engines for retrieval of data consisted of “fuel”, 
“renewable energy sources”, “potential”, “Kenya”, “developing countries” and “sustainable 
development”. In sub-chapter 3.1 of the report, additional keywords were used to retrieve 
relevant information regarding specific fuel methods and their processes. These keywords 
were “banana leaves”, “mango stones”, “dried manure”, “corn stovers”, “charcoal”, 
“biogas” and “ethanol”.   
 
The case study presented in the report was based on data collected by two master students 
enrolled in Nairobi University during the time of the study. The data for the study was 
probably collected between August 2016 – February 2017 (one file of data does not have any 
dates but was probably obtained around the same time as the other files). The case study 
consisted of an extensive questionnaire that was filled out by stated students while 
interviewing survey participants. The study took place in three different areas, Kwale, Siaya 
and Embu, all located in Kenya. At each location, 50 households participated and answered 
the survey. In Kwale and Siaya, the master students returned to each household for a second 
response to each question during another weather season. In Embu, there are no dates given. 
The structure of the questionnaire was slightly altered between locations, adding new 
questions and removing old ones. Every answered survey resulted in 303 different variables, 
from which variables deemed relevant for this subject was extracted. A default questionnaire 
was the only one provided for this project, which is referred to in Appendix 1. 
 
The programme SPSS was used for processing the data given by the case study. Each 
household generated 303 variables. The variables were stripped down to approximately 60 
variables deemed valuable to the project aim. With the SPSS programme, the variables were 
put in relation to each other, then analyzed to detect possible correlations. Potential 
correlations were created in the graph MAKER of the SPSS programme and included 
throughout the result of this project, to illustrate and form an understanding of the connections 
found. To compare the three examined areas and their variables, the ANOVA-tool within the 
SPSS programme was used to perform an analysis of variance. With the variables received 
from the local surveys, the ANOVA-tool generated significant results, with 95% certainty, , if 
the significance is 0.05 or lower. There were seven variables used in the analysis; educational 
level of head of household, total farm size, money spent on wood if purchased (per month), 
money spent on charcoal if purchased (per month), use of wood as fuel, use of charcoal as 
fuel and use of other organic sources as fuel. 
 
 

2. Theoretical background – system elements 
 
Connections between elements, synergies, are often constant. One action has contagion 
effects. For example, the production cycle of charcoal does lead to regional deforestation 
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(Ellegard and Nordstrom, 2003). Deforestation has effects on climate, species, material 
accessibility, recreational values, ecosystem services  and existing ecosystems, disrupting 
balance and harmony. These effects cause a ripple effect with uncertain consequences. Energy 
use is important for the development of a country and it does have a significant effect on 
social, ecological  and economic aspects (Ohlude, 2013). 
 
To facilitate decision processes, all aspects of a situation could be defined and accounted for, 
reducing the risk of mistakes and negative consequences. To do this, a system depicting the 
decision situation is often formed. According to Churchman (1968) a system can be described 
with five elements. These are the resources of a system, surrounding climate, organization, 
aim and components forming the system. Similarly, the interpretation of a system according 
to Meadows (2008) contains components in synergy, in combination with an aim or function.  
A framework was created by Sexton et al. (1999), to facilitate decision processes. The 
framework strives to include all affecting aspects of a decision, from deciding the extent of a 
decision, to responsible actors and decision urgency. If all interpretations of what a system 
consists of are combined and applied to the project, if all components are included; material 
flows, intercommunication between components, purposes, system boundaries and other 
characteristics, it could help in local future decision-making processes. 
 
To create a system that can work as a foundation in a decision process, it is important to 
include all aspects. Bailis (2004) emphasizes that it is the combination of social, technical, 
environmental and economic aspects that result in problems related to fuel consumption. A 
study executed in Kenya, presented by van der Kroon and others (2014), highlight health 
issues associated with household cooking using open fires. Eye irritation and coughing 
generated by indoor air pollution was registered. Health-related issues was mainly registered 
by women in the study. Women showed less awareness of potential impacts generated by 
indoor air pollution compared to men in the study (van der Kroon et al., 2014). The study 
shows a connection between social, technical and environmental aspects of the specific 
cooking situation. It helps to illustrate that using one technique may have effects on social 
aspects like health and well-being. This can support the creation of a system with multiple 
components and aspects over a situation. 
 
In a study presented by Baquié and Urpelainen (2017) regarding modern fuels and cooking 
arrangements in rural India, the difference in access to fuel-wood affect the perception of the 
fuel value. The study shows that households that require more firewood than they can collect 
on their own, are less satisfied with firewood as a fuel. Purchasing firewood results in higher 
costs and time-consumption when travelling regularly to markets. The decrease in subjective 
satisfaction having to purchase firewood is often not the price of the firewood itself, the 
distance to the nearest market is presented as a prevalent problem. Households able to collect 
the firewood necessary to cover regular household needs, consider firewood a favorable, free 
choice of fuel (Baquié and Urpelainen, 2017). The results of the study show that the value of 
a fuel might differ depending on the individual and their own prerequisites in relation the fuel. 
This could help explain fluctuations within examined areas in this project. 
 

3. Results 
 
The result consists of two sub-chapters. The first part presents fuel methods and processes 
linked to the survey data. Wood, charcoal, biogas and ethanol usage and production is 
presented. The second part focuses on the case study performed in three different rural areas 
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in Kenya, for two different seasons. Figures deriving from survey data illustrate correlations 
between areas, social patterns and conditions.  
 
 
3.1 Fuel methods and processes 
 
This sub-chapter describes different types of fuels included in the study, presenting processes, 
characteristics and current situation in Africa. 
 
 

3.1.1 Charcoal 
 
Charcoal is a wood product formed when burning wood with limiting air flow, prohibiting 
full combustion of the material. The result is a lighter and more efficient fuel, often used in 
urban areas of less developed countries where it is considered a practical and affordable fuel. 
The lesser weight and different shape facilitates transport and storage. The consumption of 
charcoal emits less hazardous pollutants than wood (Bailis, 2004). Charcoal is often a less 
expensive choice of fuel, accessible and easily maneuvered for everyday needs (Ellegard and 
Nordstrom, 2003). 
 
The use of charcoal as main fuel in households requires a well-established charcoal industry. 
The production of charcoal is well-developed in Africa (Bailis, 2004), it provides jobs, 
infrastructure and energy reassurance. The production cycle of charcoal does lead to regional 
deforestation (Ellegard and Nordstrom, 2003).  
 
 

3.1.2 Wood 
 
Wood as an energy source is primarily used in less developed countries. It is the main fuel 
method for household needs in rural and poor areas (Arnold et al., 2006). Firewood is often 
gathered locally, primarily consisting of fallen branches and dead wood. Collecting the 
material requires manual labor and often takes a lot of time. Collecting conditions can be 
harmful for those who collect the wood. The extent of firewood as fuel in less developed 
countries contribute to deforestation, in many areas the situation is critical. Emission of 
greenhouse gases associated with consumption of wood as fuel is an environmental issue as 
well (Bailis, 2004). 
 
Women and children in less developed countries spend a lot of time collecting different types 
of firewood. The time-consumption in many cases prohibits the person collecting the 
firewood from financial earning and educational opportunities. Simultaneously, clearing 
forests, extraction of timber, transport, markets and distribution contribute to job 
opportunities. This generates fuel for people not able to access and collect fuel-wood on their 
own (Bailis, 2004). 
 
Using wood as fuel for indoor cooking causes indoor air pollution, which can contribute to 
health issues. Correlations between multiple health problems and wood-fuel consumption can 
be found (Baquié and Urpelainen, 2017). It is not the solely contributor to problems stated, 
other factors affect the social well-being of a household as well (Bailis, 2004). Baquié and 
Urpelainen (2017) state that pollution generated by indoor fuel methods cause 3.8 million 
premature deaths annually.  
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3.1.3 Biogas – dried manure 
 
Manure produced by feedstock can generate biogas, a renewable energy source. It facilitates 
utilization of manure properties in combination with manure disposal. The type of feedstock 
generating manure affect the biogas composition and production (Bond and Templeton, 
2011). Production of biogas using dried manure requires a digester, access to water and 
management of the production process. By-products as a result of production can be used as 
fertilizers, facilitating the agriculture industry (Puzzolo et al., 2016). 
 
Knowledge is a necessity when practicing biogas production with manure. The cost for 
maintenance of production and initial installation is high. With significant funding, biogas 
programs have been proven profitable worldwide (Puzzolo et al., 2016). The use of biogas in 
Kenya has promoted for over 30 years and there is a lot of potential in increasing production 
(Ohlude, 2013). Bond and Templeton (2011) point out that up to 50% of biogas production in 
many countries are not operating efficiently, due to lack of proper maintenance. 
 
 

3.1.4 Ethanol and bio-oil- corn stovers, mango stones and banana leaves 
 
Crop residues in the form of corn stovers can be used for the production of ethanol (Nzila et 
al., 2010). Ethanol can be classified as a renewable energy source, where the ethanol is 
produced with biomass through a bio-fermentation process. There are two general types of 
ethanol processes, first and second generation technologies. The first generation technologies 
use biomass with starch, such as corn. The second generation technologies utilize biomass 
from agricultural waste, consisting of cellulose (Chen et al., 2018). 
 
Banana leaves are suited for the second generation technologies of producing ethanol 
(Guerrero et al., 2018). Mango stones can be used for energy purposes as well, producing bio-
oil. Mango stones are often being discarded. The seeds have been used as feed for livestock 
but production is often higher than what is later used (Lazzari et al., 2016). 
 
 

3.2 Case study 
 
This sub-chapter depicts the results generated from the case study performed by the two 
master students enrolled in Nairobi University during the time of the study. Figure 1 below 
illustrates the examined areas Embu, Siaya and Kwale in relation to each other. 
 

 
Figure 1. Illustration over examined areas in Kenya. 
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3.2.1. Local system configurations 
 
Based on the information in Chapter 2, defining and utilizing the aspects of a local system can 
help with understanding local situations and facilitate future decision processes regarding the 
components within the system. A general system for the three locations in the case study has 
therefore been created, (Figure 2). The figure illustrates a conceptual model of an area, 
including subsystems and components with their connections to each other, to help get an 
overview over a situation and potential effects any changes within the system might result in. 
Blue arrows describe the flows between components in the system, while the green ones help 
to illustrate connections between them. The figure shows that there are many connections in a 
system, crossing over different categories and types of components. Many components have 
multiple connections which help to understand that change within one component may have 
multiple effects on other parts of the system. This system has been divided into subsystems, 
showing that a subsystem still has connections to the whole system, while containing 
connections within itself. This also helps to understand that this system has further 
connections outside of what is illustrated in figure 2, but system boundaries must be drawn at 
some point to start an analysis. A system can have subsystems on different levels and go into 
more detail than depicted here in figure 2. Variables received from the survey can help further 
develop the subsystem “Household” and “Farm”, with information regarding relationships, 
power, gender equality and economic assets. These are all discussed later in the project and 
fall in under the subsystems in the mentioned figure.  
 

Figure 2. Conceptual map over a large local system, containing subsystems and connections between components. Arrows 
describing the flows between components (blue) and connections between them (green). 
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3.2.2 Variable connections 
 
Out of the head of households that were questioned in Siaya, a large majority (84%) have 
farming as their main occupation, while 16% have another main occupation besides farming 
(figure 3). The result from the survey performed in Siaya 2016 show that there is no clear link 
between head of household main occupation and educational level, except for that households 
where the one in charge has no education, farming is the main occupation (see figure 3). The 
larger farms all belong to households where the head of the household has farming as their 
main occupation. Farmers with no education have a wide range of farmland sizes while 
households with secondary education and farming as main occupation, tend to have smaller 
lands.  
 
 

 
Figure 3. Correlations between main occupation of head of the household, educational level of head 

of household and farm size, Siaya 2016. 

With the same variables, figure 4 below shows the result from the survey performed in Kwale 
2016. In total, 48% of the head of households interviewed in Kwale have farming as their 
main occupation. The remaining 52% have another primary occupation. There is a wide range 
of results where no educational background of head of the household is linked to farming as 
main occupation. Other main occupations can be found on all educational levels. Multiple 
households show large farm sizes with the head of the household not having farming as main 
occupation.  
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Figure 4. Correlations between main occupation of head of the household, educational level of head 

of household and farm size, Kwale 2016. 

 
Out of the head of households questioned in Embu, 86% are mainly farmers, while the 
remaining 14% have another main occupation which can be found in figure 5. The figure 
shows that in households where the head of the household has a main occupation that is not 
farming, have smaller farm sizes. The same households have a general higher level of 
education. Households where the head of the household has none or a primary educational 
level, all have farming as main occupation apart from one household.  
 

 
Figure 5. Correlations between main occupation of head of head of household, educational level of 

head of the household and farm size, Embu. 
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Based on the educational level of the head of the household and the main occupation of that 
person, a connection between all three areas can be made. In all households where the head of 
the household has no education, the main occupation of that person is farming, except for one 
where the main occupation is business (refer to figure, 3, 4 and 5 respectively). It can be 
argued that these people have learnt their trade by the passing of traditions, learning by 
helping others with their farming and watching others who have the knowledge required. 
Farming can be seen as a trade where traditions play an important role. If farmland is passed 
on in the family, so is the knowledge of how to manage it properly. In general, farming as the 
main occupation of the head of the household is dominant in all three locations. Other main 
occupations are widely spread among the locations examined. Farm sizes varies without no 
clear relation to education or main occupation. The largest farm sizes can be found in Siaya 
(figure 3) while the largest farm sizes in Embu are significantly smaller than in the other two 
regions (figure 5). Meanwhile, Embu has the largest percent of head of households 
participating in the survey that have farming as their main occupation. This might be an 
indicator that the soil in Embu is more fertile and less land is required to achieve a good 
harvest, resulting in many farmers that do not need a lot of land to get by. In Kwale, where the 
least amount of head of households participating in the survey are farmers there is the widest 
spread of other main occupations (figure 4), which is understandable. This might indicate that 
the soil in the area is not as fertile, that the local society and system have many other 
possibilities, that there are more opportunities and options, with access to higher education as 
well.  
 
 
3.2.3 Charcoal - usage patterns 
 
The data collected from all location surveys show a difference in charcoal usage patterns. 
When looking at charcoal usage patterns in all three areas (figure 6), more households in 
Siaya operate with charcoal than in Kwale and Embu. Almost all households in Siaya use 
charcoal, while in Kwale and Embu, slightly more than half of the households do so. That 
may be a result from local conditions, accessibility and local charcoal prices may have a high 
impact. 
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Figure 6. Number of households using charcoal as fuel in examined areas. 

The amount of money spent monthly on charcoal in Siaya in relation to educationel level of 
head of household is illustrated in figure 7 below. The variable of educational level of head of 
household is used to try and find correlations between education and choice of fuel used in a 
home. It shows that the households participating in the survey have a wide spread of charcoal 
expenses, regardless of educational level of head of household. Only two households spend 
more than 1500 KES per month on charcoal for fuel. The data does not provide quantatity 
purchased or local charcoal prices. 
 

 
Figure 7. Correlations between amount spent on charcoal, educational level of head of household and 

charcoal use as fuel, Siaya 2016. 
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The data received from Kwale in 2016 show similar results (figure 8). There are more 
households not purchasing charcoal at all for fuel purposes. The households who purchase 
charcoal for fuel have different monthly expenses. Most of the households who buy charcoal 
spend between 501-1500 KES per month.  
 
 

 
Figure 8. Correlations between amount spent on charcoal, educational level of head of household and 

charcoal use as fuel, Kwale 2016. 

The purchase of charcoal for fuel purposes in Embu are demonstrated in figure 9 below. The 
amount spent on charcoal varies and the majority spend from 0-1500 KES per month on 
charcoal. The data does not provide quantatity purchased or local charcoal prices. 
 
 

 
Figure 9. Correlations between amount spent on charcoal, educational level of head of household and 

charcoal use as fuel, Embu. 
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When looking at figure 7 which shows the amount spent on charcoal per month in Siaya, a 
substantial amount of the households using charcoal do not purchase it. This is an indicator 
that there is easier access to free charcoal in this area, which can explain the higher usage of 
charcoal as fuel. In figure 8 and 9, the same variables are illustrated in Kwale and Embu. 
These show that only a few households who use charcoal as fuel do not have to purchase it. 
Amount spent on charcoal per month varies in all three areas. No quantities purchased is 
specified and the differences in price is not included. By looking at figure 7, 8 and 9 
respectively, there is no clear connection between educational level of head of household, the 
usage of charcoal as fuel and money spent on charcoal per month, except for the obvious fact 
that multiple houses, primarily in Kwale and Embu, that do not use charcoal as fuel do not 
purchase charcoal either. 
 
 
3.2.4 Wood as fuel - usage patterns 
 
In figure 10 below, the usage of wood as fuel in examined households is illustrated. All 
households in Siaya use wood as a fuel. In Kwale, one household does not use firewood in 
September of 2016. In Kwale in February of 2017, there is a decrease in wood fuel practices 
and five households do not use firewood. In Embu, all households are engaged in firewood 
consumption. 
 

 
Figure 10. Number of households using wood as fuel in examined areas. 

 
In figure 11 below, main source of firewood and educational level of head of household is put 
in relation to time spent on collecting firewood every month in Siaya in August of 2016. 
These two variables are put against each other to try to find connections between education 
level and the regarded value of time, if with higher education, time is prioritized elsewhere or 
not. The data shows that out of the 50 households examined, 38 of them spend 60 hours or 
more a month on collecting firewood. Out of the 38 households spending over 60 hours per 
month collecting firewood, 19 households spend between 120 and 300 hours per month 
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collecting firewood, which is extremely high. Most of the households in Siaya collect 
firewood from trees on their farm or the forest. Only one household questioned in Siaya 
purchases firewood. That household spend less than 10 hours per month on collecting 
firewood. The data does not provide amount of firewood collected or local firewood prices. 
 

 
Figure 11. Correlations between main sources of firewood, educational level of the head household 

and time spent collecting firewood in Siaya, August 2016. 

 
Survey data from Kwale in September of 2016 presented in figure 12 below show that time 
spent collecting firewood varies between 1-32 hours per month. Most of the firewood is 
collected from trees on the farm of the household. Only households where the head of the 
household has none or a primary educational level, purchase firewood. The households who 
purchase firewood tend to spend less time collecting firewood than those who collect it 
themselves. The data does not provide amount of firewood collected or local firewood prices. 
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Figure 12. Correlations between main sources of firewood, educational level of the head household 

and time spent collecting firewood in Kwale, 2016. 

 
In Embu, the households answering the survey mostly collect firewood from trees on the 
personal farm, as shown in figure 13. The households participating in the survey spend 
between 0-36 hours per month on collecting firewood. The households who purchase 
firewood tend to spend little time collecting it per month. There is an exception of two 
households, one of which spend ten hours per month purchasing and collecting firewood. 
Only one household collect firewood from surrounding forests. The data does not provide 
amount of firewood collected or local firewood prices. 
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Figure 13. Correlations between main sources of firewood, educational level of the head household 

and time spent collecting firewood in Embu. 

Most of the firewood is collected by trees on the farm in all three areas (figure 11, 12 and 13). 
Compared to charcoal (figure 7, 8 and 9), there are very few households that purchase 
firewood. The households in general might have a higher access to wood and choose to 
collect it by themselves. The high result of time spent in Siaya (figure 11) is almost ten times 
higher than in the other two areas. This raises a cause for concern, it might be that they choose 
to prioritize wood collecting, but a possible answer is that there is an error in the data received 
from the survey and that if the result is divided by ten, the result in Siaya is in line with the 
results in Kwale and Embu. 
 
When examining the person responsible for collecting firewood, the households in all three 
areas show an overrepresentation of adult females collecting firewood (figure 14). In 
households where adult males or young men collect the firewood, the data shows that one or 
no females at all are involved in the household activities. Very few households choose to hire 
help for collection of firewood, only one household in Siaya and three households in Kwale 
and Embu respectively. These households facilitate in creating job opportunities. These low 
numbers could be a consequence of easy access to the material.  
 
An exception among the households examined can be found in Embu. One household with 
five people engaged in household activities, shows that male adults are responsible for 
collecting firewood, even though two of the people engaged in household activities are 
women. The majority of all households examined in all three areas show, if females are 
engaged in household activities, they tend to be the ones collecting firewood. 
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Figure 14. The share of which type of family member that is responsible for collecting firewood in the 

examined areas. 
 
There are possible uncertainties in the survey data presented in figure 14. In the Kwale area, 
two households who state that no person in the household is engaged in household activities 
still show that one female adult collects firewood. Another household in Kwale show similar 
results where they state that there is one male person engaged in household activities, yet 
young girls are responsible for collection of firewood. In survey data received from Embu, in 
households where there is no one engaged in household activities, there are still female adults 
responsible for the collection of firewood. This might be results from households interpreting 
the questions differently and regarding the collection of firewood as something that is not 
connected to household chores.  
 
 
3.2.5 Willingness to explore alternative fuel sources 
 
Out of the 50 households filling out the survey in Siaya in August of 2016, one household was 
not willing to try alternative energy sources. No reason was given which could have been 
revealing about what factors that prohibits that one household from taking new actions 
towards different fuels. Figure 15 illustrates the main reasons for the remaining 49 households 
to try alternative fuels. The majority stated that the reduction of smoke was a main 
contributor, connected to potential health issues. No household stated the preservation of 
environment as a main reason for changing to alternative fuels. 
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Figure 15. Reasons why households in Siaya, in August 2016, are willing to try alternative energy 

sources. 

 
All households in Kwale answering the survey in September 2016 were willing to try 
alternative energy sources. Figure 16 shows that the reason of saving time was the most 
popular reason for changing fuels, with reduction of smoke a close second. Compared to the 
results from the Siaya households (figure 15) time seems to be higher valued. The survey 
question for Kwale has two new reasons stated for changing fuels compared to Siaya, easier 
to cook and that an alternative fuel has more advantages than the current one. The second 
reason was stated by 4% of the households. No household stated the preservation of 
environment or easier to cook as a main reason for changing to alternative fuels. 
 

 
Figure 16. Reasons why households in Kwale, in September 2016, are willing to try alternative energy 

sources. 
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Data from the survey executed in Embu showed that all households were willing to try 
alternative fuel sources. 44% of the households stated that the main reason was the potential 
reduction of smoke generated by the household everyday routines, like the results in Siaya 
(figure 15). In figure 17, other main reasons stated by remaining households are presented, 
mentioning time, costs and firewood saved as reasons. No household stated the preservation 
of environment as a main reason for changing to alternative fuels. 
 

 
Figure 17. Reasons why households in Embu are willing to try alternative energy sources. 

 
 
3.2.6 Accessible raw material  
 
Out of the 50 households questioned in Siaya, 33 of them have access to dried manure (figure 
18). In the Kwale area, 37 households have access to dried manure in September of 2016 and 
36 households in February of 2017. Embu has the highest ratio of dried manure accessibility 
where 47 out of 50 households have dried manure. Households spread out in the study utilize 
some of the manure generated from feedstock. Main area of usage is as fertilizer for crops and 
farmland. The access to dried manure does not seem to be sensitive to seasonal changes based 
on the results given by participants in Siaya and Kwale. 
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Figure 18. Number of households with access to dried manure in examined areas. 

 
 
In figure 19 below, all examined households access to corn stovers is illustrated. Every 
household in Siaya have corn stovers. In Kwale, most households have access, apart from 
three households in September 2016 and four households in February of 2017. Among the 
households in Embu, all households have access to corn stovers except from one. Corn 
stovers do not seem to be sensitive to changes in season, results are almost identical in areas 
where two seasons have been examined. 
 

 
Figure 19. Number of households with access to corn stovers in examined areas. 
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The accessibility to mango stones varies among the three areas, which is shown in figure 20 
below. In Siaya, 36 households have mango stones in August of 2016 and in February of 2017 
there is a decrease of one household. The location of Kwale show the highest number of 
households with access to mango stones. Up to 46 households have access to mango stones in 
September of 2016 and in February of the following year, 41 households have access. 
Fluctuations of access to mango stones over different seasons does not seem to be a problem 
based on the similar results retrieved from Siaya and Kwale in two different seasons. The data 
in Embu shows that only 8 households out of 50 have access to mango stones. This may be a 
result of local geological factors and climate. The local ecological conditions may not be the 
ideal setting for the mango tree to grow and prosper. 
 
 

 
Figure 20. Number of households in possession of mango stones in examined areas. 

 
Households with access to banana leaves are demonstrated in figure 21. In Siaya, 45 
households have regular access to banana leaves. In Kwale, there is a distinct difference in 
access between the two periods examined. In September of 2016, 40 households have access 
to banana leaves while ten households do not. In February of 2017 there is a shift in access. 
Only 24 households have access to banana leaves, while 25 households have stated that they 
do not. Local climate may vary with the seasons and the banana plant might be affected by 
this. Data received from participants in Embu show that 49 households have access to banana 
leaves, only one household does not. 
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Figure 21. Number of households in possession of banana leaves in examined areas. 

 
 
3.2.7 Comparison of areas examined  
 
A general comparison of the three examined areas and their results from the survey is 
presented with an analysis of variance performed in SPSS, using the ANOVA-tool. Relevant 
factors in all three location data files were selected and used in the programme. The method 
generates average values for each factor selected in the three areas investigated. The analysis 
shows a significant result (with 95% certainty) if the significance is 0.05 or lower.  
 
Interesting factors with means and significance are shown in table 1 below. With the 
significance for educational level of head of household being 0.048, we can determine with 
95% certainty a significant result between the examined areas. This might refer to different 
local education opportunities and conditions. The significance value of 0.038 regarding total 
farm size leads to the same result. This can be supported by the differences in farm sizes 
illustrated in chapter 3.2.2. Remaining factors where the significance value is below 0.05 
which indicates significant results are the usage of wood and charcoal as fuel respectively and 
money spent on wood each month if purchased (table 1). The reason for this might be local 
differences in access among other factors. In contrary to money spent on wood, purchasing 
charcoal each month does not have a significant result. The usage of organic material as fuel, 
except for wood and charcoal, generates a significant value over 0.05 (0.056) and therefore 
differences between the examined areas do not generate a significant result (table 1). 
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Table 1. Analysis of variance over interesting factors in examined areas. 

Factor Area Mean Sig. 
1. Educational Embu 2.32 0.048 
level of head of Siaya 2.00  
Household 
[educational level 
completed] 

Kwale 2.36  

 Total 2.23  
    
2. Total farm size 
[ac.] 

Embu 1.61 0.038 

 Siaya 1.80  
 Kwale 2.58  
 Total 2.00  
    
3. Money spent on Embu 2.46 0.001 
wood if purchased Siaya 1.60  
[KES/month] Kwale 1.72  
 Total 1.93  
    
4. Money spent on Embu 2.02 0.931 
Charcoal if  Siaya 2.00  
Purchased  Kwale 1.94  
[KES/month] Total 1.99  
    
5. Use of wood Embu 1.00 0.370 
as fuel [yes; no] Siaya 1.00  
 Kwale 0.98  
 Total 0.99  
    
6. Use of charcoal Embu 0.64 0.001 
as fuel [yes; no] Siaya 0.94  
 Kwale 0.54  
 Total 0.71  
    
7. Use of other Embu 0.68 0.056 
organic sources Siaya 0.76  
as fuel [yes; no] Kwale 0.88  
 Total 0.77  
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4.!Discussion 
 
In this section of the report, the result of the project is discussed to highlight connections and 
potential issues with examined areas, fuel methods and processes. 
 
 
4.1 Current situation and conditions 
 
Today, charcoal and other wood-based fuels are main sources for fuel in Sub-Saharan Africa. 
Operating with these fuels does not only cause deforestation and disruption of ecosystems, it 
affects equality, health and economic growth. These fuel methods are well-established in 
households, adapted to local cooking methods and traditions. Low-cost technical solutions, 
such as more efficient cooking stoves, may encourage change and the formation of a more 
sustainable fuel system. That requires interested actors and a willingness to change. Focus 
should be on solutions adapted to each situation, accounting for local traditions, habits and 
beliefs. A shift in fuel usage and production would lead to jobs disappearing, security in the 
future altered for locals affected by the shift. New jobs will appear and a focus on local 
education and hiring can help the cause. Making the solution local and self-efficient with 
proper maintenance and knowledge can work as a base for long-term sustainable 
development. 
 
By looking at three rural areas in Kenya and their local conditions, social, economic and 
ecological, potential patterns may facilitate future actions towards a sustainable fuel system. 
Findings can function as a foundation to be considered when taking local decisions regarding 
fuel usage, to help make wise decisions. Not including all affecting aspects in a situation 
before acting can lead to unforeseen consequences. All situations are different and one 
solution may not be the best one for all similar situations. By adding the social local factor, 
how people perceive current fuels, what they pay, how much time is spent on collecting fuels 
with the ecological factor, how the environment is affected and what is locally accessible, it 
may be economically, socially and ecologically beneficial.  
 
Correlations in large systems are always in place. Therefore, it is important to examine 
correlations and investigate all potential outcomes of a decision regarding a large system. It 
normally contains multiple elements, all connected to each other and surroundings. A decision 
can cause ripple effects, affecting areas not considered in the decision-making process. The 
data generated by the surveys do not include all aspects that can be considered in the current 
fuel system in place in each area studied. Distance to the market, differences in market prices 
between locations, technology used to extract material and differences in household energy 
demands are a few variables that is not included in the survey. A possible tool that could be 
included for future sustainable actions is a framework for decision-making, ensuring that all 
important aspects are included in the decision, hopefully leading to the best option available 
with the least amount of ecological footprint. Figure 2 is an attempt to illustrate a local large 
system that can be applied to the three areas examined in the local survey. It tries to present a 
local system with all components and their connections, flows between components and how 
the different elements are dependent on each other. The illustration helps to highlight the 
importance of system-thinking in a decision process, by showing that different aspects of a 
situation can affect each other. A change within one component may affect a component that 
has a connection to the component that is changed. That component may in turn change how 
other components connected to that component operate. A change in fuel used in a household 
in one of the researched areas may not just change the cooking method used by that family. It 
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can affect the surrounding environment, the demand of new fuels may affect the range of 
fuels at the local market, which may influence the transport distances required which help to 
reduce gas emissions from the transport system. Figure 2 shows a part in what elements that 
can be affected if a change within these types of systems are made. If used in a decision-
making process, multiple factors can be considered to help make the most sustainable plan 
possible, from both social, economic and ecological standpoints. 
 
 
 
4.2 Fuel methods 
 
The use of charcoal requires a well-established system, which is the case in Africa. Being an 
efficient, non-expensive fuel, it is not surprising that it is frequently used. The light weight 
and form facilitates transport and a wide network of charcoal transport can be found. With 
local alternatives, utilizing local material, a reduction in charcoal use would reduce transport 
and in extension, greenhouse gas emissions through road transportation. It may emit less 
hazardous smoke than firewood, but it affects ecological aspects as well. Charcoal production 
is a cause of deforestation, which leads to disruption of ecosystems, endangerment of species 
and emissions. 
 
The use of firewood as fuel include, as mentioned earlier, effects on social health. The 
production of firewood may not be as harmful to the environment as other alternatives, but the 
combustion includes social and ecological negative effects. A change in fuel long-term could 
help create more job opportunities, requiring technical solutions, labour, maintenance, sales 
and associated machines for household usage. It could help people spending time on 
collecting firewood to get the chance to do something else. One big obstacle is the price of 
firewood. In many cases, not having to be purchased but gathered, it could be difficult to sell 
some alternatives that need to be purchased. This is a cause for concern. To avoid this issue, 
incentives and local job opportunities intended for locals could be of help. 
 
Biogas could be a good alternative. It is a more sustainable fuel from an ecological 
perspective. Most households have access to dried manure which could be utilized. The 
logistics of how that would work would need to be cleared up. The amount of dried manure is 
not known, which could be an issue if a sufficient amount is not generated. A part of the dried 
manure is being used by many households as fertilizer for the farmland. If there is manure left 
for other purposes it is not stated in the surveys and if this would be implemented, further 
studies would have to be made. Many biogas projects are funded by organizations all over the 
world. Many do not operate efficiently due to poor maintenance and lack of knowledge. This 
is something that should be reassured before production if implemented in examined areas. If 
biogas production were to be implemented, the manure would still be available for use as 
fertilizer after production. 
 
Utilizing local bio-waste is an alternative that might not be established yet. Using produced 
waste from direct surroundings could hold a lot of energy sources not utilized. It would mean 
less transport needed for fuel production and distribution, local regions could become more 
self-sufficient and local opportunities could arise. It shows good potential and the three areas 
studied all show that they have bio-material in the form of banana leaves, corn stovers and 
mango stones. In Embu, the access to mango stones are limited and solutions involving 
mango stones are not well-suited based on the study. Similarly, Kwale accessibility to banana 
leaves are dependent on weather season, with should be included in potential processes. 
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Creating opportunities on a local level is important to the individual and the community. By 
breaking habits and starting new projects, they could contribute to sustainable development 
and efficiency utilization of fuels in Kenya. 
 
It could be of interest to investigate whether different fuels and their effect on social, 
economic and ecological is known. If it is not, education regarding affecting aspects, short-
term and long-term, on health, community, farmlands and forests, may have an impact on 
future actions. It may also be of interest to investigate more fuel options that are not included 
in this project. There may exist alternatives superior to biogas and ethanol, especially for the 
areas of Siaya, Kwale and Embu. Further methods should be included in order to determine 
the best course of actions for a more sustainable society and fuel system. 
 
4.3 Case study 
 
The three Kenyan areas used in the case study, Siaya, Kwale and Embu (refer to Figure 1), all 
give similar results. The two different rounds of data collection in Siaya and Kwale show that 
apart from a few variables, the two areas are not sensitive to changes in season, which help to 
inform that personalized actions may be effective throughout the year if executed properly. 
 
The data received from the local surveys consisted of multiple variables that were excluded, 
deemed not relevant for the subject of the project. The variables used are based on one or two 
responses from 50 families in each area. It is a good start but it is not enough to make general 
conclusions regarding the entire areas examined. Follow ups are necessary. Different 
households need to be questioned, new questions developed for this purpose need to be asked, 
before final conclusions can be made. The conclusions made here are a good start but not 
ready for adaptation, they are interpretations of the data which is not fully developed yet. 
 
One main variable used as a parameter throughout the case study is the educational level of 
the head of the household. It can be argued that that is not a good variable to start from, 
measuring other variables in relation to the educational level of the head of the household. 
Further studies should include more parameters. The educational level of the head of the 
household was used as a starting point in this subject, to investigate if patterns would arise 
when analyzing with this as a parameter, showing that education affect conditions and fuel 
choices. It may not be the best parameter but from the data received, it was estimated to give 
productive results and correlations, providing a big picture of the local situations and 
conditions. 
 
 
4.3.1 Variable connections 
 
The size of the farmland varies without a clear pattern over educational level and main 
occupation of the head of the household. Based on the survey results, there is no pattern that 
supports a correlation between larger farmlands and higher education. There is a wide spread. 
In Siaya and Kwale, the households where the head has a higher level of education and the 
main occupation of that person is farming, have smaller farmlands. A higher level of 
education could entail more knowledge regarding farming and the land could be more 
efficiently utilized. That the quantity is not as important as farming style and methods. 
However, the data does not specify how much that is grown of what in what household, nor 
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the household energy demand. Different products require different amount of land and care. 
More investigations are necessary to make a general conclusion regarding the subject. 
 
Kwale has the highest variation in main occupations and throughout the survey, and their 
other main occupations than farming correlate with higher education. That implicates that 
education has a large effect on future occupations. An education opens up for more job 
options and opportunities, which results in easier access to non-farming jobs. It also shows 
that residents in the Kwale area might have easier access to education and a local environment 
that offers a wider range of job opportunities. This may be a result of geological aspects, 
where the local soil is not as productive as in the other researched areas and other occupations 
than farming is therefore a solution, or it might be a result of a slightly different local system, 
where other options of occupation are more present and play a bigger role in the local 
infrastructural system. 
 
 
4.3.2 Local usage patterns 
 
When looking at charcoal usage patterns in all three areas (Figure 6), more households in 
Siaya operate with charcoal than in Kwale and Embu. That may be a result from local 
conditions, easy access, local traditions in cooking and equipment used and charcoal prices. 
When looking at figure 7 which shows the amount spent on charcoal per month in Siaya, a 
substantial amount of the households using charcoal do not purchase it, which supports the 
previous thesis of high accessibility. This can explain why the households in Siaya have the 
highest percentage of using charcoal as fuel. Amount spent on charcoal per month varies in all 
three areas. No quantities purchased is specified and the differences in price is not included. 
Therefore, conclusions are hard to make regarding price and access. Further information 
regarding the subject needs to be obtained. No clear connection between charcoal usage or 
purchase and educational level of head of household can be noted. That means that it cannot 
be argued that a higher education entails a change in fuel practices to more sustainable 
options in these areas. 
 
The usage of wood as fuel, demonstrated in figure 10, shows that almost all households 
participating in the study use fuel as wood, with few exceptions. That can be interpreted as a 
sign of high accessibility and low costs. When looking at amount of time spent on collecting 
firewood, figure 11 show that the households in Siaya spend up to ten times as much time on 
collecting firewood compared to Kwale and Embu, illustrated in figure 12 and 13 
respectively. This is likely an error in data and not the reality. Spending up to 300 hours per 
month on collecting firewood does not seem likely. If it is true, further investigations need to 
be done as to why there is such a difference. Many valuable hours could be saved in Siaya 
and used for other purposes. Up to 32 or 36 hours per month spent on collecting firewood, as 
is illustrated in Kwale and Embu, may also seem high. Compared to other parts of the world 
where much less time is spent on requiring fuel, hours could be spared here as well. For that 
to happen, new alternatives need to be available and preferable for a shift to occur. Even 
though time needs to be spent on collecting, time consumption in this case seems to be 
preferred instead of money consumption. Time may be viewed as less valuable and firewood 
a necessity for the household. 
 
When looking at what type of person it is who collects firewood, female adults are the most 
common one in all three areas. Since much of firewood is used for cooking purposes, the 
gathering of firewood may be connected to the person who is responsible for the household 
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cooking in many cases. Spending time collecting firewood limits other activities that may be 
productive, fun, educational and healthy for the person in question. Being a physical task as 
well, strains may be put on the body and general health might be affected. The figures over 
the collection of firewood (figure 14) show that females, young ones or adults, collect more 
firewood than young or adult men. This can open a discussion of need for gender equality. 
That certain tasks should not be directly given to a person because of gender. That it might be 
deeply rooted in traditions and customs. In cases where the gathering of firewood take up a lot 
of time, there might not be time over for much else. A solution could be other alternatives, 
making the collecting of firewood inefficient and time can be spent on other things. 
 
Regarding willingness to try alternative energy sources, almost all households in the survey 
were positive. The main reasons for trying new fuels proved to be health, saving time, 
reduction of costs, saving firewood and more advantages in new fuel. No household chose the 
preservation of the environment as a main reason. This may be a result of priorities and short 
term solutions. If health issues are present in a household, more focus is directed towards that 
than perhaps the state of the surrounding environment. If problems are more present and 
noticed in everyday life and affect the direct wellbeing of a household, those issues are 
probably seen as more urgent. If there were no health issues related to charcoal and wood-
based fuels, if there was no need to spend time collecting it and it was cheap, the environment 
could perhaps become the main reason for a possible change. For the environment to become 
a priority, short-term focus could be directed towards other issues, causing a change which 
may in turn affect the environment in a positive way. 
 
Almost all households throughout all three areas were willing to explore alternatives. That 
shows that there is an interest and possibly a demand for new alternatives. People 
participating in the study show that they are aware of health issues related to current fuel 
practices, still the fuels are being used. That could be a consequence of lack of accessible 
alternatives and traditions. If new alternatives were presented, easy to use and affordable, 
health issues related to indoor air pollution would be reduced.  
 
 
4.3.3 Accessibility 
 
Data received from study regarding accessible raw material in the examined areas is presented 
in chapter 3.2.6. The accessibility of these materials is quite similar in all areas, with a few 
variables standing out. If these materials were to be used for alternative fuel methods in these 
areas, some conclusions could be made. The difference in season in Siaya and Kwale does not 
seem to have a substantial impact on the materials examined, except for banana leaves in 
Kwale, with have a noticeable change in access from September of 2016 to February of 2017. 
A solution including banana leaves may therefore not be ideal in the Kwale area. The same 
way of thinking can be applied to mango stones in Embu, where most households do not have 
access. Another solution might be preferable instead and solutions including mango stones 
could be better suited for the Siaya or Kwale area. 
 
Lack of data regarding the amount of each material accessible to households or potential 
current use (besides dried manure used as fertilizer), limits possible conclusions regarding the 
materials included in the survey. Without knowing the quantity, it would be difficult to 
determine future potential on a local scale. If investors and actors know that a material is 
easily accessible and in high count, that might work as an incentive to attract business. Saying 
that there are mango stones but not if there is one or a thousand, makes it difficult to draw 
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conclusions. Furthermore, the data does not provide information regarding the knowledge of 
potential in these materials. If they are utilized, except for dried manure used as fertilizer, or 
thrown away, sold or kept for personal use. The households may be aware but have not 
acquired the right tools or methods to utilize the material, or they may not know of the fuel 
potential of materials that they have easy access to and could use. If they do not have that 
knowledge and would receive it, it could trigger a higher demand for new methods, enabling 
utilization of mentioned materials. A local interest could help create actions towards a 
developed fuel system with more actors and alternatives available. 
 
 
 
4.3.4 Comparison of examined areas 
 
An analysis of variance could help provide insight on whether variations between the three 
rural locations are results of local factors and conditions. The analysis generated various 
results on some of the factors used throughout the study. Five out of the seven factors 
demonstrated in table 1 showed a significant result in answered surveys in Embu, Siaya and 
Kwale. These five factors indicate that differences in answers between locations are results of 
other affecting factors. To determine what these are, further studies must be made.  
 
The use of educational level of head of household as a core factor in this project and the result 
of the analysis (a significant result) is interesting. The differences may be a result of an 
infrastructural difference in a larger system of the local area. If there are no higher educational 
institutions within close reach of one of the examined areas, that may influence the 
educational level of the local habitants. If there are no proper commute options, municipal 
traffic or a developed road system, that could inhibit the average education level of an area. 
Potential variations in economic security and family conditions could be other reasons for 
different levels of education of the head of the household in the examined areas. If money is a 
problem and there are not many members of the family that can provide necessities, a member 
of the family might have prioritized and chosen work before education, starting as a short-
term solution, resulting in quitting school.  
 
Differences in farm sizes, varying between locations, could also be determined to not be a 
result of simply coincidence. Ecological factors may influence this factor. The fertility on the 
land used for agriculture varies, some may need larger areas to produce the same amount 
needed for a reasonable living. Some families may have a higher economic stability and can 
afford to expand their farm size to achieve higher profit. The geographical location on these 
areas can have a high impact on the total farm sizes as well. The distance to a water source, 
mountains or plain lands determine the farm configurations. Local infrastructure, different 
claims on land and sharing with loved all affect the final size of a farm. 
 
The analysis of variance showed that while differences in money spent on charcoal could be a 
result of chance, differences in money spent on wood could with 95% certainty not be a result 
of that. A reason for that is perhaps that wood is easier to obtain with multiple methods, 
whilst if charcoal is needed the same methods are used to a similar extent. Variations on 
spending money on wood may be a result of financial possibilities in the three areas, 
geographical conditions of local forests, prices on the wood that is for sale, family members 
that have the physical strength and time to gather wood on their own or the amount of wood 
needed for each household as fuel. Depending on which type of cooking stove that is used and 
other technical solutions, wood might not be used at all. The same goes for the usage of 
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charcoal as a fuel within the examined areas. It may be dependent on multiple factors of a 
larger system in place in each of the three locations, consisting of economic, ecological and 
social aspects that affect components inside the system. 
 
Using other organic sources as fuel besides charcoal and wood can be a result of chance if it 
occurs within the three rural areas investigated. These may not be as rooted in local usage 
patterns and traditions as wood or charcoal due to the lesser usage and time spent 
incorporating these fuel types to everyday life. The usage may be similar in all three areas and 
any differences or the significant value may change along with a wider usage of these types of 
fuels. 
 
The different results in seven of the factors used in the study could help in realizing that some 
factors are more sensitive to surroundings and local conditions, dependent on changes in a 
larger system than the factor itself. Some factors investigating may be more resilient and give 
similar results even though conditions may change, like the usage of other organic materials 
for fuel besides wood and charcoal.  
 
 
4.4 Methodology and source of error 
 
Including a literature review helped strengthen the case study results and its reliability. By 
explaining background and processes, a wide understanding for the subject can be obtained. 
Using the SPSS programme for processing data was sometimes difficult but helped in 
understanding data connections by visualizing data, enabling comparison. The programme 
facilitated the creation of figures to illustrate variables in relations to each other. 
 
Using data collected by others can be challenging. Questions and information desired develop 
throughout the project process. Since the data is definite and cannot be altered, new questions 
that arise cannot be asked to the people participating in the survey.  The data files given for 
this project were difficult to read and may include errors that cannot be corrected. If data had 
been retrieved simultaneously with the project, a dialogue could be held and there would be 
reassurance that the data is valid and correct. If it was not, it could be corrected throughout 
the project process. One obstacle with this data was the alterations made in the questionnaires 
used for the collection of data. In the three areas, there were differences in questioned asked 
and when returning to Siaya and Kwale for the second round of questions in a new season, 
many questions had been removed and new ones were asked. This made some data difficult to 
use, missing in one location or asked in a different way in another area. It is difficult to 
generate consistent results with non-consistent data. Only one default data questionnaire has 
been provided for this study, not including all information which should not be the case. All 
the data received from Embu lack a date of execution. It was probably in the same time-span 
as the other surveys but it should always be included. 
 
There is a risk that the data is incorrect regarding the time spent collecting firewood in Siaya, 
please refer to figure 11. The data collected in Siaya, from both August of 2016 and February 
of 2017, show that households spend up to 300 hours per month collecting firewood. In the 
other two examined areas, the highest amount of time spent on collecting firewood are 32 and 
36 hours respectively. If households in Siaya spend 300 hours per month collecting firewood, 
that would mean 75 hours per week spent on collecting firewood. That is almost the amount 
of two full-time jobs. It is likely that all data regarding this variable in the Siaya files should 
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be divided by ten. If it was, the results would be like the other two areas and their responses, 
please refer to figure 22 for the Siaya data divided by ten.  

 
Figure 22. Correlations between main source of firewood, educational level of head of household and 

time spent collecting firewood with the data divided by 10, Siaya August 2016. 

 
There are difficulties in interpreting some data regarding the person collecting firewood as 
well. The data received from Kwale in September of 2016 and used in figure 14 showed that 
in one household where there are no females engaged in household chores, there is still young 
girls who collect the household firewood. Similarly, two other households in Kwale state that 
there is no one engaged in household chores yet female adults collect firewood. Figure 14 also 
shows the same variables from data collected in Embu, where one household states that no 
one is engaged in household chores, yet one female is. Furthermore, two households where no 
one is engaged in household chores, female adults are still collecting firewood. This can be 
explained by perhaps a neighbor or friends helping with the collection of firewood. It could 
also be a result of different interpretations of what is considered as household chores. This is 
however not clear and if that is the case, a new parameter should have been included or the 
question rewritten to something more specific.  
 
 

5.!Conclusions and recommendations 
 
An increase in energy demand as developing countries emerge from poverty creates 
opportunities regarding fuel methods. The main sources for fuel in Sub-Saharan Africa, 
charcoal and wood as fuel, have negative social and ecological impacts. Investigating three 
rural areas in Kenya, Siaya, Kwale and Embu, with their conditions and possibilities help 
illustrate correlations that needs to be considered for a shift to a sustainable fuel system. The 
data was not extensive enough to generate general conclusions but can act as a beginning to a 
foundation for future sustainable actions. A conceptual map over a large local system was 
created to describe the three areas examined, illustrating components, their connections and 
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flows, this to give better understanding to how a local system works and how ripple-effects 
can have an impact on an entire society, if a change is made. 
 
Households participating in the study where the head of the household has none or a primary 
educational level, mainly have farming as main occupation. Sizes in farmland varies and does 
not appear to have a certain pattern. The analysis of variance does however show that the 
differences of farm size differs between the three areas. Charcoal uses differences among the 
three areas could be related to accessibility of charcoal and local prices. The money spent 
each month on charcoal do not have a clear pattern according to the system of analysis. Wood 
as fuel were almost used by all households, mainly gathered by female adults, pointing 
towards deeply rooted habits where money is considered to have a higher value than time and 
where gender equality is not always considered. There is no connection between farm size 
and the collecting of firewood. When working on future actions regarding the fuel systems of 
the three areas studied, a decision-making framework considering social, economic and 
ecological aspects and their connections could be beneficial, ensuring inclusion of all 
important areas of a decision in a large system. 
 
Almost all households participating in the study were open to alternative fuel methods, with 
health issue as the main reason behind the interest. This could be a result of priorities and the 
urge to solve current pressing problems, prohibiting long-term bigger picture-issues to 
become a priority. Solutions for short-term problems would have a positive effect on long-
term issues as well. The interest shown in new alternatives can be viewed as a demand 
situation, attracting investors and actors. The data shows that there are raw materials that 
could be used for alternative fuel methods present in all three areas investigated. Without 
quantity or the current use of all material, conclusions regarding potential for each area cannot 
be made. 
 
Charcoal and wood as fuel are not sustainable fuel options and actions should be taken 
towards more sustainable alternatives. Time-consumption collecting fuel and accessibility 
influence fuel selection. Biogas could be an alternative. It is however expensive to implement 
and many projects do not operate efficiently today. If implemented, proper maintenance and 
knowledge among workers need to be assured. Utilizing bio-waste for ethanol and bio-oil 
processes shows promise, with material accessible in all three studied areas. Not knowing 
quantities regarding material available aggravates further conclusions. More fuel methods 
should be investigated and more data should be retrieved regarding the ones included in this 
project to work as a well-rounded foundation for future local actions regarding fuel methods 
and practices. The data used in this project may have included minor errors which should not 
affect the overall results of the project. For future projects, it is recommended to retrieve data 
in combination with the project, facilitating potential alterations and making sure that all 
ground is covered. The data provided constitutes as a beginning towards understanding social, 
economic and ecological factors and their intercommunication in the fuel system. 
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Appendix 1 – Default survey questionnaire for field studies 
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INSTRUCTION TO THE INTERVIEWER 
 

•! Present yourself and the contents/ purpose of the project.  
•! This project is intended to study and improve the uses of organic residues as fuel and 

soil amendment.   
•! Ensure always confidentiality to the interviewee – the interviews will only be used for 

the purpose of this project and anonymity of respondents will be ensured in sharing 
the information with third parts. 

•! Questions are preferably to be addressed to the household head. 
•! Start by doing a transect walk with the interviewee(s) (see instructions at the end of 
this document) 

•! Use -9 for ‘Don’t know, Information missing’  
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Core 
var.n
o 

Variable label Variable values Instructions/clarifications 

 1"Household"Demographic"and"Socio!
Economic'Characteristics 

 Questionnaire no.: 

 
 

Full name of the site  
 
District            _________________________________ 
Division          __________________________________ 
Location          __________________________________ 
Sub-location    __________________________________ 
Village            __________________________________    
 
GPS coordinates (doorstep)  
_______________    _________________ 
 

IF WE CAN LINK THE HOUSEHOLD BACK TO THE 
PREVIOUS SURVEY WE CAN SKIP SOME OF THE INITIAL 
QUESTIONS SUCH AS DISTRICT, DIVISION, GPS coordinates, 
etc… 
 
ALL QUESTIONS SHADOWED IN BLUE CAN WE SKIP THIS 
TIME 

 
 

Name of head of household   
___________________________________________ 
 

  

 
 

Respondent?___  1=Household head, 2= spouse of  
household head, 3=grown up child, 
4= relative, 5=parent of household 
head, 6= other 

 

 Sex of head of household  ___    
    
 

Male=1, female=2  

 Age of head of household          
   ____  years 
 

  

 Educational level of head of household   __     
                         
 

None=1, Primary=2, Secondary=3, 
Tertiary=4, University= 5 

 

 
 
 
 
 
 

 
 
 
No. of household members:   
 
0-5 years?                          ___ 
6-18 years?                        ___ 
19-55 years?            ___ 
56 < years?                         ___ 
No. of males              ___ 
No. of females           ___ 
 

  
 
 
 
Indicate in numbers.  

 How many children going to school does your household 
support?  
 
Pre- primary:___ 
Primary:       ___ 
Secondary:   ___ 

 Indicate in numbers. 
Including those not residing with the 
household (i.e. nephews/ nieces, charity, 
etc.) 
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Tertiary:       ___ 
University:   ___  
 

 
 

Main occupation of head of household? 
                                    ____________________ 

  

 How many members residing permanently in the household 
work outside the farm and support the household economy? 
                                      ____ 

 Indicate in numbers. 
 

 Do you from time to time receive any contribution from other 
family members not residing permanently with you? _____ 
                                               

 1=yes, 0=no  

 
 

How much is the total farm size? 
                                                      ______ acres 

  The farm normally belongs to the 
homestead 

 
 
 

 
 
 
 
 
What is the ownership status of the land you cultivate?  ____ 
 

 
 
 
 
 
 
 
1= individually owned by 
household 
2= use rights allocated by 
communal/clan/ government 
authority  
3= rented/borrowed from other 
individuals/ families, 
4= others, specify 

 

 
 
 
 

Which types of livestock/animals do you have? 
 
Cows          ___ 
Oxen                      ___ 
Poultry         ___ 
Goats/sheep          ___ 
Donkeys               ___ 
Pigs                       ___ 
Others:                 ___       Specify:_________________  

 Indicate number of livestock. If no 
livestock of that type, write ‘0’ 
 
 
 
 
 

 2"Potential"feedstock"produced"at"the"HH!   
 Maize stovers? ___ 

 
If yes, alternative use: _____________________________ 

1=yes, 0=no 
 

Quantities (give units?) 

  
 
Maize cobs? ___ 
 
If yes, alternative use: _____________________________ 

 
 
1=yes, 0=no 

Quantities (give units?) 

 If yes GPS coordinates for maize field 
______________   __________ 
 

  

 Dried manure? ___ 
 
If yes, alternative use: _____________________________ 

1=yes, 0=no Quantities (give units?) 
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 Fuel-wood? ___ 
 
If yes, alternative use: _____________________________ 

1=yes, 0=no Quantities (give units?) 

 If yes GPS coordinates for the trees used 
______________   __________ 
 

  

 Coconut shells/trunks? ___ 
 
If yes, alternative use: _____________________________ 

1=yes, 0=no Quantities (give units?) 

 If yes GPS coordinates for the coconut trees 
______________   __________ 
 

  

 Dry mango stones? ___ 
 
If yes, alternative use: _____________________________ 

1=yes, 0=no Quantities (give units?) 

 If yes GPS coordinates for the mango trees 
______________   __________ 
 

  

 Tree pruning? ___ 
 
If yes, alternative use: _____________________________ 

1=yes, 0=no Quantities (give units?) 

 Banana leaves? ___ 
 
If yes, alternative use: _____________________________ 

1=yes, 0=no Quantities (give units?) 

 If yes GPS coordinates for the banana trees 
______________   __________ 
 

  

 Dry tree leaves? ___ 
 
If yes, alternative use: _____________________________ 

1=yes, 0=no Quantities (give units?) 

 Other crop residues? ___ 
 
If yes: 
Name1:__________  location GPS ____________ 
Name2:__________  location GPS ____________ 
Name3:__________  location GPS ____________ 
Name4:__________  location GPS ____________ 
Name5:__________  location GPS ____________ 
Name6:__________  location GPS ____________ 
 
If yes, alternative use: _____________________________ 

1=yes, 0=no Quantities (give units?) 

 Do you have access to coffee husk/pulp? ___ 
 

1=yes, 0=no Is this question still relevant? 

 3!Current'fuel'energy'uses   
 Does the household use firewood as fuel energy? ____ 

                                                  
If yes. 
Do you have your own wood-lot?  ____ 
How much time does your household spend collecting wood? 
               ____________/ ______________ 

1=yes, 0=no 
 
 
1=yes, 0=no 
 
 
 

 
 
 
 
 
Min/ hours. Please indicate whether 
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If wood is purchased, how much money does your household 
spend on it per month? ____ 
 

1= wood not purchased, 2= 0-500, 
3= 501-1500, 4= 1501- 2500, 5= 
2501< 

per meal/ per day/ per week/ per 
month/, etc 

 Does the household use charcoal as fuel energy? ____ 
                                               
If yes, how much money does your household spend on 
charcoal per month?  ____ 

1=yes, 0=no 
 
 
1= charcoal not purchased, 2= 0-
500, 3= 501-1500, 4= 1501- 2500, 
5= 2501< 

 

 Do you use other organic sources as fuel energy? ____ 
If yes. Specify:   ________________________ 

1=yes, 0=no 
 

 

 What kind of stove and feedstock do you use indoors? 
 
What kind of stove and feedstock do you use outdoors? 
 
How long do you use the stove for cooking the following:  
 
Breakfast: 
 
Lunch: 
 
Tea: 
 
Dinner:  
 
Others: 
 
Is fuel used for any other purposes than cooking?  ____ 
If yes, specify:       ______________________ 
 
Is smoke from cooking a problem?  ____ 
 
What type of problem? 
                  __________________________ 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1=yes, 0=no 
 
 
 
1=yes, 0=no 
 

If no stove is used outdoors/indoors 
indicate with NONE. 
 
 
 
 
 
Please specify in minutes/hours the 
time required for each meal. 
 
 
 
 
 

 Would you be willing to use/experiment with alternative 
energies? _____ 
 
If yes, why: _____________________________ 

 
1=yes, 0=no 
 
 

 

 4"Current"fertilizers"used   
 Does the household use inorganic fertilizers? ____ 

If yes. 
How much money is spent on this?    __________________ 

1=yes, 0=no 
 

 
 
Please indicate: per cropping season/ per 
year/ … etc.  

 Does the household use ashes as fertilizers? 1=yes, 0=no 
 

 

 Does the household use organic fertilizers? 
 
If yes,  specify: _______________________ 

1=yes, 0=no  
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 Would you be willing to use/produce/experiment with 
alternative fertilizers? 
 
If yes, why: ____ 

1=yes, 0=no 
If yes 
1= to reduce labour time,2= to  
reduce costs, 3=  improve yields, 
4= to improve availability, 
5=others, specify 

 

 5"Food"security   
 What do you 

normally produce? 
Quantity  Do you use 

inorganic 
fertilizers?               

Do you normally sell this? Do you normally buy this? 

 Maize                __     
 Beans                __     
 Cassava             __     
 Bananas            __     
 Groundnuts      __     
 Sweet potatoes __                    
 Irish potatoes   __                        
 Rice                 __     
 Arrowroot       __     
 Sorghum         __     
 Soya beans     __     
 Pumpkins       __     
      
 What do you 

normally produce? 
 

Quantity  Do you use 
inorganic 
fertilizers?               

Do you normally sell this? Do you normally buy this? 

 Mango             __     
 Papaya             __     
 Avocado          __     
 Coconut           __     
 Pineapples       __     
 Passion fruit    __     
 Guava              __     
 Other fruits, specify:              
      
      
 Kales              __     
 Onions           __     
 Tomatoes       __     
 Amaranth      __     
 Spinach         __     
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 Cowpeas       __     
 Okra             __     
 Green pepper __     
 Chili pepper  __     
 Other veg., specify     
      
      
 What do you 

normally produce? 
 

Quantity  Do you use 
inorganic 
fertilizers?               

Do you normally sell this? Do you normally buy this? 

 Sugar cane         __     
 Coffee                __     
 Tea                     __     
 Macadamia nuts __     
 Cashew nuts       __     
 Others, specify:     
      
      
      
 Do you think you can improve your yields?   ____ 

 
If yes, how: ______________________________ 

1=yes, 2=no 
IF YES use 1= more labour, 
2= more fertilizers 3= better 
fertilizers, 4= others, specify  

 

  
Which animal produce does the household: 
 
                   produce      sell        buy 
 
Milk             ___           ___       ___    
 
Egg              ___           ___       ___  
 
Meat            ___           ___       ___ 
  
Fish             ___           ___       ___ 
 

  
 
 
Tick ( √ ) or cross ( X ) the accurate.  

 6"Labour"division"inside"the"household WE HAVE A CONSISTENT PICTURE OF LABOUR DIVISION 
WHEN IT COMES TO THE DIFFERENT ACTIVITIES 
CARRIED OUT BY THE HOUSEHOLD. THE ONLY 
QUESTION WE NEED TO ASK THIS TIME IS THE NUMBER 
OF MEMBERS PERMANENTLY ENGAGED IN THESE 
ACTIVITIES BY GENDER. 

 How many members of the household are permanently 
engaged in farm/household activities? ___ 

 - How many are males?                 ____   
 - How many are females?               ____   
 Who collect the firewood?  Give number 1 to the one  
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Hired labour    ___        
Female adult   ___  
Male adult      ___ 
Young girls    ___  
Young men    ___ 

who mostly does it and 2 to 
the one who is also involved.  
  

 Who collect other organic residues (maize cobs/stovers, 
mango stones, banana leaves, coconut shells/trunks, others)  
 
Hired labour    ___        
Female adult   ___  
Male adult      ___ 
Young girls    ___  
Young men    ___ 

Give number 1 to the one 
who mostly does it and 2 to 
the one who is also involved.  
  

 

 Who mainly does the cooking in the household?  
 
Hired labour    ___        
Female adult   ___  
Male adult      ___ 
Young girls    ___  
Young men    ___ 

Give number 1 to the one who 
mostly does it and 2 to the one who 
is also involved.  
  

 

 Who mainly does the farming in the household?  
 
Hired labour   ___        
Female adult  ___  
Male adult      ___ 
Young girls    ___  
Young men    ___ 

Give number 1 to the one who 
mostly does it and 2 to the one who 
is also involved.  
 

 

 Who mainly does the cleaning/laundry in the household?  
 
Hired labour   ___        
Female adult  ___  
Male adult     ___ 
Young girls   ___  
Young men   ___ 

Give number 1 to the one who 
mostly does it and 2 to the one who 
is also involved.  
  

 

 Who mainly does the transportation of goods to the markets?  
 
Hired labour    ___        
Female adult   ___  
Male adult      ___ 
Young girls    ___  
Young men    ___ 

Give number 1 to the one who 
mostly does it and 2 to the one who 
is also involved.  
 

If no transportation is done use 
NONE. 

 Who mainly take care of selling goods to the markets?  
 
Hired labour   ___        
Female adult  ___  
Male adult     ___ 
Young girls   ___  
Young men   ___ 

Give number 1 to the one who 
mostly does it and 2 to the one who 
is also involved.  
 

If no selling is done use NONE. 
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