INTEGRATING GOVERNANCE, DEMOCRACY AND GREEN ENERGY INTO SUSTAINABLE FOOD SECURITY FOR HOUSEHOLDS OF HOMABAY COUNTY, KENYA

Abstract 
[bookmark: _Hlk188519395]Background: By fostering strong governance structures, ensuring democratic participation, and adopting green energy solutions, communities can build a more resilient, sustainable, and equitable food security system that can thrive in the long term. This will help households withstand external shocks, improve their livelihoods, and access the resources necessary for nutritious and stable food sources. Thus, integrating governance, democracy and green energy into sustainable food security for households involves a comprehensive and multifaceted approach. Objective: This research explores the intersections of governance, democracy, and green energy in the context of ensuring sustainable food security of the households of Homabay County. Methods: This was a longitudinal mixed method study that involved collection of quantitative data amongst proportionately sampled households of Homabay County. Structured questionnaires were used to collect data that was analysed using Structural Equation Modelling which showed and determined the relationships between Latent (Governance, Democracy, and Green Energy) and Observed variables (food security status). Findings: Standardized regression weights indicated that Governance had a greater impact on sustainable household food security (β=0.62, p<0.001, n=240), followed by democracy (β=0.60, p<0.001, n=240) then green energy (β=0.55, p<0.001, n=240) that was indirectly and directly integrated. Conclusion: To achieve sustainable household food security requires concerted actions by decision makers in government, the private sector, international organisations, financing institutions, academia and non-governmental organisations. The integration of governance, democracy and green energy into a framework, will provide a holistic approach in tackling key drivers of food security at all levels thus delivering optimal outcomes for sustainable food security at household levels.
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Background of the Study
Sustainable food security requires a multi-faceted approach that incorporates governance, democracy and green energy solutions to ensure equitable and sustainable access to food (De Bruin, Dengerink, Van Vliet, 2021). Homabay County, is predominantly a rural region in Nyanza Kenya that faces persistent food security challenges due to poor infrastructure, erratic climate patterns, limited access to modern agricultural practices, and energy deficits (KNBS and ICF, 2023). While food security is critical to the region’s socio-economic development, achieving lasting improvement requires not only the provision of basic food but also addressing systemic factors like governance, democratic processes, and access to sustainable technologies (FAO, 2022).  The Governments are the primary actors in the physical, social, and economic aspects of a nation’s food security, so any attempts to improve food security outcomes must also consider the role of governance (Van Zutphen et al., 2022). In particular, certain principles of governance; participation, accountability, transparency, effectiveness should be integral parts of programs for food security. Such efforts could work across multi-sector actors and food systems, empowering all stakeholders to make changes that increase food security and reduce malnutrition (KNBS, 2023). Explicit attention to governance and public policies pertaining to agriculture can also help governments realize their food security goals (Wezel et al., 2020). Democracy, in the context of food security, emphasizes participatory decision-making and inclusivity in addressing the needs of all citizens (Ogunniyi et al., 2020). It allows for diverse voices, particularly those of marginalized communities, to be heard in the policy making processes (Cassimon, Fadare, Mavrotas, 2021). It’s through governance that food security policies are formulated and implemented thus ensuring that households have a say and access to information about food production, nutritional needs, and market conditions (Pawlak & Kołodziejczak, 2020). This helps them make informed decisions about what and how to consume ensuring their food needs are achieved. These policies encompass a broad spectrum, ranging from agricultural subsidies and trade agreements to regulations of environmental practices and food safety standards (News Africa, 2023).  The intricate inter-play between these policies shapes the entire food supply chain, impacting production, distribution and consumption patterns of food (Amadala, 2023). Through strategic policies, a stable and sufficient food supply for populations can be achieved by fostering accountability of citizens and civil society organizations to monitor and assess food security policies, and ensure that resources are effectively reaching the intended populations (News Africa, 2023). These should involve interventions of financial support for farmers, establishment of strategic food re-serves and the development of safety nets to protect vulnerable communities in times of crisis, thus having a ripple effect to the households (Amadala, 2023). Policies that incentivize and regulate sustainable agricultural practices, such as organic farming, agroforestry and precision agriculture, contribute to the mitigation of environmental degradation and the promotion of green energy into long term food security (Breisinger et al., 2023). Green energy is critical to addressing food security because it helps mitigate climate change, reduces dependency on fossil fuels, and supports sustainable agricultural practices thus improving food production, storage, and transportation (CGIAR, 2023). This reduces post-harvest losses and ensures food is available throughout the year. Green energy solutions can provide sustainable power to rural areas, enabling access to modern technologies that promote sustainable food security (Breisinger et al., 2023). Green energy solutions contribute to climate resilience by reducing greenhouse gas emissions. This is vital for combating the unpredictable effects of climate change on food systems, including droughts, floods, and heatwaves which affect food security status (Chaudhuri, Summerlin & Ginoya, 2020). Distributed green energy systems such as small-scale solar or biogas plants can help local communities become self-sufficient, reducing reliance on external energy sources and improving food security resilience (Chaudhuri, Summerlin & Ginoya, 2020). Thus, by integrating governance structures, democracy and adoption of green energy solutions, communities can build a more resilient, sustainable, and equitable food security system that can thrive in the long term. This will help households particularly from Homabay County, withstand external shocks, improve their livelihoods and access the resources necessary for nutritious and stable food sources.

Rationale of the study
[bookmark: _Hlk188521050]Food security is a critical issue for households of Homabay County, with challenges exacerbated by climate change, economic inequality, and political instability. Sustainable food security requires a multi-faceted approach that incorporates governance, to ensure equitable and sustainable access to food; democracy that promotes public participation, accountability, and inclusivity in the context of food security; and green energy that can transform agricultural practices, reduce energy costs, and contribute to climate resilience.
[bookmark: _Hlk188872526]The objectives of this research were to: 
1. [bookmark: _Hlk189047419]Examine the Impact of Governance on Sustainable Food Security of Households within Home-bay County.
2.  Assess the impact of Democracy on Sustainable Food Security of Households within Home-bay County.
3. [bookmark: _Hlk189038895]Determine the impact of Green energy on Sustainable Food Security of Households within Home-bay County. 
4. [bookmark: _Hlk188877089]Develop an integrated framework for Sustainable Food Security of Households within Home-bay County 
Materials and Methods
Study Area and Design  
[bookmark: _Hlk189820223][bookmark: _Hlk189819344]This study was conducted amongst households of Homabay County, Nyanza region of Kenya. Homa Bay County has a total population of 1,131,950 persons, of which 539,560 are males, 592,367 females and 23 intersex persons (KNBS, 2023). It has 262,036 households with an average of 4.3 people per household (KNBS, 2023). The county has a population density of 359 people per square kilometers (KNBS, 2023). This was a longitudinal mixed method study that involved collection of quantitative data from June to December, 2024. The quantitative data collected was on the impact of governance, democracy and green energy on household food security status. Ethical approval was given by National Council for Science and Technology. Research authorization was granted by the County Government of Homabay under the Ministry of Agriculture. We sought informed consent from the respondents who were informed on the research procedures, details and assured of confidentiality. 
Sample size and Sampling Techniques
This study utilized the formula developed by Cochran (1977) to calculate a representative sample size. Homabay County was purposively sampled because of challenges exacerbated by climate change, economic inequality, and political instability that affect food security status of the households. Households were proportionately sampled according to the number of households in each subcounty as shown in table 1. Simple random sampling was then employed on each stratum (sub-counties) to get the final sample size of 240 households.
[bookmark: _Toc109138549]Table 1: Sampling of Households in Homabay Sub-Counties
	S/N
	Study site-Sub Counties
	Targeted sample size (Households)

	1
	Homa Bay 
	60

	2
	Rachuonyo North
	52

	3 
	Rachuonyo East 
	30

	4
	Rachuonyo South
	35

	5
	Ndhiwa
	20

	6
	Rangwe 
	16

	7
	Suba North
	15

	8
	Suba South
	12

	                 Total
	240


Data Collection and Analysis
The quantitative data was gathered through field survey and interviews using structured questionnaires. A pretest was carried out among 10% of the households in Homabay County who were not included in the study. The instruments were pretested and modified to improve for the validity and reliability. Structural Equation Modelling was used to show and determine the relationships between Latent (Governance, Democracy, and Green Energy) and Observed variables (food security status).  
Findings of the study
Structural Equation Models
The overall modelling analysis exhibited three types of outputs namely; saturated, default and independent model. The saturated model was insignificant but fully explanatory model in which there were as many parameters estimates as degrees of freedom. Most goodness of fit measures was 1.0 for a saturated model, but since saturated models were the most un-parsimonious models possible, parsimony-based goodness of fit measures was 0. Some measures, like RMSEA, cannot be computed for the saturated model at all. The independent model was one which assumed all relationships among measured variables were 0. This implied that the correlations among the latent variables were also 0. Where the saturated model had a parsimony ratio of 0, the independence model had a parsimony ratio of 1. Most fit indexes were 0, whether of the parsimony-adjusted variety or not, but some had non-zero values (RMSEA, GFI) depending on the data. The default model (figure 1) was the researcher's structural model, always more parsimonious than the saturated model and almost always fitting better than the independence model with which it was compared using goodness of fit measures. That is, the default model (figure 1) would have a goodness of fit between the perfect explanation of the trivial saturated model and terrible explanatory power of the independence model, which assumed no relationships.
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[bookmark: _Toc17062825][bookmark: _Toc21506353][bookmark: _Hlk189047004]Figure 1 Integrated Framework for Sustainable Food Security 
[bookmark: _Hlk188875827][bookmark: _Hlk188875475]Impact of Governance on Sustainable Food Security of Households within Home-bay County 
The impact of Governance on Sustainable Food Security was given by: Household food security= 0.62 Governance + residuals. This finding indicated that a unit change in governance was associated with a change of 0.62 units in household food security.
Impact of Democracy on Sustainable Food Security of Households within Home-bay County 
The impact of democracy on Sustainable Food Security was given by: Household food security= 0.60 democracy + residuals. This finding indicated that a unit change in democracy was associated with a change of 0.60 units in household food security.
Impact of Green Energy on Sustainable Food Security of Households within Home-bay County 
The impact of green energy on Sustainable Food Security was given by: Household food security= 0.55 green energy + residuals. This finding indicated that a unit change in green energy was associated with a change of 0.55 units in household food security. 
Integrated Framework for Sustainable Food Security of Households within Homabay County
[bookmark: _Hlk189657792][bookmark: _Hlk189049428]Standardized regression weights in (Figure 1), indicated that Governance had a greater impact on household food security (β=0.62, p<0.001, n=240), followed by Democracy (β=0.60, p<0.001, n=240) then green energy (β=0.55, p<0.001, n=240) that was indirectly and directly integrated. The indirect integration measure of green energy was significant (β=0.55, p<0.001, n=240) while direct integration measure was insignificant (β=0.09, p>0.05, n=240). Households’ food security strongly predicted sustainable household food security of (β=0.96 p<0.001, n=240). The correlation between Governance and Green energy of food security was statistically significant (β=1.00 p<0.001, n=240). This was followed by the correlation between democracy and green energy (β=.95 p<0.001, n=240) which was statistically significant. The correlation between Governance and democracy of food security was also statistically significant (β=.96 p<0.001, n=240). Governance, democracy and green energy put together accounted for 78% of the variance on sustainable food security of household. Household food security and direct green energy put together accounted for 72% of variance on sustainable food security of household. The default model was estimated with five latent variables and paths. As shown in (Table 2) the default model’s chi-square value was not significant at 0.05 significance level (χ²=240, df=90, p=0.12, χ²/df=2.22) and all other indices indicated that the default model was acceptable (RMSEA=.087, CFI=0.91, CMIN/DF=2.22, TLI=0.89) and Hoelter’s critical N=240. The default model explained 78% of variance for household food security and 72% of variance for sustainable household food security of household.
[bookmark: _Toc505435036][bookmark: _Toc505520962][bookmark: _Toc505523509][bookmark: _Toc507005747][bookmark: _Toc507008398][bookmark: _Toc14645264][bookmark: _Toc15938769][bookmark: _Toc17062826][bookmark: _Toc21506354]       Table 2: Fit Indices of Default Model
	Fit Indices                           Recommended Fit Measures                    Default Measures

	RMSEA                                 0.09 or less is better                                           0.087 
CFI                                        above 0.9 is good fit                                           0.91
CMIN/DF                                 between 2-3                                                     2.44
TLI                                           >0.8 is good fit                                                 0.89
Hoelter’s Critical N                 >200 adequate                                                  207
          p                                      > 0.10 good fit                                                  0.12


   Key: RMSEA=Root mean square residual; CFI=Comparative fit index; CMIN/DF=Chi-square/degree of   freedom; TLI= Tucker-Lewis Index; χ²= Chi-square

Intervening Variables 
The association between the main variables specified in the structural equation models could be influenced by other factors not considered during this study. These factors are stated as “residuals” in the measurement models. The influences of these factors were taken care off during models’ identification. The models were identified and intervening factors group were “residual 1” and “residual 2”. “Residual 1” controlled all supplementary factors that might have influenced household food security while “residual 2” controlled extra factors that might have influenced long-term household food security. The p-values <0.001 indicated that critical ratios for the variance estimates of all “residual” factors were not obtained by chance. This meant that for these “residual 1” and “residual 2” factors whose p-values were <0.001, the variance estimates were considerably different from zero indicating prospective impact on the main corresponding dependent variables in the models for sustainable household food security.
Discussion and Conclusion
[bookmark: _Hlk189820038][bookmark: _Hlk189819839][bookmark: _Hlk189819602][bookmark: _Hlk189819415][bookmark: _Hlk189819046][bookmark: _Hlk189823106][bookmark: _Hlk189819525][bookmark: _Hlk189042212][bookmark: _Hlk189819479]The findings of this study reveals that Governance is a very significant component for ensuring food security for households of Homabay County, therefore compelling government approaches and methodologies should be continuously provided to ensure sustainable food security (FAO, AUC, ECA & WFP, 2023). Governance is a complex system of interactions among structures, traditions, functions (responsibilities) and processes (practices) characterized by three key values of accountability, transparency and participation (Chaudhuri, Summerlin & Ginoya, 2020). Moreover, governance is said to make certain that there is minimization of corruption to lowest depths possible, listening to the voices of most household members of Homabay County and consideration of the same during food security decision making as well as taking into account their views on food issues. Hence, governance must be responsive of the current and future food security needs in society since it has a significant impact on households as revealed in this current study (β=0.62, p<0.001, n=240). Transparency means that reliable, relevant and timely information about the food security activities of government are available to the public (Breisinger et al., 2023). Accountability is deemed necessary to parties that are affected in one way or another by a decision or actions undertaken by an institution, organization or state relating to food security (Amadala, 2023). However, good governance in Kenya has been seen as unachievable in its totality thus food security has continued to deteriorate, a development that poses a serious threat to the health status of households and stability of the Kenyan government (Pawlak & Kołodziejczak, 2020). As this study discloses that governance remains a significant (β=0.62, p<0.001, n=240) component of food security, its important for it to be integrated with democracy and green energy to have a significant impact to its citizens. Since, chronic food insecurity has become the norm in Kenyan households, a situation that is blamed on the country ‘s rapid population growth rate estimated at 3.2% coupled with the inability of the government to provide basic resources and services to its’ people (Wezel et al., 2020). However bad policies, particularly in the agricultural sector, have taken a huge toll on the household economy, with serious consequences on national development (De Bruin, Dengerink & Van Vliet, 2021). Worst among the bad policies affecting the agricultural sector is government’s insensitivity to the needs of the rural areas such as Homabay County (KNBS and ICF, 2023). Democracy which also significantly affects food security at (β=0.60, p<0.001, n=240) as a critical determinant of health and well-being that not only threatens individual dignity but also undermines the foundational principles which advocate for equity and justice in food security matters. Thus, we argue that a democratic institutional environment, due to its intrinsic nature based on representation mechanisms is more suitable to foster a variety of "good" social outcomes, including food security. In this respect, as pointed out by Harris (2014), political institutions can be characterised by formally democratic electoral mechanisms that affects sustainability of food security. On the one hand, positions stemming from Sen's approach stress that the mechanisms that would prevent food insecurity in democratic countries do not apply to governance (Burchi, 2010). On the other hand, Harris (2014) finds that variables measuring the procedural functioning of democracy are not connected to levels of food security in Kenya, whereas the protection of civil liberties is associated with improved food security. In addition, (Haddad et al., 2015) investigated the determinants of food insecurity which reported democracy as a significant indicator in a cross-country perspective. Thus, democratic institutions activate positive outcomes in food security due to electoral competition which are expected to foster leaders who prioritise food security in their political agenda and rejecting non-responsive elites (FAO, 2022). In democratic societies, the expectation is that all citizens should have equal access to essential resources, including food (Amadala, 2023). However, the reality is starkly different. Marginalized communities frequently experience higher rates of food insecurity due to historical and ongoing discrimination, inadequate policy support and limited economic opportunities (Cassimon, Fadare & Mavrotas, 2021). This situation creates a cycle of disadvantage that hinders food security and exacerbates existing inequalities. The significant impact that green energy (β=0.55, p<0.001, n=240) has on food security is essential because it influences food systems from production to the plate. By widening access to green energy, actors along the agri-food value chain can produce more and better-quality food and reduce food losses. Green energy is key to food security due to the sustainable transformation of agri-food systems (Pawlak & Kołodziejczak, 2020). Thus, green energy is important because it provides a sustainable and environmentally friendly solution to our energy needs, reducing our carbon footprint and mitigating the adverse effects of climate change that affect food production processes (Cassimon, Fadare & Mavrotas, 2021). Scaling up green energy use in agri-food systems to advance food security will require concerted action by decision makers in government, the private sector, international organisations, financing institutions, academia and nongovernmental organisations (Ogunniyi et al., 2020). Hence the need for this study to integrate governance, democracy and green energy into a framework for sustainable food security status of households. This study has developed a holistic approach of tackling drivers of food security that needs to be tested and evaluated for its’ efficacy in delivering sustainable food security at household levels. 
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