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ABSTRACT 

Increasing greenhouse gases levels and consequently climate change is one of the serious 

concerns of developing and developed countries. The main greenhouse gases in the earth‟s 

atmosphere are Carbon dioxide (CO2), Methane (CH4) and Nitrous oxide (N2O). In Nakuru 

County about 50.5% of people utilize woodfuel as a source of energy and there are lots of 

unmanaged livestock manure which both release methane emissions that contribute to climate 

change. This study contributes towards reducing methane emissions through the use of biogas 

as strategy for climate change mitigation in Nakuru County; Kenya. The specific objectives 

of the study were to determine the quantity of woodfuel and biogas used by wood stove and 

biogas stove user households, to estimate reduced quantity of woodfuel usage and methane 

emissions from use of biogas in mitigating climate change, and to examine how use of biogas 

contributes to improvement of household livelihoods.  

Multi-stage sampling technique was used to come up with a sample for the cross sectional 

survey; dairy cattle farmers‟ households were clustered and purposively sampled. The 

instruments for survey were questionnaires and interviews. Collected data were coded and 

analyzed using quantitative and qualitative techniques. Content analysis, descriptive statistics 

and inferential statistics were also used summarize data and determine significance level. 

Mature trees felled for woodfuel by wood stove and biogas stove user households were 14 

and 7 per HH per year respectively. The annual demand of woodfuel from forests exceeded 

the supply by 0.02% per HH per year, translating to felling of 10.5 mature trees instead of 

10.3 mature trees per HH per year. This implied that woodfuel use is unsustainable. The use 

of biogas resulted in reduction of woodfuel usage by 3899.4 Kg/HH/year. This reduction 

saved 53.3-54.1% of methane emissions annually from being emitted to the global 

atmosphere. Conserved trees in the forests from reduced woodfuel usage increased carbon 

sink for Carbon dioxide by 72.6% annually. There was a saving of Ksh.3599.00 per planting 

season from not buying mineral fertilizers for each biogas user household. Use of bio-

fertilizer avoided nitrous oxide emissions from nitrogenous fertilizers.  

The findings of the study elucidate the benefits of using biogas digesters as reduced woodfuel 

usage by 53.3% and methane emissions reduction. Findings of the study are beneficial to 

livestock farmers, crop farmers, agricultural and climate policy makers. 
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CHAPTER ONE 

1.0 INTRODUCTION 

This chapter presents the background of the study, statement of the problem, hypothesis of 

the study, objectives of the study, justification and scope of the study.  

1.1 Background of the study 

One of the serious concerns of developing and developed countries now and in future is 

increasing levels of greenhouse gases (GHGs) and climate change. The atmospheric 

concentration of carbon dioxide has increased from 280 to 379 ppm in 2005.The 

concentration of Nitrous oxide has increased from 270 to 319 ppb in 2015 (Sujuta et.al., 

2014).Climate change is shift in climate which is attributed directly or indirectly to human 

activities that alter the composition of the global atmosphere due to changes in concentration 

of GHGs and which are in addition to natural climate variability observed over decades or 

centuries (IPCC, 2013). Heat trapping gases in the atmosphere keep the earth surface warm. 

Human activities are raising the concentration of GHGs reinforcing the natural greenhouse 

effect. The main greenhouse gases of great concern emitted to the earth‟s atmosphere are 

carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), chlorofluorocarbons (CFCs) and 

sulfur hexaflouride (SF6). The impacts of climate change include prolonged droughts, melting 

of snow and glaciers, rising of sea level, more frequent flooding and spread of diseases 

(Sarvari et.al., 2016; Tantrakarnapa et.al., 2008; Kosse et.al., 2016).  

The second most important cause of global warming and climate change after carbon dioxide 

is methane. Methane is a potent greenhouse gas estimated to be responsible for one fifth of 

anthropogenic climate change. In the past two centuries, rising methane emissions have 

resulted in steady increases in concentration in the atmosphere. The concentration of methane 

in the atmosphere was 722 parts per billion (ppb) in the beginning of industrial revolution and 

increased to an average of 1834 ppb in 2015 (Buddle et.al., 2010; Yao et.al., 2014; IPCC, 

2013; Saunois et.al., 2016). The concentration of atmospheric methane has risen by about 

154% compared to beginning of the industrial revolution. This is as a result of human 

activities related to agriculture, fossil fuels, waste management and burning of biomass. In 

the past decades, methane growth in the atmosphere has been variable. The methane 

concentration was relatively stable for about a decade in the 1990s but then started to increase   

in 2007 due to activities of microbes in wetlands, rice paddies and guts of ruminant animals. 
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Other sources of methane are marine sediments, lakes and guts of termites. Methane  

contributes  to  global climate warming due to its heat trapping characteristics  and indirectly 

due to production of other GHGs such as  stratospheric water vapor and tropospheric ozone 

through photochemical reactions (Tarinee et.al., 2013; Saunois et.al., 2016; Meng et.al., 

2016; Melvin et.al.,2016). Positive feedback mechanism of increased methane emission due 

to global warming is likely to enhance methane release from other sources such as Tundra 

permafrost areas because higher temperatures boost the activity of methane producing 

bacteria (Jorgensen, 2009; Stepniewski, 2007). Woodfuel used in developing countries like 

Kenya for cooking cause global warming and consequently climate change through emissions 

of GHGs such as black carbon, carbon monoxide, carbon dioxide and methane to the 

atmosphere. Livestock wastes in most areas of Kenya are disposed openly and generate 

greenhouse gases such as methane and nitrous oxide. Livestock sub sector is a major 

contributor to methane emissions and has turned into a focal point of research (Somanathan 

and Blufftone, 2015; Amare, 2014; Buddle et.al., 2010; Demissie et.al., 2016; Vac et.al., 

2013).      

Biogas system has the capacity to reduce methane emissions by capturing methane that 

would have escaped into atmosphere to contribute to climate change and utilize it to provide 

biogas fuel (Scherr and Sthapit, 2008; Kelleher and Robin Environmental, 2013; Sujata et.al., 

2014; Melvin et.al., 2016; Maraseni and Maroulis, 2008; Amegah and Jaakkola, 2016; 

Moraes et.al., 2016). Biogas digester is used to convert livestock manure into renewable 

energy in form of methane rich biogas and bio-fertilizer (Beedu and Modi, 2014; Adhikari 

et.al., 2015; Puyol et.al., 2016). The use of biogas for cooking food and heating water in the 

households displace fossil fuels such as kerosene and reduce woodfuel usage. The use of 

biogas fuel decreases deforestation, improve soil fertility and enhance good health by 

improving air quality in the households. Reducing methane emissions does not only have 

climate benefits but also could improve crop production. Because of methane‟s high global 

warming potential of 28 and shortest lifetime of 12 years in the atmosphere compared to CO2, 

its reduction offers opportunity to slow climate change efficiently in short time horizon. 

Atmospheric life of CO2, N2O and HFCs is 5-200,114 and 1.4-260 years respectively (Rouf 

et.al. 2015; Saunois et.al., 2016; Glover, 2009; Mohajan, 2017).  

Many studies have been carried out on environmental impact, socio-economic and household 

benefits, and performance   of biogas systems (Bacenetti et.al., 2013; Sendegeya et.al., 2010; 

Praes et.al., 2015; Dubrovskis et.al.,2009). Special attention has focused on energy balance 
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and greenhouse gases emissions. Few research studies have been done in relation to the role 

of livestock manure management in reducing methane emissions (Demissie et.al., 2016; 

Gromke et.al., 2015; Mengistu et.al., 2016). The objective of the study was to evaluate the 

contribution of biogas utilization in reduction of methane emissions for mitigation of climate 

change in Nakuru County; Kenya. 

1.2 Statement of the problem 

About 50.5% of the population in Nakuru County depends on woodfuel as source of energy. 

75.4% and 48.1% of poor and rich Kenyans utilize woodfuel respectively (KENDBIP, 2014). 

Woodfuel use causes deforestation, poor human health and global warming. There is lots of 

unmanaged livestock waste in Nakuru County. Both woodfuel and livestock waste release 

methane contributing to climate change. The number of cattle in Kenya has increased from 

13.392 million in 1999 to 18.135 million in 2015.Cattle population in Nakuru County has 

increased from 263,380 in 2011 to 486,132 in  2015. The world has 1.486 billion heads of 

cattle as at 2013 (UNDP, 2013; Cook, 2015; Cattle Network, 2015; County Government of 

Nakuru, 2017). In Nakuru County, the average levels of methane have increased from 3.6 

billion to 3.72 billion mol/cm
2 

in 2012 to 2016. Average levels of methane emissions in 

Kenya have increasing trend from 3.42 to 3.54 billion mol/cm
2 

in 2012 to 2016 (Giovanni, 

2017). 

In the beginning of industrial revolution, the level of methane in the atmosphere was 722 

parts per billion (ppb) and continued to increase through 2015 reaching an average of 1834 

ppb. Atmospheric methane levels have grown by 154% since 1750s as result of human 

activities related to ruminant livestock production, fossil fuel extraction and distribution, 

biomass burning, municipal solid and water waste management, lakes and termites (IPCC, 

2013; Saunois et.al., 2016). Positive feedback mechanism between increased methane 

emissions and global warming is likely to reinforce methane release from other sources such 

as Arctic permafrost and marine regions since higher temperatures boost the activity of 

methane producing bacteria (Stepniewski, 2007). 

The impacts of climate change include prolonged droughts, more frequent flooding and 

spread of diseases. Residents of Nakuru County face problems such as over-reliance on 

woodfuel, widespread deforestation of Mau forest complex, indoor air pollution, poor solid 

waste disposal, high level of unemployment and poverty (CEDGG and AK, 2014). There is 

need to adopt the use of biogas which reduces methane emissions, provides renewable energy 
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and clean surroundings. Thus use of biogas mitigate climate change over Kenya and the 

globe at large (FAO, 2012; USGCRP, 2009; Morris, 2010). 

1.3 Hypothesis of the study 

Null hypothesis: The use of biogas does not reduce methane emissions from woodfuel 

cooking stove and livestock waste in Nakuru County. 

Alternative hypothesis: The use of biogas does reduce methane emissions from woodfuel 

cooking stove and livestock waste in Nakuru County. 

1.4   Overall Objective and Specific Objectives 

1.4.1 Overall Objective  

The overall objective of the study was to evaluate the contribution of biogas utilization in the 

reduction of methane emissions for mitigating climate change in the study area of Nakuru 

County; Kenya.  

1.4.2 Specific Objectives 

The study addressed the following specific objectives 

(i) To determine the quantity of woodfuel and biogas used by wood stove and biogas stove 

user households. 

(ii)To estimate reduced quantity of woodfuel usage and methane emissions from biogas use 

in mitigating climate change. 

iii) To examine how the use of biogas contributes to improvement of household livelihoods  

1.5 Justification of the study  

Accumulation of greenhouse gases such as methane from different sources such as biomass 

burning and livestock waste alter the composition of global atmosphere causing climate 

change (IPCC, 2014). There is increasing trend in livestock numbers, deforestation of Mau 

forest complex and woodfuel usage leading to increased levels of methane emissions in 

Nakuru County. Wood supplies are disappearing by 40 % each year in Kenya (Cook, 2015; 

KENDBIP, 2014; UNDP, 2013; Giovanni, 2017). The findings of study are related to 

promotion of natural forest conservation resulting from reduced woodfuel use and better 
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agricultural practices. The benefits of promoting biogas use include improving household air 

quality and health, reducing cost of agricultural production, combating deforestation and 

enabling households to access sustainable energy source through biogas fuel production 

(Laxmi et.al., 2014; Al-smairan et.al., 2015; FAO,2012; USGCRP 2009).  

This study found that households reduce methane emissions by sustainable livestock waste 

management through the use of biogas. Biogas system reduces methane emissions by 

capturing methane from organic wastes such as livestock manure and converting it to biogas 

fuel. There is destruction of methane when biogas fuel is used in cooking food or heating 

water as it is converted into carbon dioxide. This CO2  is not considered to cause greenhouse 

effect since it comes from biogenic carbon as long as new plants and tree growths take an 

equivalent quantity of carbon from the atmosphere over the life cycle assessment time of 100 

years (Hristov et.al., 2013; Morris, 2010).The use of biogas assists Kenyans and in particular 

the residents of Nakuru County to attain Sustainable Development Goals(SDGs) and targets 

such as No.6,7,11,13,15 that is clean water and sanitation, renewable energy, improving  air 

quality and waste management, combating climate change, and sustainable management of 

forests(Amegah and Jaakkola, 2016). 

1.6.0 Scope of the Study 

The study evaluated the contribution of biogas use in reduction of methane emissions for 

climate change mitigation and indoor air quality in Nakuru County; Kenya. The data was 

collected from households of the dairy cattle farmers who owned more than two cattle and 

were purposively sampled from 5 clusters. The respondents and interviewees in the study 

were dairy cattle farmers who were either biogas stove user or, and wood stove user 

households. Data on quantity of woodfuel and biogas used by the households was collected. 

The study paid attention to livestock waste especially the cow dung as the raw material for 

the production of biogas fuel. 
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1.6.1 The description of study area  

The subsections below discuss geographical location, climate and agriculture of Nakuru 

County. 

1.6.1.1 Geographical location 

Nakuru County is among the 47 Counties in Kenya as shown in Fig.1. The County is found 

on the North West of Nairobi and is 160 Kilometres from the capital city of Kenya. It is 

located in the South Rift region and surrounded by seven counties. It borders Kericho and 

Bomet to the West, Narok to the South West, Baringo to the North, Kajiado to the South, 

Nyandarua to the East and Laikipia to the North East. The County is demarcated into eleven 

Sub-Counties; Subukia, Bahati, Nakuru East, Nakuru West, Rongai, Kuresoi North, Kuresoi 

South, Gilgil, Naivasha, Molo and Njoro. It has an area of 7496.5 Kilometres squared. It is 

located between latitudes 1.16
o 

S to 0.22
o
N and longitudes 35.42 to 35.58

o
E.The highest 

elevation within the County is 1859 metres above the sea level.  

1.6.1.2 Climate 

The County is characterized by equatorial climate. It experiences bimodal rainfall 

distribution. Long rains occur in April, May to August while short rains are received in 

October to December. Dry season starts in January to March. Average annual rainfall of the 

study area is 800mm.The highest and lowest annual rainfall is 1200mm and 700mm 

respectively. The average maximum temperature of the area is 20
o
C while the average 

minimum temperature is 10
o
C.The coldest months are July and August while hottest months 

are January to March.  

1.6.1.3 Agriculture 

Nakuru County has human population of 1,603,325 persons and 409,836 households as per 

Kenya National Population Household Census of 2009. The main natural resources of the 

County include Mau forest water tower, national parks, rivers and lakes. The County is 

industrialized, agriculturally rich and has good biomass potential. In terms of agriculture, the 

County is characterized by mixed farming that is crop and livestock production. Other 

livelihoods in the County include fishing, tourism and mining. The County has 159,628 cattle 

as per Nakuru County Livestock Annual Report 2016 (County Government of Nakuru, 2017).  

Nakuru was chosen because it has a relatively high human population density and there is 
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plenty of fodder and water thus conducive for livestock farming; a favourable indicator for 

adoption of biogas plants. Energy sources in Nakuru County include 7.7% electricity, 41.8% 

paraffin, and 50.5 % firewood (County Government of Nakuru, 2016).The County is faced 

with problems such widespread deforestation, over reliance on woodfuel, poor solid waste 

disposal, high level of unemployment and poverty (CEDGG and AK, 2014; KENDBIP, 

2014).

 

Figure 1: Map of Kenya showing the location of study area of Nakuru County (Author, 

2018). 
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1.6.2 Limitations of the study 

The following were the limitations of the study 

i) The study required more than 3 months to carry out all its activities exhaustively.  

ii) The study used purposive sampling yielding to findings that are non-representative of the 

population. 

1.6.3 Assumptions of the study 

The study was conducted under the following assumptions. 

i) The dairy farmers interviewed would be capable to recall and give accurate answers on 

fodder/pasture production yields and climate getting drier in the last 10 years. 

ii) The dairy farmers would provide true answers and that incase a different respondent other 

than the head of the household had better knowledge of the daily management of the farm, 

their answers were considered. 

iii)  The monthly woodfuel and biogas usage was constant throughout the year. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW  

In this chapter, literature regarding woodfuel and biogas utilization, woodfuel and Methane 

emissions reduction as means of mitigating climate change, and the contribution of biogas 

use to household livelihoods improvement was reviewed. Brief description of conceptual 

framework of the study is also presented. 

2.1 Woodfuel and Biogas Utilization 

Woodfuel and biogas are utilized for cooking and heating. Biomass such as charcoal, 

firewood and agricultural wastes are the greatest source of energy in Kenya. Energy sources 

in Kenya include 68% woodfuel and other biomass, 22% petroleum, 9% electricity and 1% 

others. About 40% of the world population relies on woodfuel as their energy source 

(Kemausuor et.al., 2016;IEA, 2013;Government of Kenya,2013;Amare, 2014). Woodfuel has 

negative health effects on households. High prices of paraffin impact severely on rural poor. 

Use of biogas will make rural poor people to be self reliant in energy and minimize pressure 

on traditional biomass fuel. In 1957, Mr. Hutchinson constructed the first biogas plant in 

Kenya. Since then, Government of Kenya and development partners have built hundreds of 

biogas digesters across the country (KENDBIP, 2014; Nguu et.al., 2014). 

2.2 Woodfuel and Methane Emissions reduction as way of mitigating climate change  

Methane emissions are rising at worrying rate. Atmospheric methane concentration has 

increased by about 1112 ppb since pre-industrial time reaching 1834 ppb in 2015 (Saunois 

et.al., 2016). The effect of methane on the climate of the earth depends on the time it remains 

in the atmosphere and its ability to absorb long wave radiation energy. These factors are 

referred to as global warming potential which is described as the relative radiative forcing of 

mass of methane gas compared to an equivalent mass of carbon dioxide during a chosen 

period of years. The period of years can be 20,100 or 500. Global Warming Potential (GWP) 

of methane is 28 means that one kilogram of methane will have a warming effect equivalent 

to 28 kilograms of carbon dioxide over 100 years. Radiative forcing of methane is 0.64 WM
-2

 

and being positive leads to warming of the climate system (Kosse et.al. 2016; Hope, 2001; 

IPCC, 2013; Mohajan, 2017). Radiations from the sun reach and warm the earth‟s surface. 
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The atmosphere allows short wave radiations to the earth and retain large portion of re-

radiated long wave radiations thus act as insulator causing global warming. Infrared 

radiations from earth are re- radiated back to space but a portion is captured by water vapour 

and other greenhouse gases. Release of GHGs into the atmosphere by human activities is 

believed to be the main driver for climate change. Methane absorbs and emits efficiently 

thermal infrared radiations. Increased quantity of methane in the  atmosphere has led to 

global warming because methane molecules  increase infrared opacity of the atmosphere and 

terrestrial radiations cannot go to space resulting to  more heat  being  trapped in the 

atmosphere (Fayez and Ziad, 2000; Schouten et.al., 2013; Niggli et.al., 2008).  

Sources of methane emissions include natural wetlands, rice paddies, municipal wastewaters, 

municipal landfills/solid wastes, biomass burning, animal waste, human sewage, termites, 

food wastes, fossil fuels, oceans and marine sediments. Positive feedback effect can happen 

in Arctic, Subarctic and  marine sediments which are highly responsive to temperature rise by 

reinforcing the release of methane emissions to the atmosphere resulting to further global 

warming (Stepniewski, 2007; Holmes and Smith, 2016; Gashaw and Teshita, 2014; Al-

smairan et.al., 2015; Umeghalu et.al., 2012; James et.al., 2016). Biogas is primarily a 

mixture of gases with large percentage of methane and carbon dioxide produced by 

methanogenic bacterial decomposition of livestock wastes in the absence of oxygen. The 

most common organic matter to produce biogas is manure. Liquid manures that can be used 

for production of biogas include those of dairy cattle and fattening pigs. The biogas systems 

confine methane that would have escaped into the atmosphere contributing to climate change 

and utilize it to create clean renewable biogas fuel for cooking and heating. The system also 

produces digestate which can be used as bio-fertilizer. Production of biogas in particularly 

designed plants is the most used method to capture and diminish methane emissions. The 

most common types of biogas plants are fixed dome digester and floating drum digester 

(Bessou et.al., 2010; Mulinda et.al., 2013; Zusana et.al., 2016; USDA et.al., 2014; Mengistu 

et.al., 2016;Baig et.al., 2017). Anaerobic digester is designed to help in the decomposition of 

organic wastes in a closed system with limited oxygen and produce renewable energy source; 

biogas. Biogas generated is composed of 50-70% methane, 30-40% carbon dioxide, 5-10% 

hydrogen, 1-2% nitrogen, 0.3% water vapour, traces of hydrogen sulphide and other 

contaminants (USDA et.al., 2014; Gashaw and Teshita, 2014; Chand et.al., 2012; Singh and 

Sankarlal, 2015). Anaerobic digestion is a biological process where acid forming bacteria and 

methane forming bacteria use organic matter in the livestock waste to produce a mixture of 
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gases known as biogas in oxygen deficit environment. Anaerobic digestion can be explained 

by a four phase system namely hydrolysis, acidogenesis, acetogenesis and methanogenesis. 

The yield   of biogas depends on parameters such as temperature, retention time, mixing or 

agitation, solid content, pH and Carbon/Nitrogen ratio (Shin et.al., 2015; Jayaraj et.al., 2014; 

Yaru et.al., 2015; Nguu et.al., 2014; Young et.al., 2014; Kumaran  et.al., 2015). 

Anaerobic digestion and biogas system have potential to produce, confine and destroy 

majority of methane from livestock wastes providing renewable energy and cleanliness 

opportunities for low and medium income nations. During cooking and heating, the captured 

methane by biogas system is converted to carbon dioxide, which is not considered to cause 

greenhouse effect since it comes from biogenic carbon as long as new grasses and tree 

growths take an equivalent quantity of carbon from the atmosphere over the life cycle 

assessment time of 100 years. (Hristov et.al., 2013; Morris, 2010; Hublin et.al., 2014). The 

use of livestock waste for biogas fuel production could reduce the quantity of methane 

emissions being emitted into the atmosphere by about 19%. Using biogas from livestock 

waste leads to reduction of both woodfuel energy use and Methane emissions due to minimal 

Methane emissions from stored livestock waste and woodfuel burning (Holmes and Smith, 

2016; Cheng et.al., 2014; Corre and Conijn, 2016; Bedi et.al., 2015). Climate change 

mitigation involves human interventions that reduce sources or enhance sinks of 

anthropogenic emissions of greenhouse gases. This is necessary to slow climate change. 

Methane is among the GHGs mitigated under Kyoto Protocol (IPCC, 2013; FAO, 2012). 

There is mitigation of climate change by using biogas because Methane emissions in the 

atmosphere are reduced and sequestered carbon in the form of conserved forests is increased. 

Application of bio-fertilizer on the farms avoids the use of nitrogenous mineral fertilizers 

which emits nitrous oxide; powerful greenhouse gas. Biogas technology plays a role in 

assisting communities to build resilience to the effects of climate change by increasing the 

reliability of important services such as energy and waste management. There are synergies 

and resiliency for agricultural needs when linking livestock manures and nutrients recycling 

to the arable or cattle farm for food and fodder production (Chand et.al., 2012; USDA et.al., 

2014).  
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2.3 Contribution of biogas use to household livelihoods improvement  

Use of biogas has benefits which include provision of cooking fuel, reducing deforestation, 

improvement of air quality, saving on cost of mineral fertilizer and saving time in the 

household (Rouf et.al., 2016; Esfandiari et.al., 2011; Tumwesige et.al., 2011; Sunil et.al., 

2015). When biogas is used as source of cooking fuel it reduces both the use of forest trees as 

firewood and indoor household air pollution from woodfuel smoke. Time is saved from not 

collecting firewood, during cooking and cleaning of utensils. Slurry from biogas digestion is 

used as organic fertilizer which saves expenses of purchasing mineral fertilizers. The bio-

fertilizer is highly fertile as it contains valuable nutrients such as nitrogen, phosphorus and 

potassium for crop growth and production. Biogas system is a good source of employment as 

it creates facilities where temporary and permanent jobs are needed to build and run the 

biogas digesters (FAO, 2012; Laxmi et.al., 2014; Nguu et.al., 2014; Rouf et.al., 2015; Uddin 

et.al., 2015). 

2.4 Conceptual Framework of the study 

Figure 2 shows conceptual framework after reviewing relevant literature. The objective of the 

study was to evaluate the contribution of biogas utilization in the reduction of methane 

emissions for mitigating climate change in the study area of Nakuru; Kenya. Wood stove uses 

woodfuel as source of energy while biogas stove uses biogas fuel. The use of woodfuel 

contributes to climate change by releasing GHGs and decreasing capacity of carbon sinks. 

Woodfuel usage and biogas usage of dairy farmers‟ households was used in the analysis of 

woodfuel usage, methane emissions and cost of fertilizer for wood user and biogas user HHs. 

There was reduced amount of woodfuel usage, methane emissions and cost of fertilizer after 

installation of biogas system. Conserved forests due to reduced woodfuel are associated with 

bringing rains and would reverse unreliable rainfall pattern that is manifestation of climate 

change. Climate change mitigation is achieved when Methane emissions are reduced from 

woodfuel burning, Methane is destroyed during burning of biogas fuel and capacity of carbon 

sinks is increased. To reduce GHGs emissions and increase capacity of carbon sinks, 

woodfuel stoves should be replaced by biogas stoves.  The dairy farmers‟ households should 

upscale the use of biogas fuel stoves so as to contribute to combating climate change. 
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Figure 2: Conceptual framework of the study (Source: Author, 2018) 
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CHAPTER THREE 

3.0 DATA AND METHODS  

This chapter summarizes the data and methods used to achieve the objectives of the study. It 

presents a description of data collection. It also describes the research design, sampling 

techniques, population and sample size, instruments of research, reliability and validity of 

research instruments, steps to achieve each of the research objectives, and data analysis. 

3.1 Data 

3.1.1 Data collection  

Primary and secondary data were collected during the study. Primary data is the type of data 

which was collected by the researcher fresh at first hand and for the first time thus it is 

original work of the researcher. Primary data was collected using structured questionnaire 

and face to face interview. Field assistants were used to administer questionnaire and conduct 

interview. Questionnaires are forms which are completed through filling in spaces or ticking 

boxes and returned to the enumerator by respondents. It is a cheaper method and used where 

literacy rate is high and respondents are supportive. Interviews are forms which are filled 

through an interrogation of interviewee by interviewer. They are useful for more compound 

questions, low literacy rate and less accommodating respondents. The data collected during 

cross-sectional household survey using semi structured questionnaire was demographic 

information, household characteristics, fodder and pasture production, manure management, 

energy resources utilization and climate change information. Key informant interview was 

done purposively using checklist. Key informants were persons with specialized knowledge 

on a particular topic. Such individuals were local leaders, government officials and elders. 

The researcher requested the key informants to expound on his or her answers to questions 

related to the local situation of energy and climate change. This instrument is useful for 

obtaining in-depth descriptive data on historical beliefs and practices.  

Secondary data is type of data which has been collected, passed through statistical processes 

and it is retrieved from pre-existing sources (Barreiro and Albandoz, 2001). Secondary data 

collection involved review of research journals from various publications, websites, 

textbooks, booklets, unpublished documents and policy documents from libraries and 

internet. Secondary data was also collected from local Non-Government Organizations, 
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Department of Energy and Department of Livestock production in Nakuru County. Field 

observation focused on collection of data which was not covered by interview or 

questionnaire. Direct observation involved making direct measurement and is most accurate 

method for many variables such as woodfuel usage. Data about the neighboring environment 

of biogas user and wood user households and condition of biogas plants was captured by 

camera.  

Introductory meeting at Nakuru County Livestock Production Office was the start of field 

work for data collection where the purpose of the study was stated and study sites selected. 

The agreements reached during the meeting governed field data collection exercise. A total of 

10 enumerators were identified for 5 clusters (2 for each of the Sub-County cluster). They 

were advised on data collection procedures, communication of soft skills and personal 

conduct during the exercise. Each cluster had 20 or 30 households to be surveyed resulting to 

121 dairy cattle farmers participating.  

3.2 Methods 

3.2.1 Research design    

Cross-sectional survey research design was used during the study. Survey is systematic 

method of collecting data and it is useful in analysis and interpretation of views for group of 

people from target population. Survey is classified according to instrumentation into 

questionnaires and interview. One class of survey based on period of time used to carry out 

survey is cross sectional survey. In this study, cross-sectional survey involved collecting 

information from dairy cattle farmers, elders, Non-Governmental Organizations (NGOs) and 

government staff at single period in time. Cross-sectional survey used questionnaires and 

interview to ask questions about energy resources and climate change. Survey method 

provided statistically significant findings due to high representativeness of the population 

(Sincero, 2012).Survey technique has good response rate and longer interview is more likely 

to be accepted by the interviewee. To build good relations with the community at the 

beginning of the survey, the researcher met community committee members to inform about 

the research and its objectives. 
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3.2.2 Sampling techniques   

Sampling is the method through which a sample is selected from a population. We do 

sampling because it will take more time, is not cost effective and physically impossible to 

check all objects in a population. Sampling allows one to get a representative picture about 

the population without studying the whole population. Probability sampling and non–

probability sampling techniques were used in the study. Probability sampling is where each 

data unit of the sample has the same probability of being chosen from the population. Non-

probability sampling does not apply the theory of probability in choosing the elements from 

the sampling population but inclusion of participants is based on convenience of the 

researcher. Probability sampling is used when researcher is interested in generalizing the 

results derived from sample to the general population (Barreiro and Albandoz, 2001).   

During this study, the researcher was interested in determining woodfuel and biogas usage, 

estimating reduced woodfuel usage and methane emissions in mitigating climate change and 

examining contribution of biogas use to improvement of household livelihoods among small 

scale dairy cattle farmers in Nakuru County. Multi stage sampling technique was used to 

come up with sample of 121 households for the County as illustrated in Figure 3. It is 

complex form of cluster sampling in which two or more levels of units are entrenched one in 

the other. First stage entailed cluster sampling of five sub-counties chosen from Nakuru 

County. In the second stage, simple random sampling of two wards from each Sub-County 

was done. The third stage involved purposive sampling of woodfuel and biogas stove user 

households. Primary sampling units are clusters in the first stage, the ones in the second stage 

are secondary sampling units and finally, the tertiary sampling units are groups in the third 

stage. The concepts of clusters, purposive and random sampling were used. Clustering saves 

cost compared to systematic random sampling where the population is spread over a wide 

geographical region as sampling is only done in some areas. The population of Nakuru 

County consisting of households was divided into Subukia, Bahati, Rongai, Njoro and Molo 

clusters. Then these units were divided in homogenous clusters (at least two wards per Sub-

County). From each of these new units, households were purposively sampled (10 or 15 HHs 

per ward) resulting to 10 or 15 wood stove user HHs and 10 or 15 biogas stove user HHs per 

Sub-County for investigation. 
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Figure 3: Multi stage sampling of the respondents in the area of study (Source: Author, 

2018) 

3.2.2.1 Cluster sampling 

Cluster sampling was used to select five (5) Sub-Counties that were surveyed. During cluster 

sampling, the population was divided into (geographical regions) clusters which are 

homogenous and then some clusters were chosen within the cluster units by simple random 

sampling. Cluster sampling is useful when the units of the populations are spread over a wide 

geographical area. The population spread over Nakuru County was clustered into 5 Sub-

Counties while the population spread over a Sub-County was clustered into 2 wards. It saved 

cost compared to simple random or systematic random sampling where the population is 

spread over a wide geographical region as sampling is only done in some areas. It is cheaper 

and takes less time and efforts than simple or systematic random sampling. In cluster 

sampling, the sampling frame is not required as it is expensive to make it (Alvi, 2016).  
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3.2.2.2 Simple random sampling 

Two wards from each of Sub-Counties were sampled using simple random sampling. Simple 

random sampling is a method where the sample extracted from the population has the equal 

probability of being chosen, that is, every element of the population has the same likelihood 

of being selected to be part of the sample. The population of interest was two wards in the 

Sub- County. A list of all wards in the Sub-County was constructed. Selection of participating 

wards was through lottery system. Each ward in the list was assigned a number which was 

then written on a slip of paper. The slips were placed and mixed thorough in a hat. Two slips 

were picked from the hat to get participating wards. The officers in charge of the selected 

wards were contacted and investigation was done. This technique has a good 

representativeness of the population and there is no possibility of sampling biases (Barreiro 

and Albandoz, 2001).  

3.2.2.3 Purposive sampling 

Purposive sampling was employed when selecting 121 dairy cattle farmers HHs in the wards 

who had at least 2 cows and owned or not owned biogas plants. Purposive sampling is 

sampling techniques that involved choosing a group of dairy cattle farmers because they have 

specific knowledge on livestock farming and utilization of energy resources such as woodfuel 

and biogas that the researcher wants to study. With purposive sampling, the researcher trusts 

that some individuals are fit to the research compared to others. In purposive sampling, the 

researcher selects the sample and tries to make it representative depending on the purpose of 

the research (SLC, 2013).    

3.2.3 Population and Sample size 

Households of dairy cattle farmers were elements of the population. The population of 

Nakuru County consists of 409,836 households. Sample size is count of observations that 

constitute a sub-population to be studied in order to make inference to reference population in 

a survey. A sample of HHs was selected from 409,836 households for survey.  Sample size 

was determined by Arkin and Colton formula developed in 1963 as shown in Equation (1) 

(CEDGG and AK, 2014; Alvi, 2016; Chand et.al., 2012). 

n
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……………………………………………….Equation (1) 
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Where  

  n = Sample size  

N = Total number of households  

  Z= Confidence level of   95%; Z=1.96 

P = Estimated population proportion; 0.5 

D = Desired error; 0.1 

 

With 50% of 409,836 households in Nakuru County practicing agriculture, the sample size 

for the survey was found to be ninety six (96). The calculation had 10% desired error and 

95% confidence level. To control influences of non-responsive participants, the study 

sampled 121 dairy cattle farmers from Nakuru County. The surveyed households were 62 

wood stove users and 59 biogas stove users. The household survey was conducted from 12
th

 

March to 5
th

 April 2018.  

3.2.4 Instruments of research 

The instruments of research used were structured questionnaires and face to face interview to 

collect information concerning socio-economic and biophysical characteristics of the study 

area, woodfuel and biogas energy from respondents and interviewees. Photography was also 

used as data capture tool.   

3.2.4.1 Questionnaire 

Questionnaire refers to forms administered to respondents comprising of closed ended 

questions which are followed by response options and open ended questions to elicit 

information from respondents. Closed ended questions takes less time, are easily coded and 

interpreted and useful for quantitative research. In open ended questions, there are no pre-

existing response choices incorporated. Respondents can give feedback to open ended 

questions they way they want to answer them, researcher can investigate the meaning of the 

feedbacks and ideal for qualitative type of research. Questionnaires are useful when gathering 

data from large group of participants. The respondents are likely to be more honest with their 
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responses (Sincero, 2012).The questionnaire was developed and utilized in this study (Annex 

I) and captured broad aspects of respondents. Sections of the questionnaire were demographic 

information of respondents, household characteristics, fodder and pasture production, manure 

management, energy resources utilization and climate change information. 

3.2.4.2 Interviews  

Interview is the conversation that has a structure and purpose between the researcher as 

interviewer and respondent as the interviewee. Structured interview was conducted by using 

already designed checklist forms. Interview is a method of data gathering where an 

enumerator verbally asks questions directly to interviewees. The information obtained 

through inquiry is recorded by enumerator. During interview, forms are filled in by the 

interviewer and not by the respondent as was the case with questionnaire. Face to face 

interview was designed to obtain dairy cattle farmers‟ knowledge on woodfuel usage, biogas 

usage, various energy sources, motivation towards biogas production, problems facing biogas 

plant farmers, and consequences of climate change (Annex 2 and 3). Interviews are useful for 

exploring individual beliefs, values, understanding, feelings, experiences, and perspective of 

an issue. Face to face interview provided follow up questions that can be asked to clarify 

responses from the interviewee thus provide better understanding of interviewee‟s answers. 

There is high response rate in face to face interview. Additionally, probing can be done to 

improve the quality of data (Sincero, 2012). 

3.2.4.3 Photography 

Non verbal data was collected through photographs. Researcher captured direct observations 

on the farms and biogas plants using camera. The main data obtained from photography 

included number of livestock kept, crops planted, biogas system and status of biogas plants 

(Annex 4). 

3.2.5 Reliability and Validity of research instrument 

When selecting survey instruments, reliability and validity are important aspects to consider. 

Reliability refers to the degree to which data collection tool yields consistent findings over 

many repeated trials. Types of reliability include inter-rater reliability, test-retest reliability 

and split-half reliability.  Validity refers to the extent that instrument‟s results from a measure 
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accurately represent the concept they are supposed to measure in a quantitative or qualitative 

study. Use of both quantitative and qualitative data may increase the validity of the 

evaluation. Types of validity include construct validity, criterion validity, face validity and 

content validity (Phelan and Wren, 2006; Heale and Twycross, 2015). 

Forms designed for interview checklist and structured questionnaires were pre-tested to 

establish their reliability and validity. Pre-test was used as preamble to full-fledged survey. 

The pre-test study was carried out from 19
th

 to 23rd February 2018 in Menengai West Ward 

of Rongai Sub-county; Nakuru County. Pilot study was done in Menengai West ward of 

Rongai Sub-county where dairy cattle farmers have experienced same socio-economic and 

biophysical conditions. During pre-testing, questionnaire and interview checklist were 

subjected to 20 dairy cattle farmers and data was analyzed to find the extent to which it 

measures the expected results. The responses and analyses were useful in reviewing the initial 

draft of data collection instruments. The pre-test study enabled refining of questions leading 

to improved clarity and reduced ambiguity in the structured questionnaire and interview 

checklists. 

3.2.6 Steps followed to achieve research objectives 

i) To determine the quantity of woodfuel and biogas used by wood stove and biogas 

stove user households  

Representative of wood stove and biogas stove user households among dairy cattle farmers 

were contacted and then there was on site household interview. Checklist for household 

interview contained questions about monthly bundles of firewood used, average weight of 

firewood bundle, monthly bags of charcoal used, average weight of bag of charcoal and 

number of hours the biogas stove was turned on per day. Turning on household burner of 

biogas stove for 1 hour consumes 0.2-0.45M
3 

of biogas
 
(Tilley et.al., 2014). The field 

assistants were used to find the quantity of woodfuel usage by wood stove and biogas stove 

user households in the selected wards by measuring the mass of woodfuel in Kg used per day 

using weighing scale. Structured questionnaire was then administered to representative wood 

stove and biogas stove user households. The structured questionnaire contained questions 

about demographic information of respondents, household characteristics, fodder and pasture 

production, manure management, energy resources utilization and climate change 

information. 
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ii) To estimate reduced quantity of woodfuel usage and Methane emissions from biogas 

use in mitigating climate change 

The reduced quantity of wood fuel caused by use of biogas was estimated from the difference 

between average amounts of woodfuel consumed by wood stove user and biogas stove user 

households using Equation (2).  

RWU = WSx  - BSx ................................................................................Equation (2)  

Where    

      RWU = Reduced woodfuel usage (Kg/Household/year) 

          WSx = Average annual woodfuel usage for wood stove user HHs (Kg/Household/year) 

         BSx  = Average annual woodfuel usage for biogas stove user HHs (Kg/Household/year) 

The t-test was performed on the average woodfuel usage of wood stove user and biogas stove 

user HHs for woodfuel usage reduction to show whether the difference was significant at 

95% confidence level.  

The quantity of Methane emissions reduction resulting from use of biogas was computed 

from the difference between Methane emissions produced by wood stove user and biogas 

stove user HHs in terms of kilogrammes of CO2 equivalent per year using woodfuel usage, 

emission factor and Global Warming Potential of Methane. Previous studies found Methane 

emission factor as shown in Table 1. 
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Table 1: Emission factor of Methane from previous studies  

 

Authors of studies Location Emission factor of Methane 

( g of Methane /Kg  of wood 

burned ) 
EPA, (1993) America 14-25 

Pathak et.al., (2009) India 3.9 

Amare, (2014) Ethiopia 4 

Sujuta et.al., (2014) Nepal 3 

Demissie et.al.,(2014) Ethiopia 6-10 

Somanathan and 

Bluffstone, (2015) 

Nepal 4.9 

Source: Author, (2018) 

The Global Warming Potential of Methane for the period of 100 years is 28 (IPCC, 2013).For 

this study, Methane emission factor of 0.006-0.01Kg of Methane per Kg of wood burned was 

used. The mass of Methane emissions from burning of woodfuel for the HHs in Kg of CO2 

equivalent was calculated using Equation (3). 

WE = 


n

i

iU
n 1

1
( 4CHEF  4CHGWP )…………………………………………Equation (3)  

Where WE = Methane emissions in Kg of CO2 equivalent from burning of woodfuel  

               n = Total number of sample HHs 

             iU = Quantity of annual woodfuel usage in Kg by a sample HHs 

        4CHEF = Methane emission factor for woodfuel 

     4CHGWP = Global Warming Potential of Methane  

For wood stove user HHs, the quantity of Methane emissions produced in Kg of CO2 

equivalent from burning of woodfuel was computed using Equation (4). 

 1WE = 


m

i

wU
m 1

1
( 4CHEF 4CHGWP )……………………………………..Equation (4) 
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Where 1WE = Methane emissions in Kg of CO2 equivalent for wood stove user per HHs 

               m = Total number of wood stove user HHs 

                   wU = Quantity of annual woodfuel usage in Kg by wood stove user HHs 

          4CHEF = Methane emission factor for woodfuel 

       4CHGWP = Global Warming Potential of Methane  

For the biogas stove user HHs, the quantity of methane emissions produced was calculated 

using Equation (5).  

2WE = 


k

i

bU
k 1

1
 ( 44 CHCH GWPEF  )……………………………………Equation (5) 

Where 2WE = Methane emissions in Kg of CO2 equivalent for biogas stove user per HHs 

               k  = Total number of biogas stove user HHs 

              bU = Quantity of annual woodfuel usage in Kg by biogas stove user HHs  

         4CHEF = Methane emission factor for woodfuel 

      4CHGWP = Global Warming Potential of Methane  

The quantity of methane emissions reduction resulting from biogas production and use was 

obtained by computing the difference between  Methane emissions produced wood stove user 

per HH and biogas stove user per HH using Equation(6). 

RME = 1WE - 2WE ……………………………………………………… Equation (6) 

Where RME = Quantity of Methane emissions reduced in Kg of CO2 equivalent 

              1WE = Methane emissions for wood stove user per HHs (Kg of CO2 equivalent)  

              2WE = Methane emissions for biogas stove user per HHs (Kg of CO2 equivalent) 
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iii) To examine how the use of biogas contributes to household livelihoods improvement 

Comparison was made on increase or decrease in occurrence of diseases such as eye 

problems, coughs, chest pains, diarrheal diseases, and headaches before and after installation 

of biogas among biogas stove user households. An inquiry was done among biogas user 

households on how much money was saved for not buying mineral fertilizers based on 

estimates from previous years‟ expenditure. Time saved (minutes per day per HH) was found 

by estimating the time saved from firewood collection, cooking and utensil cleaning after 

biogas installation among biogas stove user households.  

3.2.7 Data analysis  

The units of analysis were households of dairy cattle farmers. Survey results of different 

variables in the data set were tabulated during data entry and data cleaning. A coding 

framework was developed consisting of list of codes used to index data from descriptive 

responses of questions asked during the survey. The framework labeled and defined values of 

data. Collected data was entered into spreadsheet using Microsoft Excel computer program 

and coded. Coding involved reducing the data to numbers. The coded data was exported into 

computer software program of Statistical Package for Social Sciences version 20.0 for 

processing. Categorical data included stove user type, gender, diseases status and biogas 

digester status. Numerical data included mass of woodfuel usage, length of time for turning 

on biogas and capacity of biogas. Level of measurements such as nominal, interval, ratio or 

ordinal for quantitative and qualitative data were identified.  

Categorical data classified all observations into categories which were summarized by 

determining how times a category occur. For gender as variable, the number of females who 

participated in the study was described as the frequency of females among the respondents. 

Such information was presented using a frequency table. Frequency distribution is organized 

table of the number of individual respondents are in each category. This helped to know how 

many observations are in each category and spread of the observations. Status of diseases and 

biogas digester were presented as proportion or percentages of the total respondents. 

Proportion is the relative frequency of each category and was computed by dividing each 

frequency by the total number of respondents. Percentage distribution table showed the 

proportion of respondents who are represented within each category. Percentages were 

calculated by multiplying the proportion by 100. Mean and standard deviation were used to 
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describe numerical data. The percentages were used to construct bar graphs and pie charts. 

Mean woodfuel usage of wood stove HHs was calculated by adding up all the observations of 

woodfuel usage and then divided by the total number of HHs using wood stove. Standard 

deviation showed the average difference between each individual woodfuel usage and the 

mean woodfuel usage. If all data points are close to the mean, then standard deviation is low 

showing that there is little difference between values. A large standard deviation shows that 

there was large spread of data. 

Quantitative analysis involved generation of generalizable data to establish cause-effect 

relationships while qualitative analysis entailed studying the experiences, attitudes, opinions, 

behaviours and reasons behind them. Descriptive statistics was used to describe the collected 

data in terms of frequency, percentages, mean and standard deviation. Content analysis was 

used to analyze qualitative data that is respondent‟s understanding of climate change. 

Inferential statistics was used to identify statistically significant difference between two 

groups of data that is woodfuel stove user and biogas stove user households using Levene‟s 

test and t-test. Using Statistical Package for Social Sciences software for computing 

independent sample test of comparing means, Levene‟s test for equality of variance has the t-

test assumption which states that variability of each group is approximately equal. If the p-

value of Levene‟s test was less than or equal to   level for the test(0.05), then the null 

hypothesis was rejected that is the variability of the two groups is equal implying that the 

variances were different. When the significance is less than or equal to the  level, then use 

the row labeled “Equal variances not assumed”. When the p-value is greater than  level, 

then use the row labeled “Equal variances assumed”. Quantitative analysis involved the test 

of hypothesis using t-test. The t-test was used to determine whether or not the average of the 

two sample groups of stove user HHs was statistically significant. The t-test for equality of 

means table had columns labeled “t”, “df”, “Sig.(2-tailed)”, “mean difference” and “95% 

confidence interval of difference” that indicated  the observed or calculated t-value, degrees 

of freedom, two tailed p-value associated with t-test respectively. When p-value was less than 

or equal to , then the null hypothesis was rejected which implied that the difference was 

significant in the woodfuel usage between wood stove and biogas stove user HHs. When p-

value was greater than or equal to , then the null hypothesis was accepted which implied 

that there was no significant difference in woodfuel usage between the wood stove and biogas 

stove user HHs.  
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CHAPTER FOUR 

4.0 RESULTS AND DISCUSSIONS 

This chapter provides summary of results and discussions for the research that was done in 

Nakuru County. A total of one hundred and twenty one (121) dairy cattle farmers households; 

59 biogas stove users and 62 wood stove users were sampled during the study from 5 Sub 

Counties. 

4.1 Demographic information of respondents 

Demographic information of the dairy cattle farmers included gender, age, education level 

and duration of stay in the area of study. Table 2 shows majority of the respondents were 

female; 66.9% and male were 33.1%. The study focused on biogas which is a cooking fuel 

associated with female respondents since they are in charge of cooking and males were less 

interested. 

Table 2: Distribution of the respondents by gender 
 

Type of gender Number  of 

respondents 

Percentages of 

respondents  
Male  40 33.1 

Female 81 66.9 

Total 121 100 

Source: Author, (2018) 

Most respondents (43.8%) were in the age bracket of more than 60 years. For the age 

brackets of 51-60, 36-50 and 18-35 years were 30.6%, 16.5% and 9.1% of the respondents 

respectively as indicated in Figure 4. Respondents who were more than 60 years owned land 

and biogas plants.  
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Figure 4: Distribution of respondents by age (Source: Author, 2018) 
 

Majority of the respondents (43.8%) had secondary level of education, next levels were 

primary education (38.8%), no formal education (4.1%) and finally those with University 

degree (3.4%) as shown in Figure 5. Most of the respondent (82.6%) were able to read and 

write as they  had primary and secondary education. 

 

Figure 5: Distribution of respondents by highest level of education (Source: Author, 

2018) 

With regards to how long the respondents have stayed in the area of study, majority of them 

(44.2%) have stayed in the area of study for more than 30 years. For  durations of 21-30 

years, 5-10 years, 11-20 years and less than 5 years of stay were 22.5%, 15.8%, 14.2% and 

3.3% of the respondents respectively as in Figure 6. Most of the information collected was 

from respondents with more than three decades experience. They were able to give accurate 

view on how climate has changed over the last 30 years. 
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Figure 6: Distribution of respondents by duration of stay in the area of study (Source: 

Author, 2018)  

4.2 Household Characteristics 

Details of household characteristics comprised of marital status of HH head, HH head type, 

sources of livelihoods, people cooked for in the HH and livestock numbers per HH are shown 

in Figures 7 to 10 and Table 3. Majority of the respondents were married (90.8%) while 

singles were 9.2 % as indicated in Figure 7. Biogas installation is a long term investment 

which requires the adopters to be people who have long term perspective.  

 

Figure 7: Distribution of respondents by marital status of HH head (Source: Author, 

2018) 

Male headed HH type (80.8%) was more dominant in the study area than female headed HH 

type (16.7%).Also there were HHs who were child headed(2.5%) as in Figure 8. Male headed 

HH type was dominant in the study area because the culture of the respondents accepts 

patriarchy type of HH leadership.  



30 
 

 

Figure 8: Distribution of HH head by type (Source: Author, 2018) 
 

With regards to sources of livelihoods, majority of the respondents (84.4%) were occupied by 

farming while public service, trading, private sector and waged labour contributed 8.2%, 

4.4%, 1.5% and 1.5% respectively as shown in Figure 9. The area of study has equatorial 

type of climate which receives bimodal rainfall distribution and has fertile soil favourable for 

crop and livestock farming. 

 

Figure 9: Distribution of livelihood sources of respondents (Source: Author, 2018) 
 

The Figure 10 shows that most HHs (22.8%) cooked food for 3 people. It was followed by 4 

people (17.5%), 2 people (16.7%), 5 people (15.5%), 6 and 7 people (11.4% each) and 8 

people (2.6%). The least of the respondents cooked for 1 person and 10 people at 0.9% each. 

Most respondents had small family to cook for. Other members of the family were away in 

schools or work in distant places. 
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Figure 10: Distribution of number of people cooked for in the HH of respondents 

(Source: Author, 2018) 
 

In Table 3, the respondents kept an average of 4 cattle per HH which is more than the least 

requirement of 2 cattle for installing a biogas digester. Each HH had an average of 6 sheep 

and goats. 429 cattle produced 1,565,850-2,348,775 Kg of cow dung which translated to 

estimated production of 37,580.4 – 1,409,265 M
3 

of biogas annually. 60 % of total annual 

dung production was available for biogas production as majority of respondents practiced 

semi-intensive stall feeding. The livestock waste from cattle and goats/sheep was 

1,709,568.7-2,540,400 Kg annually producing 45,419.6 – 141,971.27 M
3 

of biogas
 
annually.  

 

Table 3: Estimates of dung and biogas production  
 

Type of  

livestock 

Average 

herd size 

(Livestoc

k /HH) 

Total  

Number of 

livestock 

 

Daily dung 

production 

per 

animal(Kg) 

Annual dung 

production (Kg) 

Annual biogas 

production(M3)  

Cattle 3.94 429 10 - 15 1,565,850 - 2,348,775 37,580.4 – 1,409,265 

Sheep / 

Goats 

5.77 525 0.75 - 1 143,718.75 -191,625 7,839.2 -10,452.27 

 

Total 

  

954 

  

1,709,568.7- 2,540,400 

 

45,419.6 – 141,971.27 

Source: Author (2018) 

4.3 Fodder and pasture production 

The fodder and pasture production yields decreased slightly as noted by 35% of the 

respondents over the last 10 years. A proportion of 23.3%, 20.8%, 10.8% and 10.1% of the 

respondents noted that the yields of fodder and pasture had increased slightly, decreased 

significantly, no change and increased significantly respectively as presented in Figure 

11.Slightly decreased fodder and pasture yields over the last 10 years pose a challenge to 



32 
 

availability of feedstock for biogas production. Adequate feedstock can only be assured 

through supplementary feeding of the livestock at additional costs. 

 

Figure 11: Changes in fodder and pasture yield over the last 10 years (Source: Author, 

2018) 

Respondents attributed unreliable rainfall (47.6%), increased knowledge on fodder and 

pasture production (35.2%), low knowledge on fodder and pasture management (8.6%) and 

Others reasons (4.7%) and poor soil fertility (3.9%)  to changes in fodder and pasture yields 

respectively as shown in Figure 12. Other reasons stand for reduced land for pasture 

production and high cost of fodder production inputs. Rainfall has become a limiting factor in 

fodder and pasture production since its pattern has changed to erratic and unpredictable. This 

has been due to cutting down of trees in the forests and climate change. 

 

Figure 12: Reasons attributed to changes in fodder and pasture yields (Source: Author, 

2018) 
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4.4 Energy resources utilization 

This subsection presents analysis on sources of energy, sources of woodfuel, reasons for 

using woodfuel as source of energy, sizes of biogas digesters, status of  biogas plants, cost of 

biogas digesters, reasons for using biogas fuel as source of energy, and assessment on the 

effect of biogas technology in the households. The most used sources of energy among the 

respondents was woodfuel (35.5%), followed by grid electricity (24.5%), biogas (18.2%), 

Liquid Petroleum Gas (12.9%), solar (8.3%) and other sources (0.6%) as shown in Figure 13. 

Other sources were maize cobs and kerosene. The use of woodfuel contributes to 

deforestation and consequently to climate change. The use of biogas among the respondents 

was low and it should be up-scaled so as to combat climate change. 

 

Figure 13: Distribution of energy sources among respondents (Source: Author, 2018) 
 

Majority of the respondents (73.7%) got their woodfuel from farm forests. Also respondents 

sourced woodfuel from market (21.2%), other sources (4.2%) and private forest (0.9%) as 

shown in Figure 14. Other sources included sawmills and timber yards. Most respondents 

sourced woodfuel from farm forests indicates that dairy cattle farmers‟ HHs practiced 

afforestation and reforestation. The most common tree species planted in the area of study for 

woodfuel production were Eucalyptus spp, Cypress spp and Grevillia spp. 
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Figure 14: Distribution of woodfuel sources for HHs (Source: Author, 2018) 
 

Woodfuel was available locally and that is why most respondents (53.2%) preferred it as 

source of energy for cooking and heating. 26.2%, 16.6% and 4% of respondents used 

woodfuel because it is available at no cost, other alternatives are expensive and packed in 

small quantities that can be easily purchased respectively as shown in Figure 15.Woodfuel 

was locally available because most of the respondents got it from their farm forests. The 

benefit of planting trees is that respondents did not have to travel long distance to fetch 

firewood. 

 

Figure 15: Reasons for using woodfuel as source of energy by respondents (Source: 

Author, 2018) 
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Most respondents (25.5%) had installed biogas digester of size 8 M
3 

compared to other sizes 

such as 10 and 6 M
3 

(15.7% each), Others M
3
 (14%), 4 M

3 
(9.7%), 12 and 16 M

3 
(7.8% each), 

and 14 M
3
 (3.8%) as presented in Figure 16. Other sizes included 5, 9, 21, 35, 50, 75 and 90 

M
3
.The size 8 M

3
 was the most installed size because the HHs had an average herd size of 4 

cows. The most common type of digester installed by the farmers was fixed dome 

biodigester. The average cost of installing biogas digester was Ksh.84, 362.07 with minimum 

cost of Ksh.40, 000 and maximum cost of Ksh.250, 000.  

 

Figure 16: Distribution of biogas digester sizes by capacity (Source: Author, 2018) 
 

Figure 17 shows most of the respondents (93.1%) had their biogas digester functioning while 

6.9% had no functioning digesters. 

 

Figure 17: Distribution of the state of installed biogas digesters in the area of study 

(Source: Author, 2018) 
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Most respondents (30.8%) were using biogas fuel because it was cheaper than other fuels. 

Other respondents preferred biogas fuel since it makes kitchen more hygienic (22.3%), has 

little operation expenses (20.8%), reduced smoke (16.9%) and increases crop yield (9.2% ) 

respectively as shown in Figure 18. If we spread the average cost of biogas plant say Ksh.84, 

000 over 20 years, the farmer would be spending Ksh.4200 annually. 

 

Figure 18: Reasons for using biogas fuel as source of energy for HHs (Source: Author, 

2018) 
 

Figure 19 indicates that respondents strongly agreed that in the HH, biogas technology 

reduced smoke related diseases (74.1%), saved money from not buying mineral fertilizers 

(55.2%), empowered women and children by saving time in cleaning utensils, cooking and 

not collecting firewood (55.2%). Also the respondents strongly disagreed (29.3%), agreed 

(27.6%), disagreed (15.5%), neutral (13.8%) and strongly agreed (13.8%) that biogas 

technology provided employment to the youths. Smoke related diseases include coughs, eye 

problems, chest pains and headaches. Mineral fertilizers such as DAP, CAN and MoP were 

not bought because respondents used bio-fertilizer from biogas digesters. Time was saved 

because women and children did not fetch firewood from distant forests since biogas fuel was 

available at their doorsteps. They also spend little time cooking and cleaning utensils because 

biogas fuel does not form black soot on the utensils. Biogas plants provide employment to the 

youths as sale persons, artisans and caretakers of the bio-digesters. 
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Figure 19: Assessment on the effects of biogas technology in the HH (Source: Author, 

2018) 

4.5 Climate change information    

This subsection presents how respondents linked their understanding of climate change with 

precipitation variation showing whether or not the climate had been getting drier over the last 

10 years and the effects of changes in climate on their lives. In Figure 20, the respondents 

understood climate change as any change in pattern of weather, seasons or drought (52.1%), 

variations in mean of rainfall and temperature (29.4%), attributed to human activities such as 

production of gases that alter global atmosphere (13.5%) and cause emerging diseases and 

pests (5%). The respondents were not aware of what is climate change. According to 

International Panel on Climate Change, climate change is a shift in the state of the climate 

that can be identified by changes in the mean and/or the fluctuations of its properties and 

persists for decades or longer (IPCC, 2013).The  respondents were not aware of what is 

climate change but knew consequences of climate change. 
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Figure 20: The meaning of climate change among the respondents (Source: Author, 

2018) 
 

Figure 21 indicates that 75% of respondents had noted that climate has been getting dry, 

12.5% very dry, 7.5% not dry, and 5% extremely dry over the last ten years. With climate 

getting dry over the last years, the area of study had been experienced increased surface 

temperatures. Increased surface temperatures are associated with global warming and climate 

change. 

 

Figure 21: Distribution of respondents by dryness in the area of study over the last ten 

years (Source: Author, 2018)  
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According to the findings of this study, the  respondents noted that  the climate  has  been 

getting dry over the last 10 years thus affecting them by causing less feed for livestock 

(36.4%), less water (34.8%), less food for household (22.8%), loss of livestock (4.8%), other 

effects (0.8%) and  death of people (0.4%) as shown in Figure 22. The most important effect 

of change in climate was shortage of livestock feeds which affects the livelihood of the 

respondents; livestock production. Dry conditions were not favourable for fodder and pasture 

production because high evapo-transpiration reduced soil moisture for plant growth. 

 

Figure 22: Distribution of respondents by effects of changes in climate (Source: Author, 

2018)  

4.6.1 Results for determination of quantity of woodfuel and biogas used by households 

The average annual woodfuel usage per household for wood stove user  HHs was 7,314.5 Kg 

while for biogas stove user HHs was 3,415.1 Kg. The average  quantity of woodfuel usage 

for both  wood stove and biogas stove user HHs was 5,481.4 Kg/year as shown in Figure 23. 

The sustainable supply of woodfuel from forests was 5,364.8 Kg/HH/year which resulted to a 

shortfall of 116.6 Kg/HH/year compared to average demand.With average annual woodfuel 

usage of 7314.5Kg, each wood stove user HHs cut down 14.1 mature trees per year.The 

average annual woodfuel usage for biogas user HHs of 3415.1Kg translated to cutting down 

of 6.6 mature trees per HH per year. Both wood and biogas stove user HHs cut down 10.5 

mature trees/HH/year from forests for woodfuel production.The forests sustainably supplied  

10.3 mature trees/HH/year.The average weight of woodfuel from mature tree was estimated 

as 520.6 Kg (Chand et.al., 2012).Woodfuel production was not sustainable as forests were 
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harvested unsustainably by the HHs. The quantity of biogas used per biogas stove user 

household was 481.6 M
3
 per year.With average methane content in biogas being  60%, each   

biogas stove user HH destroyed 228.6 M
3
 of Methane during cooking and heating annually. 

Biogas stove user households used 26,487.5 M
3 

per year of renewable energy from livestock 

manure management. 

 

Figure 23: Annual average woodfuel usage by type of energy sources (Source: Author, 

2018) 

4.6.2 Results for estimation of reduced quantity of woodfuel usage and methane 

emissions from biogas use in mitigating climate change 

The 62 wood stove user households sampled had average annual mass for woodfuel usage of 

7314.5 Kg/year with standard deviation of 6217.1. The 55 biogas stove user households 

sampled had average annual mass for woodfuel usage of 3415.1 Kg/year with standard 

deviation of 2755.3. The wood stove user households had higher average woodfuel usage 

than biogas stove user households. The reduced quantity of woodfuel caused by use of biogas 

was estimated from the difference between average amount of wood fuel consumed by wood 

stove user and biogas stove user households.  

Reduced Woodfuel Usage =7314.5-3415.1(Kg/HH/year) 

                                            =3899.4 Kg/HH/year 



41 
 

Woodfuel usage reduced by production and use of biogas was estimated as 3899.4 

Kg/HH/year. 

The t-test performed on average woodfuel usage of wood stove user HHs and biogas user 

HHs showed that the difference was highly significant at 95% confidence level. The two 

tailed p-value associated with the test was 0.000 implied that the difference in averages of the 

two type of stove users HHs was highly significant at 0.05 level. The use of biogas reduced 

significantly the quantity of woodfuel usage in wood cooking stove  among the dairy cattle 

farmers‟ HHs of Nakuru County. The confidence interval was 2164.8 to 5634. Assuming 

variances are not equal, the t-value was 4.47. There were 86 degrees of freedom associated 

with the t-test.  

The households used woodfuel which contributed to emissions of Methane. For wood stove 

user HHs, the quantity of Methane emissions produced in Kg of CO2 equivalent from burning 

of woodfuel was computed. 

EW 1= 


62

1

76.453497
62

1

i

((0.006 to 0.01) x28)  

         = 7314.48(0.006-0.01) x 28 

         = 1228.83 to 2048.05 KgCO2e 

 

For the biogas stove user HHs, methane emissions produced was calculated. 

  EW 2 = 


55

1

95.187829
55

1

i

((0.006 to 0.01) x28) 

          = 3415.09(0.006-0.01) x 28 

          = 573.74 to 956.23 KgCO2e 

The quantity of methane emissions reduction resulting from biogas production and use was 

obtained by computing the difference in Methane emissions between wood stove user and 

biogas stove user HHs.  

Reduced Methane Emissions = (1228.83 to 2048.05 KgCO2e) – (573.74 to 956.23 KgCO2e) 



42 
 

                                                = 665.09 to 1091.82 KgCO2e/HH/year 

The saved woodfuel usage of 3899.4 Kg/HH/year due to use of biogas fuel has reduced 

methane emissions by 665.09 to 1091.82 Kg of CO2 equivalent per HH per year which were 

to be emitted to the atmosphere as indicated in Table 4.  

Table 4: Annual Woodfuel usage and methane emissions per HH 
 

Woodfuel usage for 

Wood stove user 

HHs 

(Kg/HH/year) 

Woodfuel usage 

for Biogas stove 

user HHs 

(Kg/HH/year) 

Reduced 

Woodfuel usage 

 (Kg/HH/year) 

Reduced Methane emissions 

(KgCO2e/HH/year) 

7314.5 3415.1 3899.4 665.09-1091.8 

Source: Author (2018) 

Figure 24 shows minimum and maximum methane emissions produced by different types of 

energy sources used by stove user HHs. Methane emissions  production of 1228.83 and 

2048.05 KgCO2e represented minimum and maximum quantity for wood stove user HHs 

respectively. For biogas stove user HHs, 573.74 and 956.23 KgCO2e represented minimum 

and maximum quantity of methane emissions produced respectively. Biogas stoves have 

significantly lower greenhouse effect to the climate system compared to the wood stoves. 

Biogas technology is one of the excellent strategy of reducing woodfuel induced greenhouse 

gases and global warming. 

 

Figure 24 : Methane emissions production by type of energy source 

(Source:Author,2018) 
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The biogas digester provided clean renewable energy in form of methane rich biogas. 

Management of livestock waste through energy conversion of manure contributes to methane 

emissions reduction during heating of biogas fuel as methane is destroyed. One biogas 

digester was able to reduce methane emissions by 12.09 to 19.84 Kg of CO2 equivalents per 

year. Reduced amount of methane emissions slows down the rate of global warming in the 

community and Kenya at large. From the study, biogas installation saved 7.5 mature trees 

/HH/year from being cut down for woodfuel production. The conserved trees provided 

additional annual carbon sink for 6433.99 to 7018.9 Kg of Carbon dioxide as 1 Kg of wood 

holds 1.65-1.8Kg of CO2 (Kaltimber, 2017).Each  HHs in the study area should practice 

afforestation by planting at least 8 trees per year so as to reduce deforestation and sequester 

carbon in form of conserved trees. This leads to enhanced climate change mitigation since 

methane emissions from woodfuel is avoided from reduced woodfuel usage and conserved 

trees in the forests increase the capacity of forests for carbon sink. 

4.6.3 Results for examination of how the use of biogas contributes to household 

livelihoods improvement  

Occurrence of diseases such as eye problems, diarrheal diseases, coughs, headaches and chest 

pains were reduced after installation of biogas. Proportion of respondents who noted 

decreased coughs, eye problems, headaches, chest pains and diarrheal diseases were 28.9%, 

28.1%, 20.7%, 19% and 3.3% respectively as shown in Figure 25. Decreased coughs were 

highly recognized to have been caused by biogas installation and the least recognized was 

diarrheal diseases. There were reduced respiratory diseases due to improved air quality 

resulting from smokeless biogas use in the HHs. There were no pollutants associated with 

woodfuel combustion. 
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Figure 25: Distribution of respondents by decreased diseases after biogas installation 

(Source: Author, 2018)      
 

Figure 26 shows majority of respondents used manure from their cattle to improve soil 

fertility by spreading on the farm (42.4%).They also used it for making biogas (40.4%) and 

making compost (17.2%). There should be increased capacity building of the respondents on 

the use of manure to make biogas because biogas production does not only provide biogas 

fuel but also produces bio-fertilizer for soil fertility improvement. 

 

 Figure 26: Distribution of respondents by use of manure (Source: Author, 2018) 
 

Figure 27 indicates that the respondents utilized bio-slurry in their croplands (38.7%), kitchen 

garden (26.9%), others (19.4%) and vegetable farm (15.1%).Others fields where bio-slurry 

was utilized included Napier grass field, Boma Rhodes field and bananas plantation. 
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Nitrogen, Phosphorus and Potassium content in bio-slurry are 0.014, 0.011 and 0.008 Kg per 

Kg dry weight (Pathak et.al., 2009).  Money was saved from not purchasing chemical 

fertilizer (DAP, CAN or MoP) as manure from the cattle was spread on the farm and bio-

slurry from biogas digester was used in the croplands. Money saved from not buying mineral 

fertilizer was estimated as Ksh.3, 539.00 per HH per planting season. The minimum and 

maximum money saved was Ksh.400 and Ksh.18, 000 per HH respectively. 

 

Figure 27: Proportion of respondents by utilization of bio-slurry (Source: Author, 2018) 

 

Table 5 shows the time saved from various types of domestic chores. The time saved from 

installation of biogas was 3 hours and 40 minutes per day per household. More time was 

saved from woodfuel collection (1 hour and 58 minutes) than from cooking or cleaning 

utensils.  

Table 5: Time saved from domestic chores after installation of biogas 
 

 Domestic chores Average time saved 

 (minutes/day/ HH) 

a Woodfuel collection 117.6 

b Cooking   61.7 

c Cleaning utensils   40.5 

 Total  219.8 

Source: Author (2018) 
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The time saved after installation of biogas was utilized by respondents in crop farming 

(29.9%), feeding livestock (26.5%), social and religious work (20.5%), cleaning the home 

(17.9%), child care (3.4%) and others (1.7%) as presented in Figure 28. Others stands for 

resting. Women and children were empowered as they utilized the saved time from firewood 

collection, cooking, utensil cleaning after biogas installation in crop farming, feeding 

livestock, and social and religious work according to their first, second and third priorities  

respectively.  

 

Figure 28: Distribution of respondents by utilization of saved time after installation of 

biogas (Source: Author, 2018) 
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CHAPTER   FIVE 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

This chapter presents conclusions and recommendations for the key findings 

5.1 CONCLUSIONS    

In Nakuru County, the average woodfuel usage for wood stove user HHs was 7314.5 Kg per 

year while for biogas stove user HHs was 3415.1 Kg per year. Wood stove user HHs used 

higher amounts of woodfuel per year than biogas stove user HHs by 53.3%. The supply of 

woodfuel in the study area was found unsustainable by 0.02% per HH per year hence the 

households harvested the forests unsustainably. The average woodfuel usage for both wood 

and biogas stove user HHs was 5481.4 Kg per year which resulted to 10.5 mature 

trees/HH/year cut down for woodfuel production. 10.3 mature trees per HH per year were 

supplied sustainably by forests. The use of biogas reduced woodfuel usage by 53.3% which 

saved 7.5 mature trees per HH per year from being destroyed. In the study area, 18.2% of the 

respondents used biogas fuel in the energy mix. The average biogas usage was 481.6 M
3
 per 

HH per year. The biogas stove user HHs destroyed 228.6 M
3
 of Methane per year during 

cooking and heating. Biogas use promotes clean energy production at HH level by recycling 

livestock wastes. Therefore upscale in adoption of biogas use in the County would translate 

to enhanced tree cover of 72.8 % in the County. Enhanced tree cover will bring more rains 

and increase capacity of forests to absorb Carbon dioxide hence slows down the rate of global 

warming and climate change. 

The study revealed that due to biogas utilization, there was reduction in woodfuel usage by 

3899.4 Kg per HH per year. This reduction of HH fuel saved 53.3-54.1 % of Methane 

emissions from HH per year from being emitted into the atmosphere. The study found that a 

biogas digester reduced 12.09 to 19.84 Kg CO2 equivalent of Methane emissions per year 

from biogas stove and fuel. The biogas utilization is important strategy to save our forests and 

reduce methane emissions in combating climate change. Reduced woodfuel usage allowed 

reduction of methane emissions and delayed depletion of 7.5 mature trees per HH per year 

from forests hence contributing to mitigating climate change. Due to these conserved trees, 

the forests increased their capacity to absorb Carbon dioxide by 72.7% per year. Mitigation of 
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climate change also involved reduction of methane emissions through direct destruction of 

228.6 M
3
 during heating of biogas fuel. 

The study addressed livestock manure management using biogas technology by converting 

manure into methane rich biogas which has been used as source of energy for cooking and 

heating, reduced cost of fertilizer and has many socio-economic impacts. The percentage of 

members in biogas stove user HHs with woodfuel smoke related diseases had reduced. There 

was considerable time saved after installation of biogas and the saved time was utilized in 

crop farming. The livestock wastes from cattle and small stock was 1,709,568.7-2,540,400 

Kg annually producing 45,419.6 – 141,971.27 M
3 

of biogas
 
annually. Bio-slurry application 

to agricultural crops from biogas production was cost effective. On average each biogas stove 

user HH saved Ksh.3539.00 per planting season from not buying mineral fertilizer. The 

application of bio-fertilizer avoids the use of nitrogenous fertilizers which are the source of 

nitrous oxide, powerful greenhouse gas. Biogas utilization has reduced the source of 

greenhouse gases hence climate change mitigation has been achieved. The slightly decreased 

fodder and pasture yield over the last years was attributed to unreliable rainfall. The climate 

has been getting dry leading to shortage of livestock feeds hence livelihood of the respondent; 

livestock production was affected. Livestock wastes from cattle provide greater potential of 

bioenergy due to lower cost of biogas in the long term. Biogas utilization has contributed to 

climate change mitigation by reducing Methane (greenhouse gas) emissions from woodfuel, 

destroying Methane during burning of biogas fuel, increasing the capacity of conserved 

forests to absorb Carbon dioxide from the atmosphere and avoiding nitrous oxide emissions 

from nitrogenous fertilizers.  

5.2 RECOMMENDATIONS 

 There is need to improve understanding of the contribution of woodfuel and Methane 

emissions to climate change at all tiers of Government; National and County 

Governments. This can be achieved through conducting trainings and seminars in all 

counties of Kenya.  

 Awareness creation on benefits and problems associated with conventional fuels, 

unconventional fuels and biogas in the context of climate change should be done.  

 To promote the shift from unsustainable energy to green energy sources, we need to 

upscale biogas development through anaerobic digestion of livestock wastes.  
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 Woodfuel is becoming scarce and environmentally unsustainable, more attention 

should directed towards biogas production and utilization which is economically 

cheaper and does not pollute the global atmosphere.  

 The biogas stove users HH generate biogas from cow dung. Farmers should be 

advised to practice climate smart fodder and pasture production so as maintain 

sustainable supply of cow dung. 

  Government of Kenya through public private partnership should disseminate biogas 

technology to all levels of community, rural and urban areas of the 47 Counties.  

 Stakeholders should find ways of reducing high initial cost of biogas installation.  

 Future researchers should study the effects of acaricides on biogas production.     
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ANNEX 

7.1   HOUSEHOLD SURVEY QUESTIONNAIRE  

Dear respondent 

I am a postgraduate student studying Climate Change Science in the University of Nairobi. 

This questionnaire is intended to collect your views concerning   Energy and Climate 

Change Mitigation in Nakuru County; Kenya. As a resident of this area; you have been 

selected as one of the people to provide   accurate and reliable information about issues listed 

below. Your honest responses gathered will be accorded utmost confidentiality and are great 

asset to me for academic purposes. Mark boxe(s) with a tick or fill in the space(s) provided. 

SECTION   1: LOCATION OF RESPONDENT 

Sub county ………………………………………..Questionnaire Number…………………… 

Ward……………………………………………… Interview date …………………………… 

Village……………………………………………. 

SECTION   2:  DEMOGRAPHIC   INFORMATION OF RESPONDENT 

1) Indicate your gender?            Male         Female  

2) What is your age in years?       10-17       18-35       36-50      51-60       >60 

3) What is your highest level of education?        No formal education        Primary education                                                               

Co Secondary education          College Diploma               University   degree   

4) For how long have you lived in this area?        Less than 5 years      5-10 years       

         11-20 years      20-30 years       More than 30 years          

SECTION   3: HOUSEHOLD CHARACTERISTICS 

5) What is the marital status of the household head?          Single       Married                                     

6) Who heads the household?       Male headed      Female headed        Child headed                               

          Others (Specify)……………………………………………………………………... 

7) What is the major source of livelihood for the household? 

        Farming        Public service       Trading        Private sector        Waged labour       

 8) How many people is food cooked for in the household?.................................................... 
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9) How many livestock are kept in the household? 

Livestock type Cattle Sheep and goats  

Total Number  

 

 

 

SECTION 4   : FODDER AND PASTURES PRODUCTION 

10) Since the last 10 years, how has been the trend in fodder and pasture yield in your farm?  

      Significantly increased        Slightly increased       No change          Slightly decreased                                                  

        Significantly decreased 

11) What do you attribute the change in Question No.10?       Poor soil fertility         

        Unreliable rainfall       Low knowledge on fodder/pasture management                             

        Increased knowledge on fodder and pasture management 

        Other (specify)…………………………………………………………………………….. 

SECTION 5: MANURE MANAGEMENT 

12) How do you use manure from the cows?       Make compost      Make biogas    

       Spread on the farm       Store as liquid slurry in uncovered lagoons  

13) If you make biogas, where do you use the bio-slurry from the biogas plant?   

       Kitchen garden       Cropland      Vegetable farm       Other (specify)…………………….. 

14) How much mineral fertilizer have you used? 

Before biogas use  After biogas use  

Mineral  fertilizer used 

per acre/planting 

season(50Kg bag) 

Cost of fertilizer 

per acre/planting 

season (Ksh.) 

Mineral  fertilizer used 

per acre/planting 

season(50Kg bag) 

Cost of  fertilizer 

per acre/planting 

season (Ksh.) 
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SECTION   6: ENERGY RESOURCES UTILIZATION 

15) Indicate the energy sources that you use in your household.  

 .    Woodfuel         Biogas       Solar      Grid electricity       Liquefied Petroleum Gas            

       Others (specify)… 

16) If you are using woodfuel, where do you collect it from?      Farm forest       Government      

for Government Forest          Private forest       Market         Other (specify)……………… 

17) Why do you use woodfuel for cooking food or lighting?      

            It is locally available       It is available at no cost       It is packed   in small   quantities 

that can be easily purchased         Other alternatives are expensive 

18) If you are using biogas, what is the size (M
3
) of your biogas plant?.....................................

 

19) When was the biogas plant installed?.................................................................................... 

20) How much did it cost to purchase the biogas plant?.............................................................. 

21) Is the biogas plant functioning?       Yes       No 

22) Why do you use biogas fuel for cooking, heating or lighting?        It has reduced smoke  

      It has little operation expenses        It makes kitchen more hygienic       

      It increases crop yield        It is cheaper than other fuels     

23) How much time is saved (minutes/HH/day)? 

Activities Woodfuel 

collection  

Per 

Cooking 

Cleaning 

utensils 

Average time used before biogas 

installation(Minutes) 

   

Average time  used after biogas 

installation(Minutes) 

   

Average time saved   
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24) How is the saved time utilized?       Feeding livestock       Social and religious work   

            Cleaning the home       Childcare        Crop farming       Others (specify)………… 

25) What has been the situation of household   health for the following diseases before and 

after biogas installation? 

Diseases Before installation of biogas After installation of biogas 

Eye  problems   

Diarrheal diseases   

Coughs   

Headaches   

Chest pains    

 

26) What is your assessment on the effects of biogas technology in the household? Please 

mark in the box that best describes your agreement or disagreement   on each of the following 

statements. 

Statement Strongly  

Disagree 

Disagree Neutral Agree Strongly  

Agree 

There is reduction in smoke related 

diseases 

     

Money is saved from not   buying 

mineral  fertilizers 

     

Women   and children   are empowered   

since time is saved in cleaning utensils, 

cooking and from not  collecting 

firewood  

     

There is employment for the youth as 

artisans, sale persons, caretakers of 

biogas plants 
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SECTION 7: CLIMATE CHANGE INFORMATION 

27) What do you understand by climate change? 

…………………………………………………......................................................................... 

28) Has weather or seasons been getting drier leading to severe drought in the last 10 years? 

        Not dry         Dry           Very dry       Extremely dry 

29) In what ways has the changes in weather/seasons affected you? 

        Less water       Less food for household         Less feed for livestock   k   Death of people                                                                                             

         Loss of livestock          Others (Specify)…………………………………………………………. 

   

Thank you for participating                     

 

JOHN SAMALI EIPA 
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7.2 CHECKLIST FOR HOUSEHOLD INTERVIEW  

 

       TOPIC: ENERGY AND CLIMATE CHANGE MITIGATION 

1) How many bundles of firewood do you use per month? ……… Bundles    

2) What is the average weight of one bundle of woodfuel? ………Kg  

3) What is the cost of one bundle of firewood? Ksh.............................. 

4) How many bags   of charcoal do you use per month? ………….Bags 

5) What is the average weight of one bag of charcoal?.....................Kg 

6) What is the cost of one bag of charcoal? Ksh……………………… 

7) How many hours do you take cooking food and heating water using biogas fuel?...... 

 

Thank you for participating 

 

JOHN SAMALI EIPA 

Student of the University of Nairobi 
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7.3 CHECKLIST FOR KEY INFORMANTS   INTERVIEW 

        

       TOPIC: ENERGY AND CLIMATE CHANGE MITIGATION 

1. What are the main livelihoods for the people in this area?  

2. Mention the sources of energy used in this area? 

3. What is the name of the forest where majority of the people in the area collect woodfuel? 

4. What is the weight of woodfuel from   an average mature tree? 

 5. What is the cost of woodfuel (bundle), charcoal (bag), LPG cylinder (Kg), Kerosene 

(Litre), Mineral fertilizer (50Kg) in this area? 

6. Why are farmers motivated to produce biogas? 

7. State the main problems faced by farmers owning biogas plants?  

8. Has the area experienced any change in terms of climate conditions? Explain and give 

details.  

9. What do you think are consequences of climate change in this area? 

10. Do you have any organization in this area involved in climate change? If yes, name the 

organization.  

 

Thank you for participating. 

JOHN SAMALI   EIPA 

Student of the University of Nairobi 
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7.4 PHOTOGRAPHY 

 

Plate 1: Determining weight of firewood using weighing scale  
 

 

Plate 2: Biogas production system 
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Plate 3: Biogas stove with regulator (red in colour) 

 

 

Plate 4: Bio-slurry being released out of biodigester  


