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Abstract 

Rising energy prices of the 1970s triggered alternative energy research and develop-

ment globally. Biogas technology took off in the agricultural sector of developed na-

tions, but biogas dissemination failed to spread throughout most developing nations. 

The failure was largely due to the high initial investment costs and lack of a wide-

spread knowledge base. 

In Kenya, approximately 90% of rural households rely on traditional biomass stoves 

for cooking. Cooking with traditional biomass stoves leads to environmental, health, 

economic and gender hardships in the local community. Kenya has been relatively 

slow to adopt biogas throughout most regions, including Taita Taveta county. Taita 

Taveta county has a high volume of underutilized animal and plant waste that could 

otherwise provide environmental, health, economic and social benefits to the region.  

As a part of this research, a questionnaire with 34 questions was asked to 200 rural 

households throughout Taita Taveta County. The questions were meant to determine 

the regional biogas capacity, the level of biogas knowledge, and the potential benefits 

that biogas dissemination could provide to the region. The results from the question-

naire estimated that approximately 15,000 households can provide the financial and 

substrate capacities required for biogas adoption. Biogas development in the region 

can provide great benefit through reducing the reliance on traditional biomass and 

improving the welfare of rural Kenyans. 

Keywords: biogas digester, cook stove, Kenya, renewable energy, rural, small-scale 

farming, Taita Taveta 
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1 Introduction 

1.1 Background 

Biogas technology usage was first documented in the 1850s in India and New Zealand. 

Shortly after this time period, this technology was recorded in the UK where the biogas 

fuel was used to light street lamps in Exeter. The first reported commercial usage oc-

curred in China in 1921, around the same time that the first German wastewater treat-

ment plant was connected to the public gas supply. In 1950, the first large-scale agri-

cultural biogas plant began operation in Germany (Templeton & Bond, 2011). In the 

1970s, stimulated by the energy crisis, biogas technology spread rapidly throughout 

both developed and developing nations. Throughout the 1980s and beyond, biogas 

technology continued to succeed in developed countries and in large-scale industrial 

sectors, but the success and dissemination of biogas technologies throughout the de-

veloping world rapidly declined. Much of this decline is attributed to a lack of success 

maintaining the operability of biogas plants. By the mid-1980s only 50 to 75% of the 

previously installed biogas plants were functioning in many developing nations (Ni & 

Nyns, 1996).  

Kenya, like much of the African continent, did have large volumes of international 

investment and development of biogas technologies. The first biogas digester was in-

stalled in Kenya in 1957 and the technology continued to spread through NGO initia-

tives and through foreign government aid programs (Adoyo, et al., 2007). While these 

projects were widespread throughout Kenya in the 1970s and 1980s, the technology 

didn’t disseminate as well as expected. Much of the market penetration failure is 

blamed on the high construction and maintenance costs, as well as the lack of local 

experience in constructing, maintaining, and operating the units (Blanchard & Hamid, 

2018). 

Currently, the usage of biogas in Kenya is far less than 1% (Adoyo, et al., 2007). 

Market penetration has remained low even with promotional efforts by the Kenyan 

Ministry of Energy, which in 2004 pledged to promote domestic biogas technology 

growth. Additionally, many of the previously constructed biogas plants in Kenya are 

operating below capacity, are dormant or are no longer capable of operating. The 
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Kenyan Ministry of Energy estimates that there are only approximately 20,000 func-

tioning biogas systems in the country (Kenyan Ministry of Energy, 2018). 

1.2 Motivation for research 

Biogas technology adoption in Kenya has great economic, health and environmental 

benefit potential due to the high volume of underutilized animal dung and the heavy 

reliance on biomass fuels. Three quarters of Kenya’s population live in rural areas and 

approximately 90% of those rural households use firewood as their predominant cook-

ing source (Ndegwa, G., Breuer, T., & Hamhaber, J., 2011). Biogas adoption would 

allow for decreased reliance on traditional biomass cookstoves and provide the addi-

tional benefits of enhanced fertilizer. This research aims to take a closer look at a small 

fraction of the 1.25 million households which are estimated to be able to support bio-

gas technology in Kenya (Heegde & Sonders, 2007). 

Switching from biomass cook stoves to biogas cook stoves is a great socioeconomic 

and environmental opportunity due to the large health, environmental and socioeco-

nomic costs associated with traditional biomass cooking. Since biomass cook stoves 

use mostly fire wood or charcoal, the resulting fuel wood collection leads to increased 

deforestation and potential losses of ecosystem services. Additionally, inhaling smoke 

while cooking with traditional biomass cook stoves has many documented health and 

environmental effects. A 2012 World Health Organization (WHO) report that tradi-

tional biomass cooking stoves are responsible for approximately 4.3 million deaths 

annually, far more than either malaria or HIV (WHO, 2012). Taita Taveta County is 

an excellent potential study area due to most of the population living in rural areas and 

the presence of a resource university which can provide an additional knowledge base 

and support structure. 

1.3 Linkages to CEMEREM 

A project for the development of a Centre of Excellence for Mining, Environmental 

Engineering and Resource Management (CEMEREM) began in 2016 as a joint project 

between Taita Taveta University, Freiberg University of Mining and Technology, and 

the University of Applied Sciences Dresden. The primary objective of the project is to 

create a world class facility and develop teaching and research programs that can be 
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used to train resource managers in Africa. Another goal of the project is to facilitate 

scientific and cultural exchange between Kenya and Germany.  

This biogas research project was done as a small part of the CEMEREM project and 

coincides with the shipment and installation of two smart biogas plants at each the two 

Taita Taveta University campuses. The goal of the survey was to discover the level of 

knowledge, the interest and the capability for the local community to adopt the tech-

nology. 

1.4 Research Questions 

Question 1: When considering the literature, what are the relevant components to de-

veloping biogas technology in developing regions, and what barriers, successes and 

potential benefits exist?  

Question 2: In the results of the Taita Taveta County biogas questionnaire, which of 

the barriers, successes and potential benefits exist? 

Question 3: What can we learn about the outcomes, how can we move forward to 

assure successful biogas dissemination throughout the region with the maximum ben-

efit?  

1.5 Scope and Structure of Study 

The study was done in Taita Taveta, Kenya, which has a population of approximately 

300,000 spread over an area of 17,000 km2.  The region consists of several tribes and 

languages and a wide variety of geographical differences ranging from savannah and 

bush woodland in the lowlands to the cloud forests that make up the highlands (Ma-

sawi, 2015). The 200-person survey was conducted throughout the 20 wards in Taita 

Taveta County. The target population for the survey was all rural households. The 

survey consisted of 34 questions targeting both quantitative and qualitative data per-

taining to the responders understanding, interest, potential benefit from, and capacity 

for adopting biogas technologies. 
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1.6 Thesis Structure 

The research paper is structured into seven individual sections. Following the intro-

duction in chapter 1, chapter 2 introduces the reader to a thorough literature review 

that seeks to answer research question (RQ) 1. Chapter 3 further expounds on RQ 1 

while targeting the Taita Taveta region to introduce the reader to the area. Chapter 4 

begins to answer RQ 2 with the presentation of the research methodology used in the 

questionnaire. Chapter 5 further answers RQ 2 by presenting all the data collected in 

the questionnaire. Chapter 6 seeks to answer RQ 3 by providing an analysis and dis-

cussion of the results compared with the information revealed in the literature review. 

Finally, chapter 7 further expounds on RQ 3 by providing a conclusion and recom-

mendations. 
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2 Literature Review 

2.1 Introduction 

This chapter introduces the reader to pertinent research already done in the relevant 

sectors. The aim of this section is to give the reader a better understanding of the re-

search backdrop used for the development of the research questionnaire and the writ-

ing of this thesis. The literature review will focus on those papers which provide the 

most information and context to the research paper. The subset of literature that will 

be explored will cover the following relevant subject areas, with an increased focus 

given to those papers written in East Africa other nearby nations: 

1. Biogas Development 

2. Biogas and the Environment 

3. Biogas and Policy 

4. Biogas and Health 

5. Biogas and Gender 

6. Biogas and Socioeconomics 

7. Challenges to Biogas Acceptance 

All material covered here comes from governmentally sponsored research projects, 

United Nations reports, or from peer reviewed journal entries or papers. This section 

serves to fill in any knowledge gaps before introducing the reader to the data gathered 

from the research conducted in Taita Taveta. 

2.2 Biogas Development 

2.2.1 Technology 

Biogas originates from bacteria that is released from the natural bio-degradation of 

organic matter under anaerobic conditions. Biogas is predominately methane (40-70% 

volume) and carbon dioxide (30-60% volume). While natural generation of biogas is 

an important part of the carbon cycle, methanogens can also be used with the assis-

tance of technology to produce biogas energy through usage of a biogas digester. The 

calorific value of gas obtained through biogas technology depends largely on the tem-

perature, pressure, water-vapor content, and the substrate input. In addition, the 
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appliances and burners efficiency that is used to harness the biogas technology is im-

portant. Biogas digesters produce not only biogas, but also a slurry or sludge that can 

be used as a fertilizer due to its relatively high nitrogen, phosphorus and potassium 

content. All biogas plants have several key components, a biogas digestion chamber, 

an inlet for substrate, an outlet for slurry and a gas collection chamber. Apart from 

these similarities, there are also large differences and adaptations that can be made to 

biogas plants to make them perform better depending on the local conditions (Kross-

man et al., 1999). 

While some suggest that biogas was used as early as the 10th Century B.C. in Assyria, 

the earliest documented biogas digesters come from the mid-nineteenth century in 

New Zealand and India. Biogas was first transferred to Europe in the 1890s. Up until 

the 1970s biogas systems were only infrequently applied in both large-scale agricul-

tural plants and in smaller-scale household waste projects. Due to increasing energy 

prices in the 1970s, people began researching alternative energy sources which led to 

a rapid expansion of both knowledge about and application of biogas plants (Temple-

ton & Bond, 2011). Following this energy crisis, there was a sharp increase in interest 

in biogas technology, especially in the developing world.  

The biogas energy sector grew extremely rapidly throughout the 1970s to mid-1980s 

with most of the growth being in the construction of fixed dome and floating drum 

biogas systems throughout Asia, Latin America and Africa. According to research 

from Ji-Qin Ni & Edmond-Jaques Nyns, by 1993, there were 6 million digesters in-

stalled in 53 developing nations (Ni, J. & Nyns, E.J., 1993). In Kenya, however, the 

growth was not quite as rapid with it being estimated that there were only 850 house-

hold biogas plants installed in Kenya by 1995, with only 25% of those plants being 

operational (Gitonga, 1997). 

Biogas development in developing nations did lead to many problems early on. While 

evidence of this has been found in many countries, one of the most powerful statistics 

comes from the World Energy Conference in 1989. Research showed that although 

there were approximately 7 million biogas digesters installed in China from 1975 to 

1979, only 3 million were ever operational. This led to the Chinese governmental pol-

icy favoring quality rather than quantity of biogas digesters. The number of digesters  
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produced per year was reduced greatly, but their longevity was increased (World En-

ergy Conference, 1989). 

This problem did not just occur in China, rather it occurred in most of the developing 

world with the diffusion rates dropping rapidly after the mid-1980s. In Latin America, 

the yearly installation rate decreased seven-fold from 1982 to 1992. Much of this drop 

is due to the discovery that only 50 to 75% of the biogas plants were still in operation 

after just a few years (Caceres & Chiliquinga, 1986). This concept will be revisited 

further in the theory section following this technology development section. 

Historically, the most frequently installed biogas systems have been the fixed dome 

biogas system and the floating drum biogas system, both of which were mostly re-

stricted to only using cow or pig dung early on. These two systems are both material 

and labor intensive as they are installed underground and use bricks, concrete, and 

potentially even steel. Due to the material costs, installation costs, and permanence of 

these digesters, they require a large initial investment as well as land security (Sova-

cool, Kryman & Smith, 2014). These biogas plants, when installed correctly, have 

been historically reliable and require little maintenance, however, with a lack of proper 

maintenance, their productivity and operability, as observed by Templeton and Bond, 

can be greatly reduced (Templeton & Bond, 2011).  

More recently, to increase the dissemination rates, new portable systems have been 

developed with lower initial investment costs and more substrate flexibility. An ex-

ample of this type of system is the flexi biogas system (FBS), which was developed 

in 2011 in a partnership of the International Fund for Agricultural Development 

(IFAD) and Biogas International. The FBS is portable and includes just four key parts: 

input and output pipes, a reinforced plastic digester bag, transportation piping, and a 

plastic “greenhouse” covering. Besides the portability and lower price point, the sys-

tem can be supplemented with vegetable waste in addition to the dung after the bacte-

rial process has been catalyzed, thus broadening the range of the users who would be 

able to use the technology. Figure 1 is a comparison from Sovacool et al. (2014) be-

tween the traditional fixed dome and floating drum systems and the newer FBS. While 

the technology hasn’t yet had time to prove itself, a study from 2014 focusing on the 

successes and failures of the FBS system in Kenya was completed by Sovacool et al., 
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which includes a comprehensive project review as well as in-country interviews 

(Sovacool, Kryman & Smith, 2014). 

 

Figure 1: Feature comparison of biogas systems. Source: (Sovacool, Kryman & 

Smith, 2014).   

As of 2014, all but 3 of the 500 FBS digesters were still in operation, which is an 

extremely high operability rating for this type of project. Sovacool et al. (2014) noted 

several early failures in the pilot phase of the IFAD project as well as the following 

adaptations that the IFAD and Biogas International took to eliminate those failures. 

Additionally, it is noted that the IFAD has begun working the Indian Institute of Tech-

nology to further refine the system in preparation for deployment in India. While the 

IFAD biogas project has been largely successful, Sovacool also notes challenges in 

technical and training problems, poor policy coordination, and a low post-pilot project 

adoption rate in the communities. As well as the obvious poverty and financing issues, 

Sovacool et al. also blame the low adoption rate on a lack of widespread biogas infor-

mation, limited rural water access and a negative stigmatization against biogas. The 

stigmatization against biogas technology is blamed on failed projects in the 1990s as 

well as a general skepticism for balloon technology in general due to previous failures 

(Sovacool, Kryman & Smith, 2014).   

Other studies completed in Kenya have shown that, while present, there is only a small 

portion of the population that has a negative opinion of biogas. In another survey con-

ducted in Nakuru, only 3% of the 200 farmers surveyed in the Nakuru and Nakuru 
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North districts who didn’t own a biogas system blamed it on a negative opinion of 

biogas. The two most common reasons were due to a lack of knowledge and a lack of 

money (Mwirigi, Makenzi & Ochalo, 2009). 

2.2.2 Theory 

Biogas development was successful in large-scale agricultural projects in developed 

nations, but dissemination was not as successful for small-scale biogas plants for 

households in developing nations. Research from 1996 by Caceres and Chiliquinga 

sought determine the cause for the failure of dissemination. Caceres and Chiliquinga 

classify all the problems met by rural biogas development into four different groups: 

technical, institutional, socio-economic and financial. (Caceres & Chiliquinga, 1986). 

Technical problems include operation and maintenance insufficiencies, feedstock lo-

cated too far away from the biogas plants, and design/construction problems. Institu-

tional problems include a lack of guidelines to support the technology, insufficient 

coordination, and a lack of national biogas programs and training programs for exten-

sion workers to learn to use the biogas technologies. The socioeconomic problems 

they outlined include the large upfront investment costs being too high for most rural 

farmers, households being resistant to change and difficulties for communities to adapt 

to new technologies. The financial problems included uncertainty, a lack of fair and 

acceptable credit policies and insufficient budgeting for research projects.  While Ca-

ceres and Chiliquinga noted this in Latin America, it has also been found to be con-

sistent with the problems faced by other regions the developing world (Caceres & 

Chiliquinga, 1986). 

Another problem addressed by Caceres and Chiliquinga (1986) is that, during their 

evaluations, they observed that digesters that were financed largely by the users tended 

to have better maintenance and better location suitability. They noted that the most 

heavily subsidized biogas plants were less likely to remain operational. Ji-Qin Ni and 

Edmond-Jacques Nyns (1996) built off of the foundation of Caceres and Chiliquinga’s 

work along with other relevant research papers of the time and developed an original 

concept, the Biogas Producer-Consumer Combination Problem (BPCCP). The 

BPCCP sought to define the factors that influence the adoption and successful opera-

tion of biogas digesters in rural areas.  
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Ni and Nyns (1996) analyzed the problems and facts brought up in published works 

and created a summary of the main characteristics of rural biogas development in de-

veloping nations. Ni and Nyns came up with a model based on the similar circum-

stances observed in many developing nations. This model shows the factors that act 

together and lead to either successful or unsuccessful biogas technology adoption (Ni 

and Nyns). In Figure 2, Ni and Nyns seek to combine both the external conditions and 

internal conditions that led to the motivation of the potential customer for adopting a 

new biogas system (Ni & Nyns, 1996). 

 

 
Figure 2: Factors that influence adoption and operation of rural digesters. Source: 

(Ni & Nyns, 1996) 

The BPCCP concept looks at the combination of the costs for the biogas producer and 

benefits for the biogas consumer and works under the idea that individual families that 

adopt biogas systems are both the producers and the consumers of biogas. BPCCP 

theorizes that the effect on a family’s income will affect both their desire to produce 

and their desire to consume, which makes the motivation to adopt biogas a more com-

plex concept to understand. If a family’s income increases, they will potentially have 

more desire to invest in biogas technology, but since they are also the biogas producer, 

that family must also go through the work of operating and maintaining the biogas 

plant, which reduces the convenience of using biogas and may negatively affect their 

desire for adopting it. On the other side, a family with a low income sees the economic 

benefits of biogas and isn’t as bothered by the inconvenience, but the family has too 

much difficulty investing due to their low income. Ni and Nyns quantify the motiva-

tion of the consumer (Mc1) as:  
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𝑀𝑐1 = 𝑃1 ∗ 𝑇1 

 The motivation of the consumer is based on the given energy price (P) and the tech-

nology level (T). The motivation of the producer (Mp) is: 

𝑀𝑝1 =
𝑃1 ∗ 𝑇1
𝐸1

 

 The motivation of the producer is dependent on the P, T, as well as the family income 

(E). Within the model, technology level is further classified as being dependent on 

efficiency (e), investment requirement (i) and operation requirement (o). Since the 

BPCCP principle looks at the combination of the consumer and the producer, the equa-

tion for the motivation of a potential adopter is as follows: 

𝑀 =
𝑃1 ∗ 𝑇1
𝐸1

+ 𝑃1 ∗ 𝑇1 

Based on this equation, energy price increases and technology increases can be seen 

to increase the desire of the producer and consumer side of the function, whereas an 

increase in income will only increase desire for the consumer side of the equation 

while decreasing the desire from the producer side of the equation. The BPCCP seeks 

to look at biogas development at the adapters level rather than the national level. The 

adapter, who is also the producer and consumer of biogas, is indispensable in the dis-

cussion of biogas dissemination. Without the potential adapters full interest, the oper-

ation and maintenance may be neglected as noted in many parts of the world through 

early biogas adoption failures (Ni & Nyns, 1996). 

Further research, when considering biogas technology adoption, includes research 

published in Agricultural Economics in 1995. Adesina and Baidu-Forsen (1995), who 

conducted research in Guinea and Burkina Faso found strong evidence that the com-

monly held sociological theory of subjective perceptions also applied for farmer’s per-

ceptions on adopting new technologies. The research suggests that households are af-

fected by subjective preferences about adopting any new technology. They concluded 

that farmers’ subjective perceptions of new technologies should be noted when con-

sidering projects such as biogas development projects (Adesina, Baidu-Forsen, 1995). 

According to basic economics, the rational person will prefer the option with the 

higher utility. When attempting to introduce a new technology, farmers will then be 
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comparing the utility of the new technology with that of the old technology. Farmers 

will only adopt a new technology if it is perceived to provide higher utility than the 

traditional technology (Feleke and Zegeye, 2006). Kelebe, Ayimut, Berhe & Hinsta 

(2017) built off the framework of previous research and investigated the factors that 

significantly affect biogas adoption decisions. They discovered that the factors were 

predominantly socio-demographic factors and access to basic infrastructure. The pri-

mary point that should be noted from the research by Kelebe et al. is that biogas pro-

motion and projects should be tailored based on the community rather than creating a 

unimodal approach (Kelebe, Ayimut, Berhe & Hinsta, 2017). The socioeconomic fac-

tors that affect biogas adoption decisions will be covered more in a further section. 

2.3 Biogas and the Environment 

Biogas provides a relatively cleaner energy source for those households who would 

otherwise use wood fuel or charcoal. Because of this, biogas development is especially 

important in developing nations. This technology advancement will decrease the local 

reliance on wood fuel, charcoal, or other traditional biomass alternatives. In Kenya, 

biogas is especially important due to the relatively low access rates to the electricity 

grid. As of 2009, only 16% of Kenyans had access to the electricity grid (Roopnarain 

& Adeleke, 2017).  

According to Okumu & Muchapondwa (2017), between 2000 and 2010, deforestation 

of approximately 50,000 hectares has occurred in Kenya’s major water-producing 

Mountain ranges. Ecosystem services are especially important to consider because the 

value of many of these ecosystem services are difficult to evaluate and understand the 

exact effect on the GDP and quality of life. Measuring the value of a pristine pine 

grove and the benefits it provides to maintaining clean water and air are difficult to 

evaluate (Okumu & Muchapondwa, 2017). Deforestation additionally increases the 

occurrence of natural disasters which can lead to loss of life, destruction to housing 

and loss of crop production. Droughts, floods and landslides are all potentially in-

creased by deforestation (Mwesigye, Buhwezi, Arineitwe & Colonna, 2011). 

While it is shown that biogas digesters can reduce deforestation, the direct link be-

tween the rate of deforestation and the use of wood fuels is difficult to determine due 

to the collection of already fallen trees for wood fuels. A 2014 assessment looking into 
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the potential for biogas development in Africa estimated that 70(+/-42)% of deforesta-

tion can be attributed to wood fuels. The uncertainty in the figure comes from the 

uncertainty surrounding the energy makeup of households who often use multiple 

fuels and from the uncertainty regarding the efficiency of the wood-burning stoves 

that are used. This efficiency varies greatly from between 14% in an open fire to 44% 

using a rocket stove. The assessment concluded that the deforestation attributed to 

wood fuel collection is expected to rise to 83(+/-50)% by 2030 (Subedi, et al., 2014). 

While the demand per capita for fuel wood has decreased over the years, the demand 

for wood fuels has been rising steadily in Africa due to increasing population size. 

Figure 3, taken from the Food and Agriculture Organization (FAO) shows the increas-

ing production of both fuelwood and charcoal in Africa over the past 40 years. 

  
Figure 3: Fuelwood and charcoal production growth in Africa. Source: (FAO, 2011).  

According to the FAO, the fuelwood production in Kenya has increased 197% from 

1961 to 2009, growing from 6,259 to 18,619 kilotons. Similarly, the charcoal produc-

tion has increased 925% from 1961 to 2009, growing from 88 to 902 kilotons (FAO, 

2011). Returning to the data gathered by Subedi et al. (2014), biogas technology adop-

tion in the region has the potential to decrease deforestation by 4 to 26% by 2030 

through a decrease of fuelwood collection (Subedi, et al., 2014).  
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In addition to the potential of reducing deforestation, there is additional environmental 

benefit that is gained from the slurry. Using biofertilizers in place of nontreated ma-

nure leads to lower atmospheric gaseous emissions and less diffuse pollution coming 

from leaching and run off. Another benefit is the potential for a reduction of weed 

seeds that could otherwise spread unwanted weeds wherever the manure is spread 

(Lukehurst, Frost & Al Seadi, 2010).  

2.4 Biogas and Policy 

The Kenyan government has attempted to both incentivize forest management and to 

increase the community interaction in forest management through a concept called 

participatory forest management (PFM). Maintaining ecosystem services is difficult 

because they are frequently public goods that can be enjoyed by the local population 

without charge. When there is market failure in provisioning these goods, the ecosys-

tem services will be depleted at a higher rate than the ecosystem can maintain. In 

Kenya, both market failures and policy failures exist as large threats to protecting for-

est ecosystems (Okumu & Muchapondwa, 2017). 

Okuma & Muchapondwa (2017) reported that between 2000 and 2010, deforestation 

of approximately 50,000 hectares has occurred in Kenya’s major water-producing 

Mountain ranges. The cash revenue of this amounted to approximately 1,362 million 

Kenyan shillings (KSH) per year, whereas the costs accrued through a loss of regulat-

ing services is estimated at approximately KSH 3,652 million per year. In Kenya, for-

estry is based on market-based transactions while the values attributed to the individ-

ual ecosystem services for the local communities isn’t precisely known and the bene-

fits of the ecosystem services are often not well understood in the communities. The 

Kenyan Government is attempting to use PFM to inform the values, attitudes, and 

preferences of locals to improve public knowledge about the importance of environ-

mental services and their conservation (Okumu & Muchapondwa, 2017). 

In 2010, Kenya developed the Kenyan National Domestic Biogas Programme 

(KENDBIP), which was initiated by the African Biogas Partnership Programme 

(ABPP). By the end of September 2013, this program had already led to the installa-

tion of 10,000 biogas digesters and had positively affected the lives of approximately 

50,000 Kenyans (Roopnarain & Adeleke, 2017). 
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2.5 Biogas and Health 

When examining the health benefits of biogas, what is examined is the reduction in 

negative health consequences from the decline in traditional biomass energy usage. 

Traditional biomass energy includes wood fuel, charcoal and occasionally animal 

dung or plant waste. Approximately 40% of the world population still use traditional 

biomass fuels and it is understood that these fuels have major health implications with 

approximately 4.3 million deaths annually attributed to household air pollution (HAP). 

HAP is caused by open fires and traditional cooking stoves, which produce a broad 

variety of pollutants that are damaging to human health, including small particles and 

carbon monoxide (WHO, 2012). 

Often, the particulate values in the air within a home using traditional biomass fuels 

can be up to 20 times higher than international guidelines (WHO, 2018). Due to this 

statistic, it is estimated that approximately 33% of lower respiratory infections are due 

to smoke inhalation from cookstoves. (WHO, 2015).  Similarly, exposure to cookstove 

smoke leads to an increased risks of cataract formation (Smith et al., 2014), high blood 

pressure (Baumgartner et al., 2011), and stroke (WHO, 2016).  

HAP is especially abundant in Africa, with 94% of the rural African households using 

wood fuel as their primary energy source. In Kenya, the percentage of rural households 

that use traditional biomass is at 90%. According to a study published in Rural21, the 

leading international journal for rural development, the number of consumers of wood 

fuel is expected to increase from 2.5 billion in 2004 up to 2.7 billion by 2030 (Ndegwa, 

Breuer & Hamhaber, 2011). 

While it is understood that HAP has health impacts, not very many studies have ob-

served the connection between HAP and stillbirths and neonatal mortality. In a 2015 

study completed in India, Pakistan, Kenya, Zambia and Guatemala, researchers stud-

ied 65,912 pregnancies from households that used either predominately clean fuels or 

predominately polluting fuels. The study, which controlled for maternal education, 

parity, baby gender, antenatal visits and delivery location, showed that exposure to 

HAP increases the risk of stillbirths and very early neonatal mortality (Patel et al., 

2015). The United Nations announced in 2010 the Global Alliance for Clean Cook 

Stoves, which is a program that has a goal of leading 100 million homes to adopt 

cleaner and more efficient stoves or fuels by 2020. More research is still needed to 
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evaluate more concretely the benefit of improved fuels to determine how many lives 

can be saved (United Nations Foundation, 2012). 

Dohoo et al. (2013) completed a survey in the Mukurwe-ini area in central Kenya. 62 

female dairy farmers were surveyed, half of which recently installed biogas plants and 

half of which use traditional biomass fuels. Dohoo et al. questioned women, who are 

understood to be the most effected by the negative factors associated with wood fuel 

collection and cooking. Dohoo et al. noted large differences between those women 

who used biogas and those who used traditional biomass reliant stoves. Only 43% of 

the women with biogas stoves reported any breathing problems compared to 71% from 

the biomass group. Women using traditional biomass also reported higher rates of 

shortness of breath, difficulty breathing, and chest pain while breathing during the past 

6-month period (Dohoo et al., 2013). 

In a 2013 study, Martin et al. recorded major research gaps that exist in understanding 

the health effects of traditional biomass stoves and their relationship to seven associ-

ated diseases. The researchers also noted that visible outcomes linked to early child-

hood survival and health are the issues that could lead to having the greatest impact 

leading to international action. The paper called for further research to prioritize the 

following health topics that are included in Table 1 on the following page. 
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Table 1: Summary of the major research gaps that exist involving HAP exposure. 

Source: (Martin et al., 2013). 

 

2.6 Biogas and Gender 

In most African households, men and women have different roles, with the energy 

provisioning burden often falling on the woman. Because women are the main energy 

provisioner, they also bear the health risks associated with their energy usage. Women 

are thus affected proportionately more by HAP when higher polluting energy sources 

are used. In energy poor nations, the rural poor often have no decision about the type 

of energy they use in their daily lives, and thus women will be disproportionally dis-

advantaged without opportunity to improve their health by switching energy sources. 

(Muchiri, 2008).  

The Kenyan government is working to eliminate such issues and has signed several 

international conventions and treaties, including the Convention on the Elimination of 

all Forms of Discrimination against Women (CEDAW), the Commission on the Status 

of Women, and the African Platform of Action. Unfortunately, these agreements often 

have no binding commitments or mechanism for tracking gender equity or simply re-

quire periodic reporting (Republic of Kenya, 2004). It should be noted that since the 

1992 United Nations Conference on Environment and Development (UNCED), there 



 

29 

 

has been an international consensus to assure that development both drives forward 

economic growth while defending the social equity and the environment. (Muchiri, 

2008). 

Energy policy is often gender-blind whereas the energy situation that occurs within 

households tends to disadvantage women, because of this, gender-blind energy policy 

will make it harder to achieve the sustainable development goals (SDG) that are put 

forward by the United Nations Development Programme (UNDP). Research and pro-

jects have been started by the Gender and Energy Research Programme (GERP), 

which is attempting to reform energy policies in a gender-sensitive way. The goal of 

GERP is to strive for both women empowerment and poverty reduction, which are 

goals of both the SDG and the UNDP (Clancy & Stockbridge, 2017). 

In a 2014 domestic biogas survey commissioned by KENDBIP, 240 households were 

surveyed to determine the effectiveness of biogas plants throughout Kenya. This sur-

vey showed gender bias when it comes to fuel collection. Women were 22% more 

likely to be involved in fuel collection, likely due to women being more often tasked 

with kitchen work. When the fuel used by the household was firewood, the statistics 

were almost equal, with 90% of adult men collecting fuel wood and 92% of adult 

women collecting fuel wood. However, the bias was much more apparent with chil-

dren. 53% of girls collect fuel wood compared to 28% of boys. The conclusion reached 

was that adult male activity tended to involve chopping down larger trees for more 

long-term fuel supply. The surveyors also estimate that biogas installation can save up 

to three hours a day for rural women through a reduction of fire wood collection, 

washing and cook time (Nyamu, 2014). 

In the previous section, a survey by Dohoo et al. was introduced. While the survey 

took samples from only women and was focused on health rather than gender dispar-

ity, the information is important to be included here as well due to the burden women 

have due to energy provisioning. They are the predominant kitchen workers and in-

stalling a biogas plant has great effects on the amount of time it takes to cook with 

traditional biomass. In the survey it was noted that women who have installed biogas 

plants spend approximately 509 minutes per week exposed to woodhouse smoke com-

pared to 1,122 minutes per week for those women who use traditional biomass (Dohoo 

et al., 2013). 
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2.7 Biogas and Socioeconomics 

Socioeconomics play a large role in the adoption of biogas, and similarly the adoption 

of biogas can play a large role in the ability of a household to improve their socioeco-

nomic situation. Sovacool et al. (2014) notes that biogas systems are a solution that 

can help solve three of the major problems that Kenya is facing; climate change vul-

nerability, declining food security and unequitable energy access. Biogas technologies 

can mitigate greenhouse gas emissions, improve agricultural sustainability, and reduce 

energy poverty (Sovacool, 2014). While Sovacool focuses on the benefits of biogas, 

later research from Kelebe et al. (2017) looks at the factors that affect a household’s 

desire to adopt biogas. The survey discovered that most of the determining factors 

were socio-demographic factors such as family size and education level, as well as 

access to infrastructure. Table 2 is adapted from the research done by Kelebe et al. 

(2017) and shows the socio-demographic factors that have the greatest effect of biogas 

adoption decisions on households. 

Table 2: Factors that effect a household’s biogas adoption decision. Source: Adapted 

from (Kelebe et al., 2017). 

Positive Negative 

Age of household head 

Distance to the nearest market 

Family size 

Level of education 

Cattle size owned 

Distance to firewood collection site 

Access to electricity 

Access to credit 

Access to all weather roads 

Female headed household 

Similarly, Mwirigi et al. (2009) noted that the education level and the occupation of 

the head of household often had a major impact on the household’s decision about 

whether to adopt biogas technologies, with those with higher education levels being 

more willing to adapt to new ideas and technologies (Mwirigi et al., 2009). While 

Biogas adoption is more readily available to those of higher economic status, when it 

is adopted it has the potential to increase one’s socioeconomic status. Households who 

manage to purchase and install biogas plants can focus more time and money on al-

ternative activities, such as education, business or improving their quality of life 

(Sovacool, et al. 2014).  
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Biogas International is working within Kenya to enhance the market approach of bio-

gas companies to provide an outlet for entrepreneurs to make more money off their 

biogas plants. The organization is trying to expand their compressed natural gas plant 

to allow packing biogas into canisters, which would enable the FBS byproduct to be 

used as an income enhancer rather than just a financial loss mitigator. Figure 4 shows 

the model that Biogas International is trying to use to better incentivize the growth of 

business opportunities using biogas technologies. The model provides a good example 

of how someone could benefit from the FBS system through entrepreneurial activity. 

The model also acts as a general statement example of the opportunities that adopting 

biogas can give to a household to help them improve their socioeconomic standing 

(Sovacool et al., 2014). 

 

Figure 4: Model for biogas distribution in urban areas. Source: (Sovacool et al., 2014). 
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2.8 Challenges to Biogas Acceptance 

A large percentage of the population in Sub-Saharan Africa rely on traditional bio-

mass. The region can benefit greatly from biogas, but despite this, adoption is occur-

ring at a very sluggish pace in the region. According to Mulinda et al. (2013) the larg-

est factors that have led to the slow adoption rate of biogas in Africa include the fol-

lowing points, which will each be discussed in a little more detail along with other 

relevant research (Mulinda, Hu & Pan, 2013). 

1. Availability of inputs,  

2. High initial investment cost,  

3. Lack of information sharing,  

4. Political and security issues,  

5. Pilot plant project failures  

2.8.1 Availability of Inputs 

Household biogas digesters in Africa are usually fed daily with cow manure. For a 

biogas digester to be successful, it needs to be able to support a family. African fami-

lies tend to be relatively large and consequently big digesters are required. While the 

family sizes in Africa are declining, they are still quite high. When considering Kenya, 

as of 2014, the average family size was 4.0 people per household compared to the 

average of 2.0 people per household in Germany (United Nations, 2017). The larger 

the size of the digester, the more inputs the family will need. Inputs include fresh 

manure and water, both of which require labor (Mulinda et al., 2013). Recalling the 

previous work from Ni and Nyns that considered the family to be both the producer 

and the consumer, an increasing family size leads to an increase in the input costs and 

thus can lead to less desire for biogas technology adoption (Ni & Nyns, 1996). 

2.8.2 High Initial Investment Cost 

While biogas plants have no monthly cost for energy production, they do have a rela-

tively high initial investment cost as well as labor required for operation and mainte-

nance of the plant, for storage, and for slurry usage or disposal. Failure to maintain a 

biogas plant can lead to complete failure of the biogas system and a loss of the initial 

investment. The major bottleneck in the adoption of biogas plants in Africa is the 
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initial investment due to the large amount of people on the continent living below the 

poverty line (Mulinda et al., 2013).  

2.8.3 Lack of Information Sharing 

According to Mulinda et al., as of 2013 there was a relative lack of information sharing 

as well as a lack of recent biogas technology research in Africa. While there is plenty 

of research on biogas technology available, localized information about biogas pro-

jects, successes and failures, and project information is lacking. While the possibility 

for technology transfer is high, the barriers have led to relatively low transfer and thus 

local entrepreneurs have been slow to take advantage of the opportunities and develop 

solid business plans (Mulinda et al., 2013). As noted previously, KENDBIP and Bio-

gas International are attempting to increase the information sharing and improve the 

infrastructure for biogas growth and information sharing within Kenya (Sovacool et 

al., 2014). 

2.8.4 Political and Security Issues 

Periods of food insecurity and financial or political instability often overshadow the 

possibilities of locals to get involved in economic development projects (Mulinda et 

al., 2013). Both fixed-dome and floating-drum style biogas plants are relatively per-

manent installations that require land security and access to some consistent level of 

infrastructure to assure proper maintenance and functionality. Mwirigi et al. (2009) 

found results that showed the statistical significance with a landowner owning a title 

deed and their willingness to adapt biogas technology. Land security gives the adopter 

more assurance that their investment will receive the expected return. (Mwirigi et al., 

2009).  

2.8.5 Pilot Plant Project Failures 

The final point argued by Mulinda et al. is that the earliest biogas projects that occurred 

more than four decades ago led to many failures which negatively affected people’s 

opinion about biogas technology. Most digesters constructed during this period failed 

due to various reasons. The technology requires skills to maintain and operate, as well 

as social acceptance (Mulinda et al., 2013). One problem leading to pilot project fail-

ures is that many of the subsidized projects occurred in locations that are less than 

ideal or have operators who aren’t very invested in the biogas plant. Sun et al. (2014) 
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calculated that in China, a 10% increase in the subsidy-cost ratio only led to a 1.15% 

increase in biogas use due to the increased project failures (Sun et al., 2014). Biogas 

plants that have been paid mostly by the producer and consumer lead to a higher suc-

cess rate, and those that are more highly subsidized have a higher failure rate. For the 

highest biogas success rate, the user should pay most of the costs and the subsidies 

should just be available to support the poorest users. Additionally, innovative financial 

systems such as microfinance and after-sale maintenance subsidies should be consid-

ered (Garfi et al., 2016). 
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3 Taita Taveta Regional 

3.1 Biogas in Taita Taveta 

According to a 2007 assessment assessing the potential and benefit of biogas devel-

opment in Africa, Kenya has a technical potential of 1.25 million households that can 

support biogas, which is based on the availability of dung and water (Heegde & 

Sonder, 2007). If other inputs are considered for digestion, the potential could be much 

higher. In 2007, a feasibility study was conducted throughout Kenya to promote bio-

gas systems. This identified at least 35 districts that have large technical potential for 

biogas development, and recommended a further focus on five primary districts, Ka-

kamega, Kiambu, Kisii, Nakuru, and Nyandarua. The survey emphasized the benefits 

of zero grazing units on the success of pilot projects (Adoyo et al., 2007). The primary 

biogas plants that are installed in Kenya are the floating drum and fixed-dome digest-

ers, which generally require the manure of 2 cows for reliable biogas production. Re-

cently, the plastic tube digester, which is much cheaper, has also seen increased usage 

(Roopnarain & Adeleke, 2017). Newer biogas technologies such as the plastic tube 

digester (Sovacool et al., 2014) and the Smart Biogas Plant by Nagaro (Khan, 2017) 

can provide biogas with fewer manure inputs. 

While Taita Taveta County was not mentioned in the 2007 feasibility study, biogas 

adoption has been growing recently, with most of the growth being due to Biogas 

Taita, a local company that has trained more than 70 worksmen and installed more 

than 350 fixed dome biogas plants locally. The recently trained worksmen and super-

visors have the knowledge to continue to install and maintain biogas plants on their 

own as entrepreneurs (Biogas Taita, 2018). In Taita Taveta, biogas plant installation 

occurred at a much higher rate between mid-2009 and mid-2013 due to biogas subsi-

dies that were given to farmers. Table 3 shows the value of the subsidies that were 

given during this time (Porras, Vorley & Amrein, 2015). 

Table 3: Subsidies for biodigester installation. Source: (Porras, et al., 2015) 
Cost of Biodigester to Farmer KSH 75,000 to 100,000 Euros 670-890 % of Total Installation Costs 

Farmer Subsidy 

Mid-2009 to Mid-2013 25,000 223.20 29% 

June 2013 to Mid-2013 18,000 160.70 21% 

2014 Onward 0 0 0 

http://biogas-taita.de/about.php
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3.2 Regional Information 

Taita Taveta County is one of the six counties in the Coastal region of Kenya and lies 

approximately 200 km to the northwest of Mombasa and approximately 360 km to the 

southeast of Nairobi. Taita Taveta County can be seen in Figure 5. 

 

Figure 5: The location of Taita Taveta within Kenya. Source: Own illustration gener-

ated using QGIS 

Taita Taveta County covers an area of 17,084.1 km2 and consists of three major topo-

graphical zones, the upper zone, the lower zone and the volcanic foothills. The upper 

zone consists of mostly horticultural farming and has an altitude between 304 and 

2,208 meters above sea level. The lower zone is made up of plains and has mostly 

ranching, national parks and mining. The last topographic zone is made up of the vol-

canic foothills at the base of Mt. Kilimanjaro which are relatively low in elevation and 

provide a large volume of water to the region through the rivers, lakes and under-

ground springs that originate there. The entire county is supplied with water from sev-

eral local rivers and springs coming from the Chyulu and Taita Hills, as well as the 

lakes that are fed through underground springs emanating from Mt. Kilimanjaro.  
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The average temperature in Taita Taveta County is 23ºC, with much lower tempera-

tures occurring in the highlands and much higher temperatures in the lowlands. The 

annual mean rainfall in Taita Taveta is 650 mm, which is distributed mostly in the 

highlands. The lowlands have a much lower volume of rain during both the long rains 

from March to May and the short rains from October to December. The local commu-

nity relies on the rainfall to sustain the small-scale farms which provide a living for 

most of the residents. In the past, agricultural farmers would frequently migrate be-

tween the lowlands and highlands depending on the season and climatic conditions, 

but due to recent population growth and changes in the local climate, this is no longer 

possible (TTCG 2013). 

Approximately 62% of the Counties total area is made up of Tsavo West and Tsavo 

East National Parks, which consist of savannah and bush woodlands with a very high 

wildlife density. These ecosystems support lions, elephants, antelopes, giraffes, zeb-

ras, rhinos, hippos, crocodiles and a wide variety of other wildlife. The remaining 38% 

of the county is subdivided into four sub-counties and then further into twenty total 

wards, which is presented in chapter 4, Table 5 (TTCG, 2013). 

3.3 Demographics 

The most recent census occurred in 2009, where the population was recorded at 

284,657 residents. 2017 projections by the county government puts the present esti-

mated population at 345,800 residents. The human sex ratio is 1.04, with the ratio 

decreasing as the population ages, which indicates that men tend to have a higher death 

rate than women in Taita Taveta County.  

Educational access, as of 2010, shows a recorded transition rate from primary to sec-

ondary institutions at 67.5%. The most common reason for students not to transfer is 

the lack of available spaces in public schools and the lack of income sufficient to send 

their children to boarding facilities that are further away. The Taita Taveta County 

government (TTCG) recently completed the first Taita Taveta County Integrated De-

velopment Plan (CIDP), which is an excellent source of local demographic 

knowledge. Table 4 on the following page includes relevant demographic statistics 

that have been gathered from the CIDP (TTCG, 2013). 



 

38 

 

Table 4: Taita Taveta demographic statistics. Source: (adapted from TTCG, 2013). 

Demographic Statistics from 2013-2018 CIDP 

 Mobile Phone Penetra-
tion 

41% 

 Electricity Access 7.7% 

Primary Cooking 
Fuel 

Firewood 75.2% 
Charcoal 14% 

Mean Holding Size 

Highlands 0.4 Ha 
Midlands 1.3 Ha 
Lowlands 4.8 Ha 

 Title Deed Ownership 35% 

 Unemployment Rate 45% 
 Access to Piped Water 35% 
 Access to portable water 58% 
 Literacy Rate 80% 

 Urban Population 25.50% 

3.4 Economic Activities 

The primary economic activities in Taita Taveta County by inhabitants are small-scale 

horticulture farming and livestock rearing. In addition, large-scale sisal farming, 

ranching, fishing, forestry, and mining are all practiced to harvest the local resources. 

Small to medium businesses also exist, with an estimated 7,890 people employed in 

rural self-employment and an estimated 3,810 people employed in urban self-employ-

ment. Various industries, such as sisal production and dairy milk cooling plants, also 

employ a small amount of the labor force. Finally, tourism makes up a large part of 

the local economy, with the Tsavo National parks being one of the more popular tour-

ist destinations in Kenya (TTCG, 2013). 
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4 Research Methodology 

4.1 Introduction 

In this section, the methodology and procedures that were followed during the research 

are presented. The goal of this section is to introduce the research and try to provide 

verifiability and credibility to the data as well as expose the potential limitations that 

exist within the data set. 

4.2 Research Objective 

The primary objective of the research was to determine the knowledge, capacity and 

desire for rural small-scale farmers in Taita Taveta County to adapt biogas technology. 

To reach this objective, questions were designed that explored the socio-demographic 

background, capacity and more general knowledge of the respondents. Additionally, 

the economic, horticulture, and livestock rearing activities of the respondents were 

collected. 

4.3 Research Design 

According to the University of Southern California, the research design refers to "the 

overall strategy that you choose to integrate the different components of the study into 

a coherent and logical way” (University of Southern California, 2018). It ensures that 

the research problem can be effectively addressed and stated as unambiguously and 

logically as possible. The research design works as the blueprint for data collection, 

data measurement and data analysis. (De Vaus, 2006). The conducted research con-

sisted of exploratory research using both qualitative and quantitative methods. The 

qualitative research employed in the questionnaire seeks to understand potential deci-

sions and opinions of the respondents whereas the quantitative research focuses on 

finding relationships between several variables.  

4.3.1 Methods of Data Collection 

All data presented in the results section (Chapter 5) are the result of primary data col-

lected from August to November 2018. This data was collected through a question-

naire that was conducted through in-person interviews in either English, Taita, or Kis-

wahili, depending on the preference of the respondent. All questionnaires were 
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delivered with the assistance of a staff member of the local Taita Taveta University. 

The local assistant, Mr. Wilmot Mwatela, understood all three languages used in the 

investigation as well as the customs and expectations of the locals in Taita Taveta. 

Following the presented primary data in the results section, secondary data gathered 

through literature review will be presented and compared with the results of the pri-

mary data for discussion and analysis in Chapter 6.  

4.3.2 Target Population 

The target population refers to the subset of people that fit within the sample criteria 

of the study (Lavrakas, 2008). The target population for this study is all rural house-

holds in Taita Taveta. Using population projections from the 2009 census, it was de-

termined that there was approximately 308,000 people living in rural households in 

Taita Taveta. To successfully target all rural households, the County map was subdi-

vided into the 20 wards and the stratified systematic sampling technique was used in 

combination with the sampling tool in QGIS to determine how many households to 

survey from each ward. 200 households were sampled out of a target population of 

308,000 people. A larger sample size would be ideal, but time and monetary restraints 

necessitated the smaller sample size. Summary table 5 shows a breakdown of the num-

ber of samples that were taken from each ward within Taita Taveta.  

Table 5: Sampling data for each of the 20 wards in Taita Taveta. Source: Population 

figures estimated using (TTCG, 2013).  
Subcounty Ward Rural Population Sample Number 

Wundanyi 

Wundanyi / Mbale 17554 14 

Werugha 8676 7 

Wumingu / Kishushe 14355 11 

Mwanda / Mgange 13322 10 

Mwatate 

Rong'e 10805 9 

Mwatate 11747 9 

Bura 20496 16 

Chawia 14077 11 

Wusi/Kishamba 13282 11 

Taveta 

Chala 18065 14 

Mahoo 8299 7 

Bomani  6985 5 

Mboghoni 16251 13 

Mata 9271 7 

Voi 

Mbololo 17415 14 

Ngolia 7875 6 

Sagala 10816 9 

Kaloleni 11842 9 

Marungu 9017 7 

Kasigau 13686 11 
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While Taita Taveta County has a very large land mass, the population of the inhabit-

ants is mostly distributed into a few small regions. Even the rural population is very 

condensed, with large areas of the map having no households at all. These population-

barren areas, such as the Tsavo national parks, the large-scale sisal farms, the ranches 

or the other regions without households visible from satellite imagery, were not incor-

porated into the study area. Figure 6 provides a map of the study region and shows the 

distribution of the sample points within each of the wards.  

 

 

Figure 6: Sample points in Taita Taveta. Source: Own illustration. Generated using 

QGIS 

4.3.3 Survey Design 

The survey consisted of 34 questions that covered the following categories; land us-

age, energy usage, opinions, biogas knowledge, biogas potential, and personal infor-

mation. These categories were targeted to give a better understanding of the de-

mographics while answering the previously listed research questions. The survey is 

available at the end of the paper at Appendix I.1. 



 

42 

 

4.3.3.1 Land Usage 

The first three questions of the survey pertain to the amount of land the farmer has 

available to use and what type of horticulture and livestock rearing activities that they 

participate in. In addition to these three questions, one of the personal questions in the 

survey asks about land ownership. Within Taita Taveta, many farmers live on land 

without a deed and this is statistically significant for willingness to adapt to biogas 

according to the literature review. 

4.3.3.2 Energy Usage 

Energy usage is directly related to the adoption of biogas technology. Four questions 

focus on what types of energy each household has access to and uses as well as the 

costs associated with each energy source. The final question in this section considers 

firewood and the households firewood collection habits. 

4.3.3.3 Opinions 

The next five questions are opinion questions that are meant to determine the respond-

ent’s awareness of commonly researched issues regarding firewood collection and bi-

omass cooking stoves. 

4.3.3.4 Biogas Knowledge and Potential 

The next 12 questions consider the biogas potential of each individual household. This 

section considers their knowledge, capacity, savings potential, interest and desire in 

learning more about or potentially adopting biogas plants. 

4.3.3.5 Personal Information 

The last category includes 10 personal questions to contextualize the demographics 

and try and determine any significant findings. In this final section, in addition to basic 

household demographic information. The last two questions of the questionnaire ask 

about the respondent’s community involvement and provides the respondent with the 

opportunity to provide any personal comments. 



 

43 

 

4.4 Limitations 

The whole study went according to plan, with 200 households answering the question-

naire. Nevertheless, a sample size of 200 out of a sample population of 308,000 is too 

low. Due to the lower sample size, these results are only indicative results rather than 

truly representative of the whole population of Taita Taveta County. Therefore, the 

data received has a 95% confidence level with a 7% margin of error. Several questions, 

such as the questions referring to daily organic waste and firewood collection time are 

difficult for the respondent to answer accurately and may not be truly representative. 

The data provided should be used as indicative data to inspire further increasingly 

specific research in the area. 

Two additional questions should have been asked to provide a stronger data set. The 

first question should have determined the households access to water and a second 

question should have questioned how many hours a week the respondent spends cook-

ing. This information is instead taken from regional data sources and discussed as 

such. 

4.5 Ethical Considerations 

When conducting interviews, it is important to be sure that the respondent does not 

feel pressured to answer through any means. To assure that respondents understood 

the purpose of the questionnaire, Mr. Mwatela and I introduced ourselves and pre-

sented the respondents with the cover page of the questionnaire while explaining who 

we are and what the purpose and scope of the interview are. The respondents were 

assured confidentiality and informed that providing their personal information was not 

a requirement for partaking in the questionnaire. The respondents were also informed 

that if they did decide to begin the questionnaire, they could withdraw at any time.  

4.6 Validity and Reliability 

While the questionnaire was delivered as a standalone survey without the potential for 

financial gain or any other aid to the respondents, there is always a risk that some of 

the respondents were answering questions in a way based on their hope that certain 

answers may lead to increased likelihood of them receiving some sort of aid or sub-

sidy. In a recent study in Kenya, the authors noted similarly that respondents may 
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answer in ways that they believe gives them the most likelihood of some potential 

benefit, regardless of whether that potential benefit exists (Adoyo, et al., 2007).  

The questionnaires were always administered through in-person interviews with a 

consistent translator who could interpret the questions into all three potential lan-

guages. There is still possibility that some of the questions were misunderstood or 

perceived differently by different respondents. This is especially relevant because the 

questions were administered to a target population with a very broad demographic 

range from illiterate to college graduates. 
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5 Results 

5.1 Introduction 

The summary of the questionnaire findings is presented in this chapter. Chapter 5 is 

subdivided into the following sections; Sociodemographic results, biogas knowledge, 

energy usage and biogas capacity. The results will be simply presented here, with 

chapter 6 focusing on a discussion and analysis of the data compared with the 

knowledge base from the literature review. 

5.2 Sociodemographic Results 

Sociodemographic data includes the age, gender, education level, profession, income, 

plot size, livestock ownership, horticultural activity and the community associations 

that the respondent is a part of.  

5.2.1 Age and Gender 

In the questionnaire, the age data is split up into age groups. As a rule, we only inter-

viewed those that were 15 years or older. The youngest respondents were much more 

likely to be female, with 50 out of the 71 respondents between the ages of 15 and 35 

being female. The most common age group was between 46 to 55 years old, of which 

there were 40 respondents. 26 respondents were between the ages of 56 and 65 and 24 

respondents were 66 years or older. Only one respondent abstained from providing 

their age. Out of the respondents, 113 were female and 87 of them were male. Figure 

7 shows a breakdown of the age and gender of all the respondents. 

 

Figure 7: Source: Own illustration 
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5.2.2 Education Level 

Out of the 200 households, 16 respondents were illiterate and had never attended 

schooling before. The most common education level was primary education, with 96 

of the respondents having completed it. Figure 8 presents the education levels of all 

the respondents.  

 

Figure 8: Source: Own illustration 

Figures 9 and 10 examine the relationship between age and education and gender and 

education. Figure 9 on the following page shows education level relative to the age of 

the respondent. Of the youngest respondents from 15 to 25, there were no illiterate 

respondents while approximately 25% of them had only completed primary education. 

At all age groups, primary and secondary education were the most common response, 

with exception to those respondents from 56+ whose most common responses were 

illiterate and primary education. Secondary education was more common at younger 

ages. Vocational training was relatively dispersed throughout the age groups. While 

university was most common from 15 to 25 years old, not enough respondents studied 

at university to draw any conclusions from it. 
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Figure 9: Source: Own illustration 

The education level is also compared by genders. As a percentage, women are more 

represented in the lower literacy ranges with approximately 60% of the illiterate being 

women whereas only 43% of those who had received secondary education were 

women. This was further seen in the vocational training level, with only 40% of the 

vocational training being received by women. In university, this trend is not seen, but 

the university level has too few respondents to draw any conclusion from it. This data 

is presented in figure 10, which shows the percentage of both genders at each educa-

tion level.  

 

Figure 10: Source: Own illustration 
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5.2.3 Income 

Figure 11 shows the income level of the respondents. Out of the 200 respondents, 188 

offered their income. 4 respondents stated that their income was less than KSH 100 

monthly while 8 respondents said that their income was between KSH 100 and 499. 

21 respondents had an income between KSH 500 and 1,499 monthly. The largest per-

centage of the respondents had incomes between KSH 1,500 and 4,999 monthly and 

between KSH 5,000 to 19,999 monthly, at 60 and 69 respectively. 26 respondents had 

an income of greater than KSH 20,000 monthly.  

 

Figure 11:Source: Own illustration 

Monthly income was also subdivided by education level to look for significance. The 
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Figure 12: Source: Own illustration 

5.2.4 Savings Potential 

195 respondents answered the question relating to their savings and their ability to 

potentially save for a biogas plant. The most common response was that they could 

save between KSH 200 to KSH 499 every month. Figure 13 shows the distribution of 

the savings potential for the 195 respondents.   

 

Figure 13: Source: Own illustration 
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on a plot larger than ten hectares. Figure 14 shows a distribution of the plot sizes of 

the respondents. 

 

Figure 14: Source: Own illustration 

Figures 15 and 16 on the following page are maps generated from QGIS that show the 

spatial differences in the distribution of plot size and title deed ownership in Taita 
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Figure 15: Plot size ownership. Source: Own illustration. Generated using QGIS 

 

Figure 16: Title deed ownership. Source: Own illustration. Generated using QGIS 
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5.2.6 Livestock Ownership 

The livestock rearing question in the survey considered cows, goats, sheep, chickens, 

donkeys and ducks. 187 of the respondents had at least one livestock animal. The live-

stock ownership rates show strong differences in livestock ownership between re-

spondents through the differences between the average and the median livestock own-

ership. An example of this is cow ownership, where the average is 3.5 cows per person 

and the median is at 1 cow per person. The standard deviation for the ownership of 

goats, chickens and cows was extremely high due to several farmers owning 100 or 

more of the individual livestock. Farmers that owned lots of cows and goats were more 

likely to be in the lowlands and foothills, whereas farmers owning lots of chickens 

were more commonly in the hills. Table 6 provides a glance into the livestock owner-

ship responses. Table 6 shows that 125 of the respondents own at least one cow and 

136 of the respondents own at least one goat. Respondents who owned cows were 

most likely to only have one cow, whereas respondents who owned goats were most 

likely to have 11 or more goats. 

Table 6: Livestock ownership statistics. Source: Own illustration 
Livestock Ownership 

 Cows Goats Sheep Chickens Donkeys Ducks 

Data Statistical 

Analysis 

Sum 706 1443 296 1797 29 28 

Average 3.5 7.3 1.5 9 0.1 0.1 

Median 1 3.5 0 6 0 0 

Std. Dev 10.8 13.5 5 12.5 0.8 1.1 

Number of 
households own-
ing X of each live-

stock 

X=0 75 64 155 26 188 196 

X=1 31 10 7 8 7 0 

X=2 36 12 8 12 1 1 

X=3 16 14 6 11 1 0 

X=4 11 19 5 22 1 0 

X=5 8 15 3 12 0 0 

X=6 to 10 14 32 12 65 2 2 

X=11+ 9 34 4 44 0 1 

The most commonly owned livestock by number were chickens, goats and then cows. 

Sheep were less prevalent, and donkeys and ducks were even less frequent. Figure 17 

on the following page shows each individual livestock animal as a percentage of the 

total livestock ownership from all respondents combined. 
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Figure 17: Source: Own illustration 

5.2.7 Crops 

Out of the 200 households, 178 planted crops. The most common crop was maize, 

which was grown by 173 of the respondents. Crop variety depended heavily on loca-

tion, with those living in different geographical and ecological conditions planting 

different crops. Maize was seen in both the high and lowlands, whereas crops such as 

kale, bananas, sugar cane and avocadoes were seen only in the highlands.  In the low-

lands, green grams, pigeon peas and French beans were most common. Figure 18 

shows the number of respondents that planted each crop. 

 

Figure 18: Source: Own illustration 
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Out of the 200 households, 5 households did not plant crops or have any livestock. 

The reasons for this were either due to recently moving, physical disability or the re-

cent unsuitability of the land due to climatic conditions. 

5.2.8 Associations and Groups 

Out of the 200 respondents, 110 reported that they had some sort of community in-

volvement through groups or projects. The most commonly reported groups were mi-

crofinance groups, community development projects, and women's groups. Due to the 

open-ended nature of the question, it is likely that the results received from this ques-

tion are far from comprehensive. Table 7 lists the groups and associations that the 

respondents reported being a part of. 

Table 7: Association and group membership. Source: Own illustration 
Occurrences Group or Association Type Occurrences Group or Association Type 

45 Microfinance group 2 Village Leader 

34 Community development projects 2 Table banking 

19 Women's group 2 Spiritual guidance leader 

3 Worldvision 2 Ranch 

3 Self-help group 1 USAID 

3 Agribusiness development 1 Teachers circle 

3 National Youth Service 1 Orphan social group 

3 Village Elder 1 Group lottery 

3 Water projects 1 Dairy consumers 

When it comes to gender involvement, women were more likely to report involvement 

in community groups, with 57% of women reporting involvement and only 52% of 

men reporting involvement in community groups or associations. The most commonly 

reported groups and associations by a large margin were microfinance groups, com-

munity development projects and women’s groups. Microfinance groups were gener-

ally either table banking or merry-go-rounds. Women’s groups were generally either 

microfinance groups or craft groups that were meant to generate additional household 

income.  
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5.3 Biogas Knowledge and Energy Usage and Capacity Results 

5.3.1 Energy Usage  

178 of the respondents reported using wood fuel for heating and cooking and 148 

reported using charcoal. Respondents generally used multiple sources for heating and 

cooking, and traditional biomass sources were by far the most common source. 37 

respondents said that they used gas and 12 said that they used paraffin. Most of the 

respondents using gas and paraffin additionally reported using traditional biomass. 

Two households reported using electricity and one household reported using biogas 

for heating and cooking. Figure 19 shows the breakdown of fuel sources used for heat-

ing and cooking. Note that the values are greater than 200 because many respondents 

used multiple energy sources. 

 

Figure 19: Source: Own illustration 

The most common energy sources for both lighting and cooking were solar and elec-

tricity. Additionally, 64 respondents reported using paraffin fuel for lighting. Very few 

respondents reported using D-cells. Figure 20 on the following page shows the distri-

bution of the respondents lighting and electronics sources. Not everyone that was sur-

veyed had access to electricity. 99 of the respondents stated that they had access to 

electricity and 70 responded that they used it. The remaining 101 respondents had no 

access to electricity. 35 of those stated that it was too expensive to use even if they 

had access and 66 stated that they would use electricity if it was available.  
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Figure 20: Source: Own illustration 

Respondents spent an average of KSH 1,385 monthly on energy. Each household had 

a different bundle of energy, with some making no purchases and some purchasing 

several types of fuel each month. The energy costs for each energy type varied by 

region and household depending on availability and distance. Table 8 lists the average 

monthly cost for each energy source by each household. Note that households who did 

not pay money for that energy type are not included in the average price, which means 

that the median only considers the households that purchase the given energy source. 

Table 8: Total spent on individual fuels monthly. Source: Own illustration  

Wood Charcoal Gas Electricity Paraffin 

Respondents (#) 39 116 38 67 63 

Average Spent (KSH) 1323 1068 737 724 397 

Median Spent (KSH) 1000 1000 700 500 300 

Std. Dev 977 878 487 685 266 

5.3.2 Firewood Collection 

Out of 200 respondents, 175 households collected firewood. Figure 21 on the follow-

ing page shows the average time spent weekly by household members to collect fire-

wood. Most households collected firewood between 1 to 3 and 3 to 5 hours a week.  
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Figure 21: Source: Own illustration 

 Within households who collected firewood, 172 gave answers regarding who in the 

family collected it. The average household had 1.6 members who collected firewood 

on a weekly basis. Table 9 shows the age and gender distribution of the family mem-

bers reported to collect firewood. In all age groups, women were more likely to collect 

firewood than men. 

Table 9: Family Members responsible for firewood collection                          

Source: Own illustration 

5.3.3 Organic Waste Potential 

The respondents were asked about their daily potential of collecting organic waste 

scraps from their garden and kitchen. The question was asked using buckets rather 

than weight to try and get more understandable data from the wide demographic of 

respondents. Table 10 on the following page shows the organic potential respondents 

expect that they can collect daily from their kitchens and gardens.  
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Table 10: Garden and Kitchen Scrap Potential: Source: Own illustration  

Garden Scraps Kitchen Scraps 

Less than 1/4 of a bucket 95 155 
1/4 to 1/2 of a bucket 28 33 
1/2 to 1 bucket 40 10 
1 to 2 buckets 31 1 
2 or more buckets 6 1 

It should be noted that, even when combining kitchen and garden scraps, less than one 

quarter of the respondents had one or more buckets of organic scraps per day. Regard-

ing what households did with organic waste that they wouldn’t consume, 165 respond-

ents stated that they used it as animal feed. 18 respondents used it as compost and 17 

respondents said they simply disposed of it or that they burned it. 151 of the respond-

ents said that they collected animal dung to be used as fertilizer. 10 more respondents 

collected cow dung for either selling, charcoal burning or biogas usage. 14 respond-

ents that had cows and 18 respondents that had goats didn’t collect the animal dung. 

5.3.4 Biogas Knowledge and capacity 

Out of the respondents, 51 responded that they had never heard of biogas. Out of the 

remaining 149 respondents, 7 said they had a negative opinion, 20 said that they had 

a neutral opinion and the remaining 122 said that they had a positive opinion about 

biogas. Most of the respondents who knew about biogas learned about it between 2011 

and 2017. Figure 22 shows the years in which the respondents learn about biogas.  

 

Figure 22: Source: Own illustration 
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Figure 23 shows the most frequent sources where the respondents learned about bio-

gas. When considering the respondents age and where they learned about biogas, it is 

observed that younger respondents were more likely to have learned about biogas from 

primary and secondary education while older respondents were more likely to have 

learned through friends and neighbors. Similarly, younger respondents were more 

likely to be aware of biogas and have a positive opinion of it than older respondents. 

 

Figure 23: Source: Own illustration 

The respondents who were aware of biogas were asked how much they expected a 

biogas system to cost to install. 95 of the respondents said they had no idea. The sec-

ond most common answer was 16 respondents estimating a cost of KSH 10,000 to 

KSH 14,999. Figure 24 shows the price expectations of the respondents. 

 

Figure 24: Source: Own illustration 
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The next question asked the respondents how large of a family they expected a biogas 

system could support. 66 respondents answered that they have no idea. The second 

most common answer was at 34 respondents who estimated a biogas plant could sup-

port 6 to 10 household members. Figure 25 shows the results for how many household 

members a biogas system can support. 

 

Figure 25: Source: Own illustration 

The final biogas knowledge question asked the respondents whether they were aware 

that non-animal organic waste, such as vegetable scraps, could be used to produce 

biogas. 130 respondents were unaware that non-animal organic waste could be used 

to create biogas. Figure 26 shows the responses from the 149 respondents who an-

swered this question. 

 

Figure 26: Source: Own illustration 
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The remaining biogas-related questions sought to determine the level of interest in 

biogas technology in the local community. 194 of the respondents said they would be 

interested to see a biogas plant in operation. The next question was regarding support-

ing the development of an energy group that could train community members to build, 

install, support, operate and manage biogas plants. 174 respondents said they would 

absolutely support such a group. Figure 27 shows all the responses to supporting the 

energy group. 

 

Figure 27: Source: Own illustration 

When asked whether the community member would like to join the previously men-

tioned group, 164 respondents said they would absolutely like to join the group. Figure 

28 shows the remaining answers to joining the energy group. 

 

Figure 28: Source: Own illustration 
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The respondents were asked whether they would be willing to recommend government 

funding for the development of biogas technology. 91 respondents said yes, it is ex-

tremely important, and 76 respondents said yes, but it’s not a big priority. The remain-

ing respondents said either not sure or no. Figure 29 shows the responses to the gov-

ernment funding question. 

 

Figure 29: Source: Own illustration 

5.4 Opinion Questions 

5 general knowledge and opinion questions were asked to gauge the respondent’s 

awareness and interest in several key issues that are related to biogas technology 

growth. These questions were focused on health, environmental and gender issues re-

lated to firewood collection and burning. 

5.4.1 Are you aware about damage to forests due to firewood collection?  

 Figure 30 on the following page shows the respondents answers to the first question. 

All 200 respondents provided an answer to this question. The least common answers 

were no, and yes, and I am not at all concerned. 19 respondents answered yes, and I 

am not very concerned. The most common answer given was 135 respondents answer-

ing yes, and I am concerned. 28 respondents responded with yes, and I am very con-

cerned.  
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Figure 30: Source: Own illustration 

5.4.2 Are you aware of health problems related to traditional cooking stoves? 

Figure 31 shows the respondents answers to the second question. All 200 respondents 

provided an answer to this question. 62 respondents answered no, and 6 respondents 

answered yes, and I am not at all concerned. 13 respondents answered yes, and I am 

not very concerned. The most common answer given was 92 respondents answering 

yes, and I am concerned. 27 respondents responded with yes, and I am very concerned.  

 

Figure 31: Source: Own illustration 

9

9

19

135

28

0 50 100 150

No

Yes, and I am not at all concerned

Yes, and I am not very concerned

Yes, and I am concerned

Yes, and I am very concerned

A R E  Y O U  A W A R E  A B O U T  D A M A G E  T O  F O R E S T S  D U E  T O  
F I R E W O O D  C O L L E C T I O N ?

62

6

13

92

27

0 10 20 30 40 50 60 70 80 90 100

No

Yes, and I am not at all concerned

Yes, and I am not very concerned

Yes, and I am concerned

Yes, and I am very concerned

A R E  Y O U  A W A R E  O F  H E A L T H  P R O B L E M S  R E L A T E D  T O  
T R A D I T I O N A L  C O O K I N G  S T O V E S ?



 

64 

 

5.4.3 Do you think women and men bare equal burden when it comes to firewood 

collection? 

Figure 32 shows the respondents answer to the third question. 199 respondents pro-

vided an answer to this question. 7 respondents answered no, men bare more burden 

and that is a problem. 4 respondents answered No, men bare more burden and that is 

okay. 13 respondents answered No, women bare more burden and that is a problem. 

68 respondents answered No, women bare more burden and that is okay. The most 

common answer given was 107 respondents answering yes, they believed women and 

men bare equal burden.  

 

Figure 32: Source: Own illustration 

5.4.4 Do you make an effort to mitigate damage to forests? 

Figure 33 on the following page shows the respondents answer to the fourth question. 

All 200 respondents provided an answer to this question. 24 respondents answered I 

have made large lifestyle changes to lower damage to forests. The most common an-

swer given was 133 respondents answering I try to make small changes to lower dam-

age to forests. 5 respondents answered No, I do not have time or energy to consider it. 

38 respondents responded with No, I do not think about damage to forests. 
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Figure 33: Source: Own illustration 

5.4.5 Do you make an effort to mitigate health risks from cooking stoves? 

Figure 34 shows the respondents answer to the fifth question. All 200 respondents 

provided an answer to this question. 27 respondents answered I have made large life-

style changes to lower health risks from wood smoke. The most common answer given 

was 96 respondents answering I try to make small changes to lower health risks from 

wood smoke. 2 respondents answered No, I do not have time or energy to consider it. 

75 respondents answered No, I do not think about it 

 

Figure 34: Source: Own illustration 
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5.5 Personal Comments 

Respondents could give personal comments, questions or concerns regarding biogas, 

our project, or any related subject matter. The following section includes a brief list 

on concerns, questions and suggestions from respondents. 

I. Many respondents were concerned that they would only be able to generate 

enough scraps and wastes seasonally. 

II. Many respondents were curious about the price of a biogas system. 

III. Many respondents were eager to learn about and potentially adapt biogas 

technology. 

IV. Several respondents recommended we speak with their village chiefs to gain 

their support and interest in the project. 

V. Several households were interested in the idea of selling biogas to neighbors. 

VI. Several respondents were curious if bringing biogas technology would provide 

employment opportunities for the local community. 

VII. Several respondents were concerned with the durability of biogas systems. 

VIII. Several respondents were concerned about the potential hazards of biogas. 

IX. One respondent was concerned about having to search for manure. 

X. One respondent was concerned about the security from thieves taking compo-

nents. 
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6 Discussion 

6.1 Introduction 

In this chapter the relevant results from the questionnaire will be discussed alongside 

their relationship to the literature. RQ 1 and RQ 2 were previously answered in the 

literature review section and this discussion seeks to combine the knowledge gained 

from those two sections to answer RQ 3. In this chapter the literature will be used to 

provide a knowledge base to use along with the data from the results section. The total 

biofuel potential for the respondents will be calculated along with the current income 

and savings potential for each of those farmers who have enough fuel to support a 

biogas system. The goal is to try and get an estimate on the potential for biogas devel-

opment in the region.  

6.2 Discussion     

6.2.1 Potential Regional Benefits 

Taita Taveta County is right in line with the data from Ndegwa et al. (2011) that shows 

that approximately 90% of rural households in Kenya use firewood as a primary cook-

ing source. In the collected data, 178 of the respondents used firewood and 148 addi-

tionally used charcoal. Since 175 of these households also collected firewood, biogas 

adoption has great potential to reduce deforestation, and further to reduce the occur-

rence of droughts, floods and landslides, all of which potentially increase through de-

forestation (Mwesigye et al., 2011). Similarly, the region has a great potential for re-

ducing the HAP and reaping the health benefits, including decreased occurrence of 

breathing problems (Dohoo et al., 2013), frequency of high blood pressure (Baum-

gartner et al., 2011) and stroke (WHO, 2016). Women and young children would also 

benefit from adoption of biogas through the reduction of very early neonatal mortality 

(Patel, et al., 2015) and the reduced burden on women, who presently spend more time 

each week collecting firewood. 

While energy policy is frequently genderblind, the results from this questionnaire were 

similar to those from the 2014 KENDBIP survey (Nyamu, G. 2014), which showed 

women were more likely to have the burden of collecting firewood at every age 
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bracket. This data is also consistent with the literature that proposes that the woman is 

the primary energy provisioner (Clancy & Stockbridge, 2017). Because they are the 

primary energy provisioner, adopting favorable biogas policy and developing biogas 

infrastructure to better disseminate biogas technology in Taita Taveta has great poten-

tial to improve the livelihood of women. The study results also show that 60% of the 

illiterate respondents were women. Considering the variety of ages, these results are 

consistent with UNICEF findings from 1974 that showed girls making up only 43% 

of total primary school enrollment. It is important to note, that this gap has now dis-

appeared in primary school, however it still exists in secondary school, albeit at a 

lower rate (United Nations, 2018). Since the questionnaire asked for household in-

come rather than individual income, there were not enough respondents to compare 

the income from single men and single women. 

6.2.2 Regional Knowledge 

From the literature, most biogas development took place in developing nations 

throughout the 1970s to mid-1980s, but this wasn’t the case in Kenya, with only an 

estimated 850 household biogas plants installed in Kenya by 1995, and only a 25% 

operational rate of those plants (Gitonga, 1997). This result is evident in the data, with 

only 1 respondent saying they knew about biogas prior to the 1980s. Most of the re-

spondents said they learned about biogas within the last few years from 2011-2017, 

which is consistent with the relatively late growth of household biogas in Taita Taveta. 

Most respondents learned of biogas from primary/secondary education or through 

friends or neighbors. The recent knowledge also aligns with the start of a local biogas 

company, Biogas Taita, in 2009.   

Sovacool et al. (2014) noted that early failures of biogas projects occasionally led to 

negative stigmas towards biogas, due to failed pilot projects or general skepticism. In 

the questionnaire, only 7 respondents said they had a negative opinion of biogas, with 

most of the remaining having a positive opinion. These results are similar to those 

from a 2009 survey by Mwirigi et al. (2009). In the questionnaire, only 75% of the 

respondents were aware of what biogas was. This is further supported by literature, 

with Sovacool et al. (2014) noting lack of knowledge and lack of money being the 

largest causes for the slow dissemination rates of biogas technologies in Kenya. Sim-

ilarly, Sovacool et al. (2014) determined that the largest bottleneck leading to a lack 
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of biogas adoption is the initial investment cost. Household biogas plants generally 

range from 40,000 KSH to 120,000 KSH for installation. Their research suggests that 

a fixed dome biogas system will cost approximately 100,000 KSH, a floating drum 

biogas system will cost between KSH 90,000 to KSH 120,000 and a flexi biogas sys-

tem will cost between KSH 40,000 and KSH 80,000. (Sovacool et al., 2014). 

These prices vary greatly by region. In Taita Taveta, Biogas Taita has been producing 

fixed biogas plants using local labor and resources. Biogas Taita offers prices ranging 

from KSH 98,000 for a 6m3 to KSH 141,000 for a 12m3 digester (Biogas Taita, 2018). 

Flexi-style biogas systems haven’t made headway in Taita Taveta, and thus fixed 

dome biogas systems make up almost all the installed biogas plants. Despite this, out 

of the 54 respondents who estimated the price of installing a biogas plant, the largest 

portion of them (16) believed it was between KSH 10,000 and KSH 14,999. 35 total 

respondents believed the price would be below KSH 49,999. These price estimations 

are far below the actual price of a biogas system in Taita Taveta. One potential reason 

for the lack of price knowledge is due to the historical subsidies that made biogas 

installation cheaper leading to knowledge distortion. 

The price wasn’t the only fact that was deeply misunderstood by the respondents. Tra-

ditional biogas systems used just animal manure, but recent technology developments 

have led to non-animal organic waste being usable to create biofuels, yet, out of 149 

respondents that were aware of biogas, 130 were unaware that non-animal organic 

waste could be used for biofuels. This is even more surprising since Biogas Taita ad-

vertises that non-animal organic wastes can be used in some of their systems (Biogas 

Taita, 2018). 

Most respondents were very interested in learning about and seeing biogas technology. 

194 respondents said they would like to see a plant in operation. The respondents were 

also very supportive of the idea of creating and even joining an energy group that 

could be trained to build, install, operate and manage biogas plants. The local support 

for biogas is a requirement to the success of a development project, since they are both 

the supplier and the producer of biogas. If a farmer isn’t interested or invested in the 

technology, they will not maintain the system well and there is a high likelihood of 

failure (Ni & Nyns, 1996). Additionally, farmers are rational and only willing to adopt 

a new technology if they believe the utility is greater than that of the traditional 
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technology (Feleke & Zegeye, 2006). The large majority of the respondents reported 

that they were entirely willing to support and participate in biogas technology devel-

opment. 

6.2.3 Opinion Questions 

The five opinion questions previously introduced in the data section were attempting 

to gauge the respondent’s awareness and concern of environmental, health and social 

implications of fire wood collection and cooking. While it will not be deeply dis-

cussed, in Appendix I.2 the opinion questions are further divided according to the re-

spondent’s education level, age, and gender. The responses to the questions in this 

section are briefly examined to determine if their responses can be used as knowledge 

to guide any future actions. 

6.2.3.1 Are you aware about damage to forests due to firewood collection?  

In this question, the most common answer was yes, and I am concerned. There was 

no large disparity between respondents of different age or gender. Education level was 

significant, with those with vocational training having much higher rate of responding 

yes, and I am very concerned. Respondents who had received secondary education 

had the second highest rate of responding with yes, and I am very concerned. Since 

only three respondents had university experience, there isn’t enough data to conclude 

anything. This increased yes, and I am very concerned response rate may be due to the 

additional technical education that the respondents had received. Overall, a clear ma-

jority of the respondents are aware and concerned of damage to forests. Respondents 

occasionally mentioned local climate change effecting the frequency of rains and 

ephemeral rivers, as well as an increased firewood collection time. Firewood collec-

tion can take longer due to either deforestation or forested areas becoming part of 

programs such as the Community Forest Associations (CFAs). CFAs have been es-

tablished in Taita Taveta county to better facilitate sustainable forestry management 

(TTCG, 2013). 

6.2.3.2 Are you aware of health problems related to traditional cooking stoves? 

The most common answer for this question was yes, and I am concerned¸ and respond-

ents who had received secondary education and vocational training were more likely 
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to say yes, and I am very concerned. There was no other major disparity in the re-

sponses based on age or gender. There was a surprising number of respondents who 

answered no to this question. More than 30% of the respondents said that they were 

not aware of health problems related to wood cooking stoves. In literature, HAP is 

widely discussed, but within the region it doesn’t seem to be well understood by all 

the respondents. At the same time, several respondents reported negative health effects 

on themselves or family members due to smoke inhalation. Regarding local 

knowledge about HAP, within the Taita Taveta County Integrated Development Plan 

from 2013-2017, there is no direct mention of either IAP/HAP, smoke inhalation, or 

cook stoves (TTCG, 2013). At the same time, IAP management is listed in the Taita 

Taveta Community Development Plan for 2016/2017 and the lack of knowledge and 

ignorance about pollution is listed as one of the challenges the region faces (Masawi, 

2015). 

6.2.3.3 Do you think women and men bare equal burden when it comes to firewood 

collection? 

The most common answers for this question were yes, and then no, women bare more 

burden and that is okay. While it wasn’t a major difference, those with a secondary 

education and vocational training were more likely to say yes as opposed to no, women 

bare more burden and that is okay. There were no major differences based on age. 

Women were more likely to believe that they bore more burden, but most women said 

No, women bare more burden and that is okay. Yes being the most common answer is 

not consistent with the results from the questionnaire which asked about who in the 

family collected firewood. Women at every age bracket were more likely to collect 

firewood.  

6.2.3.4 Do you make an effort to mitigate damage to forests? 

The most common answer to this question is I try to make small changes to lower 

damage to forests. Respondents with secondary education and vocational training 

were more likely to say I have made large lifestyle changes to lower damage to forests. 

Men were more likely to answer with I have made large lifestyle changes to lower 

damage to forests than women. While the question didn’t ask directly for those 

changes that were made, lifestyle changes that were mentioned generally included 
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planting trees, harvesting only dead wood, changing cooking habits or changing cook-

ing fuels.  

6.2.3.5 Do you make an effort to mitigate health risks from cooking stoves?   

The most common answer for this question is I try to make small changes to lower 

health risks from wood smoke. Respondents who had received secondary education or 

vocational training were much more likely to answer I have made large lifestyle 

changes to lower health risks from wood smoke. Males were slightly more likely to 

answer I have made large lifestyle changes to lower health risks from wood smoke. 

Respondents mentioned changes such as installing chimneys, using charcoal for faster 

cooking, switching to gas or paraffin, using a smoke house, cooking outdoors, or wait-

ing outdoors as the food cooks. Consistent with the 30% of the respondents who had 

no idea that wood smoke could have a negative health effect, approximately 37% of 

the respondents said that they do not think about it mitigating health risks from cook-

ing stoves. 

6.2.4 Regional Potential 

The previous subsections have exposed the potential benefits and degree of local 

knowledge. The remaining subsection seeks to determine the regional potential for 

biogas technology development and spread, considering both the financial and the or-

ganic waste potentials of the respondents. 

6.2.4.1 Financial Potentials 

The data shows a significant relationship between a household’s income and their re-

ported ability to save. While this is obvious, it is important to gauge a family’s relative 

ability to save rather than just their income. The standard and cost of living for families 

varies drastically depending on their circumstances, fuel usage, and location. Out of 

the 195 respondents, only 15 respondents said they can set aside at least KSH 2,500 

every month. 35 additional respondents said that they could save between KSH 1,000 

and KSH 2,499 every month. Figure 35 on the following page shows the distribution 

of incomes to savings ability of each of the households. 
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Figure 35 Source: Own illustration 

With 75% of the households not being able to save KSH 1,000 per month, it is under-

standable that individual households are not able to afford biogas technology, which 

in the region costs approximately KSH 100,000. 

6.2.4.2 Organic Waste Potentials 

To determine the overall biogas production potential in the county, each of the re-

spondent’s animal waste and vegetable waste have been summed to estimate the ex-

pected potential daily biogas production of each individual household. The number 

was generated using the sum of each household’s organic waste results. The calcula-

tions were done using estimations for biogas coefficients for each individual waste 

product. For the purposes of the study, a full bucket of kitchen scraps or garden scraps 

was assumed to weigh 10kg. Table 14 on the following page shows the biogas coeffi-

cients that were used and the calculated biogas yield per unit of input per day. The 

method of using a biogas coefficient was used because getting exact values would be 

impossible due to the variation of input quantities and varieties. Additionally, biogas 

systems do not all operate at the same efficiency, with newer systems such as the FBS 

(Sovacool et al., 2014) and the Nagaro Smart Biogas system (Khan, A. 2017) boasting 

a much higher efficiency.  
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Table 11: Values used to estimate biogas production capabilities. Source: Own illus-

tration. 
Unit Ton Per Year 

(dung or scraps) 

Biogas coefficient 

(m3/y/t) 

Biogas Yield Per Unit 

Per day (M3/t/day) 

Source 

Cow 3.6 33 0.325479452 (Tatlidil, Bayramoglu & Akturk., 

2009) 

Goat 0.7 58 0.111232877 (Tatlidil et al., 2009) 

Sheep 0.7 58 0.111232877 (Tatlidil et al., 2009) 

Chicken 0.022 78 0.00470137 (Tatlidil et al., 2009) 

Donkey 1.4 33 0.126575342 Low estimations using data from 

(Mukumba et al., 2016) and (Wise 

et al., 1986) 

Duck 0.022 78 0.00470137 (Tatlidil et al., 2009) 

Kitchen Scraps 

(1 bucket) 

4.0234315 169.609 1.869616968 (Msibi & Kornelius, 2017) 

Garden Scraps 

(1 bucket)  

4.0234315 60 0.661386 (Ngumah et al, 2013) 

One weakness of this estimation is that it ignores the potential difficulty of collecting 

certain types of manure. Almost all the research on rural biogas production has focused 

on farmers using cattle manure as the main input, with additional inputs being op-

tional. According to (Adoyo, et al., 2007) and (Porras, et al., 2015), a household should 

have 2 cows minimum under zero-grazing or 3 cows under semi zero grazing tech-

niques to be able to benefit from biogas technologies. Out of all the respondents, only 

one was using zero grazing techniques. The questionnaire didn’t record whether farm-

ers were using semi-grazing techniques. Another weakness to this method is the diffi-

culty of understanding the effects of co-digestion.  

Co-digestion is written about heavily in literature, but there is no formula, with excep-

tion to research such as Mukumba et al. (1986), which goes through the process of co-

digesting several ingredients at fixed ratios (Mukumba et al., 1986). Co-digestion be-

tween animal manure and vegetable/food waste has been found to increase biogas pro-

duction through a better balance of carbon and nitrogen (El-Mashad & Zhang 2010), 

as well as improving the overall efficiency of the anaerobic digestion (Zhu, 2010). 

Evaluating the exact biogas output isn’t viable at such a large scale because individual 

households have a different basket of animal and non-animal wastes and the biogas 
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systems are likely to be operating under different temperature and activity conditions. 

The biogas coefficient included in the table is the expected yield from a traditional 

biogas system, not accounting for potential increases or decreases that could occur due 

to co-digestion.  Table 15 shows the estimated biogas yield per day per household for 

each of the 200 respondents. 

Table 12: Biogas yield per day 

Biogas Yield Per Day Households  

Less than one m3 63 
Between 1 m3 and 2 m3 61 

Between 2 m3 and 3 m3 25 
Between 3 m3 and 4 m3 21 
Between 4 m3 and 5 m3 7 
Between 5 m3 and 6 m3 9 
Greater than 6 m3 14 

The average monthly energy cost of respondents is KSH 1,386. The largest costs are 

due to cooking and lighting fuel and average KSH 1,143 a month. In addition, most 

families spend around 12 to 20 hours collecting firewood each month, with some col-

lecting firewood for more than 40 collective hours in a month. Many of these families 

have enough substrate that they could benefit financially and save a lot of combined 

hours each month by adapting biogas technology. It is impossible to predict an exact 

potential savings rate on fuel since users that adopt biogas often still use alternative 

fuels, however, Lekule (1996) estimated that adopting biogas can reduce wood fuel 

consumption by up to 60%. 

According to (Nyamu, 2014), users who cook with biogas take an average of 3 hours 

a day to cook. Most biogas cookstoves consume anywhere from 0.22 to 1.1m3 biogas 

per hour. Biogas lamps consume between 0.07 and 0.14 m3 of biogas per hour (Karki, 

2001). There isn’t any specific data about the biogas consumption per person from 

Kenya, although the data is available from Sudan and India which suggest 0.425 m3 

per day (Omer & Fadalla, 2003) and 0.34-4.2 m3 per day, respectively (Singh & 

Sooch, 2004).  

Following receiving the biogas yield per household, that number was divided by the 

size of the households. Out of the respondents, 84 households had potential to produce 

at least 0.42 m3 of biogas per person. Assuming the biogas usage rates per person are 

similar to those in Sudan and India, those 84 households, with the right infrastructure 
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development, should have enough material to switch their predominant cooking fuel 

to biogas. 

6.2.4.3 Combined Potentials 

Table 16 provides the demographics of the 84 households that were able to produce at 

least 0.42 m3 of biogas per day per person. Within Taita Taveta, there was no shortage 

of people interested and willing to try biogas. There was a shortage of people who had 

the means to afford a biogas system, with only 27 of the respondents who could pro-

duce at least 0.42 m3 of biogas per person per day being able to save at least KSH 

1,000 monthly. 

Table 13: Demographics of respondents who produce >0.42 m3 per day per house-

hold member. Source: Own illustration. 

 

Demographic Percentage of Total Total Respondents

Illiterate 8.33% 7

Primary Education 46.43% 39

Secondary Education 30.95% 26

Vocational Training 11.90% 10

University 2.38% 2

15-25 17.86% 15

26-35 22.62% 19

36-45 14.29% 12

46-55 21.43% 18

56-65 16.67% 14

66+ 7.14% 6

Female 55.95% 47

Male 44.05% 37

Business Owner 15.48% 13

Employed 8.33% 7

Farmer 58.33% 49

Student 5.95% 5

Unemployed 8.33% 7

0-99 2.38% 2

100-499 3.57% 3

500-1499 8.33% 7

1500-4999 25.00% 21

5000-19999 34.52% 29

20000+ 23.81% 20

0-49 Shillings 14.81% 12

50-199 Shillings 17.28% 14

200-499 Shillings 19.75% 16

500-999 Shillings 14.81% 12

1000-2499 Shillings 20.99% 17

2500+ Shillings 12.35% 10

Montly Savings Potential

What are the demographics of the respondents who can produce at least 0.42 m^3 biogas per 

person in the household?

Age

Gender

Profession

Income

Education
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Only 10 of the eligible respondents said that they would be able to save at least KSH 

2,500 every month, which is a more reasonable estimation when considering that the 

price of a biogas system in the area starts at KSH 98,000. According to their responses, 

10 respondents would be able to put at least KSH 2,500 a month in payments towards 

a biogas plant while having enough waste inputs daily. These results should be taken 

as indicative rather than representative, but they show a high potential for biogas de-

velopment in the region. With a rural population of approximately 308,000 and 5% of 

that population expected to have the financial and waste potential for biogas, that 

means there is a potential market of approximately 15,400 farmers. Expanding the 

results to include people of all incomes, there would be approximately 129,500 farm-

ers who could benefit from biogas digestion plants with the right support structure and 

infrastructure development.  
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7 Conclusion and Recommendations 

7.1 Conclusion 

Biogas dissemination has been relatively successful in the agricultural sector in devel-

oped nations, but not so successful in developing nations which are generally charac-

terized by many small-scale farmers. The purpose of this research project, conducted 

in Taita Taveta County, Kenya, was to determine the potential capacity for and bene-

fits from biogas development in the county. A thorough literature review was con-

ducted, and 200 households were questioned to attempt to answer the research ques-

tions.  

The two most common fuel sources in the region were firewood and charcoal, both of 

which have negative impacts on health, the environment, and gender equity. Success-

ful adoption of biogas would lead to a large welfare increase for locals through envi-

ronmental, health, economic and gender equity improvements. The most startling re-

sult from the study is that approximately 30% of the respondents reported that they 

weren’t aware of the negative health effects from woodhouse smoke. This result shows 

a major lack of knowledge that should be reduced to immediately increase the local’s 

health and welfare.  

The local community is mostly aware of biogas and have a great interest in learning 

more about the technology, with 97% of the respondents saying that they would be 

interested in seeing a biogas plant in operation. While 75% of the respondents were 

aware of biogas, there was a large level of price and functionality disinformation. The 

results from the study show that there is a potential market for biogas development in 

Taita Taveta County. Based on the data from the questionnaire, it can be estimated 

that Taita Taveta County has approximately 15,400 farmers who could benefit from 

adopting biogas technology without the need for subsidies.  

While the results from the questionnaire should only be taken as indicative, they 

should inspire further research towards the development of biogas technologies in the 

region. In the final subsection, several recommendations are listed based on the results 

of the questionnaire and the literature review. 
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7.2 Recommendations 

1. The CEMEREM project and Taita Taveta University are in a great position to 

work with the local community and should develop community projects or po-

tentially work with local students and organizations to conduct research, train-

ing, and outreach programs within the local community.  

2. Local infrastructure and employees should play the largest role in biogas devel-

opment projects. This has the benefit of reducing the local unemployment levels 

as well as increasing the local’s perceptions of the new technology. First-hand 

knowledge of how the technology works and understanding how to maintain the 

system locally will lead to higher dissemination and operability rates. 

3. Potential project leaders should work with local organizations and the local mi-

crofinance knowledge base to determine the best funding methods for biogas 

development. Subsidies should not be a primary driver of biogas dissemination. 

If they are used, they should be limited and only used to enable those at the 

lowest income brackets to potentially gain access. 

4. Local organizations and government should work to improve the local 

knowledge about HAP to increase the welfare of locals. For those households 

which cannot benefit from biogas, they can still benefit greatly from switching 

from a low efficiency stove to a higher efficiency stove. 

5. Further research should be conducted in the region to determine the viability, 

benefits and costs of farmers switching to zero or semi-zero grazing techniques. 

6. Further research should be conducted to better understand the effects of co-di-

gestion of local substrates.  

7. Further research should consider the difficulty of water access. Some regions in 

Taita Taveta spend several hours to retrieve water, and this would put undue 

burden on the potential adopter. 

8. Potential project leaders should communicate with local village leaders to reach 

out to the community. Pilot projects should try and get the village leaders support 

to increase the chances of dissemination. 
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Appendix I: Additional Documentation 

1. Biogas Questionnaire 
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2. Education, Age, Gender opinion question responses 

 

Are you aware about damage to forests due to firewood collection?

N
o

Ye
s,

 a
nd I 

am
 n

ot a
t a

ll 
co

nc
er

ne
d

Ye
s,

 a
nd I 

am
 n

ot v
ery

 co
nc

er
ne

d

Ye
s,

 a
nd I 

am
 co

nc
er

ne
d

Ye
s,

 a
nd I 

am
 v

er
y 

co
nce

rn
ed

To
ta

l R
es

pon
de

nts

Illiterate 0.0% 6.3% 0.0% 87.5% 6.3% 16

Ed
uca

tio
n Primary Education 6.3% 7.3% 5.2% 72.9% 8.3% 96

Secondary Education 4.8% 1.6% 15.9% 63.5% 14.3% 63

Vocational Training 0.0% 0.0% 13.6% 45.5% 40.9% 22

University 0.0% 0.0% 33.3% 33.3% 33.3% 3

Ed
uca

tio
n

15-25 0.0% 6.1% 18.2% 66.7% 9.1% 33

26-35 7.9% 10.5% 5.3% 63.2% 13.2% 38

36-45 2.6% 5.3% 15.8% 68.4% 7.9% 38

46-55 5.0% 2.5% 7.5% 65.0% 20.0% 40

56-65 3.8% 0.0% 0.0% 69.2% 26.9% 26

66+ 8.3% 0.0% 8.3% 75.0% 8.3% 24

Age

Female 3.5% 4.4% 9.7% 73.5% 8.8% 113

Male 5.7% 4.6% 9.2% 59.8% 20.7% 87Gen
de

r

Are you aware of health problems related to wood cooking stoves?

N
o

Ye
s,

 a
nd I 

am
 n

ot a
t a

ll 
co

nc
er

ne
d

Ye
s,

 a
nd I 

am
 n

ot v
ery

 co
nc

er
ne

d

Ye
s,

 a
nd I 

am
 co

nc
er

ne
d

Ye
s,

 a
nd I 

am
 v

er
y 

co
nce

rn
ed

To
ta

l R
es

pon
de

nts

Illiterate 25.00% 0.00% 12.50% 62.50% 0.00% 16

Ed
uca

tio
n Primary Education 43.75% 3.13% 7.29% 40.63% 5.21% 96

Secondary Education 20.63% 1.59% 4.76% 50.79% 22.22% 63

Vocational Training 9.09% 9.09% 0.00% 45.45% 36.36% 22

University 33.33% 0.00% 33.33% 33.33% 0.00% 3

Ed
uca

tio
n

15-25 21.21% 6.06% 9.09% 51.52% 12.12% 33

26-35 31.58% 5.26% 2.63% 52.63% 7.89% 38

36-45 31.58% 0.00% 7.89% 47.37% 13.16% 38

46-55 25.00% 5.00% 5.00% 40.00% 25.00% 40

56-65 46.15% 0.00% 7.69% 34.62% 11.54% 26

66+ 37.50% 0.00% 8.33% 45.83% 8.33% 24

Age

Female 30.09% 2.65% 6.19% 49.56% 11.50% 113

Male 32.18% 3.45% 6.90% 41.38% 16.09% 87Gen
de

r
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Do you think women and men bare equal burden when it comes to wood collection?

N
o,

 w
om

en
 b

ar
e 

m
or

e 
bu

rd
en

 a
nd 

th
at

 is
 o

ka
y

N
o,

 w
om

en
 b

ar
e 

m
or

e 
bu
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en

 a
nd 

th
at

 is
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 p
ro
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m

Ye
s

N
o,

 m
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 b
ar

e 
m
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n a
nd

 th
at

 is
 a

 p
ro
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em

N
o,

 m
en

 b
ar

e 
m

ore
 b

ur
de

n a
nd

 th
at

 is
 o

ka
y

To
ta

l R
es

pon
de

nts

Illiterate 50.00% 6.25% 43.75% 0.00% 0.00% 16

Ed
uca

tio
n Primary Education 38.54% 5.21% 48.96% 4.17% 2.08% 95

Secondary Education 25.40% 3.17% 65.08% 4.76% 1.59% 63

Vocational Training 22.73% 18.18% 54.55% 0.00% 4.55% 22

University 66.67% 33.33% 0.00% 0.00% 0.00% 3

Ed
uca

tio
n

15-25 33.33% 6.06% 57.58% 3.03% 0.00% 33

26-35 42.11% 13.16% 39.47% 5.26% 0.00% 38

36-45 26.32% 2.63% 71.05% 0.00% 0.00% 38

46-55 35.90% 5.13% 48.72% 5.13% 5.13% 40

56-65 38.46% 3.85% 46.15% 3.85% 7.69% 26

66+ 25.00% 8.33% 62.50% 4.17% 0.00% 24

Age

Female 39.82% 7.96% 45.13% 4.42% 2.65% 113

Male 26.74% 4.65% 65.12% 2.33% 1.16% 87Gen
de

r

Do you make an effort to mitigate damage to forests?

N
o,

 I 
do

 n
ot t

hi
nk 

ab
out d

am
ag

e 
to

 fo
re

st
s

N
o,

 I 
do

 n
ot h

av
e 

tim
e 

or e
ne

rg
y 

to
 co

nsid
er

 it

I t
ry

 to
 m
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e 

sm
al

l c
ha

nge
s t
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w
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 d

am
ag

e 
to

 fo
re

st
s

I h
av

e 
m

ad
e 

la
rg

e 
lif

es
ty

le
 ch

an
ge

s t
o lo

w
er

 d
am

ag
e to

 fo
re

st
s

To
ta

l R
es

pon
de

nts

Illiterate 18.75% 6.25% 75.00% 0.00% 16

Ed
uca

tio
n Primary Education 16.67% 1.04% 76.04% 6.25% 96

Secondary Education 22.22% 4.76% 57.14% 15.87% 63

Vocational Training 22.73% 0.00% 45.45% 31.82% 22

University 0.00% 0.00% 66.67% 33.33% 3

Ed
uca

tio
n

15-25 27.27% 3.03% 60.61% 9.09% 33

26-35 18.42% 5.26% 65.79% 10.53% 38

36-45 18.42% 5.26% 68.42% 7.89% 38

46-55 17.50% 0.00% 65.00% 17.50% 40

56-65 15.38% 0.00% 73.08% 11.54% 26

66+ 16.67% 0.00% 66.67% 16.67% 24

Age

Female 23.01% 2.65% 66.37% 7.96% 113

Male 13.79% 2.30% 66.67% 17.24% 87Gen
de

r
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Do you make an effort to mitigate health risks from cooking stoves?

N
o,

 I 
do

 n
ot h

av
e 

tim
e 

or e
ne

rg
y 

to
 co

nsid
er

 it

N
o,

 I 
do

 n
ot t

hi
nk 

ab
out i

t

I t
ry

 to
 m

ak
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al

l c
ha
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o lo
w
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 h

ea
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 ri
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ood
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I h
av
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rg
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 ch
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s t
o lo

w
er

 h
ea

lth
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ks
 fr

om
 w

oo
d sm
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e

To
ta

l R
es

pon
de

nts

Illiterate 0.00% 31.25% 68.75% 0.00% 16

Ed
uca

tio
n Primary Education 1.04% 43.75% 47.92% 7.29% 96

Secondary Education 1.59% 39.68% 38.10% 20.63% 63

Vocational Training 0.00% 9.09% 59.09% 31.82% 22

University 0.00% 33.33% 66.67% 0.00% 3

Ed
uca

tio
n

15-25 0.00% 36.36% 57.58% 6.06% 33

26-35 0.00% 39.47% 47.37% 13.16% 38

36-45 2.63% 36.84% 47.37% 13.16% 38

46-55 2.50% 32.50% 47.50% 17.50% 40

56-65 0.00% 42.31% 42.31% 15.38% 26

66+ 0.00% 41.67% 41.67% 16.67% 24

Age

Female 0.88% 38.05% 50.44% 10.62% 113

Male 1.15% 36.78% 44.83% 17.24% 87Gen
de

r


