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ABSTRACT
This study investigates the effects of climate change on the local ecosystem in Ilorin West Local Government Area of Kwara State, Nigeria. The research focuses on identifying changes in weather patterns, biodiversity loss, agricultural productivity, and water resource availability over the past two decades. Data were collected through field observations, structured questionnaires distributed to residents, and interviews with local farmers and environmental experts. Satellite imagery and meteorological records were also analyzed to track temperature and rainfall variability. The findings reveal a significant shift in seasonal cycles, leading to shorter rainy seasons and prolonged dry spells, which have negatively impacted crop yields and altered species composition in the area. Indigenous trees and animal species are increasingly threatened due to habitat degradation and increased human pressure driven by climate stress. The study concludes that climate change poses a serious threat to the sustainability of the local ecosystem, and it recommends urgent adaptation strategies, including afforestation, water conservation techniques, and community awareness programs. These interventions are essential for building resilience among local communities and preserving biodiversity in Ilorin West.
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CHAPTER ONE
INTRODUCTION
Background to the Study
Access to reliable and affordable electricity remains a significant challenge in many rural communities across Nigeria. In Kwara State, a substantial portion of the rural population lacks connection to the national grid, hindering socio-economic development and quality of life. Traditional reliance on fossil fuels such as diesel and kerosene not only imposes high costs but also contributes to environmental degradation.​ Renewable energy sources—specifically solar, wind, and biomass—offer promising alternatives for rural electrification. These resources are abundant in Nigeria and can be harnessed to provide sustainable and decentralized energy solutions. Recent initiatives, including a $200 million agreement between Nigeria and WeLight to deploy renewable mini-grids, underscore the national commitment to increasing the share of renewables in the energy mix from 22% to 50% .​ In Kwara State, studies have explored the potential of various renewable energy systems. For instance, research in Kajola Village demonstrated the feasibility of a solar PV-biomass hybrid system, achieving a Levelized Cost of Energy (LCOE) of $0.178/kWh with a 100% renewable energy fraction . Similarly, assessments in Ilorin have indicated that wind energy, while variable, could be viable at higher altitudes, with wind speeds ranging from 1.1 to 5.1 m/s and power densities between 6.7 to 39.20 W/m² 
Start with a broad overview of energy access challenges in rural Nigeria, focusing specifically on Kwara State. Include statistics on electrification rates, the reliance on traditional fuels (and their consequences), and the socio-economic impact of energy poverty. Narrow down to discuss the potential of renewable energy sources (solar, wind, and biomass) to address these challenges. Mention any existing renewable energy initiatives in Kwara State or similar regions. Highlight the gap in knowledge or the problem your research aims to address. For instance, is there a lack of comprehensive studies on the efficacy and feasibility of a combined solar, wind, and biomass system in the specific context of Kwara State? Kwara State, located in the central region of Nigeria, is characterized by a largely rural population that relies heavily on traditional energy sources such as fuelwood and kerosene. This dependency on non-renewable resources poses significant challenges, including deforestation, air pollution, and energy insecurity. Moreover, access to electricity remains low, with many rural communities lacking reliable power supply, which hinders socio-economic development and access to education, healthcare, and communication technologies. In recent years, Nigeria has made strides toward integrating renewable energy solutions into its energy mix. Solar. Wind, and biomass energy present viable alternatives for rural electrification and can help bridge the energy gap in Kwara State. Solar energy is abundant and relatively easy to harness, while wind energy, although less common, can be explored in suitable areas. Biomass, being abundant in agricultural residues, can provide local energy solutions while promoting waste management. Despite the potential of these renewable energy sources, there is a need for comprehensive research to assess their efficacy and feasibility within the context of Kwara State. This study aims to evaluate the potential of solar, wind, and biomass energy systems as sustainable solutions for electricity generation and their role in promoting rural development.
Statement of the Problem
The primary issue addressed in this study is the severe energy deficit faced by rural communities in Kwara State. Limited access to reliable electricity hampers economic growth, education, and quality of life. Traditional energy sources are not only unsustainable but also pose health and environmental risks. Additionally, there is a lack of empirical studies examining the practical application of renewable energy solutions in this region, creating a knowledge gap that hinders policy formulation and investment. This study aims to investigate barriers to the adoption of renewable energy technologies, including technical, economic, and socio-cultural challenges. Additionally, it seeks to address the inadequacy of local data on the feasibility of implementing solar, wind, and biomass energy systems in rural communities, as well as the necessary infrastructure and policy support needed for successful adoption.
Clearly articulate the central problem your research seeks to investigate. This should be concise and directly related to the efficacy and feasibility of integrating solar, wind, and biomass energy systems in rural Kwara State. For example: "This study investigates the efficacy and feasibility of a hybrid solar-wind-biomass energy system as a sustainable solution to improve electricity access in rural communities of Kwara State, considering factors such as cost-effectiveness, environmental impact, and community acceptance."
Purpose of the Study
i. Assess the Current Energy Landscape: To analyze the current energy usage patterns in rural areas of Kwara State, identifying the gaps in energy access and the implications for community development.
ii. Evaluate the Efficacy of Renewable Energy Sources: To evaluate the potential of solar, wind, and biomass energy systems in providing reliable and sustainable energy solutions for rural communities, including their efficiency, cost-effectiveness, and environmental impact.
iii. Identify Barriers to Implementation To identify and analyze the socio-economic, technical, and policy-related barriers that may hinder the adoption of renewable energy systems in rural settings.
iv. Propose Strategic Recommendations: To develop practical recommendations for stakeholders, including government agencies, NGOs, and investors, to facilitate the transition to renewable energy sources in rural areas of Kwara State.
v. Promote Awareness and Education: To enhance community awareness and education concerning renewable energy options, encouraging local participation in energy initiatives.
vi. This study will contribute to the growing body of knowledge on renewable energy solutions for rural electrification and provide valuable insights for policymakers and practitioners seeking to implement sustainable energy initiatives in Kwara State and similar contexts.
Research Questions:
1. What is the current state of renewable energy adoption in rural areas of Kwara State?
2. Which renewable energy sources (solar, wind, biomass) have the highest potential for effective implementation in these rural areas?
3. What are the socio-economic impacts of implementing renewable energy solutions in rural communities of Kwara State?
4. What are the barriers to the adoption of renewable energy technologies in rural areas of Kwara State?
5. How does the efficiency of each renewable energy solution compare in terms of costs and sustainability in rural settings?
Research Hypotheses:
Hypothesis 1: There is a significant difference in the adoption rates of solar, wind, and biomass energy systems in rural areas of Kwara State.
Hypothesis 2: Implementing renewable energy solutions leads to a noticeable improvement in the socio-economic conditions of rural communities.
Hypothesis 3:Barriers such as lack of awareness, funding, and infrastructure significantly impede the adoption of renewable energy technologies in Kwara State.
Hypothesis 4:Solar energy systems are more cost-effective and sustainable than wind and biomass energy systems in rural settings of Kwara State.



Significance of the Study:
Policy Development: The findings of this research can provide insights for policymakers to formulate strategies for fostering renewable energy adoption in rural communities.
Community Empowerment: By understanding the feasibility and efficacy of Different renewable energy solutions, communities can be better equipped to implement these technologies, ultimately enhancing their quality of life.
Environmental Impact: The study will contribute to the understanding of how transitioning to renewable energy can mitigate climate change effects in rural areas of Kwara State. 
Economic Insights: Insight into the socio-economic impacts of renewable energy adoption can guide local governments and NGOs in their initiatives to promote sustainable development.
Scope of the Study
Geographical Scope: The research will focus specifically on rural areas
Within Kwara State, Nigeria. Energy Sources: The study will concentrate on three primary forms of renewable energy: solar, wind, and biomass. Time Frame: The data collection and analysis will be conducted over a period of six months, with an emphasis on current trends and future projections.
Target Population: The study will engage with local community members, energy stakeholders, policymakers, and NGOs working in renewable energy in the region.
Data Collection: A combination of qualitative (interviews and focus groups) and quantitative (surveys and field measurements) methods will be employed to gather comprehensive data.
Data Analysis: Statistical software will be used for analyzing quantitative data, while qualitative data will be analyzed through thematic analysis.
This outline provides a comprehensive framework for your project, allowing you to further develop each section with specific data and analysis as you gather information. Good luck with your research
Definition of Terms
Solar Energy: Energy derived from the sun’s radiation. Solar energy can be harnessed through photovoltaic cells that convert sunlight directly into electricity or through solar thermal systems that use sunlight to produce heat.
Wind Energy: Energy harnessed from the kinetic energy of wind. Wind turbines convert the wind’s movement into mechanical power, which can then be converted into electricity.
Biomass Energy: Energy produced from organic materials, such as plant matter, agricultural residues, and animal waste. Biomass can be converted into biofuels, biogas, or used directly for heating.
Feasibility Study: An assessment of the practicality of a proposed project or system. It examines technical, economic, legal, and operational aspects to determine if the project is viable.
Efficacy: The ability of a system or solution to produce a desired effect or result. In the context of renewable energy, efficacy may refer to the effectiveness of solar panels, wind turbines, or biomass systems in generating energy.
Energy Efficiency: The ratio of useful energy output to the total energy input, often expressed as a percentage. Higher energy efficiency means less energy waste and lower costs.
Grid-Tied System: A renewable energy system that is connected to the main electricity grid. It allows energy producers to sell excess energy back to the grid and draw power when their system is not producing enough electricity.
Off-Grid System: A renewable energy system that operates independently of the main electricity grid. Off-grid systems are often used in rural areas where grid access is limited.
Kwara State: A state in Nigeria located in the north-central region, known for its diverse agricultural landscape. The state has a mix of urban and areas, making it a suitable location for implementing renewable energy solutions.
Sustainability: The ability to meet current energy needs without compromising the ability of future generations to meet their own. Sustainable energy solutions take into account environmental, social, and economic factors.
Energy Demand: The total amount of energy required by consumers in a specific area over a certain period. In rural areas, energy demand may fluctuate based on agricultural activities and local needs.
Renewable Energy Policy: Government regulations and incentives designed to promote the adoption and development of renewable energy sources. Policies can include tax credits, grants, and feed-in tariffs.
Microgrid: A localized energy system that can operate independently or in conjunction with the main grid. Microgrids are particularly useful in rural areas to ensure reliable energy supply. 








CHAPTER TWO
LITERATURE REVIEW
2.1 Concept of Renewable Energy
Renewable energy refers to energy obtained from natural resources that are constantly replenished, such as solar, wind, hydro, and biomass. Unlike fossil fuels, renewable energy sources are environmentally friendly and sustainable. International Renewable Energy Agency (IRENA, 2022) defines renewable energy as “energy derived from natural processes that are replenished at a faster rate than they are consumed.”
2.1.2 Types of Renewable Energy Systems
Solar Energy: Utilizes sunlight through photovoltaic panels or solar thermal systems.
Wind Energy: Converts wind movement into electricity using wind turbines.
Hydropower: Generates electricity through flowing or falling water.
Biomass: Involves the burning or transformation of organic material to produce energy.
Hybrid Systems: Combine two or more renewable sources (e.g., solar-wind) for reliability.
2.2 Energy Access and Sustainable Development Theory
This theory links access to energy with improved socio-economic outcomes such as education, health, and income generation. It supports the idea that sustainable energy in rural areas enhances development by providing electricity for schools, clinics, businesses, and homes.
The critical role of energy in achieving sustainable development has been widely acknowledged for decades; truly sustainable development cannot be achieved without providing people with affordable, dependable, and clean energy services. This was underlined in 2015, when universal access to inexpensive, reliable, sustainable, and modern energy was formalized by the UN as one of its Sustainable Development Goals (SDG 7). Yet, the situation has not significantly improved since then, and billions of people – mostly residing on the outskirts of cities or in rural areas of sub-Saharan Africa and South Asia – lack access to electricity and suffer from low quality service. In addition, more than 2.5 billion people have no clean cooking energy; they rely mainly on biomass fuels burned in inefficient appliances in poorly-ventilated cooking spaces (meanwhile in the Global North energy access is generally not a constraint, though the use of high-polluting fossil fuels has damaged the environment). Women and children bear the physical burden of fuel collection in places lacking adequate energy access. It puts them at risk while undermining their education, professional prospects, and quality of life.
Around the world, the release of man-made emissions into the atmosphere has resulted in increasingly-prevalent climate change impacts and pollution, affecting both agriculture productivity and human health and welfare. Unreliable access to electricity has aggravated the situation, for example by making it more difficult to operate medical facilities and maintain vaccine refrigeration. This creates a serious public health issue – particularly in rural parts of the Global South. Sustainable development means satisfying the needs of the present population without endangering the ability of future generations to meet their own needs. If we apply this concept to energy-related issues specifically, then it is clear that the present state of energy use and its impact on lives and resources, in tandem with the finite ability of the planet to absorb this impact, is inevitably limiting economic development and hindering both environmental protection and social inclusion – two pillars of sustainable development. In order to better foster social and economic development, we must expand access to sustainable energy – primarily through renewable energy systems that do not harm the environment, livelihoods, and health.
2.2.2 Diffusion of Innovation Theory (Rogers, 2003)
This theory explains how, why, and at what rate new ideas and technologies spread through cultures. In the context of rural energy, the theory helps assess how renewable energy technologies are adopted in rural Kwara State based on perceived benefits, costs, compatibility with rural lifestyles, and complexity.
In his 2003 work, Everett Rogers's Diffusion of Innovation Theory posits that new ideas and technologies spread through a society gradually, rather than all at once, influenced by factors like the innovation itself, communication channels, time, and the social system. The theory explains how innovations are adopted by different groups within a society, from innovators and early adopters to the early and late majority, and finally, laggards. 
Components of Rogers's Diffusion of Innovation Theory:
Innovation: An idea, practice, or project perceived as new by an individual or other unit of adoption. 
Communication Channels: The means through which an innovation is communicated, including mass media, interpersonal communication, and social networks. 
Time: The period it takes for an innovation to spread and be adopted by a population. 
Social System: A group of individuals or organizations that are interconnected and engaged in joint problem-solving. 
Stages of the Innovation-Decision Process:
According to Rogers, the process of adopting an innovation involves five steps: 
Knowledge: Becoming aware of the innovation.
Persuasion: Developing an attitude towards the innovation.
Decision: Deciding to adopt or reject the innovation.
Implementation: Using the innovation.
Confirmation: Evaluating the outcome of using the innovation.
Factors Influencing Adoption: Rogers also identified five attributes of an innovation that influence its adoption: 
Relative Advantage: The extent to which an innovation is perceived as better than existing alternatives.
Compatibility: The degree to which an innovation is seen as consistent with the values and experiences of potential adopters.
Complexity: The extent to which an innovation is difficult to understand and use.
Trialability: The extent to which an innovation can be tested on a limited basis.
Observability: The degree to which the results of an innovation are visible to others.
Adopter Categories: Rogers classified adopters into five categories: 
 Innovators: The first to adopt an innovation, often risk-takers and have access to resources.
Early Adopters: Individuals who adopt an innovation after innovators, often opinion leaders and influential.
Early Majority: Individuals who adopt an innovation after the early adopters, influenced by social norms and peer pressure.
Late Majority: Individuals who adopt an innovation after the early majority, often skeptical and adopt after most have already adopted.
Laggards: The last to adopt an innovation, often resistant to change and traditional.
2.3 Renewable Energy in Nigeria
Nigeria has significant renewable energy potential, particularly in solar due to its geographic location. However, over 50% of the population in rural areas lack access to electricity (World Bank, 2022). Akinyele et al. (2021) found that decentralized energy systems using solar and biomass have proven efficient in off-grid rural communities in Northern Nigeria.
2.3.2 Renewable Energy in Kwara State
Kwara State, like other regions in Nigeria, faces irregular power supply, especially in rural communities. Studies such as Olayemi & Ogunbiyi (2023) have shown that solar mini-grids installed in Asa and Moro LGAs significantly improved small businesses and household lighting. Despite these gains, challenges such as poor funding, lack of technical expertise, and maintenance issues still persist.
2.3.3 Efficiency of Renewable Energy Systems
Efficiency refers to the amount of usable energy output compared to input. Solar photovoltaic systems in Nigeria have an average efficiency of 15–18% under field conditions. Nwankwo & Nnaji (2021) found that hybrid systems (solar + battery) provided more consistent power supply for rural health centers compared to solar-only setups.
2.3.4 Feasibility Studies in Rural Nigeria
Feasibility includes technical, economic, and social dimensions. A study by Oladipo et al. (2022) in Oyo and Kwara States showed that solar home systems were technically viable and socially accepted but required subsidies or cooperative financing to be affordable for rural dwellers.
2.4 Challenges of Renewable Energy Deployment in Rural Areas
· Initial capital cost is high.
· Lack of skilled technicians in rural areas.
· Maintenance and spare parts scarcity.
· Policy and regulatory barriers.
· Limited public awareness.
2.5 Government and Donor Interventions
Projects like the Rural Electrification Agency (REA), Solar Nigeria, and NEP (Nigeria Electrification Project) are working to expand energy access. In Kwara, pilot projects funded by international donors have introduced solar kiosks and mini-grids, especially in schools and clinics.


2.6 Summary of Literature Review
The literature shows that renewable energy offers a practical and sustainable solution for addressing energy poverty in rural areas of Kwara State. Among the available options, solar and hybrid systems are the most efficient and feasible due to the state's climatic conditions and infrastructural limitations. However, the success of these systems depends on supportive policies, financing models, local capacity development, and community engagement.



CHAPTER THREE
RESEARCH METHODOLOGY
This chapter outlines the methodology adopted in carrying out the study. It includes the research design, population and sample of the study, sampling techniques, sources of data, research instruments, data collection procedures, and methods of data analysis. The goal is to ensure a systematic and reliable approach to evaluating the efficiency and energy feasibility of solar, wind, and biomass energy systems in rural communities of Kwara State.
Research Design
This study employs a descriptive survey research design. This approach was selected to gather quantitative and qualitative data from respondents, particularly residents and stakeholders in rural areas, regarding their energy needs, availability of renewable resources, and the perceived or actual performance of solar, wind, and biomass systems. The design also supports field-based data collection, technical analysis, and simulation of energy systems for feasibility comparison.
Population of the Study
The population of this study comprises:
· Rural dwellers in selected communities within Kwara State (e.g., Asa, Patigi, Edu, and Moro LGAs).
· Local government energy officials.
· Renewable energy developers and technicians.
· Agricultural producers involved in biomass generation (e.g., rice husk, corn cobs, animal waste).
Sample and Sampling Techniques
A multi-stage sampling technique was adopted:
1. Purposive sampling was used to select four rural communities in Kwara State known for limited access to grid electricity.
2. Stratified sampling was applied to group respondents based on roles: residents, energy officials, and technicians.
3. Random sampling was used to select 30 households in each community, totaling 120 households.
4. Additionally, 10 experts (energy developers and government officials) were selected for technical interviews.
Sources of Data
The study used both primary and secondary data.
· Primary data were collected through questionnaires, field observations, interviews, and on-site resource measurements.
· Secondary data were sourced from academic journals, government energy reports, renewable energy feasibility studies, and technical data from previous projects in Kwara State.
Research Instruments
The following instruments were employed:
· Structured questionnaire for households, with sections on energy usage, availability, cost, satisfaction level, and openness to renewables.
· Interview guide for experts, focusing on energy resource potential, installation feasibility, cost efficiency, and maintenance needs.
· Field survey tools, including GPS devices, solar irradiance meters, anemometers (for wind speed), and biomass sample collectors.
· HOMER Pro software for simulating and analyzing energy system configurations and cost/efficiency outputs.
Data Collection Procedure
1. Pre-Field Preparation: Ethical clearance was obtained. Community leaders were contacted to support participant mobilization.
2. Field Visits: Teams visited each community to distribute questionnaires and take measurements.
3. Interviews: Conducted face-to-face with key informants.
4. Technical Assessment: Solar radiation, wind speed, and biomass resource potential were recorded for at least 7 days to estimate averages.
Method of Data Analysis
· Descriptive statistics (frequency, percentages, and means) were used to analyze survey responses.
· Comparative analysis was conducted to evaluate the technical and economic efficiency of the three energy systems.
· HOMER Pro simulations provided data on:
· Levelized Cost of Energy (LCOE),
· Net Present Cost (NPC),
· Renewable fraction,
· Payback period.
· Results were interpreted using charts and tables to determine the most viable solution(s) for rural Kwara State based on availability, cost, efficiency, and community acceptance.
Validity and Reliability of Instruments
· Instruments were vetted by two experts in energy studies and one in education research to ensure content validity.
· A pilot study was conducted in one non-sample rural area (Oke-Oyi) to test the questionnaire's clarity and reliability.
· Cronbach’s Alpha test was used to ensure internal consistency, with a threshold of ≥ 0.70 considered acceptable.


CHAPTER FOUR
DATA PRESENTATION, ANALYSIS AND DISCUSSION
This chapter presents the results of the data collected during the fieldwork and simulations. The data is analyzed to evaluate the availability, efficiency, and feasibility of solar, wind, and biomass energy systems in selected rural areas of Kwara State. The findings are interpreted based on the research objectives and questions.
Presentation of Data
Demographic Profile of Respondents
	Variable
	Frequency
	Percentage (%)

	Gender (Male)
	70
	58.3

	Gender (Female)
	50
	41.7

	Total 
	120
	100

	Gender
	Frequency
	Percentage (%)

	Age 18–30
	25
	20.8

	Age 31–50
	63
	52.5

	Age 51 and above
	32
	26.7

	Total 
	120
	100

	Educational level 
	Frequency
	Percentage (%)

	Educational Level (Primary)
	40
	33.3

	Educational Level (Secondary)
	50
	41.7

	Educational Level (Tertiary)
	30
	25.0

	Total
	120
	100



Table 1 above show that 58(48.3%) of the respondent selected in this study were male ad 2(51.6%) other were female in kwara state, its  show that 70(58.3%) of the respondent were age 18-30 years, 35(29.1%) were between age 31-45years, 15(12.5) were age 46 and above, the table above shows that the majority of the respondent were youth, capacity to make use of climate and work on local ecosystem in kwara state. Its indicate the distribution of respondent by their occupation, 35(29.1) of the respondent were farmer, 25(20.8)  were traders, 50(41.6) respondents were civil servants while 20(16.6%) categorized to others occupation, the level of farmer in this study were low, the climate change and ecosystem are more paramount to farmers for their work than others.
Table 3: Occupation Distribution of Respondent
	Occupation 
	Frequency
	Percentage (%)

	Farmers
	35
	29.1

	Traders
	25
	20.8

	Civil Servants
	50
	41.6

	Artisan
	20
	16.6

	TOTAL
	120
	100



Table 3 above indicate the distribution of respondent by their occupation, 35(29.1) of the respondent were farmer, 25(20.8)  were traders, 50(41.6) respondents were civil servants while 20(16.6%) categorized to others occupation, the level of farmer in this study were low, the climate change and ecosystem are more paramount to farmers for their work than others.
Table 4: Educational level distribution of respondent
	Educational level
	Frequency
	Percentage (%)

	No formal  education
	10
	8.3

	Primary
	10
	8.3

	Secondary
	45
	37.5

	Tertiary
	55
	45.8

	TOTAL
	120
	100



Table 4 above show that 10(8.3%) of the respondent were with no formal education and primary education certificate respectively, 45(37.5%)  are with Senior secondary School certificate (SSCE), 55(45.8) are with tertiary level education,  the table above shows that the majority of the respondent were actually literate, climate change and ecosystem were known to majority in Ilorin West LGA, kwara state
Table 5: Energy Access and Usage in Rural Communities
	Source of Energy
	Frequency
	Percentage (%)

	Kerosene/Lantern
	45
	37.5

	Generator (petrol/diesel)
	30
	25.0

	Solar (basic/home kit)
	25
	20.8

	Firewood/Biomass
	60
	50.0

	National Grid Connection
	10
	8.3





Hypotheses Testing
           For the purpose of this study, three  null hypotheses were tested using chi-square statistical methods at 0.05 level of significance. The results are presented below.
Hypothesis 1: there is no significant difference  in the adoption rates of solar wind and biomas energy system  in rural of kwara state 
Table 6:	Chi-square (χ²) results showing adoption rates of solar wind and biomas energy system  in rural
	Variables
	Observed 
	Expected 
	Degree of freedom
	X2 cal value
	X2 table value
	Remark

	Agree
	80
	70
	
1
	
3.92
	
3.841
	
Rejected

	Disagree
	40
	50
	
	
	
	



Table 6 above shows that the χ2 calculated value of 3.92 is greater than the χ2 table value of 3.841 with a corresponding p-value of 0.01 which is less at 0.05 alpha level. This indicates that there is significant difference; hence, the hypothesis is rejected. This indicates that there is no adoption rates of solar, wind, and bimas energy systems in rural areas of kwara state
Hypothesis 2: implementing renewable energy solutions lead to a noticeable improvement in the socio-economic condition of rural communities .

Table 7:Chi-square (χ²) results showing  implementing renewable energy solutions lead to a noticeable improvement in the socio-economic condition  of rural communities
	Variables
	Observed 
	Expected 
	Degree of freedom
	X2 cal value
	X2 table value
	Remark

	Agree
	70
	60
	
1
	
3.2
	
3.841
	
Accepted

	Disagree
	50
	60
	
	
	
	



Table 7 above shows that the χ2 calculated value of 32 is lesser than the χ2 table value of 3.841 with a corresponding p-value of 0.01 which is less at 0.05 alpha level. This indicates that there is  implementing renewable energy solution lead to a noticeable improvement in the socio economic condition of rural communities
Hypothesis 3: Barriers such as lack of awareness, funding, and infrastrcuure significantly impede the adoption of renewable energy technologies in Kwara state
Table 8:	Chi-square (χ²) results showing Barriers such as lack of awareness, funding, and infrastructure significantly impede the adoption of renewable energy technologies
	Variables
	Observed 
	Expected 
	Degree of freedom
	X2 cal value
	X2 table value
	Remark

	Agree
	70
	60
	
1
	
3.2
	
3.841
	Accepted

	Disagree
	50
	60
	
	
	
	



Table 8 above shows that the χ2 calculated value of 3.2 is lesser than the χ2 table value of 3.841 with a corresponding p-value of 0.01 which is less at 0.05 alpha level. This indicates that barriers such as lack of awareness, funding and infrastructure significantly impede the adoption of reviewable  energy technologies in kwara state ; hence the hypothesis is accepted. 
Table 9:	Chi-square (χ²) results showing Solar energy system are more cost effective  and sustainable than wind and biomass  energy  system in rural settings of kwara state 
	Variables
	Observed 
	Expected 
	Degree of freedom
	X2 cal value
	X2 table value
	Remark

	Agree
	80
	70
	
1
	
3.92
	
3.841
	
Rejected

	Disagree
	40
	50
	
	
	
	



Table 9 above shows that the χ2 calculated value of 3.92 is greater than the χ2 table value of 3.841 with a corresponding p-value of 0.01 which is less at 0.05 alpha level. This indicates that there is no solar energy systems are more cost effective and sustainable than wind and biomass energy system in rural setting of kwara state 
4.5 Discussion of Findings
The analysis reveals that solar and biomass energy systems are the most efficient and feasible renewable energy solutions for rural areas in Kwara State. Solar is ideal for households due to its modular design and low maintenance, while biomass is best suited for community-level installations or agro-based processing zones. The first hypothesis shows that the χ2 calculated value of 3.92 is greater than the χ2 table value of 3.841 with a corresponding p-value of 0.01 which is less at 0.05 alpha level. This indicates that there is significant difference; hence, the hypothesis is rejected. This indicates that there is no adoption rates of solar, wind, and bimas energy systems in rural areas of kwara state Wind energy systems, however, are not viable due to low average wind speeds in the region, leading to high costs and poor energy output. These findings align with global trends showing that solar and biomass are best suited for decentralized rural electrification in Sub-Saharan Africa. Solar energy has high potential and moderate cost, suitable for household electrification. Biomass systems are highly cost-effective, especially in farming communities with organic waste. Wind energy is not recommended due to poor wind conditions and high setup cost. Rural communities are open to renewable energy but face financial and awareness constraints.


CHAPTER FIVE
SUMMARY, CONCLUSION, AND RECOMMENDATIONS
5.1 Summary of the Study
This study focused on exploring renewable energy solutions for rural electrification in Kwara State, Nigeria, with a specific emphasis on evaluating the efficiency and energy feasibility of solar, wind, and biomass energy systems.
In Chapter One, the background, problem statement, objectives, research questions, and the significance of the study were established. It was identified that a large number of rural communities in Kwara State lack access to reliable electricity, making the exploration of alternative energy sources essential.
Chapter Two provided a review of related literature, covering the principles of solar, wind, and biomass energy, and previous studies on their implementation in Nigeria and similar contexts.
Chapter Three detailed the research methodology, including the descriptive survey design, sampling techniques, data collection instruments, and analysis methods using tools like HOMER Pro software.
Chapter Four presented and analyzed the data collected. It was found that solar and biomass systems demonstrated strong technical and economic feasibility, while wind energy was limited due to low wind speeds in the region.
5.2 Conclusion
Based on the findings of this study, the following conclusions are drawn:
1. Solar energy is a highly efficient and feasible solution for rural communities in Kwara State due to the region's high solar irradiance levels and the declining cost of solar photovoltaic (PV) systems. Solar energy systems also require relatively low maintenance, making them suitable for individual households and small businesses.
2. Biomass energy systems, especially biogas digesters, show great potential for community-based energy generation in agricultural areas where organic waste is readily available. They are cost-effective and capable of providing consistent energy if the biomass supply is maintained.
3. Wind energy, on the other hand, is not suitable for rural Kwara State due to insufficient average wind speeds, resulting in low efficiency and high cost. Its deployment is not recommended unless in hybrid systems or in areas with verified higher wind potential.
4. The success of renewable energy in rural electrification depends not only on technical factors but also on community awareness, affordability, and supportive government policies.

5.3 Recommendations
In light of the findings and conclusions of this study, the following recommendations are made:
1. Government and NGOs should invest in and promote the installation of solar PV systems in rural communities through subsidies, grants, or micro-credit schemes.
2. Agricultural cooperatives and rural institutions should be supported to adopt biomass-based mini-grids or biogas systems, especially in areas with significant agricultural and animal waste.
3. Public awareness campaigns are needed to educate rural residents on the benefits, usage, and maintenance of renewable energy systems.
4. Local energy technicians and engineers should be trained in the design, installation, and maintenance of solar and biomass systems to ensure sustainability and job creation.
5. Policymakers should formulate and enforce supportive energy policies that encourage private-sector involvement, tax waivers on renewable components, and research into localized energy solutions.
6. Wind energy development should be limited to areas where comprehensive meteorological studies confirm consistent and viable wind speeds.

5.4 Contributions to Knowledge
This study contributes to knowledge by:
· Providing region-specific data on the viability of renewable energy systems in rural Kwara State.
· Offering a comparative analysis that can inform future energy planning and investments in off-grid rural electrification.
· Supporting evidence-based decisions in the transition to cleaner and sustainable energy sources in Nigeria.
5.5 Suggestions for Further Research
Future studies should:
1. Explore hybrid systems (e.g., solar-biomass or solar-wind) for optimized energy delivery.
2. Conduct long-term performance studies on installed systems in rural communities.
3. Investigate the social and behavioral aspects of renewable energy adoption in rural areas.
4. Assess the economic impact of renewable energy adoption on rural livelihoods and businesses.
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QUESTIONNAIRE FOR RESPONDENTS
Dear Respondent,
This questionnaire is designed to gather information for an undergraduate research project on renewable energy solutions in rural communities of Kwara State, with a focus on the efficiency and feasibility of solar, wind, and biomass energy systems. All information provided will be treated with strict confidentiality and used for academic purposes only.
Thank you for your cooperation.
Section A: Demographic Information
1. Gender: ☐ Male   ☐ Female
2. Age: ☐ 18–30  ☐ 31–50  ☐ 51 and above
3. Highest Educational Qualification: ☐ No formal education ☐ Primary ☐ Secondary  ☐ Tertiary
4. Occupation: ☐ Farmer ☐ Trader ☐ Artisan ☐ Civil Servant ☐ Student
5. Local Government Area:
Section B: Current Energy Use and Access
6. What is your main source of electricity?
☐ National Grid (NEPA/IBEDC)
☐ Generator (petrol/diesel)
☐ Solar power
☐ Firewood/Biomass
☐ Kerosene
☐ None
7. How many hours of electricity do you have access to daily (on average)?
☐ Less than 1 hour  ☐ 1–4 hours  ☐ 5–8 hours  ☐ More than 8 hours
8. How often do you experience blackouts or power outages?
☐ Daily  ☐ Several times a week  ☐ Rarely  ☐ Never
9. Have you ever used or currently use solar energy at home or in your business?
☐ Yes  ☐ No
10. Do you use firewood, animal dung, or other biomass for cooking or energy?
☐ Yes  ☐ No
If yes, how often? ☐ Daily  ☐ Weekly  ☐ Occasionally
Section C: Awareness and Perception of Renewable Energy
11. Are you aware of renewable energy technologies like solar panels, wind turbines, or biogas systems? ☐ Yes  ☐ No
12. Which of the following renewable energy sources do you think is most suitable for your community? ☐ Solar  ☐ Wind  ☐ Biomass  ☐ I don’t know
13. What do you consider the major challenges to using renewable energy in your area?
☐ Cost of installation
☐ Lack of awareness
☐ Technical maintenance
☐ Availability of resources (sun, wind, biomass)
☐ Government support

14. Would you be willing to adopt solar or biomass energy systems if supported by the government or NGOs?
☐ Yes  ☐ No  ☐ Maybe
15. Do you believe renewable energy can provide a reliable source of electricity for your community?
☐ Strongly agree  ☐ Agree  ☐ Neutral  ☐ Disagree  ☐ Strongly disagree
Section D: Recommendations
16. What support would encourage you to use renewable energy? (Check all that apply)
☐ Reduced cost/subsidy
☐ Government policies
☐ Technical training
☐ Easy access to equipment
☐ Awareness programs
17. Any additional comments or suggestions on improving energy access in your community?
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