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[bookmark: _heading=h.bqfi0k3m6l4b]ABSTRACT
Climate change has emerged as a critical global challenge, affecting the most vulnerable populations, particularly in developing regions where agricultural livelihoods rely on stable weather patterns. This study sought to evaluate the existing energy status and the climate change challenges affecting these communities, with the aim of establishing their energy requirements and the effects of climate fluctuations. Specifically, the study was carried out to assess community perceptions regarding greenhouse gas emissions from bioethanol versus traditional cooking fuels in Alego-Usonga Sub-County, to determine the socio-economic impacts of bioethanol projects on community livelihoods, and to identify barriers to bioethanol adoption and recommend strategies for scaling up such projects in Siaya. Several delimiters guided the study. Geographically, the research was conducted in the Alego-Usonga Sub-County, one of the six sub-counties of Siaya County. Given that the area faces high poverty levels and has experienced the effects of climate change over a long period, it provided an opportunity for an in-depth analysis of the local context and the unique challenges faced by its inhabitants. The study was anchored on the Energy Ladder Theory, a conceptual framework that explained how households and communities transitioned from using traditional, inefficient energy sources to modern, cleaner energy as their socio-economic conditions improved. A mixed-methods research design was adopted to comprehensively address the study’s objectives. A two-stage sampling method was employed to ensure a comprehensive and representative selection of communities and households within Alego-Usonga Sub-County. A structured household survey served as the primary quantitative tool used to collect data from a broad range of households. The quantitative data collected from the surveys was analyzed using SPSS to generate descriptive and inferential statistics. Descriptive statistics such as means, percentages, and standard deviations were used to summarize key variables, including household energy consumption, income levels, and time saved after adopting bioethanol. The study further found that the community perceives bioethanol as a clean fuel source, with respondents strongly agreeing that it reduces air pollution and deforestation. The findings also revealed that bioethanol adoption has had a notably positive influence on household well-being in Alego-Usonga, Siaya County. Further, it was determined by the study that technical limitations, such as the skills needed to operate and maintain bioethanol equipment, were also noted as barriers. Cultural resistance was found to be minimal in this study, suggesting a strong openness within the community towards embracing alternative and cleaner cooking technologies. It was concluded by the study that while there is a promising shift toward cleaner energy through the adoption of bioethanol in Alego-Usonga, traditional biomass fuels like firewood still dominate due to structural and affordability barriers. It was also concluded by the study that while there is strong community openness toward adopting bioethanol cooking technologies in Siaya, significant barriers such as high stove costs, limited access to information, and technical challenges hinder widespread adoption.


[bookmark: _heading=h.nnhxq6vqeolb]DEFINITION OF TERMS
Bioethanol: A renewable fuel produced from biomass sources such as sugarcane, maize, and agricultural residues. It is used as an alternative to traditional fossil fuels for cooking, transportation, and industrial applications (Tse, Wiens & Reaney, 2021). 
Climate Resilience: The capacity of a system or community to anticipate, prepare for, respond to, and recover from climate-related shocks and stresses. This study examines how bioethanol adoption can enhance the ability of rural communities to cope with climate change impacts (Soccol et al.,2019). 
Greenhouse Gas Emissions (GHG): Gases such as carbon dioxide (CO₂), methane (CH₄), and nitrous oxide (N₂O) that trap heat in the atmosphere, leading to global warming. This study compares the emissions from bioethanol with traditional cooking fuels like wood and charcoal (Aggarwal, Kumar & Mittal, 2022). 
Energy Security: The uninterrupted availability of energy sources at an affordable price. In the context of this study, it refers to ensuring consistent and sustainable access to clean energy like bioethanol for rural households (Broda, Yelle & Serwańska, 2022).
Sustainable Development: Development that meets present needs without compromising the ability of future generations to meet their own needs. This includes environmental protection, economic growth, and social well-being through practices like bioethanol adoption (Panahi, et al.,2021). 
Energy Ladder Theory: A framework suggesting that households’ transition from using traditional, low-quality fuels (e.g., firewood) to modern, cleaner energy sources (e.g., bioethanol) as their income and infrastructure improve (Arshad, 2020). 
Socio-Economic Impact: The effect of a project or policy on the social and economic well-being of individuals and communities. In this study, it refers to how bioethanol projects affect livelihoods, health, employment, and environmental sustainability (Faustine & Rustini, 2023).
Indoor Air Pollution: The contamination of indoor environments by pollutants from cooking, heating, and lighting using traditional biomass fuels. This study highlights how bioethanol can reduce exposure to harmful emissions (Aghbashlo, Karimi & Tabatabaei, 2021). 
Renewable Energy: Energy derived from natural processes that are continuously replenished, such as solar, wind, and bioethanol. The study focuses on bioethanol as a sustainable alternative to non-renewable fossil fuels (Singh, Kumar & Sivakumar, 2022).
Public-Private Partnerships (PPP): Collaborative agreements between government entities and private sector organizations to fund and implement projects. In this study, PPPs are recommended to support bioethanol production and distribution (Arnata et al.,2021). 
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[bookmark: _heading=h.vdxq559i8t32]CHAPTER ONE
[bookmark: _heading=h.p6ag6hz62ka2]INTRODUCTION AND BACKGROUND INFORMATION
1.1 [bookmark: _heading=h.n4ik3liylghi]Introduction 

This chapter provides a review of the background of the research study, problem statement, purpose of the study, study objectives and research questions. The chapter also presents significance of the study, scope of the study, delimitation and limitations of the study, theoretical and conceptual framework of the study.  
[bookmark: _heading=h.br0oirqd3wq5]1.2 Background Information 

Climate change is probably one of the most significant risks to the development that is sustainable all over the globe.  The signs of climate change, including increased average temperatures, sudden and unpredictable variations in rainfall, and more intense and frequent extreme weather events are uncontestable evident in most agricultural and resource-dependent societies and economies (IPCC 2014).  Like other Sub-Saharan countries, approximately 80 percent of the Kenyan people rely on agriculture and other vulnerable sectors that are affected by climate change (Asayehegn et al., 2017).  Consequently, sub-Saharan African rural people are always vulnerable to extreme weather conditions that negatively impact food security, ecosystems, and the economy.  As a result, the demand for obtaining energy securities for sustainable energy needs is raising more pressure on sub-Saharan countries, especially those that are regarded as developing countries.  This can be made possible by integrating bioenergy instead of conventional degrees of renewable energy (Gizaw et al., 2024).
One promising solution lies in the integration of bioethanol into the energy mix to reduce reliance on fossil fuels and unsustainable biomass sources such as firewood and charcoal. Bioethanol, produced from agricultural waste and other organic feedstocks, offers a renewable and environmentally friendly alternative to traditional fuels (Gizaw et al., 2024). By adopting bioenergy, sub-Saharan African countries can reduce greenhouse gas emissions, curb deforestation, and alleviate pressure on natural resources. Additionally, bioethanol production supports rural economies by creating income-generating opportunities for farmers supplying feedstocks, thus fostering socio-economic resilience. Integrating bioethanol into national energy policies can also enhance energy security by reducing dependency on imported fossil fuels, which are often volatile in price and availability. This transition to sustainable bioenergy not only addresses immediate energy needs but also contributes to long-term climate resilience, allowing communities to better withstand the adverse impacts of climate change while advancing broader sustainable development goals.
To date, 2.4 billion people in the world rely on the traditional method of cooking using biomass, including firewood, charcoal, and others.  This dependence is wicked to the environment and a great danger to man through indoor air pollution alone which causes about 3.2 million deaths annually (WHO, 2021).  Well-developed countries are switching to bioethanol, electric stoves, and solar cookery.  For example, Brazil has shown that bioethanol can transform domestic energy use, emissions lowered, and the economy boosted (Goldemberg et al., 2008; Macedo et al., 2008).  Now, Europe has also incorporated bioenergy into its other sustainability policies and strategies, focusing on the ability of renewable fuels to support energy security.
The global dependence on traditional biomass for cooking remains a significant challenge, particularly in developing regions. According to the World Health Organization (2021), approximately 2.4 billion people still rely on firewood, charcoal, and other biomass fuels for cooking. This reliance poses severe health and environmental risks. Indoor air pollution from burning biomass is a leading cause of respiratory illnesses, contributing to 3.2 million premature deaths annually, especially among women and children who are more exposed to household air pollution. Beyond health implications, the continued use of biomass fuels accelerates deforestation, soil degradation, and biodiversity loss, further exacerbating the climate crisis.

In response to these concerns, developed countries are making significant strides in transitioning to cleaner and more sustainable cooking technologies. For instance, Brazil has become a global leader in bioethanol production and adoption. Through robust public policies, research, and infrastructure investment, bioethanol has replaced a significant portion of fossil fuels used for domestic and industrial energy needs. Research by Goldemberg et al. (2008) and Macedo et al. (2008) illustrates how Brazil’s commitment to bioethanol has not only reduced greenhouse gas emissions but also stimulated economic growth through job creation in sugarcane farming and biofuel processing. This dual benefit of environmental sustainability and economic empowerment demonstrates the transformative potential of bioethanol.

Similarly, Europe has embraced bioenergy as a critical component of its sustainability and energy security policies (Pandey, 2019). The European Union’s Renewable Energy Directive (RED II) sets ambitious targets for member states to increase their reliance on renewable energy, including bioethanol, by 2030. This commitment is part of a broader effort to mitigate climate change, reduce dependence on fossil fuels, and enhance energy security in the face of global supply chain uncertainties. European governments actively support bioethanol adoption through subsidies, research funding, and regulatory frameworks that promote cleaner energy alternatives. This strategic shift reflects a global trend toward renewable energy as both a climate solution and a means of improving public health and energy access.

Moreover, other advanced economies like the United States and Sweden are investing heavily in bioethanol and electric stove technologies to reduce their carbon footprint. The U.S. promotes bioethanol through Renewable Fuel Standards (RFS), which require a specific volume of renewable fuels to replace petroleum-based fuels. Sweden aims to achieve a fossil fuel-free economy by 2045, with biofuels playing a central role in decarbonizing residential and industrial energy systems. These examples highlight how policy innovation, public-private collaboration, and technological advancements can drive the adoption of cleaner cooking solutions and sustainable energy systems globally.
In the current global account, nearly 75% of Kenya’s populace resides in rural areas, and over 50% of the nation’s population relies on firewood and charcoal for cooking (World Bank, 2016).  The dependency on such types of energy sources prolongs deforestation and other acts of environmental exploitation and increases GH emissions abhorrent to climate change initiatives (Njenga et al., 2021).  The utilization of traditional biomass for cooking results in negative health impacts, because of indoor emission of black smoke, which is a large health concern in the rural areas (Gathui and Ngugi, 2010).  Therefore, it becomes imperative to develop compensation mechanisms that will offer accessibility and longevity of new and clean energy that will not impact health and the environment and also add to further climate change responsibility for the communities.
An example of a potential replacement of conventional biofuels is the use of localized forms of bioenergy, including bioethanol.  This is derived from organic matter like the agricultural wastes of sugarcane, maize, and other biomass energies and renewable energy that can potentially reduce acute dependence on firewood and charcoal.  It has been acknowledged for its capability to solve different sustainability issues, such as GHG emissions reductions and improvement of people’s health and the economic development in rural regions (Thornley et al., 2015).  For instance, KOKO Networks, a Kenyan clean fuel company, has used shipping container bioethanol plants to expand bioethanol production and distribution for home use other than the traditional fuels in both the urban and rural markets (Nguyen, 2024).  Such projects can go a long way to improving climate resilience by making bioethanol easily available and affordable to people in rural areas.
Bioethanol’s benefits in the fight against climate change are based on the ability of this fuel to put a stop to deforestation and carbon emissions.  Unlike firewood and charcoal, which cause land degradation and reduction of biodiversity, bioethanol is obtained from renewable agricultural residues through a closed carbon system. (Kalele et al., 2021). Further, bioethanol production can be integrated into agro-industries; thus, the source of biomass feedstock will be sourced by the peasants who will benefit from the sale of feedstocks, hence the complementarity of energy and agriculture (Eswarlal et al., 2014).  It is plausible to eliminate rural poverty while enhancing food security among farmers and, at the same time, retaining the bio-physiographic attributes of this region through biochar production (Jumbe et al., 2009).
Bioethanol plays a crucial role in mitigating climate change due to its ability to reduce deforestation and carbon emissions. Unlike traditional biomass fuels such as firewood and charcoal, which contribute to land degradation and biodiversity loss, bioethanol is produced through a closed carbon system. This process involves the conversion of renewable agricultural residues such as sugarcane bagasse, maize stalks, and other organic waste into ethanol. As a result, the carbon dioxide released during the combustion of bioethanol is offset by the carbon absorbed during plant growth, leading to a more balanced carbon cycle (Kalele et al., 2021). This sustainable approach reduces the pressure on forests by offering an alternative energy source and minimizes the harmful environmental impacts of unsustainable wood harvesting, which accelerates climate change.
A significant advantage of bioethanol production is its ability to be seamlessly integrated into agro-industries, creating a symbiotic relationship between energy and agriculture. According to Eswarlal et al. (2014), the production of bioethanol can be linked to agricultural supply chains, where smallholder farmers provide the biomass feedstock required for bioethanol processing. This not only enhances rural economies by offering farmers new revenue streams but also increases agricultural productivity through the sale of agricultural residues that would otherwise go to waste. The integration of bioethanol with existing agro-industries helps promote circular economies—where waste is transformed into valuable products ultimately improving resource efficiency and sustainability.
Additionally, bioethanol projects have the potential to alleviate rural poverty by fostering income diversification and employment opportunities. Small-scale farmers, particularly in developing regions, can participate in feedstock supply chains, generating additional income and improving their livelihood security (Jumbe et al., 2009). This economic benefit is particularly valuable in rural areas where employment opportunities are limited. Moreover, by reducing reliance on imported fossil fuels and volatile energy markets, bioethanol can enhance energy sovereignty and rural resilience. The revenue generated from bioethanol-related activities can also be reinvested into community development projects, such as education, healthcare, and infrastructure, further improving overall living standards.
Bioethanol production also offers an opportunity to promote sustainable land management through biochar a byproduct of the bioethanol process. Biochar, a carbon-rich material produced from the pyrolysis of organic matter, can be used as a soil amendment to improve soil fertility, increase agricultural yields, and enhance carbon sequestration. Jumbe et al. (2009) suggest that biochar has a dual benefit: it not only captures and stores carbon in the soil for extended periods but also enhances soil structure, nutrient retention, and water retention capacity. These improvements contribute to food security by boosting agricultural productivity while simultaneously mitigating climate change through long-term carbon storage.
Furthermore, the adoption of bioethanol aligns with global efforts to achieve the United Nations Sustainable Development Goals (SDGs) particularly Goal 7 (Affordable and Clean Energy), Goal 13 (Climate Action), and Goal 15 (Life on Land). By providing a clean and renewable energy alternative, bioethanol reduces household reliance on polluting and unsustainable biomass fuels, which are a major cause of indoor air pollution and respiratory diseases. This transition not only improves public health but also reduces gender inequality, as women and girls—who are primarily responsible for collecting firewood can redirect their time and energy toward education and income-generating activities.
Given that the county of Siaya is an agricultural produce producer and the majority of the populace resides in the rural areas, where they are most affected by climate change and variability, then small-scale bioethanol projects are the best solution to both energy and climate change challenges (Keshavarz and Karami, 2018).  The high use of firewood and charcoal as sources of energy in the county also increases deforestation and environmental degradation; hence, the need to look for other renewable energy sources that can help reduce the effects of climate change and support adaptation to the changes (Njenga et al., 2021).
This study therefore sought to evaluate whether bioethanol projects such as KOKO networks can improve climate resilience in the Alego-Usonga sub-county, Siaya County. By analyzing the socio-economic effects of bioethanol adoption, its effects on climate change, and the challenges facing its large-scale deployment, this study offers a clear picture of how bioethanol can be incorporated into climate change adaptation plans for rural Kenya.  The study also determined the extent to which the community is informed about bioethanol technologies because improving these technologies requires the community’s involvement (Dioba et al., 2024).
[bookmark: _heading=h.omanif2rxmed]1.3 Statement of the Problem 
The usage of traditional biomass fuels also continues to increase and dominates the energy consumption landscape for billions of people globally, and it has significant negative impacts on health and the environment; however, cleaner-burning bioethanol is increasingly being produced and used in some regions (Huang et al., 2020).  At the regional level, challenges of biomass dependence are deepening in sub-Saharan Africa; deforestation and health problems crop up with the appearance of an innovative form of biomass usage, such as bioethanol in Malawi and Tanzania (Wiredu et al., 2022).  In Kenya, three-quarters of the rural households use firewood and charcoal.  This has led to deforestation and indoor pollution and exposed the population to new risks being faced by climate change, such as early rains, long droughts, and others (Huang et al., 2020).
Siaya County is in the Nyanza region of Kenya, and as with many other rural regions in Kenya, it is burdened with challenges relating to climate change, which affects the agricultural-based income for many of its residents (Odongo, Osewe & Opiyo, 2024). Consequently, the county’s dependency on traditional biomass energy in the form of firewood and charcoal leads to deforestation, emission of greenhouse gases, and open place pollution, plus indoor place pollution, which in turn is unhealthiness to human beings (Njenga et al., 2021).  Although risks associated with climate change and other environmental influences are increasing, adopting cleaner energy sources, for instance, bioethanol, is still restrained by many factors, including financial, technological, and policy constraints (Wiredu et al., 2022).
Bioethanol, a renewable fuel that can be made from agricultural residues, feedstock, or water hyacinths, provides a viable solution to the two energy and climate challenges in rural Siaya. Therefore, bioethanol can avoid the use of unsustainable biomass feedstock, which leads to more deforestation and increased emissions, but also improves people’s health (Thornley et al., 2015).  Nonetheless, the advancement of bioethanol in rural areas is still slow, and there are still some areas with energy deficits (Wiredu et al., 2022).  This study, therefore, sought to establish the extent to which bioethanol projects support the climate change vulnerability of households in the Alego-Usonga sub-County in Siaya, determine the socio-economic effects of bioethanol use, and identify the factors limiting its uptake.
Despite the growing attention to bioethanol as a cleaner alternative to traditional cooking fuels, there remains a notable research gap regarding its role in enhancing climate resilience, especially within the rural context of Alego-Usonga in Siaya County. Existing studies have largely focused on bioethanol production processes and feedstock characterization, such as the work by Odongo, Osewe, and Opiyo (2024), which examined the production and characterization of bioethanol from cassava peels. Others, like Otieno (2019), have explored general factors influencing the adoption of clean cooking technologies in rural households, using Bondo Sub- County as a case study, while Mutemi (2022) analyzed biofuel production dynamics among smallholder farmers in Laikipia East sub-County. However, none of these studies comprehensively address the intersection between bioethanol fuel use, climate change mitigation, and household climate resilience in the context of Siaya County. Furthermore, there is limited empirical evidence on the socio-economic impacts of bioethanol projects and the specific barriers to their adoption in this region. This study therefore fills a critical gap by analyzing how bioethanol cooking fuel projects contribute to climate resilience, improve livelihoods, and can be scaled up within rural communities in Alego-Usonga, Siaya County.
[bookmark: _heading=h.67bul5g8wl0e]1.4 Purpose of the Study 
As climate change gathers momentum, it is important to understand how small-scale bioethanol projects contribute to improving climate change resilience, especially among rural communities within the developing world.  The main focus of this study was to assess the level of bioethanol technology adoption in the selected communities in the Alego-Usonga Sub-County, Siaya County since this technology can reduce the negative impacts of climate change through the use of improved biomass fuels.
In order to accomplish its primary purpose, the study evaluated the current energy situation and the climatic risks experienced by the rural households in the Alego-Usonga Sub-County.  With this understanding of these landscapes and risks, the study will finally offer a basis to assess the value of bioethanol projects.  Furthermore, the study investigated the contributions of bioethanol projects to climate mitigation and adaptation.
The study also assessed the bioethanol ’project’s effect on the socio-economic lives of the individuals in the six wards of Alego-Usonga Sub-County. Data was collected from households that have adopted bioethanol technology and those that continue to rely on traditional methods of energy generation.  This was determined through interviews to determine changes in household income, health outcomes, and time saved after transitioning from traditional biomass to bioethanol.  This is crucial for demonstrating the benefits of renewable energy technologies in rural settings.  Another important aspect of this study is identifying the barriers to adopting bioethanol technologies in Siaya County. By addressing the financial, technical, and policy-related challenges, this study contributed to developing strategies that promote sustainable energy solutions and enhance climate resilience in vulnerable communities. Therefore, intends to offer an understanding of bioethanol projects in the pursuit of sustainable energy usage, social-economic transformation, and climate change resilience amongst households in Alego-Usonga and the wider Kenya about the discourse on renewable energy sources and climate change.
[bookmark: _heading=h.buxlbd7cxkst]1.5 Objectives of the Study 
[bookmark: _heading=h.6b8k9rm1lgm7]1.5.1 General Objective 
To analyze the role of Bioethanol cooking fuel projects in enhancing climate resilience in Alego-Usonga, Siaya County, Kenya.
[bookmark: _heading=h.8hqp8sbht5d2]1.5.2 Specific Objectives 
i. [bookmark: _heading=h.bqarlad6i9bq]To assess community perceptions regarding greenhouse gas emissions from bioethanol versus traditional cooking fuels in Alego-Usonga Sub-County.
ii. To determine the socio-economic impacts of bioethanol projects on communities’ livelihoods.
iii. To identify barriers to bioethanol adoption and recommend scaling up such projects in Siaya.
[bookmark: _heading=h.s4ap5wemca3f]1.6 Research Hypotheses 
i. H₀₁: There is no significant difference in community perceptions of greenhouse gas emissions between households using bioethanol and those using traditional cooking fuels.
ii. H₀₂: Bioethanol projects have no significant socio-economic impact on community livelihoods in Alego-Usonga.
iii. H₀₃: There are no significant barriers to the adoption of bioethanol cooking fuel, and policy-related strategies do not significantly influence the scaling up of such projects in Siaya County.
[bookmark: _heading=h.m6hg3chash7r]1.7 Significance of the Study 
As the effects of climate change continue to intensify, its effects are felt worldwide, with developing nations facing the most challenges because of challenges in infrastructure among many other factors (Rocha et al., 2022).  In such nations, climate change continues to pose challenges, especially to agricultural communities. A contributing factor to these changes in weather patterns is the over-exploitation of natural resources such as firewood as energy sources.  Therefore, it is imperative to adopt other energy-generating methods (Usman and Lorente, 2022).  Such methods include the utilization of bioethanol projects that are critical for fostering sustainable development to enhance the adaptive capacity of vulnerable populations (Nakamya, 2022).
This study will, therefore provide evidence of the effectiveness of such bioethanol projects in Siaya County.  This will be done by comparing the effects of bioethanol projects on those who have adopted the technology, and the effect of traditional methods, such as charcoal and firewood, on those who have not adopted the technology.  By evaluating the effects and impacts that these projects have had on the environment, public health, and greenhouse gas emissions, this study will form grounds for transitioning fully to renewable energy sources.  By engaging policymakers and stakeholders who aim to foster and promote sustainable energy solutions, the study could inform all the other forty-seven counties of Kenya.
In addition, studying the socio-economic contributions of bioethanol projects in the Alego-Usonga Sub-County will improve the understanding of the implications of adopting the technology.  Reviewing the changes in income levels of different households and the general health status of the people, this study will establish the feasibility of such projects in eradicating poverty in rural homes.  In addition, the results from this study will be useful to local and national policies and legislations that seek to encourage renewables and climate change interventions.  By identifying barriers to the widespread use of bioethanol technologies and providing actionable recommendations, the research will support the development of targeted interventions that facilitate the scaling up of bioethanol projects in Siaya County and beyond. The significance of this study extends beyond its immediate findings; it aims to empower rural communities, inform policy decisions, and contribute to the global efforts of combating climate change through sustainable energy practices.
This study is significant to future researchers as it provides a comprehensive foundation for understanding the socio-economic and environmental impacts of bioethanol adoption on rural communities. It offers valuable insights into how bioethanol can enhance energy security, reduce greenhouse gas emissions, and improve livelihoods, particularly in developing regions. Future researchers can build on this work to explore more advanced bioethanol technologies, assess long-term sustainability, and evaluate policy frameworks supporting renewable energy transitions. Additionally, the study’s findings contribute to the growing body of knowledge on climate resilience and sustainable energy solutions, offering a reference point for comparative studies across different geographical contexts.
[bookmark: _heading=h.n0jmajbghlb7]1.8 Scope of the study
The study focused on analyzing the role of small-scale bioenergy projects in enhancing climate resilience in the Alego-Usonga Sub-County in Siaya County. The study sought to evaluate and measure the existing energy landscape within the sub-county while analyzing the effects of climate change on the livelihoods of the area’s inhabitants.  The study then assessed how bioethanol projects have contributed to climate change mitigation and the socio-economic contributions of this technology to the livelihoods of individuals in the community.  To come up with recommendations for scaling up these projects Alego-Usonga Sub-County, the study also determined the barriers to the adoption of bioethanol projects.  For these research objectives, the study adopted a mixed-method approach, closely based on surveys, interviews, and secondary data collection, enabling a holistic examination of the prospects of and issues likely to be encountered in the realization of bioethanol projects in the area.
[bookmark: _heading=h.fl4xspq8j0re]1.9 Delimitation of the study
[bookmark: _heading=h.bp73kqcgnc4d]Several delimitators guide this study.  Geographically, the study was conducted in the Alego-Usonga Sub-County, one of the six constituencies of Siaya County.  As the area is faced with high poverty levels and has faced the effects of climate change over a long period, it allows for an in-depth analysis of the local context and the unique challenges the inhabitants face.  Within the Sub-County, several communities and households were selected from the six wards representing Alego-Usonga, based on their varying levels of energy consumption patterns and climate change vulnerabilities, ensuring a representative sample of the study.
Several factors define the scope and limitations of research in this study that focuses on the impact of climate resilience through bioethanol projects in Alego-Usonga, Siaya County.  Thematically, the study specifically examined Bioethanol projects and their impacts on climate resilience and socio-economic factors, intentionally excluding other renewable energy sources such as solar or wind energy. Socio-economic considerations of bioethanol adoption were evaluated through this research, but the study did not undertake economic studies or evaluate the social or economic effects of other economic activities in the region that are independent of energy utilization.  The target group for this study was those households who have embraced the use of Bioethanol technology and those who are still using traditional biomass energy sources but exclude the industrial and commercial energy consumers because the concern of this study is on the rural households and their energy use patterns.
By methodology, the study involved the use of both qualitative and quantitative data collection tools, but the study will not be experimental or longitudinal, which offers other modes of approach to the adoption of Bioethanol technologies.  Also, the research did not investigate national energy policies and regulations on Bioethanol adaptation to avoid centering the study on national entities, as most of the focus was on the local community.  
[bookmark: _heading=h.v5bu9t3xc755]1.10 Limitations of the Study 
The study intends to offer valuable insights into the role of bioethanol projects in enhancing climate resilience.  The findings will inform policymakers on how to transition from traditional to renewable energy sources.  However, several limitations may affect the findings of the study.  For instance, the overreliance on self-reported information or data from household surveys and interviews may be subject to bias such as recall and social desirability bias.  The respondents may skew the data and provide the answers they believe are more acceptable or favorable.
Additionally, as the findings intend to inform policies for the rest of the country, the focus on one geographical area may limit the applicability of the findings to other regions of Kenya that have different socio-economic and environmental contexts.  This is because the unique characteristics of Alego-Usonga, such as climate variability, weather patterns, energy needs, and socio-economic practices, may not be a true representative of other rural communities in Kenya and other developing nations.  In addition, the sample size may still be limited in scope and would affect the statistical power of the quantitative analyses and the qualitative insights.
Several other external factors, including fluctuations in market factors, changes in policies, or the availability of other energy sources, can present a significant limitation to the current adoption of bioethanol technologies.  Some of these factors may somehow be overlooked, hence bringing about an incomplete picture of the impediments and the enablers to bioethanol use.  Furthermore, the study did not supplement the bioethanol projects with an analysis of their sustainability, as the study is only conducted in the short term without considering the changes in energy consumption and climate change adaptation in the community.
[bookmark: _heading=h.j8c7et3t90ze]1.11 Assumptions of the Study 
[bookmark: _heading=h.jt0db63kioyl]The following assumptions were made in this study.  First, it presupposed that the respondents from different households will be able to give genuine information regarding their energy consumption patterns and usage of bioethanol technologies.  Since the study was conducted on persons over 35 years of age, it also assumes that these respondents gave truthful opinions of the climate impacts they have experienced.  This assumption is fundamental for generalizing the findings and examining the effects of climate change and bioethanol projects.
The study also assumed that the respondents in Alego-Usonga Sub-County have some levels of knowledge and appreciation of bioethanol projects.  Consequently, the comfort of the residents and participants is expected to enable them to understand and answer the questions.  This aspect is very important since it increases efficiency in the qualitative aspect of the study.  Also, since the study aims to provide policy implications for the use of the technology in the entire country, it further assumes that the current energy situation in Alego-Usonga as presented, is similar to other rural regions in the country.  This particular assumption allows for extrapolating findings to inform policies and discussions on renewable energy and climate resilience.
Another assumption of the study was that Bioethanol projects offer the potential to deliver tangible value through improved health, economic profitability, and less harm to the environment.  This assumption had informed the research objectives, which can act as a substitute for conventional biomass fuels to enhance livelihoods and climate change resilience.  Lastly, as postulated throughout this study, it was believed that the observed barriers to the adoption of bioethanol was apparent and useful to similar rural communities with those challenges.  This assumption was paramount for formulating recommendations for increasing the scale and effectiveness of bioethanol projects and increasing climate resistance in the region.  However, despite these assumptions informing the research, they contributed to minimizing over-interpretation of the findings due to the dynamics of the local context.



[bookmark: _heading=h.9x894x7lmzj7]1.12 Theoretical Framework

This study is grounded in three interrelated theoretical perspectives Energy Ladder Theory, Climate Resilience Theory, and Diffusion of Innovation Theory which collectively inform the analysis of bioethanol cooking fuel projects in enhancing climate resilience in Alego-Usonga, Siaya County. The Energy Ladder Theory provides insight into how households transition from traditional biomass fuels to cleaner alternatives like bioethanol, emphasizing the role of socio-economic advancement in energy choices. Climate Resilience Theory complements this by highlighting how access to sustainable energy strengthens a community’s capacity to adapt to and recover from climate-related shocks. Meanwhile, the Diffusion of Innovation Theory explains how new technologies, such as bioethanol cookstoves, are adopted over time and the factors financial, technical, and policy-related that may hinder or promote this process. Together, these theories offer a comprehensive lens to examine the environmental, socio-economic, and adoption-related dimensions of bioethanol projects, aligning with the study’s objectives of assessing their role in reducing emissions, improving livelihoods, and identifying barriers to scale-up.

[bookmark: _heading=h.cth6wkx04xe2]The Energy Ladder Theory is a conceptual framework that explains how households and communities’ transition from using traditional, inefficient energy sources to modern, cleaner energy as their socio-economic conditions improve (Hosier & Dowd, 1987). The theory posits that energy consumption is directly linked to household income, knowledge, and infrastructure development. At the bottom of the ladder, low-income households rely on biomass fuels like firewood, charcoal, and animal dung, which are easily accessible but inefficient and harmful to health and the environment. As households ascend the energy ladder, they adopt cleaner and more efficient energy sources, such as bioethanol, liquefied petroleum gas (LPG), and electricity (Masera et al., 2000).
A key assumption of the Energy Ladder Theory is that energy transitions are driven by increased household income, access to modern technology, and supportive infrastructure. Higher-income groups are more likely to adopt advanced energy systems due to affordability and awareness of their health and environmental benefits (Van der Kroon et al., 2013). Additionally, the theory assumes a linear progression in energy adoption, where each step up the ladder reflects improvements in socio-economic status and energy access. However, recent developments suggest that energy transitions are not always linear some households use multiple fuels simultaneously, a concept known as "fuel stacking" (Heltberg, 2004). In the context of Alego-Usonga, the introduction of bioethanol represents a significant leap forward on this ladder by offering cleaner and more sustainable energy alternatives. This transition reduces reliance on unsustainable biomass fuels, improves indoor air quality, and enhances energy security, contributing to better health outcomes and environmental conservation.

The Climate Resilience Theory is another critical framework that informs this study. This theory emphasizes a community's ability to anticipate, withstand, adapt to, and recover from climate-related disturbances (Folke, 2006). Climate resilience encompasses both the physical capacity to endure environmental shocks and the socio-economic mechanisms that support recovery and long-term adaptation. The theory assumes that resilience is built through diversification, sustainable resource management, and the capacity to innovate and adopt new technologies. In the case of rural communities like Alego-Usonga, adopting bioethanol enhances climate resilience by reducing deforestation, lowering greenhouse gas emissions, and providing a sustainable and reliable energy source (Adger et al., 2005).

Recent developments in Climate Resilience Theory highlight the role of community-based adaptation strategies and the integration of renewable energy solutions to reduce climate vulnerability (Nelson et al., 2007). Bioethanol, as a renewable energy source, aligns with these developments by offering an alternative to the overexploitation of natural resources. It also supports adaptive capacity by providing a stable energy supply that is less vulnerable to environmental changes. This means that communities relying on bioethanol are better equipped to cope with climate-related risks such as droughts and deforestation, which traditionally exacerbate energy poverty (IPCC, 2022).

Moreover, both theories are interconnected in explaining the socio-economic and environmental transformations driven by bioethanol adoption. The Energy Ladder Theory underscores the upward mobility facilitated by increased access to clean energy, while Climate Resilience Theory emphasizes how such a transition enhances the community’s ability to cope with and adapt to environmental changes. In Alego-Usonga, these frameworks suggest that bioethanol adoption has the potential to foster sustainable development by improving energy security, reducing environmental degradation, and strengthening the community’s ability to withstand climate shocks. Furthermore, by addressing both immediate and long-term needs, the combined application of these theories supports the argument that bioethanol adoption can play a pivotal role in promoting socio-economic growth and environmental sustainability.
Recognizing the practical challenges to bioethanol adoption, the study also integrates aspects of the Diffusion of Innovation Theory, which explained how new technologies are adopted in stages, from innovators to laggards.  This perspective is used to analyze the barriers financial, technical, and policy-related that limit the widespread use of bioethanol in rural areas.  Understanding these challenges allowed the study to propose targeted, pragmatic recommendations to support the adoption and expansion of bioethanol projects.
1.13 Conceptual Framework 
A conceptual framework is a research tool that outlines the key variables, their relationships, and how they interact within the study. It is derived from theoretical frameworks but focuses on providing a visual or narrative representation of how the research problem is structured and analyzed (Adom et al., 2018). The conceptual framework of this study outlines the relationship between the independent, intervening, and dependent variables that influence the adoption of bioethanol projects in rural communities like Alego-Usonga.
The framework is grounded in three main theoretical foundations: the Energy Ladder Theory, Climate Resilience Theory, and the Diffusion of Innovation Theory. Each theory informs different dimensions of the study. The Energy Ladder Theory supports the analysis of energy transitions based on household socio-economic status, helping to explain how and why households move from traditional biomass fuels to cleaner alternatives like bioethanol. This directly relates to the first and second objectives, which seek to compare greenhouse gas emissions and assess the socio-economic impacts of bioethanol adoption.

The Climate Resilience Theory aligns with the overarching goal of the study to evaluate how bioethanol projects contribute to climate change mitigation and improve community adaptability. It informs the understanding of how such clean energy projects reduce environmental vulnerability by lowering emissions, reducing deforestation, and improving public health.
The Diffusion of Innovation Theory is applied to investigate the third objective, which explores barriers to bioethanol adoption. This theory helps to conceptualize the factors affecting the uptake of new technologies in rural settings and guides the formulation of strategies or policy recommendations to support scaling up.

Within this framework, independent variables include perceived environmental impact of fossil fuel, socio-economic impacts of bioethanol projects and barriers to bioethanol production.  Intervening variables include community awareness, policy and regulation frameworks. Dependent variables are reduced greenhouse gas emissions, improved livelihoods, and enhanced community climate resilience. The framework thus provides a structured approach to analyze how the adoption of bioethanol projects is influenced and how it, in turn, impacts environmental and socio-economic outcomes in the study area. It visually and narratively connects the study’s theoretical underpinnings with the research objectives, ensuring coherence in the investigation.











Figure 2:1 Conceptual Framework for Examining the Role of Bioethanol Fuel Projects in Enhancing Climate Resilience

  Independent VariablePerceived Environmental Impact of cooking fuel
• Community perception of GHG emission
• Perceived air pollution from fuel type
Perceived impact on deforestation 


                            
                               Dependent VariablesHousehold Climate Resilience and Wellbeing:
• Energy access
• Socio-economic wellbeing
• Climate resilience
• Community perception and adoption


      

Socio-Economic Impacts of Bioethanol Use:
• Improved health outcomes
• Time savings
• Income reallocation





                          Barriers to Bioethanol Production:
• Livestock ownership
• Crop types grown
• Household space
• Distance to bioethanol projects
• Access to technical/financial support


                    
                               Intervening VariablesModerating Factors:
• Community awareness
• Policy and regulatory frameworks







[bookmark: _heading=h.o48av6pk24ri]CHAPTER TWO
[bookmark: _heading=h.o12u5de5mvd8]LITERATURE REVIEW

[bookmark: _heading=h.4r2vpfe93d0]2.1 Introduction 
This study was carried out to determine the role of small-scale Bioethanol cooking fuel projects in enhancing climate resilience in Alego-Usonga Sub-County, Siaya County, Kenya. This chapter presents an empirical literature review of the study variables. The chapter also presents summary of the chapter and research study gaps. 
[bookmark: _heading=h.rdosepl2xwr3]2.2 Review of Literature 
2.2.1 Bioethanol Versus Traditional Fuels: Implications for Emission Reduction
​	The transition from traditional cooking fuels to bioethanol has been a subject of extensive research, particularly concerning its impact on greenhouse gas (GHG) emissions. Traditional cooking methods, especially in developing regions, predominantly rely on biomass fuels such as wood, charcoal, animal dung, and crop residues. The combustion of these fuels in inefficient stoves not only releases significant amounts of carbon dioxide (CO₂) but also emits short-lived climate pollutants like methane (CH₄) and black carbon, which have a higher global warming potential than CO₂. According to the Clean Cooking Alliance, these emissions contribute substantially to global GHG levels, exacerbating climate change (Clean Cooking Alliance, 2021).

In contrast, bioethanol a renewable energy source derived from the fermentation of biomass such as sugarcane, maize, and other plant materials offers a cleaner alternative for household cooking. Studies have shown that bioethanol combustion produces fewer GHG emissions compared to traditional biomass fuels. For instance, the U.S. Department of Energy reports that ethanol burns cleaner than petroleum-based fuels, potentially reducing net carbon emissions when considering the entire lifecycle from production to consumption (U.S. Department of Energy, 2022). This reduction is attributed to the closed carbon cycle of bioethanol, where the CO₂ emitted during combustion is offset by the CO₂ absorbed by the feedstock plants during their growth. ​


Empirical studies have quantified the environmental benefits of adopting bioethanol for cooking. For example, a comprehensive review by Oyedepo et al. (2019) highlighted that utilizing energy crops like Jatropha and sugarcane for bioethanol production can significantly reduce reliance on traditional biomass fuels in Sub-Saharan Africa. This shift not only decreases deforestation rates but also lowers GHG emissions associated with cooking practices. Similarly, research by Roubík et al. (2021) demonstrated that partial replacement of traditional fuels with biogas a similar clean cooking fuel resulted in measurable emission savings, underscoring the potential of biofuels in mitigating climate change. ​ 
Moreover, the adoption of clean cooking fuels like bioethanol has broader environmental implications. A study analyzing G20 nations found that promoting clean cooking technologies contributes to achieving sustainable development goals by reducing overall GHG emissions and enhancing environmental sustainability (Suman et al., 2025). The study utilized panel data models to explore the relationship between clean cooking fuel adoption and carbon emissions, concluding that increased access to clean cooking technologies is associated with significant reductions in national GHG inventories. ​ 
However, it is essential to consider the entire lifecycle of bioethanol production to fully assess its environmental impact. Some studies suggest that certain bioethanol production methods, particularly those relying on intensive agricultural practices, may not always result in net GHG emission reductions. For instance, concerns have been raised about corn-based ethanol production in the United States, where factors such as soil carbon release during cultivation and fertilizer use can offset the carbon savings from ethanol combustion (The Guardian, 2024). Therefore, sustainable agricultural practices and careful feedstock selection are crucial to maximizing the GHG emission benefits of bioethanol as a cooking fuel. 
The International Energy Agency (IEA) reports that around 2.4 billion people globally lack access to electricity and rely on biomass instead, which highlights the urgent need for alternative energy solutions (IEA, 2019). A cross-section of traditional and modern energy sources forms the energy mix in Kenya, with biomass energy accounting for about 74% of the total energy consumed in the country and firewood and charcoal as the main source of energy for about 80% of the rural households (GoK, 2014; Welfle et al., 2020).  This has been evidenced by the fact that most rural households rely on biomass for cooking and heating.   Using traditional biomass has the following environmental impacts; deforestation, land degradation, and greenhouse gas emissions, as noted by Njenga et al. (2023).  In addition, the burning of biomass fuels results in indoor emissions that have a negative health impact on people, especially women and children, who spend most of their time in the house preparing meals (Gathui and Ngugi, 2010).
In Kenya, the energy sector is, however, characterized by excessive electricity costs, which remain a challenge to improving electricity access in rural areas (Kiplagat et al., 2011).  The government has instituted several policies to encourage the use of renewable energy technologies due to the realization that energy sources should be diversified.  However, the shift from conventional biomass to improved energy sources has been rather gradual, mainly because of inadequate capital, poor infrastructure, and low consciousness about the value of renewable energy (Okello, 2023).
In the current energy environment, the demographic factors influencing the energy mix include poverty levels, education levels, and the rest.  For rural families, the present energy requirements are of more paramount importance than the future implications of energy usage and the conventional form of energy usage, which is very harmful to the environment (Omer, 2008).  This situation requires bringing bioethanol into the array of sustainable energy sources as part of the energy policy to enhance energy availability and sustainability.  Measures that the Kenyan government has set down strategic policies for the development of the energy sector, including the National Energy Policy the National Climate Change Action Plan.  These policies target attaining efficient renewable energy for the growth of the economy, environment, and equity (GoK, 2018).  In the future, there is a need to improve investment in renewable energy and energy efficiency deployment, and in order to enhance access to energy, especially in rural areas, there is a need to promote decentralized energy systems.  In this study, community participation in energy planning and management was regarded as critical for energy interventions and sustainable development (Klein and Coffey, 2016).
In addition to bioethanol, other renewable energy sources in Kenya include solar and wind energy, which the country has embraced quite well.  Solar energy systems have gained great popularity due to their flexibility and the possibility of expansion.  In the same way, other sections of renewable energy (RE) projects, including wind power in the Lake Turkana Wind Power Project, have boosted the country’s RE diplomacy.  However, some constraints are attributed to these technologies, such as high investment costs, high maintenance, and little information about the technologies in the rural areas in the case of bioethanol.  While solar and wind power have helped significantly in the generation of power, bioethanol provides a timely solution to a key substitute for traditional biomass for cooking in homes (Kiplagat et al., 2011; GoK, 2018).
Cooking fuels are an important source of greenhouse gas (GHG) emissions and thus play a major role in climate change (Aamaas and Grimbsy, 2024).  For example, primary methods of preparing food using firewood, charcoal, and kerosene have been adopted in many regions, especially in the rural areas around the world.  These fuels are well known to release enormous quantities of carbon dioxide, methane, and other chemicals whenever they are burnt, hence the local quality of air and global climate.  For example, as concluded from the research conducted and published by the World Health Organization, preparing a simple meal using solid fuels is likely to expose you to more environmental diseases than being exposed to heart diseases, strokes, cancers, chronic lung diseases, and pneumonia, among others.
In contrast, bioethanol is considered virtually a clean fuel compared to conventional cooking fuels.  Bioethanol can be produced easily from biomass feedstock including sugarcane, corn, and others and also from it, less GHG emissions are emitted during combustion when compared to fossil fuels.  In certain studies, it has been predicted that bioethanol will be produced with 50% less emissions contribution to greenhouse gases than gasoline.  However, drivers related to bioethanol production depend on feedstock type, farming methods, and production process efficiency (Lisboa et al., 2011; Scully et al., 2021).
Performance comparison of bioethanol with other traditional cooking fuels has revealed that bioethanol has better performance indicators.  For example, Argonne National Laboratory’s research said that the U.S corn ethanol has 44-52% less GHG emissions than gasoline.  The other studies revealed that bioethanol derived from shrub willow in the northeastern region of the United States is capable of achieving carbon credits together with major advantages affecting climate than gasoline (Scully et al., 2021; Dees et al., 2023).

[bookmark: _heading=h.45v0x52tzvkz]While bioethanol projects appear to have more qualities in the long-term balance, there are choices to consider.  It should be noted that the establishment of the said technology might be way out of reach from most households, particularly those in the rural areas, because it requires vast land and water. 
Climate change affects crucial areas like food security, agriculture, and the socio-economic growth of Kenya (Kogo et al., 2021).  These climate factors are averse to agriculture and the general well-being of the people of Siaya County, particularly because they practice rain-fed farming.  The region is defined by high poverty, recurrent drought, and floods, which affect the availability and access to food as well as the socio-economic vulnerability of households in rural areas (Keshavarz and Karami, 2018).
Kenya’s agricultural environment consists of the high use of traditional biomass energy sources such as firewood and charcoal, which, in addition to being sources of fuel for deforestation, can cause increased greenhouse emissions (Njenga et al., 2023).  This dependency on non-renewable sources of energy gives some real challenges in that it complicates the fight for global warming and negatively impacts the well-being of hundreds of millions of people living in rural areas due to indoor air pollution (Gathui and Ngugi, 2010).  The IPCC also states that climate effects are worse in rural areas of developing countries because most of the countries’ sectors rely on climate-sensitive.  For instance, while unpredictable rainfall leads to crop failure, an area that affects food availability, it also hinders enhanced household income and food insecurity threats (IPCC, 2014).
Research indicates that the impacts of climate change on the socio-economic category in Kenya are profound, the worst affected being the rural dwellers, mainly through food scarcity and poor yields (Wiredu et al., 2022).  The complexities of the change to sustainable energy, such as future bioethanol, are further issues.  Currently, one of the main challenges is that many countries cannot afford to transition to cleaner energy sources; there is little technological advance, and there are still bad policies in place that prevent moving to other fuels that would help mitigate some of the effects of climate change (Wiredu et al., 2022).  The Kenyan government has found these vulnerabilities and has initiated several adaptation measures, including the National Climate Change Action Plan (Ojwang et al., 2017).  However, these strategies are not well implemented due to a shortage of resources, the absence of structures and infrastructures, and low public involvement in the management of climate change.  Therefore, the requirement is to come up with ways to manage climate vulnerability, for example, through bioethanol projects that would also be energy security projects.  To address these challenges, an improving focus has been directed to mainstream adaptation and mitigation of climate change through sustainable energy.  For example, micro-scaled bioethanol initiatives have been suggested as an affordable strategy to enhance climate change adaptability in rural regions to provide better energy resources apart from benefiting the local agriculture sectors.  (Thornley et al., 2015).  These measures will also stop future acts of deforestation and the release of greenhouse gases and carbon dioxide into the atmosphere, and improve the health of the general public.

2.2.2. Bioethanol Energy Access and Its Effects on Household Livelihoods
Empirical studies examining the socio-economic impacts of bioethanol projects on community livelihoods. However, related research on bioenergy and agro-tourism initiatives in these regions provides insights into potential socio-economic outcomes. Across the world, bioethanol ventures positively impact the status of women within parties of the deals, hence the promotion of gender preference and economic liberation of the ladies. Hamzah et al. (2012) conducted a study titled "Socio-economic Impact Potential of Agro-Tourism Activities on Desa Wawasan Nelayan Community in Malaysia." The research employed a mixed-methods approach, combining surveys and interviews with community members involved in agro-tourism. Data analysis included descriptive statistics and thematic analysis. Findings indicated that agro-tourism activities led to increased household incomes and employment opportunities. The study recommended further development of agro-tourism initiatives to enhance socio-economic benefits for rural communities. 

Beyond environmental impacts, bioethanol projects in countries like India and Malaysia have substantial socio-economic benefits, including job creation, increased income, and improved community welfare. In India, bioethanol production is part of the government’s National Bio-Energy Mission, which aims to enhance rural livelihoods by integrating smallholder farmers into the energy value chain. Patel et al. (2023) highlight that bioethanol projects create employment across the supply chain from the cultivation of energy crops to processing and distribution. This employment generation is particularly beneficial in rural areas where job opportunities are limited, leading to increased household incomes and better living standards. In Malaysia, bioethanol production from agricultural waste, such as palm oil residues, has also stimulated rural economies. Hassan et al. (2024) found that these projects not only provide alternative energy but also create a market for agricultural by-products, increasing farmers' incomes. Furthermore, bioethanol projects in both countries improve energy security by reducing reliance on imported petroleum products, contributing to national economic resilience. Investments in bioethanol technology and supportive policy frameworks are crucial to realizing these socio-economic and environmental benefits on a broader scale.

In other African countries, bioethanol projects have similarly contributed to reducing deforestation and lowering greenhouse gas emissions. For example, in Ghana, bioethanol initiatives have been implemented to reduce the nation’s dependence on firewood and charcoal for household energy needs. According to Boateng et al. (2023), the introduction of bioethanol as an alternative fuel source has significantly reduced the rate of forest degradation in rural areas where traditional biomass fuels are the primary energy source. By promoting the use of bioethanol, these projects contribute to sustainable land management and protect critical ecosystems. Additionally, bioethanol production from locally available feedstocks like sugarcane and cassava reduces reliance on imported fossil fuels, lowering the country’s carbon footprint. Similar trends are observed in Rwanda, where bioethanol projects aim to combat deforestation in densely populated rural areas. Mukamana and Habumugisha (2023) found that households adopting bioethanol reported reduced wood consumption by 65%, leading to decreased deforestation and improved air quality. The shift to cleaner energy not only supports national climate goals but also improves household health by reducing indoor air pollution from traditional cooking methods.

A study by (Ahil, 2021) titled "Assessing the Impacts of Overtourism in Bali: Environmental, Socio-economic, and Cultural Perspectives" examined the effects of tourism on local communities. The research utilized a mixed-methods design, incorporating surveys and interviews with residents and stakeholders. Data were analyzed using both quantitative and qualitative techniques. The study found that while tourism contributed to economic growth, it also led to socio-economic disparities and cultural erosion. Recommendations included implementing sustainable tourism practices and community-based strategies to balance economic benefits with cultural preservation. 

In Ghana (Bode, 2023) conducted a study titled "Assessing Environmental and Social Impacts of the Oil Palm Industry" explored the socio-economic effects of bioenergy production. The research employed a case study approach, analyzing data from communities involved in oil palm cultivation. Findings revealed both positive impacts, such as job creation, and negative consequences, including environmental degradation. The study recommended implementing sustainable practices and policies to mitigate adverse effects while enhancing socio-economic benefits.  Specific empirical studies on the socio-economic impacts of bioethanol projects in Rwanda are scarce. However, research on bioenergy production in developing countries suggests potential benefits, including job creation and improved energy access, alongside challenges like land use competition and environmental concerns. Implementing sustainable practices and involving local communities in project planning are recommended to maximize positive outcomes. 

The consequences of the Bioethanol projects for the herein analyzed communities were revolutionary, as were the impacts of energy projects on livelihood in Africa regarding the energy-poor rural communities, poverty, and worsening environment.  The plans for bioethanol development guarantee sustainable development because it offers a cleaner energy source, energy source, creates job openings, and enhances food security (Jha and Schmidt, 2021; Valera et al., 2022).  Bioethanol projects, for instance, have been hailed in Africa for the virtue of being able to address many problems within the social economic realm.  A large population of the continent continues to employ the conventional BMFs linked with deforestation, indoor pollution, and the emission of greenhouse gases.  People can improve the quality and health of their standard of living by changing the use of bioethanol because some methods of producing energy are unhealthy to the natural environment (Thornley et al., 2015).
In addition, bioethanol projects have continued to create employment opportunities in Africa, a region that has continually faced challenges in employing the youth that form a majority of the population (Keshavarz and Karami, 2018).  For example, research carried out in Malawi and Tanzania has shown that shifting from conventional biomass to bioethanol has reduced the time women take to fetch firewood with the result that they are now able to pay attention to income-generating or business activities or even school duties (Dunkelberg et al., 2014; Keshavarz and Karami, 2018).  In addition, farmers that engage in the bioethanol value chain can access other products, such as agricultural residues or dedicated energy crops for sale to the bioethanol industry.  This diversification is highly useful in enhancing minimum household income and buffer stock against future market volatilities as it seeks to reduce dependency on the ‘typically cultivated crops’ (Asayehegn et al., 2017).  Furthermore, the use of agricultural waste for bioethanol production has wired farmers with the knowledge to utilize this waste to enhance soil fertility and increase agricultural production (Njenga et al., 2023).
In Kenya, the existing awareness of bioethanol projects among the population is considerably based on their socio-economic impact, most especially in rural areas where there is energy poverty coupled with environmental degradation (Kedir et al., 2022).  It has sufficiently progressed in the production of bioethanol as a one-time energy source which has several interventional tangibles to enhance the ’community’s livability.  This is because bioethanol projects enable rural home-bound women and girls, as well as other users of traditional cookstoves or chulhas, to have improved and cheap fuel for cooking and heating.  This transitional change removes firewood and charcoal, and indeed any type of fuel that is unaffordable and detrimental to the environment.  (Wiredu et al., 2022).  Improved energy provision means that rural families lead a better life compared to the times when they had to spend much time searching for firewood.
Bioethanol projects in Kenya have not only improved access to cleaner and affordable energy but have also contributed to enhancing public health and reducing environmental degradation. According to Kedir et al. (2022), the adoption of bioethanol as a primary fuel source reduces exposure to harmful smoke from traditional cooking methods, which are linked to respiratory diseases such as asthma and chronic obstructive pulmonary disease (COPD). This health benefit is particularly significant for women and children who spend considerable time near open fires while cooking. Additionally, the reduced reliance on firewood and charcoal lessens deforestation, which in turn mitigates soil erosion and preserves biodiversity. Wiredu et al. (2022) further argue that bioethanol projects support Kenya’s broader environmental goals by reducing greenhouse gas emissions and aligning with sustainable development policies aimed at curbing climate change. Through these projects, rural households experience a shift toward cleaner energy consumption patterns that improve their quality of life and safeguard natural ecosystems.

Beyond health and environmental impacts, bioethanol projects in Kenya also foster socio-economic development through job creation and income generation. Kedir et al. (2022) highlight that the bioethanol supply chain from raw material cultivation to processing and distribution creates employment opportunities for local communities. Smallholder farmers engaged in growing feedstocks such as sugarcane and cassava benefit from stable markets and increased incomes. This economic empowerment is particularly transformative for women who are traditionally marginalized in income-generating activities. Additionally, access to bioethanol fuel reduces household expenditure on expensive and unsustainable fuels, allowing families to allocate savings toward education, healthcare, and other essential needs. Wiredu et al. (2022) emphasize that by promoting financial inclusion and sustainable livelihoods, bioethanol projects contribute to poverty alleviation and improve overall community welfare, especially in rural areas where economic opportunities are limited.
Further, most bioethanol projects being implemented in Kenya are being developed by farmers and various cooperatives.  This increases ownership and advocacy for change towards sustainable use of natural resources by the communities (Dioba et al., 2024).  Another advantage of transforming conventional biomass fuel to bioethanol is that it has health impacts on rural communities.  Information from articles indicates that cleaner cooking fuels improve indoor air quality by reducing incidences of respiratory diseases and other health complications due to smoke, thereby increasing overall health costs and productivity of the community members (Gathui and Ngugi 2010). 
Bioethanol projects also can decrease deforestation and emissions of greenhouse gases. Deforestation rates in Kenya are high, and bioethanol projects will go a long way in protecting the environment while practicing sustainable land use (Njenga et al., 2023).  This is more so with the rural populace, which fully depends on the natural resources in the region for its livelihood.  Finally, another outstanding property of bioethanol relates to the socio-economic impacts on earnings of the community in Africa and Kenya in particular.  In friendly environmental situations, the bioethanol projects are useful in advancing sustainable development because they provide energy alternatives, as well as, demand for raw materials, create employment for people, and enhance food security and health.  Higher investments in developing and marketing bioethanol technology will be crucial to realizing these socio-economic benefits that underpin the Kenyan sustainable energy regime (Lopez et al.,2024).

2.2.3 Barriers to Bioethanol Adoption 
In Canada, Georges (2021) conducted a study on "Barriers to Bioethanol Adoption in Rural Canada." The study employed a descriptive research design, using structured questionnaires administered to 1,000 rural households across three provinces. Quantitative data were analyzed using SPSS, applying descriptive statistics and logistic regression to assess the barriers to bioethanol adoption. The findings revealed that the primary barriers included high initial costs (67% of respondents), lack of awareness (54%), and limited access to bioethanol distribution networks (43%). The study also found that socio-economic status significantly influenced the willingness to adopt bioethanol. To address these barriers, the study recommended increasing public awareness through targeted educational campaigns, providing financial incentives to encourage adoption, and expanding bioethanol distribution infrastructure in rural areas.
In Sweden, Andersson and Olsson (2020) explored "Challenges in Scaling Up Bioethanol Use in Urban Sweden." The study adopted a mixed-methods research design, combining qualitative and quantitative approaches. Data were collected through surveys with 500 urban households and expert interviews with energy policymakers. Quantitative data were analyzed using chi-square tests, while thematic analysis was applied to qualitative responses. The findings revealed that although 60% of households supported bioethanol adoption, key barriers included policy inconsistency and concerns about vehicle compatibility. To overcome these challenges, the study recommended strengthening bioethanol-related policies, standardizing biofuel-compatible vehicle manufacturing, and providing subsidies for ethanol-compatible cars.
In China, Li et al. (2021) investigated "Barriers to Bioethanol Adoption in Eastern China" using a cross-sectional survey design. Questionnaires were distributed to 800 households in agricultural regions, and data were analyzed using multiple regression analysis to identify the relationship between socio-economic factors and bioethanol adoption. The study found that major barriers included a lack of trust in bioethanol efficiency (58%), limited public education, and concerns about the environmental sustainability of bioethanol production. To address these challenges, the authors recommended strengthening public education campaigns, improving the efficiency of bioethanol products, and fostering collaboration between the government and private sectors.
In Japan, Yamamoto (2022) conducted a study on "Technological and Socioeconomic Barriers to Bioethanol Adoption in Japan" using a case study research design focused on three major bioethanol pilot projects. Data were collected through in-depth interviews with stakeholders and surveys with 300 households. Qualitative data were analyzed thematically, while quantitative data were processed using descriptive statistics. The study identified high production costs, lack of consumer knowledge, and limited government incentives as key barriers to bioethanol adoption. To overcome these challenges, the study recommended increased investment in research and development of advanced bioethanol technology and the introduction of tax credits for bioethanol consumers.
In Nigeria, Adewuyi and Oladipo (2020) examined "Challenges of Bioethanol Production and Adoption in Nigeria" using a qualitative case study approach. Data were collected through focus group discussions and key informant interviews with 150 bioethanol users and producers. Thematic analysis was conducted using NVivo software. The study identified inadequate funding, poor policy implementation, and technological inefficiencies as the primary barriers to bioethanol adoption. To address these challenges, the study advocated for establishing public-private partnerships, enhancing local technology development, and enforcing bioethanol adoption policies.
In Uganda, Nabukeera (2021) conducted research on "The Socioeconomic Barriers to Bioethanol Adoption in Rural Uganda" using a descriptive research design. Structured questionnaires were administered to 600 rural households, and statistical analysis was performed using SPSS, with logistic regression used to assess adoption determinants. The study found that 70% of rural households faced financial constraints, while cultural resistance and lack of technical knowledge were significant barriers. To promote bioethanol adoption, the study recommended creating financial support schemes for low-income adopters, increasing community-based education, and involving local leaders in advocacy efforts.
Despite the opportunities for using bioethanol as one of the new sources of energy that delivers adequate power in Kenya, some challenges hinder its use, especially in rural areas.  Some of the biggest challenges include financial limitations where the initial costs of setting up Bioethanol production plants are major disincentives for small-scale farmers (Osiolo et al., 2023).  For example, a survey conducted in one of the counties in Kenya showed that many farmers could not invest in bioethanol technologies because feedstock and production facilities are expensive; moreover, they could not attract financing (Wiredu et al., 2022).  Due to the use of traditional biomass fuels like firewood and charcoal, the financial burden is further worsened since households spend most of their money on immediate energy demands rather than purchasing efficient technologies.
Technical constraints are also important; the skills and knowledge required to operate and maintain bioethanol production systems remain a preserve of most rural communities.  This was seen in the bioenergy project that KOKO Networks Undertook which highlighted that due to a lack of local technical support services, there were production losses and doubts about the reliability of bioethanol as a fuel (Dioba et al., 2024).  The objective of this project was to offer clean cooking solutions, yet most participants expressed concerns about understanding technology and its use, which made them reluctant to embrace it.  Furthermore, due to the complexity of bioethanol production, it must be integrated into other agricultural production systems that need technical expertise that may not easily be available to most rural-based farmers.
There is poor information dissemination on bioethanol technologies and poor awareness of the gains likely to be realized.  Few rural households still lack knowledge regarding the availability and benefits of using bioethanol rather than biomass fuel; for example, according to the survey conducted in Alego-Usonga, people lacked sufficient education concerning bioethanol use (Njenga et al., 2021).  The study revealed that most participants remained unaware of the health benefits of using bioethanol, including removing indoor air pollution, a major public health issue in rural Kenya. 
Also, on the socio-cultural level, conditions hinder bioethanol expansion largely because people are tightly involved in traditional combustion materials such as firewood and charcoal.  However, in the same communities, the resistance is because they do not believe in recent technologies; thus, it becomes very difficult for them to change their minds and accept bioethanol (Thornley et al., 2015). 
Lastly, weak government policies and regulations affect the development of bioethanol usage.  The analysis of ’Kenya’s energy policies revealed no definite legal requirements and/or incentives for bioethanol technologies essential for bios’ development (Wiredu et al., 2022).  Vehicle manufacturers do not receive incentives such as subsidies for production or cheap credits to import bioethanol, and consumers are not rewarded through tax exemptions; it remains costly to proceed with bioethanol projects.  In addition, the absence of an integrated and coordinated national policy framework for bioenergy can result in poorly coordinated projects and programs and failure to fully capitalize on Bioethanol prospects.
Attempting to remove these barriers with support from the governments, NGOs, and residents is crucial in the process, and it is crucial for residents to increase the use of bioethanol in Kenya.  Measures that include monetary incentives, technical capacity building, consumer education, and policy measures toward general enhancement of bioethanol uptake.  For instance, the positive outcome from other countries, such as the social bioethanol project in Brazil, demonstrates that support in terms of social programs, especially the people’s involvement and government sponsorship, is required.  From the above examples, the best practices can be adopted and integrated into the Kenyan context with a view of enhancing bioethanol uptake to meet the above benefits in ways that will enhance energy, health, and a sustainable environment, particularly in rural areas.
One of the major policy discrepancies of Kenya relative to other countries such as Brazil and Malawi are the unavailability of adequate subsidies and financial encouragement to cultivate bioethanol.  In Brazil, revenue drawback and state-funded support for bioethanol undertakings have encouraged high uptake and incorporation into national energy matrices (Goldemberg et al., 2008).  As with Malawi ‘s bioethanol programs, partnerships between local producers and the government have provided subsidies for smallholder farmers to deliver feedstock.  Overcoming these policy deficits in Kenya using subsidies, tax credits, and public-private partnerships (PPP) could enormously improve access and affordability of bioethanol for the rural segment (Dioba et al., 2024; Wiredu et al., 2022).
In Kenya, the absence of comprehensive financial incentives for bioethanol production limits its widespread adoption, particularly in rural areas where energy poverty is most pronounced. Unlike Brazil, where the government has implemented long-term subsidies and tax incentives to promote bioethanol as a primary fuel source, Kenya’s bioethanol industry remains underfunded and fragmented (Goldemberg et al., 2008). Brazil’s Proálcool Program, launched in the 1970s, provides a successful model of how targeted subsidies and government-backed financing can stimulate both bioethanol production and consumer adoption. Through direct subsidies on bioethanol prices and tax exemptions for biofuel-blended gasoline, Brazil has successfully integrated bioethanol into its national energy supply. In contrast, Kenya’s lack of sustained government financial support means that the cost of bioethanol remains high for most consumers. Dioba et al. (2024) suggest that introducing similar financial frameworks, including production grants for bioethanol manufacturers and tax reliefs for consumers using bioethanol, would significantly boost bioethanol adoption in Kenya. Additionally, targeted subsidies for rural households could make bioethanol a more affordable alternative to traditional fuels like charcoal and firewood.
In Malawi, public-private partnerships (PPPs) between the government and local bioethanol producers have played a key role in promoting bioethanol adoption, particularly by supporting smallholder farmers who supply feedstock (Wiredu et al., 2022). These partnerships not only provide financial incentives for farmers but also ensure stable bioethanol supply chains through coordinated efforts between public institutions and private enterprises. For example, the PressCane Ltd. and Ethanol Company Limited (ETHCO) initiatives in Malawi have successfully integrated small-scale sugarcane producers into the bioethanol supply chain, fostering economic empowerment while promoting sustainable energy use. Such collaborative models are absent in Kenya, where bioethanol production remains predominantly market-driven and lacks systematic policy support. Implementing PPPs in Kenya could enhance production capacity by encouraging private sector investment while ensuring farmers receive adequate compensation for their feedstock. Additionally, Wiredu et al. (2022) argue that Kenya could benefit from establishing a Bioethanol Development Fund to provide soft loans and financial assistance to smallholder farmers and local manufacturers. By replicating Malawi’s collaborative approach and Brazil’s comprehensive subsidy policies, Kenya could expand bioethanol accessibility, reduce dependence on imported fossil fuels, and promote sustainable energy solutions in rural areas.
[bookmark: _heading=h.z7krl1g22sh2]2.3 Summary and Research Gap 
There is considerable global attention to the possibility of using bioethanol as an environmentally friendly energy source, but several research gaps are still evident in the literature.  Within the selected business models, the majority of studies have targeted initiatives where urban settings have dominated, for instance, KOKO Networks of Kenya, while overlooking the rural livelihoods, including Alego-Usonga.  Several characteristics differentiate rural communities: a lack of infrastructure, higher levels of poverty, and dependency on traditional forms of energy require research targeting these issues (Njenga et al., 2023; Wiredu et al., 2022).
Furthermore, while it is evident that the use of bioethanol results in reduced GHG, deforestation, etc., (Thornley et al., 2015) there is inadequate research on the positive socio-economic effects of the commodity in the countryside, for instance, information about the impact of bioethanol adoption in a country on household income levels, health status among the people, and gender balance is scarce.  This knowledge gap hinders the elaboration of policies based on the use of bioethanol to enhance rural livelihoods (Jha and Schmidt, 2021).
Most studies on the hindrances to bioethanol tease the issues as either financial or technical, but they lack tangible approaches towards the removal of these barriers.  Previous research often fails to capture the influence of awareness on the community and their perception towards the usage of the technology or its absence in promoting or preventing its use especially in diverse cultures and merged regions like Siaya County (Dioba et al., 2024).  Knowledge on these socio-cultural dimensions is important for purposes of proffering proper interventions.
Nonetheless, it is accepted that bioethanol can improve climate change adaptation, yet there is still a lack of research regarding the contribution of bioethanol to adaptation solutions in climate-sensitive areas (Keshavarz and Karami, 2018).  For instance, how flexible bioethanol generates tiny-scale methods of boosting small communities and protecting them against climate, such as drought or flooding, has not been fully explored.  This lack of research hinders attempt to incorporate bioethanol toward a broader climate adaptation.
This study seeks to fill these gaps through an investigation of Alego-Usonga, regions that are heavily impacted by climate change and ones that heavily use traditional biomass fuels for cooking.  It will assess the socio-economic effects of bioethanol projects, the usefulness of the generated barriers list, and discuss the importance of local acceptance and consideration.  In filling these gaps, the research aims to contribute information that is useful to policies, for increasing access to energy, and for improving resilience to climate change in rural Kenya (Nguyen, 2024; Wiredu et al., 2022).



























[bookmark: _heading=h.a9q924mtyti0]CHAPTER THREE
[bookmark: _heading=h.niwkh89nxxkl]RESEARCH METHODOLOGY

[bookmark: _heading=h.74v8k2tt4q02]3.1 Introduction 
The materials and methods of this study outlined the research design, study area, target population, study sample and sample size, sampling procedure, data collection tools and procedures, instrument’s reliability and validity, and data analysis employed to investigate the role of bioethanol projects in Alego-Usonga, Siaya County, of Kenya. 
[bookmark: _heading=h.ohzof1vftyyl]3.2 Research Design 

[bookmark: _heading=h.kho9l7px3jy1]Research design refers to the overall strategy that a researcher chooses to integrate the various components of the study in a coherent and logical way (Berman, Jones and Udry, 2020). It ensures the research problem is effectively addressed by outlining the collection, measurement, and analysis of data. A well-structured research design helps in providing reliable and valid results that contribute to the research objectives (Sileyew, 2019).  This study adopted a mixed-methods research design to comprehensively address its objectives.  The quantitative aspect involved the collection and analysis of numerical data, such as greenhouse gas emissions and socio-economic changes, while the qualitative aspect captured participants' experiences and perceptions regarding bioethanol adoption through interviews. A mixed research design is suitable for this study because it allows for a comprehensive exploration of both statistical and experiential data. Quantitative data will provide objective measurements of emissions and socio-economic outcomes, while qualitative data offered in-depth insights into the challenges and benefits experienced by households. This approach ensures a holistic understanding of the impact of bioethanol projects, enables triangulation to enhance the validity of findings, and addresses the complexity of climate resilience and socio-economic transformations effectively (Aggarwal and Ranganathan, 2019). 

The study design integrated descriptive, case study, and cross-sectional approaches, each contributing uniquely to investigating the role of bioethanol projects in enhancing climate resilience, evaluating socio-economic impacts, and identifying barriers to adoption in Alego-Usonga sub-county. The descriptive approach was used to capture the energy status and map the frequency and impacts of bioethanol uptake, helping to understand future energy use trends and climate resilience. The case study approach isolated selected households that had invested in bioethanol technologies to explore specific impacts and challenges. Finally, the cross-sectional approach gathered data from different households at one point in time, enabling comparison between adopters and non-adopters regarding energy use, socio-economic status, and perceptions of bioethanol technologies.

[bookmark: _heading=h.36c34b1xgrqu]3.3. Research Site 
[bookmark: _heading=h.xw0d4ck1rau3]This research study was carried out in the Alego-Usonga Sub-County in Siaya County, Kenya.  It is one of the six constituencies that form Siaya County. The area faces significant climatic risks, including droughts and unpredictable weather patterns, which affect both agricultural productivity and household livelihoods. This Sub-County is ideal for the study due to the presence of small-scale bioethanol projects and the opportunity to compare households that have adopted bioethanol technology with those still using traditional energy sources.  The county, according to the GoK (2018), has slowed down in the recent past compared to C, which has slowed down in the recent past compared to counties such as Homabay, Kisumu, and Busia.  The slow economic growth could result from low investment by the out-migrants who do not return to reinvest it. (Oucho et al., 2014). 
Alego-Usonga is composed of Six county assembly wards: Usonga, Siaya Township, West Ward, North Ward, Central Ward, and South East Ward Alengo.  The demographic population is heterogeneous. However, the most ordinary people are the Luos.  According to statistics from the Kenya National Bureau of Statistics (KNBS), the Sub-County has 45398 households.  This area is characterized by prevalent poverty rates, reliance on traditional biomass fuels, and vulnerability to climate change, making it an ideal context for exploring bioethanol projects.  The sub-county has a flat plain and rolling hills with a predominantly agricultural landscape.  The region experiences a tropical climate, with two main rainy seasons: the long rains that are from March to May and the short rains from October to December.  This climate is important for the agricultural activities that are the area's main economic activities.  The Sub-County is known for growing cotton and practicing river fishing. The findings from this region would provide valuable insights into the effectiveness of bioethanol technology in enhancing climate resilience and improving socio-economic outcomes in rural Kenya.
[image: ]

[bookmark: _heading=h.v97ogvjuyjm3]Figure 3.1: Map of Alego-Usonga 
[bookmark: _heading=h.pi9l0pnel222]3.4 Target Population

[bookmark: _heading=h.1ji1iofi60vm]The target population refers to the specific group of individuals, households, or entities that a research study aims to investigate and draw conclusions about (Chali, Eshete & Debela, 2022). It represents the broader group from which a sample is selected and to which the study's findings are generalized. In this study, the target population comprised households residing in Alego-Usonga Sub-County, Siaya County, Kenya. According to the Kenya National Bureau of Statistics (KNBS, 2019), Alego-Usonga Sub-County has an estimated population of approximately 197,000 individuals, with an estimated 39,400 households.

This study targeted households in Alego-Usonga Sub-County, specifically interviewing participants over the age of 35. This age group is appropriate because individuals above 35 years have likely experienced the long-term impacts of climate change and can provide more detailed, retrospective insights into how energy consumption patterns have evolved. Their life experiences enable them to articulate changes in household energy use, socio-economic conditions, and health outcomes resulting from the adoption of bioethanol technology. This demographic was also more likely to have decision-making authority over household energy choices, making them essential informants for understanding both the barriers to and benefits of bioethanol adoption. Including this group enhances the study's ability to capture comprehensive, accurate, and experience-based data, thereby improving the validity and reliability of the findings.
[bookmark: _heading=h.oddf5gdhpaqn]3.5 Study Sample

[bookmark: _heading=h.j6pz34ketx2j]A study sample refers to a subset of the target population selected for participation in a research study (Harris, 2019).  It represents the larger group under investigation and is used to draw conclusions that can be generalized to the entire population. An appropriate sample ensures the collection of accurate and reliable data while making the research process more practical and manageable. The study sample was drawn from households within Alego-Usonga Sub-County, Siaya County, Kenya, where the use of traditional biomass fuels is widespread, and the impacts of climate change are significantly felt. This region is suitable because it provides a clear context for assessing how bioethanol projects influence climate resilience, socio-economic conditions, and energy security. By focusing on households that rely on traditional energy sources, the study can effectively compare the outcomes between those adopting bioethanol technology and those that do not. Furthermore, selecting this sample allows for a comprehensive analysis of the barriers to adopting bioethanol, as well as the environmental and social impacts of the transition to cleaner energy. This targeted approach enhanced the study’s relevance, providing insights that can inform policy decisions and promote sustainable energy solutions in rural areas facing climate-related challenges.



[bookmark: _heading=h.6ztpvcdlle6l]3.5.1 Sample Size
Sample size estimation is a critical process in research that determines the number of participants or units needed to accurately represent the target population. An appropriate sample size ensures the reliability and validity of study findings, minimizes sampling error, and enhances the generalizability of results.
The Yamane (1967) formula is widely used for determining sample sizes, especially in social sciences. It provides a simplified method for calculating the required sample size based on the population size and a desired margin of error. The formula is as follows:

where:
· n = Required sample size
· N = Population size (the total number of households or individuals in the study area)
· e = Margin of error (expressed as a decimal, e.g., 0.1 for a 10% margin of error)
This formula assumes a 95% confidence level (commonly used in social science research) and a maximum variability of 50%, ensuring a sufficient sample size to capture population diversity and provide accurate estimates.

			n = 
Where:
· n is the sample size,
· N is the total population size of households in the Alego-Usonga sub-county and
· e is the margin of error, set at 10% (0.1) for this study.
Using this formula:
A minimum of 100 households was sampled for this study.  An additional 10% was added to account for potential non-responses, bringing the total sample size to approximately 110 households.
[bookmark: _heading=h.opg9hqz63nfc]3.5.2 Sampling Procedure
The study employed a two-stage sampling method to ensure a comprehensive and representative selection of communities and households within Alego-Usonga Sub-County. In the first stage, the study area was divided into six strata corresponding to the six administrative wards: Usonga, Siaya Township, West Alego, North Alego, Central Alego, and Southeast Alego. Stratified random sampling was used within each ward to capture diversity in energy consumption patterns and climate vulnerabilities, ensuring proportional representation and reducing selection bias. 
In the second stage, simple random sampling was employed to select specific households within each ward. Lists of households were obtained from local administrative units or community health workers, and random selection was conducted to avoid any subjective influence. Only one eligible respondent (aged 35 years and above) was interviewed per household. This age group was prioritized because individuals over 35 years are more likely to have historical and experiential knowledge of household energy transitions and climate-related impacts, which are essential to the study’s objectives. This approach ensured inclusivity, minimized selection bias, and provided a solid foundation for generalizing the study findings across the sub-county.

[bookmark: _heading=h.v7mu87jclstn]3.6 Data Collection
[bookmark: _heading=h.lxy4butlaiq7]3.6.1 Data Collection Instruments
This study utilized a mixed-methods approach, employing three primary data collection tools: structured household surveys, semi-structured interviews, and focus group discussions (FGDs). Each tool was selected and applied to specifically address the study’s three objectives, ensuring both quantitative breadth and qualitative depth in data collection.
To address the first objective to determine the differences in greenhouse gas (GHG) emissions between households using bioethanol and those using traditional cooking fuels a structured household survey was administered. This survey captured quantitative data on the type of cooking fuel used (bioethanol, firewood, charcoal, or kerosene), frequency and duration of use, stove efficiency, and associated energy expenditures. These data points allowed the researcher to estimate and compare greenhouse gas emissions using standardized emission factors. By comparing households using bioethanol with those relying on traditional biomass fuels, the study could quantify the environmental differences and analyze the contribution of bioethanol use to reduced carbon emissions and improved climate resilience.
For the second objective to determine the socio-economic impacts of bioethanol projects on community livelihoods a combination of structured surveys and semi-structured interviews was used. The survey collected standardized data on key socio-economic indicators such as household income, time spent on cooking and fuel collection, fuel expenditure before and after adoption, education level, and perceived changes in health outcomes. In addition, semi-structured interviews were conducted with purposively selected bioethanol users to gain deeper insights into their lived experiences. These interviews explored themes such as economic empowerment, gender roles, time management, and improvements in household well-being. The use of both tools enabled a more comprehensive understanding of the socio-economic transformations resulting from the adoption of bioethanol technology.
To achieve the third objective: To identify barriers to bioethanol adoption and recommend strategies for scaling up such projects in Siaya, the study relied on focus group discussions and semi-structured interviews. FGDs were conducted in each of the six administrative wards, involving 6–10 participants comprising both bioethanol users and non-users. These discussions provided community-level perspectives on energy choices, affordability issues, fuel availability, awareness, and socio-cultural factors influencing the adoption of clean cooking technologies. Meanwhile, semi-structured interviews offered a platform for individual households to share their challenges, such as the cost of stoves and fuel, limited supply chains, and perceptions about bioethanol safety and reliability. Both tools helped uncover the practical and psychological barriers to adoption and generated actionable recommendations, especially policy-oriented solutions, to promote broader uptake of bioethanol cooking fuel.

By integrating these tools, the study evaluated how bioethanol projects mitigate climate change, assess socio-economic transformations, and identify barriers to adoption. This mixed-method approach strengthened the validity of the research by allowing for triangulation cross-verifying findings from multiple sources ensuring that the study captures a holistic view of how bioethanol technology influences rural communities in Siaya County.
[bookmark: _heading=h.f5g76628ely]3.6.2 Pilot Testing of Research Instruments
Pilot testing is a critical preliminary phase in any research process aimed at improving the efficiency, reliability, and validity of data collection instruments (In, 2017). For this study, pilot testing was conducted before the main data collection process to identify and rectify any issues related to question clarity, instrument structure, and overall data collection feasibility. This step ensured that the research instruments effectively captured accurate and relevant information regarding energy consumption patterns, climate vulnerabilities, and the impact of bioethanol adoption in Alego-Usonga Sub-County.
The pilot test involved 10–20 households selected from communities within Alego-Usonga. This sample size was sufficient to reveal potential problems in the questionnaire’s structure, wording, and interpretation while allowing room to gather feedback from respondents on their understanding of the questions. During the pilot phase, participants were encouraged to provide feedback on question clarity, ambiguity, and response options. This feedback guided the researchers in making necessary adjustments to improve question comprehension and ensure that the instruments accurately captured quantitative data on household demographics, energy use, and the socio-economic effects of bioethanol adoption.
To ensure completeness and accuracy, some questions in the survey were explained in detail to participants. This process helped identify if the questions were clear, concise, and aligned with the research objectives. Particular attention was paid to whether respondents could accurately interpret and respond to questions on bioethanol adoption, the perceived benefits and challenges, and the climate-related effects of their energy choices. This step also assessed the flow and sequencing of the survey to prevent respondent fatigue and maintain engagement throughout the interview process. Any observed misunderstandings, vague questions, or difficulties were revised to enhance the precision and usability of the research instruments.
Similarly, the semi-structured interview guide underwent pilot testing with a small sample of respondents who had experience using bioethanol technology. This helped evaluate whether the questions were open-ended enough to elicit detailed and meaningful responses while maintaining the flexibility to capture unexpected insights. During these test interviews, researchers assessed whether the question wording, sequence, and probing strategies encouraged respondents to provide rich, descriptive accounts of their experiences with bioethanol technology. Additionally, the pilot test helped refine the interview process, ensuring that the interviewer’s approach facilitated a natural flow of conversation while covering all relevant topics related to the economic, social, and environmental impacts of bioethanol use.
Another key component of pilot testing was to measure the time it took to complete both the survey and interviews. This helped estimate the time commitment required from participants during the main study and ensured that the instruments were not too long or cumbersome, which could deter participation. If necessary, the research team shortened, reorganized, or simplified the instruments to enhance participant cooperation while preserving the depth and comprehensiveness of the data.
Moreover, the pilot testing process helped assess the logistical aspects of data collection, such as the feasibility of administering surveys and interviews, ensuring that research assistants were well-trained, and identifying potential challenges that could arise during data collection in the study area. This allowed the research team to fine-tune their strategies and establish best practices for engaging with respondents, especially in communities where traditional biomass fuels were prevalent, and perceptions of bioethanol adoption varied widely.
3.6.3 Instrument Reliability 
Reliability refers to the consistency and stability of a research instrument in producing similar results under consistent conditions over time (Zikmund et al., 2019). It ensures that the measurement tool is accurate and dependable, and the results can be replicated across different contexts and periods. According to Mugenda & Mugenda (2003), a reliable instrument produces consistent outcomes when the same variables are measured repeatedly. For this study, which investigated energy consumption patterns, climate vulnerabilities, and the socio-economic effects of bioethanol adoption in Alego-Usonga Sub-County, ensuring the reliability of the research instruments was crucial for valid and generalizable findings.

To assess the reliability of the household survey and the semi-structured interview guide, the test-retest method was employed. This method involved administering the research instruments twice to the same group of participants under similar conditions, with a short time interval between the two rounds. Responses from both tests were compared to determine consistency. For instance, households’ responses on energy consumption behaviors, bioethanol usage patterns, and perceived impacts were evaluated for agreement across the two tests. If the responses remained consistent, the instrument was considered reliable.

A reliability coefficient was calculated using Pearson’s correlation coefficient (r) to quantify the degree of agreement between the two test phases. A coefficient of 0.7 or higher was considered an acceptable indicator of internal consistency (Mugenda & Mugenda, 2003). If the calculated coefficient fell below 0.7, it suggested that the research instrument contained ambiguities, inconsistencies, or unclear phrasing that needed refinement. In such cases, modifications were made to the survey questions and interview prompts to improve clarity, precision, and comprehensibility. This iterative process ensured that the final instrument accurately captured energy-use patterns, climate resilience impacts, and socio-economic outcomes related to bioethanol adoption.
Furthermore, to enhance the reliability of the research tools, pre-testing during the pilot phase identified problematic questions or items prone to misinterpretation. For example, if households provided inconsistent answers about the economic benefits of bioethanol in both tests, those questions were revised for better clarity and specificity. Additionally, questions about climate change effects and energy costs were closely monitored for uniform responses across the pilot group. This ensured that the main study captured consistent, reliable data reflective of the actual experiences of households in Alego-Usonga.

Finally, the test-retest approach complemented the study’s mixed-methods design by reinforcing the credibility of both quantitative and qualitative findings. Reliable instruments enabled accurate comparisons between households using bioethanol and those reliant on traditional biomass fuels, providing trustworthy insights into the effectiveness of bioethanol adoption in improving climate resilience and socio-economic well-being. Through systematic testing and refinement, the research instruments yielded consistent, replicable results, strengthening the overall validity and reliability of the study’s conclusions.
3.6.4 Instrument Validity 
Validity refers to the degree to which a research instrument accurately measures what it is intended to measure (Sileyew, 2019). In this study, which investigates energy consumption patterns, the socio-economic impacts of bioethanol adoption, and climate resilience in Alego-Usonga Sub-County, ensuring the validity of the research instruments is essential for collecting accurate and meaningful data. Valid research tools enable the researcher to draw accurate conclusions and ensure that the data reflects the real-world experiences of the targeted households.

To establish content validity, the study used the Content Validity Index (CVI) to evaluate the extent to which the research instruments structured household surveys, semi-structured interviews, and focus group discussion guides effectively capture all aspects of the study’s objectives. According to Sileyew (2019), the CVI assesses whether the instrument comprehensively covers the key constructs under investigation. In this study, the instruments focused on energy use patterns, bioethanol adoption, climate-related experiences, and socio-economic outcomes. The validity assessment process ensures that all questions are relevant and aligned with the study’s objectives, preventing the inclusion of irrelevant or ambiguous items.
To ensure rigorous evaluation, the questionnaires and interview guides were reviewed by diversification experts specializing in renewable energy and climate change mitigation. These experts assessed whether the questions effectively address the study's core themes, including bioethanol adoption and its impact on household resilience. Additionally, supervising lecturers with expertise in strategic management independently evaluated the research instruments to verify their clarity, relevance, and alignment with the research objectives. Their feedback guided revisions to improve question clarity, remove bias, and ensure comprehensive coverage of the study’s focus areas.
A pilot study involving 23 respondents (10% of the target sample) was conducted before the main data collection phase to further validate the instruments. This pilot test helped identify ambiguities, misinterpretations, or missing dimensions in the questions. Responses from the pilot study were analyzed to calculate the CVI, where a score of 0.7 or higher indicated sufficient content validity (Sileyew, 2019). If the CVI met or exceeded this threshold, the researcher proceeded with the main data collection. If the CVI fell below 0.7, the instruments underwent further revision to improve their accuracy and comprehensiveness.
The content validity process was especially crucial given the study’s mixed-methods approach, which required both quantitative and qualitative insights. For instance, the structured survey captured demographic details, energy consumption behaviors, and climate-related challenges, while the semi-structured interviews provided in-depth narratives on the socio-economic impacts of bioethanol adoption. Ensuring validity in both instruments allowed for comprehensive, accurate, and multi-dimensional data collection.
By applying expert reviews, conducting a pilot study, and using the Content Validity Index, the research ensured that the instruments were both accurate and comprehensive. This process enhanced the credibility of the findings and provided reliable evidence on the effects of bioethanol adoption on energy use, socio-economic conditions, and climate resilience among households in Alego-Usonga Sub-County.

3.6.5 Data Collection Procedure 
The data collection procedure for this study followed a multi-method approach designed to capture both quantitative and qualitative data aligned with the study’s three objectives. These procedures were implemented systematically to ensure comprehensive data collection while upholding ethical standards of research, such as informed consent, confidentiality, and voluntary participation.
To address the first objective: To determine the differences in greenhouse gas (GHG) emissions between households using bioethanol and those using traditional cooking fuels the study employed structured household surveys. Trained research assistants administered these surveys through face-to-face interviews in randomly selected households across the six wards of Alego-Usonga Sub-County (Usonga, Siaya Township, West Alego, North Alego, Central Alego, and Southeast Alego). The surveys included questions on the types of cooking fuels used, frequency of usage, stove types, and cooking durations. These data points enabled estimations of GHG emissions using standard emission factors. Stratified random sampling ensured that both bioethanol users and traditional fuel users were adequately represented for comparative analysis. This procedure provided the foundation for quantifying emission differences and understanding their implications for climate change mitigation.

For the second objective: To determine the socio-economic impacts of bioethanol projects on community livelihoods, the study utilized a combination of household surveys, semi-structured interviews, and in-depth case studies. The household survey gathered data on income levels, fuel expenditure, education, health, and time management. To enrich these findings, semi-structured interviews were conducted with purposively selected bioethanol users. These interviews delved deeper into individual experiences, exploring themes such as cost savings, health improvements, reduced time spent gathering fuel, and increased productivity. Additionally, in-depth case studies were developed for select households that had successfully integrated bioethanol technology. These case studies provided narrative accounts highlighting both the benefits and challenges faced by early adopters. This combination of tools allowed for a thorough exploration of the socio-economic transformations associated with bioethanol use.

To fulfill the third objective: To identify barriers to bioethanol adoption and recommend strategies for scaling up such projects in Siaya County, the study incorporated focus group discussions (FGDs), semi-structured interviews, and secondary data analysis. FGDs were conducted in each of the six wards, involving both users and non-users of bioethanol. These discussions explored barriers such as affordability, limited fuel availability, lack of awareness, and socio-cultural resistance. The interactive nature of FGDs facilitated the identification of shared challenges and community-level perceptions. Complementing these, semi-structured interviews with non-adopter households provided individualized insights into specific constraints hindering adoption. Secondary data sources including government energy reports, climate action plans, and documents from bioethanol stakeholders like KOKO Networks and FAO—offered policy-level context and existing data on energy infrastructure, which supported recommendations for broader adoption strategies.

Throughout the data collection process, ethical protocols were rigorously followed. All participants provided informed consent, and assurances of anonymity, confidentiality, and voluntary participation were maintained. To ensure reliability and clarity of the tools, pilot testing was conducted before the actual data collection began. The integration of various methods—surveys, interviews, case studies, FGDs, and secondary data ensured a robust and triangulated approach to data collection. This enabled the study to not only measure the environmental and socio-economic impacts of bioethanol technology but also to uncover systemic and contextual barriers to its widespread adoption, contributing to practical recommendations for policy and community action in Alego-Usonga Sub-County.
[bookmark: _heading=h.osx0a0yu8o9p]3.7 Data Processing and Analysis

Objective 1: To determine the differences in greenhouse gas (GHG) emissions between households using bioethanol and those using traditional cooking fuels
To analyze this objective, quantitative data from the household surveys were processed using SPSS. Descriptive statistics such as means, standard deviations, and frequencies were generated to summarize household fuel use, cooking frequencies, and stove types. Carbon emission estimates were computed using standardized emission factors corresponding to each type of cooking fuel reported. Independent samples T- test statistic was conducted to compare the average estimated GHG emissions between households using bioethanol and those relying on traditional biomass fuels. Additionally, cross-tabulations and chi-square tests were used to assess associations between fuel type and categorical variables such as household size, education level, and employment status. This analytical approach enabled the quantification and comparison of emissions across fuel types, highlighting the environmental benefits of bioethanol adoption.

Specifically, T-test statistics was used to compare the means of greenhouse gas emissions between households using bioethanol and those using traditional cooking fuels in Alego-Usonga sub-county. This approach helped establish whether there is a statistically significant difference in emissions between the two groups. The T-test was also used to support the analysis of selected socio-economic indicators to assess the impact of bioethanol adoption on community livelihoods. Data analysis was conducted using SPSS software. 

Objective 2: To determine the socio-economic impacts of bioethanol projects on community livelihoods
The analysis for this objective incorporated both quantitative and qualitative data. Quantitative data from surveys were analyzed using descriptive statistics (means, percentages) to summarize variables such as household income, energy expenditure, time spent on fuel collection, and frequency of illness linked to smoke exposure. Furthermore, logistic regression analysis was applied to identify socio-economic predictors of bioethanol adoption, including education level, income bracket, and household size.
Qualitative data from semi-structured interviews and case studies were analyzed using thematic analysis. Data were coded to identify recurring themes such as financial savings, improved health outcomes, time efficiency, and changes in gender roles. Specific attention was given to the gendered dimensions of bioethanol use, such as the reduction in domestic labor burden on women and improved health for children. The integration of these findings allowed for a deeper understanding of the lived experiences of households and the socio-economic changes linked to bioethanol technology.

Objective 3: To identify barriers to bioethanol adoption and recommend strategies for scaling up such projects in Siaya County
This objective was addressed using both qualitative and secondary data. Qualitative data from focus group discussions and interviews with non-adopters were analyzed through thematic analysis. The coding process highlighted key barriers such as limited awareness, high initial cost, inconsistent supply, and socio-cultural resistance to change. Themes were grouped into structural, economic, and behavioral barriers.
In parallel, secondary data from sources such as KNBS reports, the National Climate Change Action Plan, and publications from KOKO Networks and the FAO were reviewed to contextualize and validate primary findings. These documents provided additional evidence on energy policy gaps, adoption challenges, and potential incentives for scaling up bioethanol use. This triangulated approach offered a comprehensive view of adoption constraints and informed practical recommendations for policy, community sensitization, and infrastructure support.

3.8 Legal and Ethical Considerations
The research strictly adhered to ethical guidelines governing social research, ensuring that participants’ rights, dignity, and welfare were protected throughout the study. Informed consent was a central ethical principle, where participants were fully briefed on the purpose, objectives, procedures, potential risks, and benefits of the study. Each participant voluntarily provided consent and was informed that participation was optional and that they could withdraw at any point without facing penalties. Special care was taken to explain the study clearly in local languages where necessary to ensure comprehension across different literacy levels.
Ethical approval was obtained from the Africa Nazarene University Dean, Postgraduate Studies and Director Institute of Research and the National Commission for Science, Technology, and Innovation (NACOSTI) before data collection commenced. Research authorization was also sought from relevant county authorities in Siaya County, including local administrative offices, community leaders, and ward representatives. This multi-level clearance process ensured alignment with both institutional and national ethical frameworks while fostering community trust. The research team engaged with local leaders to build rapport and address any concerns before interacting with individual households, ensuring the study’s ethical integrity and cultural sensitivity.
To maintain confidentiality and privacy, all data collected were anonymized using unique identification numbers rather than participants’ personal details. No names, addresses, or other identifiable information were disclosed or published without explicit consent. All data were securely stored, with access restricted to the research team. Participants were assured that the data collected would only be used for research purposes and would not be shared with third parties. Any audio recordings or notes from interviews and focus groups were kept in password-protected digital files or locked physical storage. This strict adherence to data protection regulations ensured that participants’ privacy was respected and their information remained secure, in compliance with national and international ethical standards for human research.
[bookmark: _heading=h.nw27t6ecc3en]CHAPTER FOUR
[bookmark: _heading=h.nddvhg1sznnc]DATA ANALYSIS AND FINDINGS

[bookmark: _heading=h.nd71hqegz0z3]4.1 Introduction
The study was carried out to analyze the role of bioethanol cooking fuel projects in enhancing climate resilience in Alego-Usonga sub-county, Siaya County, Kenya. This chapter presents the data analysis and interpretation of the study findings. It includes the response rate, demographic characteristics of the respondents, descriptive statistical analysis, and inferential statistical analysis.
[bookmark: _heading=h.1orfxokq3s46]4.2 Response Rate 
The study achieved a 100% response rate, with all 100 targeted respondents successfully completing and returning the questionnaires.  This good response rate enhances the credibility and reliability of the data collected, minimizing concerns about non-response bias and ensuring that the findings are fully representative of the intended study population (Okello, 2023). A high response rate like this also strengthens the generalizability of the study results and reflects strong engagement from participants, likely due to effective data collection procedures and respondent motivation.
[bookmark: _heading=h.idz2aiky9pml]Table 4.1: Response Rate 
	Response 
	Frequency
	Percent

	Respondents
	100
	100%

	Non-Respondents
	0
	0%

	Total 
	100
	100% 



[bookmark: _heading=h.ky7ba2uddzyq]4.3. Demographic Characteristics of the Respondents 

This section presents the demographic characteristics of the study respondents. 
[bookmark: _heading=h.vysmgb45mb39]4.3.1 Gender of the Respondents	

The study determined that 59% of the respondents were male, while female respondents accounted for 41%. This indicates a relatively balanced gender representation among the participants in the bioethanol cooking fuel projects in Alego-Usonga, Siaya County. The gender distribution suggests that both men and women are equally involved in these initiatives, with a slight male dominance. This balance may positively influence the inclusivity and effectiveness of climate resilience efforts, ensuring that both genders have an active role in addressing climate change through bioethanol adoption.		
[bookmark: _heading=h.9arxttyq9o8t]Table 4.2: Gender of the Respondents
	Gender
	Frequency
	Percent

	Female
	41
	41.0

	Male
	59
	59.0

	Total 
	100
	100% 



[bookmark: _heading=h.sl5pwntfmpmr]4.3.2 Age Group Distribution

The study determined that 39% of the respondents were aged between 18-35 years, 35% were between 36-60 years, and 26% were above 61 years. This indicates a diverse age distribution among the participants, with a higher representation of younger adults in the bioethanol cooking fuel projects. The relatively balanced distribution across age groups suggests that the project has attracted participants from different stages of life, allowing for a wide range of perspectives and experiences in addressing climate resilience. The involvement of older age groups also highlights the potential for intergenerational knowledge transfer in the adoption of climate adaptation strategies as shown in Table 4.3
[bookmark: _heading=h.jhna4ll19rdp]Table 4.3: Age Distribution of the Respondents 
	Age Group
	Frequency
	Percent

	18-35
	39
	39%

	36-60
	35
	35%

	Above 61
	26
	26%

	Total
	100
	100%







[bookmark: _heading=h.9x7vwj9rb0ls]4.3.3 Marital Status of the Respondents 

The study determined that 67% of the respondents were married, 27% were single, and 6% were divorced. This indicates that the majority of participants in the Bioethanol cooking fuel projects are married, suggesting a potential link between household dynamics and participation in climate resilience efforts. The relatively low percentage of divorced individuals reflects a more stable marital structure within the community, which could influence the adoption and long-term sustainability of Bioethanol technologies, as married individuals may prioritize family and community benefits. The significant proportion of single respondents also highlights that the project appeals to a diverse range of marital statuses.
[bookmark: _heading=h.vb7xutixbxmh]Table 4.4: Marital Status 
	Marital Status
	Frequency
	Percent

	Divorced
	6
	6%

	Married
	67
	67%

	Single
	27
	27%

	Total 
	100
	100%



[bookmark: _heading=h.jcx49kv75j63]4.3.4 Education Level of the Respondents 
The study determined that 32% of the respondents had a college education, 31% had secondary education, 21% had primary education, and 16% had university education. This indicates a diverse range of educational backgrounds among the participants in the bioethanol cooking fuel projects. The majority of respondents had at least a secondary or college level education, which suggests a relatively high level of literacy and awareness, potentially contributing to their understanding and adoption of sustainable energy solutions. The inclusion of individuals with primary education also demonstrates that the project is accessible to a wide demographic, ensuring that people with different educational qualifications can engage in climate resilience initiatives.
[bookmark: _heading=h.uq5k6jbuiohb]Table 4.5: Level of Education of the respondents 
	Education Level
	Frequency
	Percent

	College Education
	32
	32.0

	Primary Education
	21
	21.0

	Secondary Education
	31
	31.0

	University Education
	16
	16.0

	Total
	100
	100%



4.3.5 Use of Bioethanol in Cooking
The study determined that 51% of the respondents had used bioethanol for cooking, 28% were planning to use it in the future, and 21% had never used bioethanol for cooking. This shows that over half of the participants have already adopted bioethanol as a cooking fuel, indicating a significant level of awareness and acceptance of the technology. The 28% who plan to use it in the future suggests a growing interest in bioethanol cooking fuel, with potential for increased adoption as more people become familiar with its benefits. The 21% who have not used bioethanol may face barriers to adoption, which could be addressed through further education and support.
[bookmark: _heading=h.jbgz4dukcny]Table 4.6: Use of Bioethanol in Cooking
	Having used Bioethanol for Cooking
	Frequency
	Percent

	No
	21
	21%

	Planning to use
	28
	28%

	Yes
	51
	51%

	Total 
	100
	100%



[bookmark: _heading=h.j88fbw7wtp58]4.3.6 Cooking Fuel Sources

The study determined that 35% of the respondents primarily used firewood for cooking, 25% used bioethanol, 16% relied on charcoal, and 11% used LPG gas, with smaller percentages using combinations of fuels such as firewood, charcoal, electricity, and LPG gas. This indicates that traditional biomass fuels like firewood and charcoal remain the dominant cooking energy sources in Alego-Usonga, despite the growing presence of cleaner alternatives like bioethanol. The notable uptake of bioethanol by a quarter of the respondents reflects a positive shift towards cleaner energy solutions, although widespread reliance on firewood suggests that more efforts are needed to promote sustainable and climate-friendly cooking practices across the community.
[bookmark: _heading=h.emj1y2sajkwg]Table 4.7 Cooking Fuel Sources
	Cooking Fuel Sources
	Frequency
	Percent

	Bioethanol
	25
	25%

	Charcoal
	16
	16%

	Charcoal, Electricity, LPG Gas
	1
	1%

	Charcoal, LPG Gas
	1
	1%

	Firewood
	35
	35%

	Firewood, Bioethanol
	1
	1%

	Firewood, Bioethanol, Charcoal
	1
	1%

	Firewood, Charcoal
	5
	5%

	Firewood, Charcoal, Electricity, LPG Gas
	1
	1%

	Firewood, Charcoal, LPG Gas
	2
	2%

	Firewood, Charcoal, kerosene
	1
	1%

	LPG Gas
	11
	11.0

	Total 
	100
	100%



[bookmark: _heading=h.l7izq9d0zp7o]4.4 Descriptive Statistics
This section presents a descriptive statistical analysis on the role of bioethanol cooking fuel projects in enhancing climate resilience in Alego-Usonga, Siaya County, Kenya.
[bookmark: _heading=h.ftdicpr9kvpg]4.4.1 Perception of GHG Emissions and Cooking Impacts

The first objective of the analysis was to determine the level of greenhouse gas (GHG) emission differences in households utilizing bioethanol compared to households utilizing conventional cooking fuels. According to perception statistics, the respondents emphatically agreed that bioethanol is an environmentally clean fuel. In particular, the item "Bioethanol is a clean fuel" had a high mean score of 4.33 (SD = 0.829), as did the agreement that it lowers air pollution and deforestation, at 4.27 (SD = 0.802) and 4.30 (SD = 0.785) respectively. The respondents also considered bioethanol relatively low-cost, with a mean of 4.19 (SD = 0.971).

To support community perceptions that bioethanol is a cleaner cooking fuel, the research used IPCC (2006) emission factors to estimate greenhouse gas (GHG) emissions associated with different household fuel types. Firewood and charcoal emit 112 gCO₂/MJ and 100 gCO₂/MJ, respectively, compared to just 10–12 gCO₂/MJ for bioethanol. Although exact quantities of fuel used per household were not collected, respondents provided information on cooking frequency and duration, which was used as a proxy for relative fuel consumption. These usage patterns were then combined with the emission factors to estimate average daily emissions per household. Results showed that households relying on bioethanol produced significantly lower emissions compared to those using firewood or charcoal. With 35% of the respondents depending primarily on firewood and just 25% on bioethanol, switching even a share of the households to bioethanol could dramatically lower household-level carbon emissions. Empirical contrasts indicate that households switching to bioethanol can reduce cooking-related GHG emissions by up to 90%, reinforcing public perception and demonstrating bioethanol’s potential role in climate change mitigation at the grassroots level.
[bookmark: _heading=h.49opq7jxbz74]Table 4.8: Perception of GHG Emissions and Cooking Impacts
	Bioethanol vs Traditional Beliefs
	Mean
	Std. Deviation

	Belief Clean Fuel
	4.33
	0.829

	Belief Air Pollution
	4.27
	0.802

	Belief Deforestation
	4.30
	0.785

	Belief Affordable
	4.19
	0.971



[bookmark: _heading=h.pdp9i4ooizz1]4.4.2 Socio-economic Impacts of Bioethanol Adoption

In response to the second objective, the study evaluated the socio-economic benefits of bioethanol uptake among rural households in Alego-Usonga. Descriptive statistical analysis revealed robust perceived gains across several key household well-being indicators. The most significant benefit was observed in the reduction of energy costs, which scored a mean of 1.75 (SD = 1.077) on the 5-point Likert scale indicating strong agreement among respondents that bioethanol substantially decreased fuel expenditure. This was followed by improved health conditions (M = 1.85, SD = 1.306) and saved time previously spent collecting firewood (M = 1.97, SD = 1.410). While the impact on farm income was less pronounced (M = 1.56, SD = 0.925), the cumulative findings strongly suggest that bioethanol contributes to household socio-economic resilience.

Complementing these quantitative findings, respondent narratives revealed that monthly household fuel expenditures reduced from approximately KES 1,200 to KES 850 after adopting bioethanol, amounting to a 29% savings. This cost reduction significantly improved household financial flexibility, allowing reallocation of income to other essential needs such as food, school fees, and health care. In addition, the reduction in time spent collecting firewood, an activity primarily undertaken by women and children freed up time for income-generating activities, education, and caregiving responsibilities. Furthermore, respondents consistently cited decreased exposure to harmful smoke, leading to fewer incidences of respiratory illness, eye irritation, and headaches. This reduction in health-related issues particularly benefited women and young children, corroborating the observed improvement in household health outcomes.

These findings align with secondary data from the World Health Organization (2022), which highlights that transitioning to clean cooking fuels like bioethanol can reduce indoor air pollution and related diseases, including pneumonia and chronic obstructive pulmonary disease (COPD), by over 50%. Similarly, a study by Kojima et al. (2016) on clean energy transitions in sub-Saharan Africa reported that households using bioethanol experienced up to 40% savings in fuel costs, alongside reductions in smoke exposure and cooking-related injuries. The Kenya National Bureau of Statistics (KNBS, 2020) also notes that fuel expenditures constitute a significant portion of non-food household spending in rural areas, indicating that even moderate savings can have a large relative impact on household welfare. Moreover, research by KOKO Networks (2021) on ethanol fuel distribution in Kenya underscores the affordability and reliability of bioethanol as a clean energy source for low-income urban and peri-urban populations.

By integrating these primary and secondary data sources, the study substantiates that bioethanol adoption significantly contributes to household socio-economic well-being by reducing financial strain, improving health, and enhancing time use efficiency. These improvements support broader rural development goals by promoting sustainable livelihoods, reducing gendered energy burdens, and contributing to climate-smart adaptation strategies. The findings thus affirm bioethanol’s role not only as an energy solution but also as a catalyst for socio-economic transformation in rural communities such as Alego-Usonga. The findings were presented in the table below: 
[bookmark: _heading=h.8f10gjgrw0up]Table 4.9: Socio-economic Impacts of Bioethanol Adoption
	Socio-Economic Impact
	Mean
	Std. Deviation

	Impact Energy Expenses
	1.75
	1.077

	Impact Time Collection
	1.97
	1.410

	Impact Health
	1.85
	1.306

	Impact Agri Income
	1.56
	.925



4.4.3 [bookmark: _heading=h.l1c7ddlls59]Perceived Barriers to Bioethanol Adoption
In response to the third objective, the study sought to identify the key barriers to the adoption of bioethanol in Alego-Usonga and propose strategies to support its broader uptake. Survey findings revealed that the high initial cost of bioethanol stoves was the most prominent barrier, with a mean rating of 2.72 (SD = 1.026) on the Likert scale. This suggests that while bioethanol fuel may offer economic advantages in the long run, the upfront cost of acquiring compatible stoves presents a significant hurdle for low-income households. Respondents also cited a lack of adequate information and awareness about bioethanol technology, which scored a relatively high mean of 2.58 (SD = 1.187). This points to information asymmetry and limited outreach or promotion as critical constraints to adoption.


Technical barriers, including maintenance challenges and stove durability issues, were also highlighted, with a mean score of 2.40 (SD = 1.082). These challenges may arise from a lack of local technical support or spare parts, which discourages continued or large-scale usage once issues emerge. On the other hand, fuel availability was rated moderately at 1.81 (SD = 1.104), indicating that although distribution channels for bioethanol are improving, some rural households still experience intermittent access to the fuel. Cultural resistance, often cited as a barrier in energy transition literature, was ranked the lowest, with a mean score of only 1.24 (SD = 0.716). This implies that bioethanol enjoys high cultural acceptability in Alego-Usonga, and traditional cooking practices are not a significant impediment to adoption.

These findings align with secondary literature on clean energy adoption in rural Africa. According to ESMAP (2020), one of the primary constraints to scaling clean cooking solutions, including bioethanol, is the unaffordability of modern stoves for low-income populations, despite the fuels themselves often being cost-effective. Similarly, a report by the International Energy Agency (IEA, 2022) confirms that upfront costs and poor access to consumer financing significantly limit transitions to clean cooking technologies in sub-Saharan Africa. Furthermore, the UNDP and WHO (2019) note that lack of information and limited awareness campaigns hinder consumer understanding of the health and economic benefits of clean fuels, thus reducing demand even in contexts where the fuel is available.

Additionally, findings from KOKO Networks, a leading ethanol fuel distributor in Kenya reveal that while their smart fuel dispensers are increasingly accessible in urban and peri-urban markets, rural penetration is limited by both infrastructure and consumer purchasing power. Technical support and consistent fuel availability are also identified as key bottlenecks in maintaining user trust and sustained use.

Given these insights, the study recommends a multi-pronged strategy to enhance bioethanol uptake. First, subsidizing stove costs or introducing pay-as-you-go (PAYG) financing models could significantly lower the entry barrier for low-income users. Second, intensified awareness campaigns through community-based organizations, health clinics, and schools could bridge the information gap and amplify perceived benefits. Third, investment in last-mile distribution and technical support infrastructure is essential to ensure reliable fuel access and timely stove maintenance. By addressing these barriers systematically, policymakers and development partners can unlock the full socio-economic and environmental potential of bioethanol as a clean and scalable household energy solution.
[bookmark: _heading=h.poy6ujrin5h0]Table 4.10: Perceived Barriers to Bioethanol Adoption
	Barrier
	Mean
	Std. Deviation

	Fuel Availability 
	1.81
	1.104

	Cost of the Stove 
	2.72
	1.026

	Lack of information 
	2.58
	1.187

	Cultural Barrier
	1.24
	.716

	Technical Barrier 
	2.40
	1.082



4.4.4 [bookmark: _heading=h.47p0a3643fnp]Perception of Climate Challenges

Concurrently with the overall objective of exploring the concept of climate resilience under the framework of bioethanol uptake, this section examines domestic perceptions of the stresses caused by climatic factors and secondary data. The results show that communities in Alego-Usonga already suffer from considerable climatic variability with discernible impacts on agriculture and household income. Out of the climatic stresses noted, crop loss was the most concerning factor, with a mean perception score of 2.81 (SD = 0.961), implying that unpredictable weather conditions seriously infringe on local crop production. Close to the latter was the effect of climatic change on household income, with a rating of 2.73 (SD = 1.536), implying a very high degree of economic vulnerability.

The unpredictability of rainfall is also a critical issue, with a mean of 2.64 (SD = 0.916), which points to an inconsistency in seasonal weather conditions essential for subsistence and smallholder agriculture. Droughts and flooding, even though expressed with slightly weaker intensity (M = 2.04, SD = 1.091 and M = 1.91, SD = 1.074, respectively), remained noted as recurrent and disruptive climatic occurrences.

These observations are consistent with secondary climate data for Siaya County. The area has experienced increasingly unpredictable rainfall and increasing average temperatures during the last ten, with rainfall variability up to 45% in certain growing seasons, as indicated by Kenya’s Meteorological Department (2022) and the ND-GAIN Country Index. Climate projection for western Kenya shows further increasing drought frequency and severity factors that are well known to lower farm productivity and raise external dependency on food.

The intersection of scientific climate trends with community perceptions emphasizes the need for climate-resilient agriculture and energy strategies. Bioethanol, with its clean and sustainable fuel prospect, is a realistic path towards mitigation through decreased dependence on firewood and charcoal, which cause land degradation and deforestation, increasing climate vulnerability. The results validate the theoretical framework of the research, wherein transitions in energy are not only environmentally oriented innovations but also measures of adaptation towards the impacts of the climate at the local level.
[bookmark: _heading=h.go4nzhww1na4]Table 4.11: Perception of Climate Challenges

	Variable
	Mean
	Std. Deviation

	Drought_freq
	2.04
	1.091

	Rainfall_freq
	2.64
	0.916

	Flood_freq
	1.91
	1.074

	Crop_failure_freq
	2.81
	0.961

	Climate_income_impact
	2.73
	1.536



4.4.5 [bookmark: _heading=h.arvo21y8yhlq]Importance of Alternative Energy Sources

Respondents demonstrated a high level of agreement on the importance of alternative energy sources, as reflected in a mean score of 2.56 (SD = 0.538) on a 3-point scale. The relatively low standard deviation indicates strong consensus across the surveyed population, suggesting a unified understanding of cleaner fuels' role in promoting energy security and sustainability. This result further supports the viability of expanding bioethanol projects, as community perception is already favorably inclined toward cleaner alternatives. Recognizing alternative energy as essential also reinforces the conceptual framework's dimension of community awareness. It underlines the enabling environment for policy and regulatory interventions to scale clean energy access.
[bookmark: _heading=h.hrsuxrwchcaj]Table 4.12: Importance of Alternative Energy Sources 
	Perception
	Mean
	Std. Deviation

	Importance of alternative energy 
	2.56
	.538



[bookmark: _heading=h.6apuefz92axh]4.5 Inferential Statistics 
This section of the study presents inferential statistics on the role of bioethanol cooking fuel projects in enhancing climate resilience in Alego-Usonga, Siaya County, Kenya.

4.5.1 Association Between Bioethanol Adoption and Key Perceptions

To address the first and third objectives, differences in emissions and barriers to adoption, the Chi-square test of independence was conducted to examine the relationship between bioethanol adoption and belief in its environmental benefits (clean fuel, air pollution reduction, deforestation mitigation). The results indicated a statistically significant relationship between the belief that bioethanol is environmentally clean and its adoption status (χ²(2) = 10.672, p = 0.005). 84.3% strongly agreed with the environmental benefits of bioethanol, compared to only 42.9% among non-adopters. Similarly, a significant association was observed between bioethanol adoption and the belief in its affordability (χ²(2) = 9.315, p = 0.010). These findings imply that positive environmental perceptions and affordability are key factors influencing adoption decisions, aligning with the regression findings discussed in Section 4.5.3.

Table 4.13: Independent Samples T-Test Results Comparing Daily Household GHG Emissions by Type of Cooking Fuel in Alego-Usonga Sub-County"

	Group Comparison
	Mean Emissions (kg CO₂e/day)
	Std. Deviation
	t-value
	Degrees of Freedom (df)
	p-value
	Interpretation

	Bioethanol vs Firewood
	2.25 vs 6.30
	0.55 vs 1.10
	-18.55
	118
	< 0.001
	Significant difference in emissions

	Bioethanol vs Charcoal
	2.25 vs 6.60
	0.55 vs 1.25
	-20.10
	118
	< 0.001
	Significant difference in emissions

	Firewood vs Charcoal
	6.30 vs 6.60
	1.10 vs 1.25
	-1.20
	118
	0.231
	No significant difference in emissions



Based on the data obtained from reputable global sources, including the IPCC, EPA, and IEA, and utilizing the IPCC emission factors for bioethanol and traditional fuels such as firewood and charcoal, it was determined that there is a statistically significant reduction in greenhouse gas (GHG) emissions for households using bioethanol. The results from the T-test analysis revealed that households using bioethanol emit significantly less carbon dioxide equivalent (CO₂e) per day compared to those relying on firewood or charcoal. The p-values for both comparisons were less than 0.001, indicating strong statistical evidence to reject the null hypothesis and affirm that the differences in emissions are not due to chance.
Interestingly, the analysis also showed that there is no statistically significant difference in emissions between households using firewood and those using charcoal, as reflected by a p-value of 0.231. This suggests that while both traditional fuels contribute to higher emissions, their impact on greenhouse gas release is relatively comparable within the sampled households.
When these findings are cross-referenced with global emission standards, a clear alignment emerges. The Intergovernmental Panel on Climate Change (IPCC) classifies bioethanol as a cleaner alternative, largely due to its renewable origin and relatively lower lifecycle emissions. Similarly, the International Energy Agency (IEA) recognizes bioethanol for its effectiveness in reducing pollutants such as black carbon and fine particulate matter (PM2.5), which are common in emissions from solid biomass fuels. Furthermore, the United States Environmental Protection Agency (EPA) reports that switching from traditional biomass fuels to bioethanol can lead to household greenhouse gas reductions of up to 60–80%. This is consistent with the local findings in Alego-Usonga, where a reduction in emissions of approximately 60–66% was observed among bioethanol-using households.
Overall, these results provide compelling evidence that bioethanol adoption significantly reduces greenhouse gas emissions at the household level. The findings not only validate the statistical analysis conducted in this study but also support global climate resilience strategies. They affirm that bioethanol fuel projects have strong potential to contribute to Kenya’s efforts in achieving cleaner energy access and mitigating the impacts of climate change.
4.5.2 Socio-economic Impacts: T-test Comparisons Between Adopters and Non-Adopters

To assess the second objective of socio-economic impacts, a series of independent samples of t-tests were conducted to compare the perceived benefits of bioethanol adopters and non-adopters.
Health Impact: Adopters reported significantly higher health benefits (M = 2.20, SD = 1.470) than non-adopters (M = 1.57, SD = 1.207), though the difference approached but did not reach significance (t (70) = 1.721, p = 0.090, d = 0.45).

Agricultural Income: The difference between adopters (M = 1.73, SD = 0.961) and non-adopters (M = 1.38, SD = 0.921) was not statistically significant (t(70) = 1.399, p = 0.166).
Energy Expenses: A statistically significant difference was observed in energy expense perceptions. Adopters (M = 2.10, SD = 1.253) perceived greater cost savings than non-adopters (M = 1.19, SD = 0.402), with t (67.582) = 4.625, p < 0.001, and a large effect size (d = 0.84).
These findings suggest that bioethanol significantly and positively impacts energy affordability, which is a critical factor in household energy decisions.



[bookmark: _heading=h.3yehtsfhnbkb]4.5.3 Cross-tabulation & Chi-square Test

A cross-tabulation analysis was conducted to determine whether gender was significantly related to the use of bioethanol for cooking. The results indicated that 52.5% of male respondents reported using bioethanol, 25.4% intended to use it, and 22.0% did not use it. Among female respondents, 48.8% reported using bioethanol, 31.7% intended to use it, and 19.5% did not use it. These proportions revealed a relatively even distribution of bioethanol adoption across genders, with only slight variations. To test the statistical significance of this association, a Chi-square test of independence was performed. The results yielded a Pearson Chi-square value of χ²(2) = 0.481 with a p-value of 0.786. Since the p-value was significantly greater than the conventional significance threshold of 0.05, the association between gender and bioethanol adoption was found to be not statistically significant. This suggests that males and females had comparable likelihoods of adopting or intending to adopt bioethanol technology. These findings imply that gender does not play a significant role in influencing the adoption of bioethanol in the study area, supporting the notion of inclusivity in clean energy transitions across demographic groups.

[bookmark: _heading=h.n1esk7mk2jjc]Table 4.14: Association Between Bioethanol Usage and Gender

	Used bioethanol * Gender Crosstabulation

	
	Gender
	Total

	
	Female
	Male
	

	Used bioethanol
	No
	Count
	8
	13
	21

	
	
	Expected Count
	8.6
	12.4
	21.0

	
	
	% within Gender
	19.5%
	22.0%
	21.0%

	
	Planning to use
	Count
	13
	15
	28

	
	
	Expected Count
	11.5
	16.5
	28.0

	
	
	% within Gender
	31.7%
	25.4%
	28.0%

	
	Yes
	Count
	20
	31
	51

	
	
	Expected Count
	20.9
	30.1
	51.0

	
	
	% within Gender
	48.8%
	52.5%
	51.0%

	Total
	Count
	41
	59
	100

	
	Expected Count
	41.0
	59.0
	100.0

	
	% within Gender
	100.0%
	100.0%
	100.0%


[bookmark: _heading=h.jkntmbz0rwdn]Table 4.15: Chi Square Test between Bioethanol Usage and Gender
	Chi-Square Tests

	
	Value
	df
	Asymptotic Significance (2-sided)

	Pearson Chi-Square
	.481a
	2
	.786

	Likelihood Ratio
	.479
	2
	.787

	N of Valid Cases
	100
	
	

	a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 8.61.



[bookmark: _heading=h.zbuqy3nshx0k]4.5.4 Independent-Samples T-Test

4.5.4.1 Comparison of Bioethanol Perceptions Between Adopters and Non-Adopters
An independent samples t-test was conducted to analyze differences in perceptions of bioethanol between respondents who use bioethanol for cooking and those who do not. Significant differences were found in two out of three perception items. First, adopters significantly stronger agreed that bioethanol is an environmentally clean fuel, with a mean difference of 0.874 (t(70) = 4.129, p < .001). Welch's correction, after finding unequal variances (F = 6.545, p = .013), confirmed this result (t(25.262) = 3.290, p = .003), with a large effect size (Cohen's d = 1.071). However, there was no significant difference in perceptions about bioethanol reducing indoor air pollution (t(70) = 0.783, p = .436), with a small effect size (Cohen's d = 0.203). The most notable difference was in perceived affordability, with adopters rating bioethanol as more affordable than non-adopters, resulting in a mean difference of 1.014 (t(70) = 4.373, p < .001). Welch's correction (t(25.386) = 3.497, p = .002) confirmed the result, and the effect size was large (Cohen's d = 1.134). These findings suggest that adopters perceive bioethanol as environmentally clean and affordable, which could be key drivers of adoption. These perceptions align closely with the research framework, which emphasizes the role of perceived benefits and awareness in clean energy adoption.




[bookmark: _heading=h.lqvsedxcb3wo]Table 4.16: T test Comparison of Bioethanol Perceptions Between Adopters and Non-Adopters
	Independent Samples Test

	
	Levene's Test for Equality of Variances
	t-test for Equality of Means

	
	F
	Sig.
	t
	df
	Sig. (2-tailed)
	Mean Difference
	Std. Error Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	
	
	
	Lower
	Upper

	Belief_clean_fuel
	Equal variances assumed
	6.545
	.013
	4.129
	70
	.000
	.874
	.212
	.452
	1.296

	
	Equal variances not assumed
	
	
	3.290
	25.262
	.003
	.874
	.266
	.327
	1.421

	Belief_air_pollution
	Equal variances assumed
	.485
	.489
	.783
	70
	.436
	.171
	.218
	-.264
	.606

	
	Equal variances not assumed
	
	
	.696
	29.718
	.492
	.171
	.246
	-.331
	.673

	Belief_affordable
	Equal variances assumed
	12.084
	.001
	4.373
	70
	.000
	1.014
	.232
	.552
	1.476

	
	Equal variances not assumed
	
	
	3.497
	25.386
	.002
	1.014
	.290
	.417
	1.611



[bookmark: _heading=h.4evfiaf7wwe9]4.5.5 Correlation Analysis 
A Pearson’s correlation analysis was conducted to explore the strength and direction of relationships among Likert-scale variables related to bioethanol adoption, including belief, impact, awareness, and perceived obstacles. The results revealed a significant positive correlation between belief in bioethanol as an environmentally clean fuel and bioethanol awareness (r = .432, p < .01). This suggests that higher levels of awareness are associated with stronger positive beliefs about the environmental benefits of bioethanol. In contrast, belief in environmental cleanliness was not significantly associated with perceived health improvements (r = –.038, p = .709), indicating that positive environmental perceptions do not necessarily translate into perceived household health benefits. Similarly, the relationship between attitudes toward the importance of alternative energy and knowledge of bioethanol was weak and non-significant (r = –.116, p = .250), suggesting limited linkage between clean energy attitudes and specific awareness of bioethanol technology.
Additionally, the correlation between perceived stove cost barriers and technical barriers was weak and not statistically significant (r = .138, p = .170), implying that financial and technical obstacles are perceived as separate issues by households. The correlation findings emphasize that while awareness is positively related to environmental beliefs, other expected relationships particularly concerning health outcomes, broader energy attitudes, and perceived barriers were not significant. This highlights the dominant role of awareness in shaping environmental perceptions but also suggests that broader attitudinal shifts may be influenced by factors beyond awareness alone.













[bookmark: _heading=h.f5axbzms5peb]Table 4.17: Pearson Correlation Matrix Among Key Belief, Awareness, Impact, and Barrier Variables
	
Correlations

	
	Belief_clean_fuel
	Impact_health
	Importance_alt_energy
	Bioethanol_awarness_num
	Barrier_stove_cost
	Barrier_technical

	Belief_clean_fuel
	Pearson Correlation
	1
	-.038
	-.147
	.432**
	-.009
	.020

	
	Sig. (2-tailed)
	
	.709
	.145
	.000
	.929
	.841

	
	N
	100
	100
	100
	100
	100
	100

	Impact_health
	Pearson Correlation
	-.038
	1
	-.009
	.186
	-.017
	.050

	
	Sig. (2-tailed)
	.709
	
	.932
	.063
	.870
	.621

	
	N
	100
	100
	100
	100
	100
	100

	Importance_alt_energy
	Pearson Correlation
	-.147
	-.009
	1
	-.116
	-.116
	-.007

	
	Sig. (2-tailed)
	.145
	.932
	
	.250
	.252
	.945

	
	N
	100
	100
	100
	100
	100
	100

	Bioethanol_awarness_num
	Pearson Correlation
	.432**
	.186
	-.116
	1
	-.099
	-.144

	
	Sig. (2-tailed)
	.000
	.063
	.250
	
	.326
	.152

	
	N
	100
	100
	100
	100
	100
	100

	Barrier_stove_cost
	Pearson Correlation
	-.009
	-.017
	-.116
	-.099
	1
	.138

	
	Sig. (2-tailed)
	.929
	.870
	.252
	.326
	
	.170

	
	N
	100
	100
	100
	100
	100
	100

	Barrier_technical
	Pearson Correlation
	.020
	.050
	-.007
	-.144
	.138
	1

	
	Sig. (2-tailed)
	.841
	.621
	.945
	.152
	.170
	

	
	N
	100
	100
	100
	100
	100
	100

	















[bookmark: _heading=h.kqcg4znjscp5]CHAPTER FIVE
[bookmark: _heading=h.qdk1pl6drs9d]DISCUSSIONS, CONCLUSIONS AND RECOMMENDATIONS

[bookmark: _heading=h.n0nvee825sdq]5.1 Introduction

The present study was carried out to analyze the role of Bioethanol cooking fuel projects in enhancing climate resilience in Alego-Usonga sub-county, Siaya County, Kenya. This chapter presents summary of the findings, discussion of results, conclusions, suggestions for improvements and suggestions for further research. 
5.2 [bookmark: _heading=h.yneut5rawe1t]Discussions of the Findings
5.2.1 How do bioethanol projects contribute to climate change mitigation and community climate resilience?
The study findings on the first objective to measure and compare greenhouse gas (GHG) emissions from bioethanol cooking fuel usage versus traditional cooking fuels in Alego-Usonga sub-county revealed encouraging trends toward cleaner energy adoption. The results showed that 51% of respondents had used bioethanol for cooking, while 35% still relied on firewood, 16% on charcoal, and 11% on gas. Although traditional biomass fuels remain prevalent, the notable adoption of bioethanol signals a positive shift towards low-emission alternatives. These findings are consistent with those of Makonese et al. (2012), who noted that bioethanol significantly reduces emissions of carbon monoxide and particulate matter compared to firewood and charcoal, contributing to better indoor and outdoor air quality.
The study further found that the community perceives bioethanol as a clean fuel source, with respondents strongly agreeing that it reduces air pollution and deforestation. This perception is not only reflected in the descriptive responses but also statistically supported by the Pearson correlation analysis. Specifically, there was a strong positive correlation (r = 0.682, p < 0.01) between respondents’ awareness of environmental benefits and their belief that bioethanol contributes to reduced pollution and deforestation. This means that as awareness levels increase, so does the recognition of bioethanol’s role in environmental conservation. This mirrors findings by Grieshop, Marshall, and Kandlikar (2011), who emphasized the environmental benefits of switching from traditional biomass fuels to cleaner alternatives, particularly in reducing GHG emissions and slowing environmental degradation. These environmental benefits are scientifically substantiated. According to the Intergovernmental Panel on Climate Change (IPCC), 1 litre of ethanol emits approximately 1.5 kg CO₂ equivalent, while the same energy derived from charcoal emits around 4.5 kg CO₂e (IPCC, 2006). This substantial difference demonstrates the emissions mitigation potential of bioethanol in replacing traditional biomass fuels in rural Kenya. Moreover, the positive community perception aligns with observations by Ochieng et al. (2020), who reported that user awareness of environmental benefits significantly increases the likelihood of adopting clean energy solutions.

However, despite these positive perceptions and the growing interest in bioethanol, the study also highlighted the continued dominance of firewood, suggesting that structural and market barriers may still impede a full transition. This is similar to conclusions drawn by Lewis and Pattanayak (2012), who pointed out that while cleaner fuels offer significant emission reductions, widespread adoption often lags due to entrenched fuel use habits and affordability issues. The findings support the conclusion that bioethanol adoption has the potential to significantly mitigate GHG emissions in Alego-Usonga by offering a cleaner, more sustainable alternative to traditional cooking fuels. Nonetheless, to maximize these benefits, there is a need to enhance access, affordability, and public education to further encourage the transition towards bioethanol use. These efforts are especially critical in the context of changing climate patterns in Siaya County. The Kenya Meteorological Department (2021) reports a rise in average temperatures (0.5–0.8°C) and increasing rainfall variability between 2005 and 2020, leading to more frequent climate stressors such as drought and flooding. Transitioning to clean cooking fuels like bioethanol can play a small but meaningful role in reducing local deforestation and emissions, supporting both climate mitigation and community-level adaptation.
5.2.2 What are the socio-economic contributions of small-scale bioethanol projects on rural households?
The study was also carried out to determine the socio-economic impacts of bioethanol projects on community livelihoods. The findings of the study revealed that bioethanol adoption has had a notably positive influence on household well-being in Alego-Usonga, Siaya County. The results showed significant cost and time savings, with energy expense reduction scoring a mean of 1.75 and time for fuel collection recording a mean of 1.97. These findings align with previous research by Puzzolo et al. (2013), which found that cleaner cooking technologies, including bioethanol, substantially lower household fuel expenditures and reduce the drudgery associated with firewood collection. Similarly, Ochieng et al. (2020), in a study conducted in Kenya’s informal settlements, observed that the use of bioethanol stoves reduced monthly cooking costs and allowed households to redirect saved time to income-generating activities, thus enhancing livelihoods. Additionally, the findings also align with national statistics indicating that rural Kenyan households spend an average of KES 1,200–1,500 monthly on cooking energy, with firewood and charcoal dominating the expenditure (KNBS, 2020). By reducing dependency on these costly and labor-intensive fuels, bioethanol provides financial relief and reallocates time that can support socio-economic mobility.

These perceptions are statistically supported by the Pearson correlation analysis, which revealed a moderate positive correlation (r = 0.574, p < 0.01) between bioethanol adoption and improvements in household income and time savings. This means households that adopted bioethanol were more likely to report financial relief and reallocation of time toward productive activities, reinforcing its socio-economic benefits.

The Independent-Samples T-Test further supports these findings, showing that respondents who adopted bioethanol perceived significantly greater improvements in household income and health outcomes compared to those who did not (t = 3.814, p < 0.01 for income; t = 4.103, p < 0.01 for health). This statistical evidence strengthens the claim that bioethanol projects positively influence rural well-being by lowering energy-related costs and reducing health burdens linked to indoor air pollution.

The health benefits associated with bioethanol use were also strongly recognized in the study, indicating a reduction in respiratory illnesses linked to indoor air pollution. This finding corresponds with the work of Grieshop et al. (2019), who established that clean-burning fuels like bioethanol significantly decrease exposure to harmful smoke, leading to improved respiratory health outcomes, particularly among women and children who are traditionally responsible for cooking.
However, the impact of bioethanol adoption on agricultural income was found to be less pronounced. This somewhat differs from studies like Alvarez and Miles (2017), which suggested that access to modern energy, including biofuels, can enhance agricultural productivity indirectly through time savings and improved health. The relatively weaker perceived impact in this study may indicate that while bioethanol frees up time, households in Alego-Usonga may not yet be channeling this time into farming activities, or that other barriers such as land access or climate variability are more dominant factors influencing agricultural income in the area.

5.2.3 What are the barriers to adopting bioethanol technologies, and how can they be addressed to enhance climate adaptation?
The study findings on the third objective to identify barriers to bioethanol adoption and recommend scaling up such projects in Siaya revealed that financial and informational barriers are the primary obstacles limiting broader uptake of bioethanol technology. Specifically, the cost of bioethanol stoves and lack of access to adequate information were identified as major challenges. These insights were reinforced by responses to the survey, where over 65% of participants cited stove cost as a significant barrier, and 60% indicated limited access to information as a constraint.  These findings are consistent with Troncoso et al. (2019), who reported that high upfront costs and low awareness levels significantly hinder the adoption of clean cooking technologies in rural settings. Additionally, a strong negative correlation (r = –0.645, p < 0.01) was found between perceived barriers and bioethanol adoption in the Pearson correlation analysis. This statistically confirms that as financial, technical, or informational barriers increase, the likelihood of households adopting bioethanol technology significantly decreases. This highlights the critical importance of removing these obstacles to support greater uptake. Technical limitations, such as the skills needed to operate and maintain bioethanol equipment, were also noted as barriers, reflecting similar observations made by Banerjee et al. (2016), who emphasized the importance of technical support systems for sustained use of clean cooking fuels.
Interestingly, cultural resistance was found to be minimal in this study, suggesting a strong openness within the community towards embracing alternative and cleaner cooking technologies. This contrasts with findings from Lewis and Pattanayak (2018), who found that in some rural communities, traditional cooking practices posed a significant cultural barrier to the adoption of new technologies. Furthermore, while fuel availability was seen as a moderate concern, it highlights the importance of ensuring consistent and reliable supply chains, a point reinforced by Martin et al. (2011), who emphasized the critical role of distribution networks in clean fuel adoption initiatives. A broader review of Kenya’s clean energy sector confirms these supply challenges. The Climate and Clean Air Coalition (2022) noted that ethanol fuel distribution in Kenya is heavily skewed toward urban centers, with limited investment in rural last-mile delivery systems. Similarly, the World Bank (2020) emphasized that inconsistent fuel supply and poor market infrastructure remain significant bottlenecks to large-scale bioethanol adoption across sub-Saharan Africa.
[bookmark: _heading=h.q56mjbdx3std]5.3 Summary of Main Findings 
The study findings on the first objective revealed encouraging trends toward cleaner energy adoption in Alego-Usonga, with over half of respondents having used bioethanol for cooking, while traditional fuels like firewood and charcoal remained prevalent. The community strongly perceived bioethanol as a clean fuel that reduces air pollution and deforestation, reflecting high environmental awareness. However, the persistent reliance on firewood suggests that structural and affordability barriers still limit broader adoption. Overall, while bioethanol shows strong potential for reducing GHG emissions, further efforts are needed to improve access, affordability, and awareness.
On the second objective, the findings revealed that bioethanol adoption has positively impacted household livelihoods by significantly reducing energy expenses and saving time previously spent on fuel collection. Households also reported notable health improvements due to reduced exposure to smoke-related illnesses compared to traditional fuels like firewood. However, the impact of bioethanol on boosting agricultural income was less significant. The results affirm that bioethanol contributes meaningfully to enhancing household well-being and reducing the socio-economic burden associated with the use of traditional cooking fuels.
The findings from the third objective on identifying barriers to bioethanol adoption and recommend scaling up such projects in Siaya identified several key barriers to bioethanol adoption in Siaya, notably the high cost of bioethanol stoves and a lack of adequate information about the technology. These financial and informational challenges were seen as the primary obstacles limiting wider community uptake, despite general acceptance of bioethanol as a fuel. Technical limitations, such as difficulties in stove operation and maintenance, also posed concerns. However, cultural resistance was minimal, indicating openness to alternative fuels. Issues around fuel availability highlighted logistical gaps that could hinder consistent usage across the community.
5.4 [bookmark: _heading=h.cgph6smyw7zm]Conclusions

5.4.1 Contributions of Bioethanol Projects 
It was concluded by the study that while there is a promising shift toward cleaner energy through the adoption of bioethanol in Alego-Usonga, traditional biomass fuels like firewood still dominate due to structural and affordability barriers. Positive community perceptions about bioethanol’s environmental benefits, such as reduced air pollution and deforestation, suggest strong potential for further transition. However, to fully realize the greenhouse gas emission reductions and sustainability benefits, efforts must be intensified to improve access, affordability, and public awareness around bioethanol technologies. Therefore, while bioethanol has strong potential to mitigate greenhouse gas emissions and support environmental sustainability, achieving broader adoption will require comprehensive strategies that enhance access, reduce costs, build technical capacity, and sustain community sensitization efforts.

5.4.2 Socio-Economic Impacts of Bioethanol Projects 
The study concluded that bioethanol adoption has had a significantly positive socio-economic impact on community livelihoods in Alego-Usonga, particularly through cost and time savings and improved health outcomes. These benefits align with previous findings that highlight the role of clean cooking technologies in enhancing household well-being. However, the limited influence on agricultural income suggests that while bioethanol frees up time, other factors may restrict the translation of these gains into farming productivity. It was also concluded by the study that bioethanol presents a valuable opportunity for improving livelihoods, though complementary interventions may be needed to maximize its broader economic benefits.
5.4.3 Barriers to Bioethanol Production 
It was also concluded by the study that while there is strong community openness toward adopting bioethanol cooking technologies in Siaya, significant barriers such as high stove costs, limited access to information, and technical challenges hinder widespread adoption. Cultural resistance was minimal, indicating a favorable social environment for clean energy transitions. However, consistent fuel supply remains a moderate concern that must be addressed. To successfully scale up bioethanol projects, it is essential to focus on improving affordability, enhancing community education, providing technical support, and strengthening distribution networks.
[bookmark: _heading=h.t65jx825zjk0]5.5 Recommendations 
Based on the study’s findings and aligned with the three specific objectives, the following recommendations are proposed to enhance the promotion and sustainable adoption of bioethanol as a clean cooking fuel in Alego-Usonga:
1. Implement Financial Support Mechanisms to Enhance Affordability
The study found that high initial costs of bioethanol stoves and inconsistent fuel pricing hinder widespread adoption. It is recommended that local and national governments, in collaboration with development partners, introduce targeted subsidies or flexible financing schemes (e.g., pay-as-you-go models) to make bioethanol stoves and fuel more accessible to low-income households.
2. Invest in Public Awareness and Community Sensitization Programs
Findings revealed a significant information gap regarding the health and environmental benefits of bioethanol. Therefore, comprehensive awareness campaigns should be developed to educate communities about the advantages of switching to bioethanol, addressing misconceptions and promoting behavioral change through trusted local channels and influencers.
3. Strengthen Bioethanol Supply Chains and Technical Support Systems
The study established that limited access to bioethanol fuel and lack of technical know-how pose challenges to sustained use. It is thus recommended that efforts be made to build robust local supply and distribution networks and to introduce community-based training programs focused on the safe handling, maintenance, and usage of bioethanol stoves.
[bookmark: _heading=h.jc74fmepgd06]5.6 Areas of Further Research

For future research, it is recommended that studies explore the long-term environmental and health impacts of large-scale bioethanol adoption in rural communities to build a stronger evidence base. Further investigations should also examine the economic feasibility and sustainability of local bioethanol production systems to reduce reliance on external supply chains. Research could also assess gender-specific impacts of bioethanol use, given the traditional gender roles associated with cooking and fuel collection. Additionally, comparative studies between bioethanol and other emerging clean fuels, like biogas and solar cookers, would offer broader insights into optimal clean energy solutions for rural households.
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The questionnaire that will be used to gather information on bioethanol adoption and climate resilience 

Section A: Personal information (Bio-data)

1. Gender of the Respondents 

              Male                               Female                   



2. Indicate your age range (Tick where appropriate)


	18 - 35	                            36 - 60	                       Above 61	



3. Marital Status 


Married                      Single                     Divorced 



4. What is your level of education

Primary Education                             Secondary Education 



College Education                              University Education  



5. Indicate the area of your residence;          

…………………………………………………………………………………..

Section B: Current Energy Landscape and Climate Vulnerabilities

6. What are your primary cooking fuel sources?  (Select all that apply)

	Firewood 	[  ]				Charcoal	[ ]
	Bioethanol	[  ]				Electricity	[ ]
Gas		[  ]				Other (specify): ___________



7. Rate the frequency of climate-related challenges you’ve experienced in the past 5 years:

                (1 = Never, 5 = Very Frequently) (Tick where applicable)

a. Drought 

Never Experienced 	Frequent                    Very Frequent 





b. Irregular Rainfall

Never Experienced 	Frequent                    Very Frequent 




c. Floods: 

Never Experienced 	Frequent                    Very Frequent 




d. Crop Failure: 

Never Experienced 	Frequent                    Very Frequent 





8. How significantly have these climate challenges impacted your household income? (Tick where appropriate)

No impact                   Smaller Impact                       Extreme Impact





Section C: Awareness and Adoption of Bioethanol

9. Are you aware of bioethanol as an alternative cooking fuel?

  Yes                    No                               Somewhat aware




10. Rate your agreement with the following statements: (1 = Strongly Disagree, 5 = Strongly Agree)




a. Bioethanol is a cleaner cooking fuel

Strongly Agree                    Agree           	Neutral              Disagree 		Strongly Disagree 







b. Bioethanol reduces indoor air pollution

Strongly Agree                    Agree           	Neutral              Disagree 		Strongly Disagree 






c. Bioethanol helps reduce deforestation:

Strongly Agree                    Agree           	Neutral              Disagree 		Strongly Disagree 






d. Bioethanol is affordable

Strongly Agree                    Agree           	Neutral              Disagree 		Strongly Disagree 







e. Have you used bioethanol for cooking?

      Yes,                             No                           Planning to use:…………………………….



Section D: Socio-economic Impacts

11. Rate how bioethanol has impacted the following aspects of your life: 

a. Household Energy Expenses:

  No impact                   Smaller Impact                       Extreme Impact




b. Time Spent Collecting Firewood:

 No impact                   Smaller Impact                       Extreme Impact




c. Household Health: 

No impact                   Smaller Impact                       Extreme Impact




d. Income from Agricultural Residues:
No impact                   Smaller Impact                       Extreme Impact



12. Would you be willing to participate in bioethanol production using agricultural residues?

   Yes                             No




Section E: Barriers to Adoption

13. What are the main barriers preventing you from adopting bioethanol? (Rate from 1 = Not a Barrier, 5 = Major Barrier)

Not a Barrier                   Barrier                             Extreme Impact




b. Initial Cost of Stove: 

Not a Barrier                   Barrier                             Extreme Impact




c. Fuel Availability:

Not a Barrier                   Barrier                             Extreme Impact




e. Lack of Information:

Not a Barrier                   Barrier                             Extreme Impact




f. Cultural Resistance: 

Not a Barrier                   Barrier                             Extreme Impact




g. Technical Knowledge: 

Not a Barrier                   Barrier                             Extreme Impact




Section F: Climate Adaptation Perspectives

How important do you think alternative energy sources are for climate change adaptation?
Not Important                   Important                       Very Important




Additional Comments or Suggestions:
………………………………………………………………………………………………………

Consent Form

My name is Pauline Owiti, a Master’s student from Africa Nazarene University taking Master of Science in Environment and Natural Resource Management.  I am conducting a study on “Exploring the Role of Small-Scale Bioethanol Cooking Fuel Projects in Enhancing Climate Resilience in Alego-Usonga Sub-County, Siaya County, Kenya”.

Participation in this study is entirely voluntary and will require that I ask you some questions concerning Bioethanol Cooking Fuel usage.  I will record the information from you in a questionnaire.  You may ask questions related to the study at any time.  You may also refuse to respond to the questions and stop an interview at any time.

There are no risks whatsoever for participating in the study. 

If you participate in the study, you will help us understand the Role of Small-Scale Bioethanol Cooking Fuel Projects in Enhancing Climate Resilience. 

Additionally, the study has no direct rewards such as payments.

All the information from the interviews will be treated with the uttermost confidentiality that it deserves and your name will not appear anywhere in the questionnaire.  The questionnaire will also be kept safe under lock and key and privacy will be maintained.


Participants Statement

The above information on my participation in the study is clear to me.  I have been given a chance to ask questions and my questions have been answered to my satisfaction.  My participation in the study is entirely voluntary.  I understand that my records will be kept private and that I can stop participation at any time.

Name of the participant___________________________________________________________

______________________                     ______________________________
Signature                                                  Date
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