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Abstract: The study titled "Impact of Rutenderi Solar Minigrid on the livelihoods of the households in remote areas of Kabarore Sector, 

Gatsibo District, Rwanda" examines the socio-economic, environmental, and developmental impacts of solar mini-grid technology on 

households, businesses, and social institutions in Rwanda. The main objectives of the study were to assess the socio-economic and 

environmental impacts of solar mini-grid energy access in remote areas, identify challenges and opportunities associated with its 

implementation, and evaluate its contribution to achieving Sustainable Development Goal (SDG) 7. The research used a mixed-methods 

approach, combining qualitative and quantitative techniques, including questionnaires, field interviews, and documentation analysis, 

with a sample size of 238 respondents and interviews conducted with 11 leaders of social institutions benefiting from the Rutenderi 

Solar Mini-Grid. A pilot study was conducted to ensure the reliability of the data, achieving a Cronbach Alpha coefficient of 0.814. The 

study's findings reveal that the Rutenderi Solar Mini-Grid has had a significant positive impact on the region. In terms of socio-economic 

benefits, the mini-grid improved health services, enhanced educational opportunities, and increased business productivity, with 75% of 

businesses reporting greater productivity. The environmental impact was also positive, with a reduction in carbon emissions and a 

significant move towards sustainable energy, reflected in a mean response of 4.08 for environmental sustainability. However, challenges 

such as high initial costs for low-income households, affordability concerns for both households and businesses, and reliability issues 

during cloudy periods were identified. Despite these challenges, the study found considerable opportunities for growth, particularly in 

sectors like agriculture and local manufacturing, as well as empowering women with new income-generating activities. The Rutenderi 

Solar Mini-Grid was found to be an important contributor to SDG 7 by providing access to affordable and clean energy, and it 

significantly improved livelihoods in the region. Based on these findings, the study recommends that government institutions subsidize 

tariffs for both households and businesses, promote infrastructure development to support mini-grid systems, and implement policies 

for long-term sustainability. For solar mini-grid developers, the study suggests improving system reliability, reducing operational costs, 

and integrating user feedback into system development. It also encourages beneficiaries to adopt energy-efficient practices, participate 

in system maintenance, and advocate for fairer tariffs. Finally, the study calls for future research to conduct long-term impact 

assessments, explore cost-reduction strategies, and expand geographical coverage to understand the broader implications of solar 

mini-grids. Overall, the Rutenderi Solar Mini-Grid has shown a transformative impact, significantly contributing to socio-economic 

development, environmental sustainability, and the achievement of SDG 7. 

Keywords: Solar Minigrid; Impact assessment; Livelihood; Remote Areas; Rutenderi Solar Minigrid. 

1. Introduction 

As of 2024, approximately 770 million people worldwide still lack access to electricity, with the majority residing in low- and 

middle-income countries. This energy access deficit hinders socioeconomic development, especially in rural areas, where the absence 

of electricity restricts access to essential services like education, healthcare, and clean water (IEA, 2024). The lack of electricity is a 

major barrier to economic growth and poverty reduction. Ensuring universal access to electricity by 2030 is a key target of the United 

Nations Sustainable Development Goal (SDG) 7, which focuses on affordable, reliable, sustainable, and modern energy for all. 
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In Asia, around 170 million people still live without electricity. While countries like India have made significant progress in 

electrification, rural regions in India, Bangladesh, and Pakistan continue to face substantial gaps in energy access. Over 80 million 

people in India alone remain without electricity (World Bank, 2024). Southeast Asia fares somewhat better, but countries like Cambodia 

and Myanmar still experience significant challenges. Though electrification efforts have seen moderate success, rural and remote areas 

still report substantial gaps (World Bank, 2024). 

In contrast, Europe boasts nearly universal energy access, with less than 1% of the population lacking electricity. Although some 

rural areas in Eastern Europe face occasional access issues, Europe’s electrification rates are among the highest globally. Furthermore, 

many European nations are transitioning to renewable energy, reducing reliance on fossil fuels while maintaining energy reliability 

(IRENA, 2022). 

The Americas report high levels of electricity access, with less than 3% of the population lacking electricity. However, energy 

poverty persists in rural and indigenous communities in countries such as Guatemala, Bolivia, and Haiti. In Latin America and the 

Caribbean, an estimated 30 million people still lack access to electricity, posing a major challenge for inclusive development (United 

Nations, 2024). 

Sub-Saharan Africa faces the most severe energy poverty, with 600 million people lacking electricity. The situation is particularly 

dire in countries like Nigeria, Ethiopia, and the Democratic Republic of the Congo, where vast rural populations face significant 

challenges in extending the national grid. In Sub-Saharan Africa, energy poverty exacerbates health and education inequalities. About 

60% of the region’s population lacks electricity, and without increased investment in infrastructure and renewable energy, this challenge 

is expected to persist for decades (IEA, 2024). 

Solar Minigrids are emerging as a practical solution for rural electrification in remote areas where traditional grid infrastructure is 

either unavailable or unfeasible. These Minigrids, which combine solar photovoltaic (PV) generation with battery storage, offer a 

sustainable, low-cost, and environmentally friendly alternative to diesel generators. Solar Minigrids can address energy poverty in rural 

regions, providing immediate access to lighting, phone charging, and other essential services, driving economic development, and 

improving health outcomes (Arun, 2022; Ervin, 2021). 

In Rwanda, solar Minigrids are becoming an important solution for expanding electricity access. As of June 2024, 56% of households 

in Rwanda have access to national grid electricity, while 23% rely on off-grid solutions like solar Minigrids (MININFRA, 2024). 

Although Rwanda has made significant progress, the target for universal access has been revised to 2029. Solar Minigrids, particularly 

in rural areas, are seen as a key solution to reaching this goal. 

Rwanda’s solar Minigrids typically use solar energy for electricity generation, and while wind energy remains underexplored in the 

region, hydropower is not widely used due to its high installation costs. Solar Minigrids are more cost-effective and scalable, making 

them a more attractive solution for off-grid rural electrification projects (Jarrard, 2023). However, challenges remain, particularly with 

low electricity demand in rural areas, where consumption is mostly limited to lighting and phone charging. Small-scale industries and 

agricultural processing have not yet been widely integrated into Minigrid networks, limiting their economic impact (Sabiiti, 2022). 

The Rutenderi Solar Minigrid in Rwanda offers a case study of solar Minigrid impact. This system, located in the Kabarore Sector 

of Gatsibo District, provides power to 100 households, of which 45 are currently connected. Households enjoy lighting, phone charging, 

and limited use of small appliances like radios and televisions. However, the system has a low reliability rate of about 70%, with power 

outages lasting more than seven hours daily. This is due to an undersized battery system that depletes its capacity before midnight, 

leaving households without power in the early morning hours when lighting demand is high (GPA, 2023). 

Despite these challenges, solar Minigrids in Rwanda have positively impacted rural communities. They provide reliable electricity, 

enabling households to engage in economic and social activities that were previously constrained by energy poverty. These activities 

include small-scale businesses, home-based industries, and improved access to education and healthcare services (Haggai, 2024). 

Additionally, solar Minigrids have been linked to improved gender equality, as women and girls benefit most from lighting, which 

extends their productive hours and improves their safety and mobility. They also enhance productivity by enabling businesses to operate 

more efficiently and supporting new ventures like small-scale agriculture and food refrigeration (Assefa, 2021). 

The health benefits of solar Minigrids are also significant. By reducing reliance on traditional energy sources like kerosene and 

firewood, they help mitigate indoor air pollution, a major health risk, particularly for vulnerable groups like children and the elderly 

(World Bank, 2024). 

To fully realize the potential of solar Minigrids, challenges such as system reliability, load growth, and the integration of productive 

use operations need to be addressed. As technology advances and infrastructure improves, solar Minigrids hold the potential to transform 

lives and drive sustainable development in rural Rwanda, contributing to the country’s goal of universal energy access and broader 

sustainable development.  

2. Statement of the problem 

Access to reliable and affordable electricity remains a major challenge for rural households in Sub-Saharan Africa, where millions 

still live without electricity. Solar mini-grids have emerged as a promising solution to address this issue, particularly in underserved 

regions. The World Bank’s report, "Mini Grids for Half a Billion People," highlights the potential of solar mini-grids to provide 

renewable electricity to these areas, emphasizing the need for collaboration between governments, industry stakeholders, and financial 

entities to reduce costs and overcome financing barriers. The widespread adoption of solar mini-grids can play a transformative role in 

addressing energy poverty, creating opportunities for socioeconomic development, and improving quality of life in rural areas (World 

Bank, 2024). 

Research has demonstrated that solar mini-grids have substantial socioeconomic benefits, including increased household incomes, 

improved gender equality, and greater business opportunities. The introduction of solar mini-grids has shown positive impacts on 
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household livelihoods, enabling families to engage in income-generating activities, access better education, and spend more time 

together. Moreover, these systems have been particularly beneficial for women and children, providing them with improved safety, 

health, and educational opportunities. Despite the documented benefits, there is still a need for further exploration into the specific ways 

these mini-grids affect the livelihoods of households in remote regions, especially regarding their economic and social outcomes (Orsot 

et al., 2024). 

The Rutenderi Solar Mini-Grid in Rwanda offers a valuable case study for understanding the direct and indirect impacts of solar 

mini-grids on rural communities. Located in Kabarore Sector, Gatsibo District, this project provides an opportunity to examine how 

solar mini-grids affect household income, economic empowerment, gender equity, education, and overall well-being in underserved 

areas. By assessing the specific outcomes of the Rutenderi Solar Mini-Grid, this study aims to provide insights into how energy access 

can foster socioeconomic growth and development. The findings from this case study will inform policies and strategies to accelerate 

the adoption of solar mini-grids, ultimately improving the livelihoods of rural households and contributing to broader development 

goals (Power Africa, 2023). 

3. Conceptual framework of the study  

Figure 1: Conceptual Framework of the Study 

 

Source: Organized and assembled by the researcher, (2024) 

The present study collected data covering the period from 2020 to 2024 for assessing the impact made by Rutenderi Solar Minigrid 

on households connected livelihood. The study manages to assess the current situation, but the measurable annual outputs better could 

not take in between year, that’s why impact measured for 2020 to 2024. 

The Rutenderi Solar Mini-grid in remote areas like Kabarore Sector in Gatsibo District presents several opportunities, including 

improved access to electricity for households, schools, and businesses. This can enhance the quality of life, stimulate local economic 

development, and create jobs through system installation and maintenance. Additionally, the use of solar energy offers an 

environmentally sustainable alternative to traditional biomass fuels, contributing to cleaner air and reduced deforestation  (Moudio, 

2023). 

However, challenges include the high initial capital investment required for setting up solar mini-grids, which can be a barrier in 

financially constrained areas. The lack of trained technicians and local access to spare parts complicates maintenance and 

troubleshooting, potentially leading to system downtime. Additionally, the intermittent nature of solar energy, especially during cloudy 

http://www.ijrti.org/


© 2025 IJNRD | Volume 10, Issue 4 April 2025 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2504523 International Journal Of Novel Research And Development (www.ijnrd.org) 
 

 

f192 

c19

periods or at night, requires robust and expensive energy storage solutions, which may not always be available in remote locations, 

limiting the reliability of the energy supply (Nicholas, 2024). 

The introduction of solar mini-grids not only transformed the energy landscape but also had broad socioeconomic benefits in these 

rural areas. By providing reliable and clean energy, mini-grids empowered communities, enhanced economic prospects, and improved 

overall well-being. These findings highlight the substantial impact of decentralized renewable energy on the social and economic 

development of rural African communities (Arun, 2022). 

4. Methodology of the study 

This section gives in details methods and techniques which used to achieve study objectives and testing validity of the study 

hypotheses. It shows study design, population and sample size, sampling techniques, data collection tools, methods for data processing 

and data analysis. Here below are details: 

4.1 Study objective 

This study aimed to assess the Impact of Rutenderi Solar Minigrid on the livelihoods of the households in remote areas of Kabarore 

Sector, Gatsibo District, Rwanda. Specifically, this study intends to evaluate the validity of the following objectives: 

i. To evaluate the accessibility of electricity through solar mini-grid in remote areas. 

ii. To assess socio-economic status of the community in remote areas. 

iii. To evaluate the contribution of mini-grid energy technology to achieve the sustainable development goal (SDG 7).  

4.2 Study Hypotheses 

The current study relay on the following hypotheses: 

H0: There is no significant Impact of Rutenderi Solar Minigrid (Rutenderi Solar Minigrid) on livelihoods of the households in remote 

areas, case of Kabarore sector in Gatsibo District. 

H1: There is a significant Impact of Rutenderi Solar Minigrid (Rutenderi Solar Minigrid) on livelihoods of the households in remote 

areas, case of Kabarore sector in Gatsibo District. 

4.3 Research design 

This study is mixture of qualitative and quantitative study design as intends to use both quantitative and qualitative data either from 

primary and secondary sources of data. This study is descriptive and correlational design. This study adopts a descriptive approach on 

describing the Impact of Rutenderi Solar Minigrids impacts in remote areas and characteristics of household’s livelihood for Rutenderi 

Solar Minigrid connected households since 2020 to 2024. Descriptive study design is chosen because it enables to count frequency at 

which a certain assessed item was observed and gives summary as the mean and standard deviation are easy to interpret. This study is 

also correlative because it brings out clearly to establish the association between Solar Minigrids and household’s livelihood.  

4.4 Study Population and sampling methods 

The study population is known as humans or subjects containing the information needed for the study for responding to the study 

objectives and research questions and hypothesis. The current study takes under consideration 527 households, 59 businesses and 11 

social institutions connected to Rutenderi Solar Minigrid. The overall population is made with 597 Rutenderi Solar Minigrid 

Beneficiaries. As population seems to be large, the study seems to apply and ensure sampling process. 

As the population was large, the study has applied the use of Slovin sample size formula to determine sample size (Aceleanu, et al., 

2018). 

The sample size is calculated as follow: n=N/(1+N*e^2 )  

Where: 

n = is the sample size,  

e = is the margin of error and  

N = is the population size 

and by setting the accuracy level at 95%, the margin error was 0.05 and the sample size is: 

n=586/(1+586*〖0.05〗^2 )=237.728194726166 ≈238  

which is rounded to 238 household’s beneficiaries of Rutenderi Solar Minigrid (Households and businesses) while 11 social 

institutions were assessed via interview. 11 institutions were excluded from the closed ended questions to attend only open questions as 

they represent big consumers of the Rutenderi Solar Minigrid rather than households. 95% level of significance was strongly chosen 

for this study because it strikes a balance between minimizing the likelihood of making Type I (false positive) and Type II (false 

negative) errors. A 95% confidence level means that there is a 5% chance of incorrectly rejecting the null hypothesis when it is actually 

true (i.e., committing a Type I error). This 5% threshold is widely accepted in research because it is conservative enough to be cautious 

about making claims of an effect or relationship, while still providing a reasonable level of confidence that the results are not due to 

random chance. 
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Additionally, a 95% confidence level is a standard in many fields because it is widely understood and trusted. It allows researchers 

to generalize findings with confidence without being overly stringent. Overall, 95% is a conventional and commonly accepted standard 

for most research (Ackland, 2022). 

Table 1: Distribution of respondents 

S/N Category Total Population Sample size Sampling Technique 

1 Households 527 213 

Purposive Sampling and stratified sampling 2 Businesses 

Tailoring 2 1 
Hair Salon 20 8 

Bar 25 9 

Welding machine 5 2 

Egg incubator 1 1 

Milling Machine 4 2 

Carpentry 1 1 

Bakery 1 1 

Sub-Total 586 238 

3 
Social 

Institution 

School 1 1 

Census and Purposive sampling Churches 10 10 

Sub-Total 11 11 

Grand Total 597 249   

Source: Rutenderi Solar Minigrid Management (2024) 

Table 1 show that from 527 households only 213 intended to be sampled, here it gives a chance to select all bakery, carpentry and 

egg incubator businesses as represented as one unit and using proportional sampling technique would be zero. Social institutions 

represented by leaders (one per each) were assessed with open questions for gathering general overview on how the access to Rutenderi 

Solar Minigrid changed working environment and changed the quality of services to the beneficiaries (students and church believers). 

4.5 Instrument of data collection 

Data collection instruments are the tools which the study used, and which lead the study toward the meet of good quality data 

standards. These tools are questionnaire, documentation, interview, observation, GPS, and ArcGIS. In Wondie (2021) perspective, a 

questionnaire is described as a valuable tool for intensive interviewing. It serves the purpose of collecting data that can be compared 

across all respondents, while also capturing information that is tailored to each individual’s unique experiences and perspectives 

(Wondie, 2021). The study employed a variety of question types, including open-ended, closed-ended, scaling, and dichotomous 

questions. Additionally, the questionnaire was designed to include both closed and open-ended items (see Appendix 1) which was 

addressed to 221 respondent’s beneficiaries of Rutenderi Solar Minigrid in Kabarore sector of Gatsibo district. 

The questionnaire has scaling questions due to its format where either the respondent chose 1, 2, 3, 4 and 5 (Strongly Disagree, 

Disagree, Not Sure, Agree and Strongly Agree respectively). The above scales were made to all indicators under independent and 

dependent variables as well as intervening variables (see the conceptual framework of the study). Among 249 targeted sample 238 will 

attended closed ended questions and 11 will attend only open-ended questions (not that, in Rwanda there are two types of households 

such as private households and institutional households as reported in Rwanda Population and Housing Census (RPHC 5) (NISR, 2022). 

The documentation or desk review was used to get necessary secondary data. The main source of secondary data is census reports 

of NISR specifically on Gatsibo district, Kabarore sector, Ministry of Infrastructure (MININFRA) reports on energy access, Rwanda 

Energy Group (REG) reports on rural electrification, published theses, dissertations, and journal articles on the impact of mini-grids 

and also reports of Rutenderi Sola-Minigrid management). 

Field observation is a qualitative study method that involves studies immersing themselves in a specific setting to make structured 

observations. These observations are then coded and used to identify themes within the study project (Assefa, 2021). By observation, 

the researcher will ensure field visit to assess how transformation has taken place and how livelihood has changed with physical facts. 

4.6 Data Analysis  

This section explains several methods which was applied to ensure that, data analysis of the study was well maintained. The main 

methods were, quantitative and qualitative data analysis which consisted by descriptive statistics and inferential statistics in qualitative 

data analysis methods which consisted by opinions of respondent’s assessment. 

4.6.1 Qualitative data analysis 

Qualitative data were collected using open questions which addressed to 11 management staff (leaders) of social institutions 

connected to Rutenderi Solar Minigrid in Kabarore sector of Gatsibo District in Eastern province of Rwanda. Qualitative data analysis 

was considered by the assessment of views of respondents from the open questions using narrative analysis method by examining the 

stories people tell to understand how they make sense of the minigrid’ s impact, and the study recorded and summarized the answers to 

ensure that, the ideas are fully captured. At the end each idea received on each item assessed was reported as views of respondent in 

separate point of chapter four. 

4.6.2 Quantitative data analysis 

After data collection using a questionnaire, SPSS version 20 and MS excel version 2016 were used to compile and analyze non-

spatial data as well as to present data in tabular and graphic formats. With excel statistical functions; statistical calculations as well as 

some statistical analysis was made. Excel come up as complement to SPSS software. In fact, SPSS was a leading tool for conducting 

statistical analysis, manipulating data and producing tables as well as graphs that summarize data and interpret them. 
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To achieve the objectives of the study, testing the validity of study questions and find solutions to study questions, the study needs 

to ensure statistical analysis: Both Descriptive statistics and inferential statistics (Bivariate Correlation analysis and linear regression 

model) was used to analyze the information collected. Here the study tends to analyze the frequency, percentages, mean, and standard 

deviation of the collected data (as explained in previous points, the analysis was done using Statistical Package for Social Scientists 

(SPSS) version 20).  

Bivariate Correlation analysis were used for testing the validity of study questions, this ensures test of one dependent variable to 

one independent variable. Bivariate analysis, one of the simplest forms of statistical examination, aims to determine whether there exists 

a relationship between two sets of values. Typically, this analysis involves studying the variables X and Y. When conducting bivariate 

analysis, study calculate the Pearson Correlation, which can range from -1 to +1. The strength of this correlation whether positive or 

negative depends on the test results. Additionally, the study considers the Sig.(2-Tailed) value, which assesses the statistical association 

between the tested variables. For results to be statistically significant, Sig.(2-Tailed) should be less than or equal to 0.05. Table 2 outlines 

various levels and categories of statistical analysis. 

 

The study also used linear regression model for assessing the validity of study questions of the study. Here below is the linear model 

function: 

𝑌 = 𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 + 𝛽3𝑋3 + 𝛽4𝑋4 + ɛ   

where: 

Y: livelihoods of the households in remote areas (which detailing or summarizing 5 indicators under dependent variable such as: 

Business development, Income generation, Improved health, Improved education, Gender promotion, Community well-being, and 

Emission reduction. 

X1: Improved Access to Electricity. 

X2: Economic Development and Job Creation. 

  X3: Environmental Sustainability. 

 X4: Infrastructure development. 

β1- 𝛽5: Slope or coefficient of estimates.  

β0: Constant and ԑo: Error term 

5. Findings 

Data were presented as collected from the respondents per each objective: 

5.1 Accessibility of electricity through solar mini-grid in remote areas. 

This section explores the opportunities created by the Rutenderi Solar Mini-grid for accessing electricity in remote areas, specifically 

focusing on how it enhances living conditions, supports economic development, promotes environmental sustainability, and stimulates 

infrastructure growth. By providing clean and reliable energy, the mini-grid has opened up new possibilities for both households and 

local businesses, while also contributing to the broader goals of sustainable development. These opportunities reflect the transformative 

potential of solar mini-grids in rural communities, particularly in areas that have historically lacked access to reliable electricity. The 

following table presents respondents' assessments of the various opportunities brought by the Rutenderi Solar Mini-grid in terms of 

electricity access, economic growth, environmental benefits, and infrastructure development. 

 

 

 

Table 2: Accessibility of electricity through solar mini-grid in remote areas 

Items assessed D NS A SA Mean Stdv. Comments 

1.      Improved Access to Electricity. 

The Rutenderi Solar Mini-grid has significantly increased access 

to electricity in Kabarore Sector, allowing households to switch 

from traditional, unreliable sources of energy such as firewood and 
kerosene. 

9 

(3.8%) 
0 (0%) 

183 

(76.9%) 

46 

(19.3%) 
4.12 0.576 

Strong 

Heterogeneity 

The availability of electricity through the Rutenderi Solar Mini-

grid has improved the quality of life for households in remote 

areas, providing a sustainable power source for lighting and daily 

activities. 

6 

(2.5%) 

9 

(3.8%) 

130 

(54.6%) 

93 

(39.1%) 
4.30 0.663 

Strong 

Heterogeneity 

The access to electricity provided by the Rutenderi Solar Mini-grid 

has enabled households to extend their productive hours, 

benefiting both work and study time for family members in 
Kabarore. 

 

 

6 
(2.5%) 

18 
(7.6%) 

168 
(70.6%) 

46 
(19.3%) 

4.07 0.606 
Strong 

Heterogeneity 
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Items assessed D NS A SA Mean Stdv. Comments 

2.      Economic Development and Job Creation. 

The Rutenderi Solar Mini-grid has created local job opportunities, 
including positions for technicians and maintenance staff, 

contributing to the economic growth of Kabarore Sector. 

10 

(4.2%) 
0 (0%) 

186 

(78.2%) 

42 

(17.6%) 
4.09 0.581 

Strong 

Heterogeneity 

The availability of reliable electricity from the Rutenderi Solar 

Mini-grid has allowed local businesses to operate more efficiently, 
fostering entrepreneurship and expanding commercial activities. 

0 (0%) 0 (0%) 
189 

(79.4%) 
49 

(20.6%) 
4.21 0.405 

Strong 
Homogeneity 

The introduction of the Rutenderi Solar Mini-grid has stimulated 

new economic ventures, such as small-scale agriculture-related 

businesses like refrigeration and irrigation, which rely on a stable 
power supply. 

0 (0%) 0 (0%) 
61 

(25.6%) 

177 

(74.4%) 
4.74 0.438 

Strong 

Homogeneity 

3.      Environmental Sustainability. 

The Rutenderi Solar Mini-grid has contributed to environmental 

sustainability by reducing reliance on firewood and charcoal, 
which helps mitigate deforestation in Kabarore Sector. 

0 (0%) 0 (0%) 
183 

(76.9%) 
55 

(23.1%) 
4.23 0.422 

Strong 
Homogeneity 

By providing clean, renewable energy, the Rutenderi Solar Mini-

grid helps lower greenhouse gas emissions, supporting Rwanda's 

national environmental goals and combating climate change. 

0 (0%) 0 (0%) 
122 

(51.3%) 
48.7%) 4.49 0.501 

Strong 

Heterogeneity 

Solar energy, as offered by the Rutenderi Solar Mini-grid, is a clean 

source of power that improves environmental health in the 

community, reducing indoor air pollution and carbon emissions. 

0 (0%) 
18 

(7.6%) 

184 

(77.3%) 

36 

(15.1%) 
4.08 0.471 

Strong 

Homogeneity 

4.      Infrastructure development. 

The Rutenderi Solar Mini-grid has prompted improvements in 

infrastructure, including the establishment of energy distribution 

networks and associated public infrastructure, enhancing 

community services. 

0 (0%) 0 (0%) 
219 

(92%) 
19 (8%) 4.08 0.272 

Strong 

Homogeneity 

The solar mini-grid has also supported the development of 

improved roads and communication systems in Kabarore Sector, 

contributing to overall regional infrastructure growth. 

0 (0%) 0 (0%) 
201 

(84.5%) 

37 

(15.5%) 
4.16 0.363 

Strong 

Homogeneity 

The presence of the Rutenderi Solar Mini-grid has boosted local 

infrastructure by improving energy access, which facilitates the 

development of other sectors such as health and education. 

0 (0%) 0 (0%) 
55 

(23.1%) 

183 

(76.9%) 
4.77 0.422 

Strong 

Homogeneity 

Source: Author, 2025 

Keys: SA= Strongly Agree coded 5; A= Agree coded 4; NS= Not sure with Code 3; D= Disagree coded 2 and SD= Strongly Disagree 

coded 1. Mean was classified into three categories 1.00-2.49 Weak; 2.50-3.49 Moderate and 3.50-5.00 Strong while standard deviation 

also classified into two categories Stdv. <0.5 Homogeneity and Stdv. >0.5 Heterogeneity. 

The data in Table 2 the survey findings highlight several opportunities for accessing electricity through the Rutenderi Solar Mini-

grid, particularly in remote areas like Kabarore Sector. One of the key opportunities is the significant improvement in access to 

electricity, with 76.9% of respondents agreeing and 19.3% strongly agreeing that the mini-grid has made a major difference in energy 

access. Prior to the installation, many households relied on traditional, unreliable energy sources such as firewood and kerosene, which 

are costly and have negative health and environmental impacts. The access to solar power has allowed households to switch to a cleaner, 

more reliable energy source, enhancing their overall quality of life. The ability to extend productive hours for both work and study has 

also had a positive impact on daily activities, as 70.6% of respondents agreed that the mini-grid has made it possible for households to 

work and study for longer hours. 

From an economic perspective, the Rutenderi Solar Mini-grid has created local job opportunities, including positions for technicians 

and maintenance staff, with 78.2% of respondents affirming this positive development. Additionally, 79.4% of respondents agreed that 

the availability of reliable electricity has allowed local businesses to operate more efficiently, fostering entrepreneurship and supporting 

the expansion of commercial activities. The mini-grid has also stimulated the establishment of small-scale agricultural businesses, such 

as refrigeration and irrigation ventures, which rely on stable power supplies. The fact that 74.4% strongly agreed with this statement 

shows the solar mini-grid's role in diversifying income sources and boosting local economic growth. 

The environmental impact of the solar mini-grid has also been significant. It has reduced dependence on firewood and charcoal, 

with 76.9% of respondents noting that this has helped mitigate deforestation in the area. Furthermore, 51.3% of respondents agreed that 

the mini-grid helps lower greenhouse gas emissions, which aligns with Rwanda's national environmental goals. Solar energy, being 

clean and renewable, has had a positive effect on reducing indoor air pollution and carbon emissions, which 77.3% of respondents 

confirmed. This not only benefits the community’s health but also contributes to broader environmental sustainability efforts. 

Finally, the solar mini-grid has prompted significant infrastructure development, with 92% of respondents acknowledging 

improvements in energy distribution networks and other public infrastructure. These developments have enhanced community services 

and contributed to the overall growth of the region’s infrastructure, including the development of better roads and communication 

systems. The mini-grid has played a crucial role in improving energy access, which, in turn, has facilitated progress in other sectors, 

such as health and education, with 76.9% of respondents strongly agreeing with this statement. The widespread infrastructure growth 

highlights the transformative impact of the Rutenderi Solar Mini-grid on the community and the broader region. 
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Table 3: Overview of Rutenderi Solar Minigrid electricity generation and Tarrif structure 

Rutenderi Solar Minigrid Electricity 

Generation and Tarrif 
2020 2021 2022 2023 2024 

Tarrif for Households/kWh 1000 1000 1000 500 500 
Tarrif for business and social institutions/kWh 500 500 500 400 400 

Gneration in kWh/ Year 321,200 321,200 321,200 321,200 321,200 

Source: Rutenderi Solar Minigrid, 2025 

Table 3, the Rutenderi Solar Minigrid has played a crucial role in improving access to electricity for households, businesses, and 

social institutions in the Kabarore sector, despite the relatively high tariffs compared to the national average. Over the years, the tariff 

for households has decreased from 1000 RWF/kWh in 2020 and 2021 to 500 RWF/kWh in 2023 and 2024, making electricity more 

affordable for domestic use. Similarly, business and social institutions saw a reduction in their tariff from 500 RWF/kWh to 400 

RWF/kWh in the last two years. This tariff structure, although higher than the general electricity rates in Rwanda, has still been an 

important factor in promoting the growth of local businesses and improving access to essential services like schools and health facilities. 

The generation capacity of the Rutenderi Solar Minigrid, which remains stable at 321,200 kWh per year, has ensured a reliable 

energy supply for all users, even with fluctuations in solar radiation. The system operates efficiently with a mix of solar energy and 

backup generators, ensuring continuous power even during cloudy days or periods of low solar generation. This reliable electr icity 

source has enabled local businesses to expand their operations, creating economic opportunities and enhancing productivity. Social 

institutions like schools and healthcare facilities benefit from consistent power, improving the quality of services provided to the 

community. 

Although the tariff for Rutenderi Solar Minigrid is higher than the national grid electricity tariffs in Rwanda, it is important to 

consider the long-term benefits of providing consistent, clean energy in a remote area. The infrastructure and generation capacity, 

combined with the decrease in tariffs over time, make the Rutenderi Solar Minigrid a sustainable and invaluable asset to Kabarore. 

Moreover, the positive impact on livelihoods, education, and healthcare further demonstrates its importance despite the higher initial 

cost, making it an effective solution for enhancing socio-economic development in the region. 

According to Sustainable Energy for All (2013), mini-grids can significantly contribute to energy access in off-grid areas, even 

when their tariffs are higher than conventional energy sources. The transition to renewable energy sources like solar is often more 

expensive in the short term but provides long-term environmental and socio-economic benefits (Sustainable Energy for All, 2013). 

Similarly, UNDP (2020) highlights the value of mini-grids in achieving energy access and supporting local economic development 

despite their higher upfront costs (UNDP, 2020). 

5.1.2 Challenges for Accessing to Electricity Through Solar Mini-Grid in Remote Areas 

This section examines the challenges associated with accessing electricity through the Rutenderi Solar Mini-grid, particularly in 

remote areas such as Kabarore. These challenges range from financial barriers to technical issues and logistical constraints, which can 

hinder the widespread adoption and efficient operation of solar mini-grids in rural areas. The following table outlines several key 

obstacles identified by the respondents, highlighting the difficulties faced in the implementation and maintenance of the mini-grid 

system. 

Table 4: Challenges for Mini-Grid Electricity 

Items assessed D NS A SA Mean Stdv. Comments 

1. High Initial Capital Investment. 

The installation of the Rutenderi Solar Mini-grid involved high 

upfront costs, which posed a challenge for local governments 

and private investors in Kabarore, making it difficult for some 
rural areas to access this technology. 

0 (0%) 
9 

(3.8%) 

163 

(68.5%) 

66 

(27.7%) 
4.24 0.509 

Strong 

Heterogeneity 

The significant initial financial investment required to deploy 

solar mini-grids, such as in the case of Rutenderi, often limits 

the ability of other remote areas to replicate the model. 

10 

(4.2%) 
0 (0%) 

191 

(80.3%0 

37 

(15.5%) 
4.07 0.565 

Strong 

Heterogeneity 

Despite the long-term savings, the high initial capital outlay for 

projects like the Rutenderi Solar Mini-grid can deter investment 
in rural energy solutions due to financial constraints. 

9 (3.8%) 0 (0%) 
92 

(38.7%) 
137 

(57.6%) 
4.50 0.692 

Strong 
Heterogeneity 

2. Maintenance and Technical Support. 

In Kabarore Sector, the Rutenderi Solar Mini-grid faces 

challenges related to the scarcity of qualified technicians and 
maintenance personnel, which can lead to delays in addressing 

system malfunctions. 

0 (0%) 0 (0%) 
238 

(100%) 
0 (0%) 4.00 0.000 

Strong 
Homogeneity 

The maintenance of solar mini-grids, like the Rutenderi system, 

is hindered by the limited availability of spare parts in remote 
areas, making it harder to maintain continuous electricity 

supply. 

0 (0%) 0 (0%) 
238 

(100%) 
0 (0%) 4.00 0.000 

Strong 
Homogeneity 

The lack of local expertise and technical support for solar mini-

grids in Kabarore increases the likelihood of prolonged 

downtimes, negatively impacting reliability. 

0 (0%) 0 (0%) 
238 

(100%) 
0 (0%) 4.00 0.000 

Strong 

Homogeneity 

7. Energy Storage Limitations (reliability). 

The Rutenderi Solar Mini-grid faces challenges related to 

energy storage, with the current battery systems not always able 
0 (0%) 0 (0%) 

49 

(20.6%) 

189 

(79.4%) 
4.79 0.405 

Strong 

Homogeneity 
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Items assessed D NS A SA Mean Stdv. Comments 

to meet the energy needs during periods of low sunlight or at 

night. 

Reliability of power supply from the Rutenderi Solar Mini-grid 

is compromised during overcast weather or at night, 

highlighting the need for more efficient energy storage 

solutions. 

0 (0%) 0 (0%) 
123 

(51.7%) 

115 

(48.3%) 
4.48 0.501 

Strong 

Heterogeneity 

The cost and maintenance of energy storage systems, essential 

for the Rutenderi Solar Mini-grid’s operation, remain a 

challenge in remote areas like Kabarore. 

0 (0%) 0 (0%) 
201 

(84.5%) 

37 

(15.5%) 
4.16 0.363 

Strong 

Homogeneity 

8. Land Availability. 

Securing sufficient land for the installation of the Rutenderi 

Solar Mini-grid was a challenge in Kabarore, where land 

ownership issues and competing land use priorities sometimes 

delayed project progress. 

10 

(4.2%) 
0 (0%0 

176 

(73.9%) 

52 

(21.8%) 
4.13 0.608 

Strong 

Heterogeneity 

The Rutenderi Solar Mini-grid required large areas of land, and 

the availability of suitable plots in a densely populated area like 

Kabarore can be a barrier to the expansion of solar 

infrastructure. 

0 (0%0 0 (0%0 0 (0%0 
238 

(100%) 
5.00 0.000 

Strong 

Homogeneity 

Limited land availability in rural communities like Kabarore can 

delay the establishment of solar mini-grids, potentially 

hindering energy access for surrounding populations. 

0 (0%0 0 (0%0 
158 

(66.4%) 

80 

(33.6%) 
4.34 0.473 

Strong 

Homogeneity 

9. Access Road. 

The Rutenderi Solar Mini-grid faced challenges with poor 
access roads, which made transportation of materials and 

equipment to the installation site in Kabarore more difficult. 

0 (0%0 0 (0%0 
66 

(27.7%) 
172 

(72.3%) 
4.72 0.449 

Strong 
Homogeneity 

Inadequate roads in remote areas like Kabarore complicate 

maintenance and repairs of solar mini-grids, as vehicles and 

equipment are harder to transport during the rainy season. 

27 

(11.3%) 

18 

(7.6%) 

113 

(47.5%) 

80 

(33.6%) 
4.03 0.932 

Strong 

Heterogeneity 

The condition of access roads in rural areas delays the timely 
deployment of solar mini-grids and increases operational costs 

for ongoing maintenance and repairs. 

18 

(7.6%) 

9 

(3.8%) 

128 

(53.8%) 

83 

(34.9%) 
4.16 0.816 

Strong 

Heterogeneity 

10. Regulations. 

Government regulations surrounding energy provision in 
Rwanda, as evidenced by the Rutenderi Solar Mini-grid project, 

can be complex and difficult to navigate, especially in rural 

areas. 

0 (0%0 0 (0%0 
219 

(92%) 
19 (8%) 4.08 0.272 

Strong 

Homogeneity 

Regulatory policies regarding land use, energy distribution, and 
environmental impact assessment can slow the deployment of 

solar mini-grids like Rutenderi, complicating the project’s 

timeline. 

36 

(15.1%) 
0 (0%0 

111 

(46.6%) 

91 

(38.2%) 
4.08 0.993 

Strong 

Heterogeneity 

The lack of clear or flexible regulations in remote areas like 

Kabarore may limit the growth and scalability of solar mini-

grids, as they struggle to comply with evolving energy 

standards. 

0 (0%0 
9 

(3.8%) 

123 

(51.7%) 

106 

(44.5%) 
4.41 0.564 

Strong 

Heterogeneity 

Source: Author (2025) 

As seen from the table 4, several challenges have been identified regarding access to electricity through the Rutenderi Solar Mini-

grid in remote areas. These challenges range from financial constraints, technical issues, land availability, infrastructure limitations, and 

regulatory hurdles. The table presents responses from the participants on various aspects, including the high initial capital investment, 

maintenance and technical support, energy storage limitations, land availability, access roads, and regulatory issues. The mean scores 

and standard deviations provided in the table reflect the degree of agreement or disagreement from respondents on each of these 

challenges. 

The high initial capital investment required for the installation of the Rutenderi Solar Mini-grid was a significant challenge, with 

68.5% of respondents agreeing and 27.7% strongly agreeing that the upfront costs were a barrier. This challenge is further supported by 

the mean score of 4.24 and a standard deviation of 0.509, indicating strong agreement with the statement and relatively low variability 

in the responses. Respondents also noted that the significant initial financial outlay limits the ability of other remote areas to replicate 

the Rutenderi model, as reflected in the 80.3% agreement and the mean score of 4.07, with a standard deviation of 0.565, suggesting a 

strong consensus on this issue. Despite the long-term savings, the high capital investment continues to deter investment in rural energy 

solutions, with a mean score of 4.50 and a higher standard deviation of 0.692, reflecting some diversity in the responses. 

The maintenance and technical support issues were also prominent. All respondents (100%) agreed that the Rutenderi Solar Mini-

grid faced challenges due to the scarcity of qualified technicians and maintenance personnel in Kabarore, resulting in delays in 

addressing system malfunctions. This was confirmed by a perfect mean score of 4.00 and a standard deviation of 0.000, indicating 

unanimous agreement on this point. Similarly, the limited availability of spare parts in remote areas was recognized as a significant 

issue, and the lack of local expertise increased the likelihood of prolonged downtimes, as also confirmed by the perfect score of 4.00. 

Energy storage limitations were another critical issue affecting the Rutenderi Solar Mini-grid, particularly in terms of meeting energy 

needs during low sunlight or nighttime. The table shows that 79.4% strongly agreed with the statement regarding energy storage 
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challenges, and 51.7% agreed that the reliability of the power supply is compromised during overcast weather. The mean score of 4.79 

and a standard deviation of 0.405 indicate a strong consensus and low variation in the responses. This indicates that energy storage 

remains a key limitation for the Rutenderi Solar Mini-grid’s effectiveness. 

Regarding land availability, securing land for the solar mini-grid's installation was challenging. A significant 73.9% of respondents 

agreed that land ownership issues and competing land use priorities delayed the project's progress. This is reflected in the mean score 

of 4.13 and a standard deviation of 0.608, suggesting that while most respondents agreed on this challenge, there was some variation in 

opinions. Additionally, limited land availability in densely populated areas, like Kabarore, was seen as a barrier to expanding solar 

infrastructure, with a mean score of 4.34 and a standard deviation of 0.473, indicating general agreement but some divergence in 

responses. 

Access roads also presented a major challenge for transporting materials and equipment. A large proportion of respondents (72.3%) 

strongly agreed that poor access roads made the installation process more difficult. This issue was supported by a high mean score of 

4.72 and a standard deviation of 0.449, indicating strong agreement and low variability among respondents. Poor roads also complicate 

the maintenance and repair of solar mini-grids, especially during the rainy season, as reflected in a mean score of 4.03 and a standard 

deviation of 0.932, indicating some diversity in the responses. 

Finally, regulatory issues were also a challenge for deploying solar mini-grids, with 92% of respondents agreeing that government 

regulations surrounding energy provision in rural areas can be complex. The mean score of 4.08 and a standard deviation of 0.272 

suggest that this was a widely recognized issue with little variation in responses. Regulatory policies related to land use, energy 

distribution, and environmental impact assessments were seen as barriers to the timely deployment of solar mini-grids, with a mean 

score of 4.08 and a standard deviation of 0.993, indicating some variability in the perceptions of respondents regarding the impact of 

regulations. 

Generally, the interpretation of the table highlights several challenges that hinder access to electricity through the Rutenderi Solar 

Mini-grid, including high initial investment costs, maintenance and technical support issues, energy storage limitations, land availability, 

access road issues, and complex regulatory frameworks. The mean scores and standard deviations provided in the table reflect the degree 

of consensus and variability among respondents on these challenges, offering valuable insights into the obstacles faced in deploying 

solar mini-grids in remote areas. 

 

5.1.3 Socio-economic status of the community in remote areas 

The introduction of solar mini-grids in remote areas, such as the Rutenderi Solar Mini-grid in Kabarore, has had significant socio-

economic and environmental impacts. These impacts span various dimensions, including business development, income generation, 

health improvement, educational outcomes, gender promotion, community well-being, and emission reduction. As observed from the 

table above, the responses gathered from the participants provide valuable insights into how the provision of clean energy has influenced 

these aspects of life in Kabarore. 

Table 5: Socio-economic status of the community in remote areas 

Items assessed D NS A SA Mean Stdv. Comments 

1. Business development  

The introduction of the Rutenderi Solar Mini-grid has fostered 

the growth of local businesses by providing reliable electricity 
to small entrepreneurs in Kabarore, including shops and service 

providers. 

0 (0%) 
9 

(3.8%) 
47 

(19.7%) 
182 

(76.5%) 
4.73 0.525 

Strong 
Heterogeneity 

With access to electricity from the Rutenderi Solar Mini-grid, 

businesses in Kabarore have been able to expand their 
operations, extending working hours and improving 

productivity. 

0 (0%) 0 (0%) 
60 

(25.2%) 
178 

(74.8%) 
4.75 0.435 

Strong 
Homogeneity 

The Rutenderi Solar Mini-grid has created new opportunities 

for business development, including agriculture-based 
businesses, that depend on consistent energy supply for 

operations like refrigeration and irrigation. 

38 (16%) 
38 

(16%) 
87 

(36.6%) 
75 

(31.5%) 
3.84 1.045 

Strong 
Heterogeneity 

2. Income generation. 

The Rutenderi Solar Mini-grid has contributed to improved 
income-generation opportunities for households by providing 

a consistent power source for local businesses, supporting both 

new ventures and existing operations. 

9 (3.8%) 
15 

(6.3%) 

160 

(67.2%) 

54 

(22.7%) 
4.09 0.660 

Strong 

Heterogeneity 

With reliable electricity from the Rutenderi Solar Mini-grid, 
families in Kabarore can diversify income streams by engaging 

in activities that were previously unfeasible without power, 

such as small-scale manufacturing and home-based businesses. 

0 (0%) 0 (0%) 
219 

(92%) 
19 (8%) 4.08 0.272 

Strong 

Homogeneity 

The Rutenderi Solar Mini-grid has helped local businesses in 
Kabarore increase their profitability by improving productivity 

and enabling more efficient operations. 

19 (8%) 0 (0%) 
118 

(49.6%) 

101 

(42.4%) 
4.26 0.822 

Strong 

Heterogeneity 

3. Improved health. 

Access to electricity through the Rutenderi Solar Mini-grid has 
improved health service delivery in Kabarore by powering 

healthcare facilities, making essential medical services more 

available and efficient. 

0 (0%) 0 (0%) 
101 

(42.4% 

137 

(57.6%) 
4.58 0.495 

Strong 

Homogeneity 
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Items assessed D NS A SA Mean Stdv. Comments 

By reducing the reliance on harmful sources of lighting such as 

kerosene, the Rutenderi Solar Mini-grid has contributed to 
better indoor air quality, which has positive effects on the 

respiratory health of household members in Kabarore. 

0 (0%) 0 (0%) 0 (0%) 
238 

(100%) 
5.00 0.000 

Strong 
Homogeneity 

The Rutenderi Solar Mini-grid has supported the provision of 

reliable power for refrigeration of vaccines and medical 
supplies, improving the quality of health services in remote 

areas. 

0 (0%) 0 (0%) 
77 

(32.4%) 
161 

(67.6%) 
4.68 0.469 

Strong 
Homogeneity 

4. Improved education. 

The availability of electricity from the Rutenderi Solar Mini-
grid has improved educational outcomes in Kabarore by 

providing lighting for schools, allowing students to study 

during the evening hours. 

36 

(15.1%) 
0 (0%) 

130 

(54.6%) 

72 

(30.3%) 
4.00 0.955 

Strong 

Heterogeneity 

Solar-powered lighting in schools in Kabarore has created an 
environment conducive to learning, supporting teachers and 

students by extending the hours during which educational 

activities can take place. 

27 

(11.3%) 

10 

(4.2%) 

165 

(69.3%) 

36 

(15.1%) 
3.88 0.797 

Strong 

Heterogeneity 

The Rutenderi Solar Mini-grid has improved access to 
technology, such as computers and digital learning materials, 

helping students in Kabarore develop critical skills for the 

future. 

0 (0%) 0 (0%) 
220 

(92.4%) 

18 

(7.6%) 
4.08 0.265 

Strong 

Homogeneity 

5. Gender promotion. 

Solar mini-grids like the Rutenderi system have empowered 

women in Kabarore by reducing the time spent collecting 

firewood, allowing them to focus on income-generating 

activities and education. 

18 

(7.6%) 
0 (0%) 

58 

(24.4%) 

162 

(68.1%) 
4.53 0.840 

Strong 

Heterogeneity 

The Rutenderi Solar Mini-grid has supported gender equality 

by providing women in Kabarore with the ability to access 

modern energy for household chores and small business 
activities. 

0 (0%) 0 (0%) 
111 

(46.6%) 

127 

(53.4%) 
4.53 0.500 

Strong 

Homogeneity 

Women in Kabarore have benefited from the increased 

opportunities for social and economic participation, as solar 

energy enables them to engage in business and community 
activities after dark. 

9 (3.8%) 0 (0%) 
33 

(13.9%) 

196 

(82.4%) 
4.75 0.646 

Strong 

Heterogeneity 

6. Community well-being. 

The Rutenderi Solar Mini-grid has improved community well-

being by providing lighting for public spaces, enhancing social 
activities and community gatherings in Kabarore. 

0 (0%) 0 (0%) 
157 

(66%) 
81 (34%) 4.34 0.475 

Strong 

Homogeneity 

Access to reliable energy through the Rutenderi Solar Mini-

grid has strengthened community ties by supporting 

collaborative efforts, such as community-based businesses and 
collective agricultural activities. 

18 

(7.6%) 
0 (0%) 

211 

(88.7%) 
9 (3.8%) 3.89 0.573 

Strong 

Heterogeneity 

Solar mini-grids like Rutenderi contribute to community well-

being by powering essential services, such as health and 

education, which directly benefit the population in Kabarore. 

18 

(7.6%) 
0 (0%) 

220 

(92.4%) 
0 (0%) 3.85 0.530 

Strong 

Heterogeneity 

7. Emission reduction. 

The Rutenderi Solar Mini-grid has contributed to emission 

reduction by providing an alternative to the use of carbon-

intensive energy sources like kerosene and firewood in 
Kabarore. 

0 (0%) 0 (0%) 
220 

(92.4%) 

18 

(7.6%) 
4.08 0.265 

Strong 

Homogeneity 

The switch to solar energy from the Rutenderi mini-grid has 

significantly reduced household carbon footprints in Kabarore, 

contributing to national and global goals for reducing 
emissions. 

15 

(6.3%) 

9 

(3.8%) 

153 

(64.3%) 

61 

(25.6%) 
4.09 0.735 

Strong 

Heterogeneity 

By promoting the use of renewable energy, the Rutenderi Solar 

Mini-grid has helped lower emissions in Kabarore, supporting 

efforts to combat climate change and reduce environmental 
degradation. 

0 (0%) 
9 

(3.8%) 

137 

(57.6%) 

92 

(38.7%) 
4.35 0.551 

Strong 

Heterogeneity 

Source: Author (2025) 

As seen from the table 5, in terms of business development, the Rutenderi Solar Mini-grid has fostered local entrepreneurship by 

providing reliable electricity to small businesses in the region. A substantial 76.5% of respondents strongly agreed that access to 

electricity has facilitated business growth, with a mean score of 4.73 and a standard deviation of 0.525, indicating strong agreement but 

some variation in responses. Moreover, businesses have been able to expand operations by extending working hours, resulting in 

improved productivity, as reflected in the mean score of 4.75 with a low standard deviation of 0.435, suggesting strong homogeneity in 

responses. However, despite these successes, there was less consensus regarding the creation of new opportunities for agriculture-based 

businesses, such as those relying on refrigeration or irrigation, as shown by a mean score of 3.84 and a higher standard deviation of 

1.045, indicating significant heterogeneity in opinions. 
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The income generation effects of the Rutenderi Solar Mini-grid are also noteworthy. A majority (67.2%) agreed that access to 

electricity has improved income-generation opportunities by supporting both new ventures and existing businesses, reflected in the 

mean score of 4.09 and a standard deviation of 0.660, indicating some variation in responses. Additionally, 92% of respondents strongly 

agreed that electricity has enabled families to diversify their income streams, with a mean score of 4.08 and a very low standard deviation 

(0.272), showing a consensus that electricity is key for small-scale manufacturing and home-based businesses. Furthermore, 42.4% 

agreed that businesses have become more profitable due to improved productivity, supported by a mean score of 4.26 and a standard 

deviation of 0.822, indicating some variation in experiences. 

Health improvements have also been significant, with 57.6% of respondents strongly agreeing that electricity has enhanced 

healthcare services by powering medical facilities, as reflected in the mean score of 4.58 and a low standard deviation of 0.495. This 

development is particularly important in ensuring better health outcomes in remote areas. Additionally, 100% of respondents agreed 

that the solar mini-grid's impact on reducing the use of kerosene for lighting has led to better indoor air quality, which in turn has 

positive effects on respiratory health, as shown by a perfect mean score of 5.00. The Rutenderi Solar Mini-grid also supports the 

refrigeration of vaccines and medical supplies, a crucial service in improving healthcare quality, with a mean score of 4.68 and a standard 

deviation of 0.469, reflecting strong agreement and low variability. 

Regarding education, access to electricity has greatly improved educational outcomes by providing lighting for schools, which 

allows students to study after dark. A substantial number of respondents (54.6%) agreed, with a mean score of 4.00 and a standard 

deviation of 0.955, indicating some variability in perceptions. Solar-powered lighting has also extended the hours during which 

educational activities can take place, with 69.3% agreeing, although the mean score of 3.88 and a standard deviation of 0.797 suggests 

more heterogeneity. Furthermore, the availability of electricity has improved access to digital learning materials, with 92.4% strongly 

agreeing and a very low standard deviation (0.265), reflecting near-unanimous support. 

The promotion of gender equality has been another key impact. Women in Kabarore have benefited significantly from reduced time 

spent collecting firewood, enabling them to focus on income-generating activities and education. This is supported by a mean score of 

4.53 and a standard deviation of 0.840, indicating strong heterogeneity in the responses. Additionally, 53.4% of respondents agreed that 

the Rutenderi Solar Mini-grid has provided women with modern energy for household chores and small businesses, further promoting 

gender equality. Notably, 82.4% of respondents strongly agreed that women have gained increased opportunities for social and 

economic participation due to the solar mini-grid, as reflected by a mean score of 4.75 and a standard deviation of 0.646. 

In terms of community well-being, the Rutenderi Solar Mini-grid has had a positive effect by providing lighting for public spaces, 

enhancing social activities and community gatherings. This was strongly supported by respondents, with a mean score of 4.34 and a 

low standard deviation of 0.475, indicating general agreement with limited variability. The energy has also strengthened community 

ties, with 88.7% agreeing that it supports collaborative efforts, such as community-based businesses and collective agricultural activities, 

as seen in the mean score of 3.89 and a standard deviation of 0.573. Additionally, the provision of essential services, such as health and 

education, has further contributed to the community's well-being, reflected by a mean score of 3.85 and a standard deviation of 0.530. 

Finally, the emission reduction resulting from the Rutenderi Solar Mini-grid has been significant. The shift from carbon-intensive 

energy sources like kerosene and firewood to solar energy has contributed to emission reductions in Kabarore. This was strongly 

supported by 92.4% of respondents, reflected in a mean score of 4.08 and a very low standard deviation (0.265), indicating strong 

consensus on this issue. Additionally, the Rutenderi Solar Mini-grid has helped lower carbon footprints, contributing to national and 

global efforts to reduce emissions, with a mean score of 4.09 and a standard deviation of 0.735, indicating some variation in the 

responses. Finally, by promoting renewable energy, the Rutenderi Solar Mini-grid has supported efforts to combat climate change, as 

indicated by a mean score of 4.35 and a standard deviation of 0.551. 

Generally, the socio-economic and environmental impacts of the Rutenderi Solar Mini-grid in Kabarore are overwhelmingly 

positive, affecting business development, income generation, health, education, gender equality, community well-being, and emission 

reduction. These benefits are supported by strong agreement among respondents, with some heterogeneity in certain areas, reflecting 

the diverse experiences of the people in the region. The mean scores and standard deviations provided in the table highlight the 

significant improvements made possible by the introduction of solar mini-grids in remote areas. 

5.1.4 Contribution of Mini-Grid Energy Technology to Achieve the SDG 7 

The introduction of the Rutenderi Solar Mini-grid has significantly contributed to achieving Sustainable Development Goal (SDG) 

7, which aims to ensure access to affordable, reliable, sustainable, and modern energy for all. As outlined in the table above, the 

responses indicate that the mini-grid technology has played a vital role in advancing energy access in Kabarore, Rwanda, supporting 

broader national and global energy access objectives. 

Table 6: Mini-Grid Energy Technology to SDG 7 

Items assessed D NS A SA Mean Stdv. Comments 

Sustainable Development Goal (SDG 7). 

The Rutenderi Solar Mini-grid has contributed to 

achieving SDG 7 by providing affordable, reliable, 

sustainable, and modern energy access to households 

in Kabarore Sector, supporting broader energy access 
goals in Rwanda. 

15 

(6.3%) 
9 (3.8%) 169 (71%) 

45 

(18.9%) 
4.03 0.693 

Strong 

Heterogeneity 

The development and implementation of the Rutenderi 

Solar Mini-grid aligns with SDG 7 by increasing clean 

energy access, reducing dependence on non-renewable 
energy sources, and improving overall energy security 

in remote areas. 

9 (3.8%) 0 (0%) 138 (58%) 
91 

(38.2%) 
4.31 0.664 

Strong 
Heterogeneity 
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Items assessed D NS A SA Mean Stdv. Comments 

By providing clean, renewable energy, the Rutenderi 

Solar Mini-grid directly supports SDG 7 by fostering 
energy sustainability and contributing to long-term 

socio-economic development in rural communities 

like Kabarore. 

19 (8%) 0 (0%) 
164 

(68.9%) 

55 

(23.1%) 
4.07 0.740 

Strong 

Heterogeneity 

Source: Author (2025) 

The data in Table 6 regarding the first item, the contribution of the Rutenderi Solar Mini-grid to providing affordable, reliable, 

sustainable, and modern energy in Kabarore, 71% of respondents agreed, with 18.9% strongly agreeing. This is reflected in a mean 

score of 4.03 and a standard deviation of 0.693, indicating a generally strong agreement but with some heterogeneity in responses. The 

responses suggest that while most individuals recognize the contribution of the mini-grid to achieving SDG 7, there is some variation 

in the perceived impact, possibly due to differences in local experiences or expectations. 

For the second item, the alignment of the Rutenderi Solar Mini-grid with SDG 7 by increasing clean energy access and reducing 

dependence on non-renewable energy, a significant 58% of respondents agreed, with 38.2% strongly agreeing. The mean score of 4.31 

and a standard deviation of 0.664 indicate a positive impact and general agreement, although again, some variat ion exists in the degree 

of agreement. The higher agreement here can be attributed to the direct benefits of clean, renewable energy, which reduce reliance on 

non-renewable sources like kerosene or firewood, which were previously used in the region. 

Lastly, the third item highlights the support provided by the Rutenderi Solar Mini-grid to SDG 7 by fostering energy sustainability 

and contributing to long-term socio-economic development. Here, 68.9% of respondents agreed, with 23.1% strongly agreeing, 

reflecting strong support for the sustainability and developmental impact of the mini-grid. The mean score of 4.07 and a standard 

deviation of 0.740 suggest a high level of agreement, though with slightly more variation in responses compared to the previous items. 

This implies that while the majority acknowledges the mini-grid's role in fostering long-term sustainability, the socio-economic benefits 

might be perceived differently depending on individual circumstances or the community's stage of development. 

Generally, the Rutenderi Solar Mini-grid has made a substantial contribution to the achievement of SDG 7 in Kabarore by enhancing 

energy access and sustainability. Despite some heterogeneity in responses, the majority of respondents acknowledge the positive impact 

of the mini-grid in providing clean, reliable, and affordable energy, which aligns with the broader goals of SDG 7. The mean scores and 

standard deviations provided indicate widespread recognition of the mini-grid’s benefits, with some variation in how individuals 

perceive its contribution to long-term socio-economic development and energy sustainability. 

5.1.5 Correlation between Solar Minigrid and the livelihoods of the households  

In this section, the study evaluates the validity of the hypotheses proposed in Section 1.5, which aim to assess the impact of the 

Rutenderi Solar Mini-grid on the livelihoods of households in remote areas, specifically in the Kabarore sector of Gatsibo District. The 

hypotheses under consideration are as follows: 

H0 (Null Hypothesis): There is no significant impact of the Rutenderi Solar Mini-grid on the livelihoods of the households in remote 

areas, specifically in Kabarore sector, Gatsibo District. 

H1 (Alternative Hypothesis): There is a significant impact of the Rutenderi Solar Mini-grid on the livelihoods of the households in 

remote areas, specifically in Kabarore sector, Gatsibo District. 

To test the validity of these hypotheses, various statistical analyses were conducted based on the data collected from respondents. 

The primary focus was to assess the perceived socio-economic, health, and environmental impacts of the Rutenderi Solar Mini-grid, as 

reflected in the survey responses. The hypotheses were tested by examining the overall impact of the mini-grid on key factors such as 

business development, income generation, health improvement, education, gender equality, and community well-being, which are 

critical components of household livelihoods. By evaluating these areas, the study aimed to determine whether the introduction of solar 

energy has had a measurable positive effect on the quality of life for households in Kabarore. 

In order to determine the statistical significance of these impacts, measures such as mean scores, standard deviations, and percentage 

distributions of responses were analyzed. If the results show strong, consistent agreement (i.e., a high percentage of respondents 

acknowledging positive impacts), the null hypothesis (H0) would be rejected in favor of the alternative hypothesis (H1). Conversely, if 

the results show little to no agreement or inconsistency across respondents, the null hypothesis would be supported. The following 

sections will present the statistical results and provide an interpretation to confirm or reject the hypotheses based on the data analyzed. 

Table 7: Coefficients Table 

Coefficientsa 

Model 
Unstandardized Coefficients Standardized Coefficients 

t Sig. 
B Std. Error Beta 

1 

(Constant) 3.630 .207   17.498 .000 

Improved Access to Electricity .010 .015 .041 .704 .082 

Economic Development and Job Creation .028 .023 .072 1.224 .022 

Environmental Sustainability .179 .021 .503 8.521 .000 

Infrastructure development .059 .030 .116 1.985 .048 

a. Dependent Variable: Livelihoods of the Households in Remote Areas (Socio-Economic and Environmental Impact) 

Source: Author (2025) 
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The Coefficients shown in Table 4.14 highlights the relationships between various factors influenced by the Solar Minigrid 

(Rutenderi Solar Minigrid) and the livelihoods of households in remote areas of Kabarore Sector, Gatsibo District. The dependent 

variable in the model is the Livelihoods of the Households in Remote Areas, assessed in terms of socio-economic and environmental 

impacts. 

Model Interpretation: 

The Constant term has a value of 3.630 with a p-value of 0.000, indicating that, when all predictors are held constant, the base impact 

on livelihoods is significantly positive. 

Improved Access to Electricity: This factor has a B coefficient of 0.010, but with a p-value of 0.082, it is not statistically significant 

at the 0.05 level. This implies that while improved access to electricity is a factor in influencing livelihoods, it does not  significantly 

affect them at the level of this study. 

Economic Development and Job Creation: This factor shows a B coefficient of 0.028, with a p-value of 0.022. Since the p-value is 

less than 0.05, this factor is statistically significant, suggesting that economic development and job creation due to the Solar Minigrid 

have a positive and meaningful impact on livelihoods. 

Environmental Sustainability: This factor has a B coefficient of 0.179, with a p-value of 0.000, indicating that environmental 

sustainability, such as reduced carbon emissions and the use of renewable energy, has a strong and highly significant impact on the 

livelihoods of households in remote areas. 

Infrastructure Development: With a B coefficient of 0.059 and a p-value of 0.048, infrastructure development is also statistically 

significant, meaning that improvements in infrastructure, such as roads and facilities, supported by Solar Minigrid technology, 

contribute positively to the livelihoods of households. 

Linear Equation for the Model: 

Based on the coefficients in the table 18, the linear equation for the Impact of Rutenderi Solar Minigrid opportunities on livelihoods 

can be expressed as: 

Livelihoods of Households=3.630 + (0.010 × Improved Access to Electricity) + (0.028×Economic Development and Job Creation) 

+ (0.179 × Environmental Sustainability) + (0.059×Infrastructure Development) OR Livelihoods of Households = 3.630 + 0.010X1+ 

0.028X2 + 0.179X3+ 0.059X4  

This equation illustrates the combined influence of these factors on the livelihoods of households in the area, with the most  

significant impact coming from environmental sustainability, followed by economic development, and infrastructure development. 

Conclusion on Hypotheses: 

Hypothesis H0: There is no significant Impact of Rutenderi Solar Minigrid (Rutenderi Solar Minigrid) on the livelihoods of the 

households in remote areas, case of Kabarore sector in Gatsibo District. 

The null hypothesis (H0) would be accepted if none of the factors had a significant impact on household livelihoods. However, the 

results show that Economic Development and Job Creation, Environmental Sustainability, and Infrastructure Development all have 

statistically significant impacts on livelihoods, as indicated by their respective p-values of 0.022, 0.000, and 0.048. These results lead 

to the rejection of the null hypothesis (H0), indicating that there is indeed a significant Impact of Rutenderi Solar Minigrid on livelihoods 

in Kabarore. 

Hypothesis H1: There is a significant Impact of Rutenderi Solar Minigrid (Rutenderi Solar Minigrid) on the livelihoods of the 

households in remote areas, case of Kabarore sector in Gatsibo District. 

The alternative hypothesis (H1) posits that Solar Minigrid has a significant impact on livelihoods, and the findings from the 

coefficients table confirm this. The significant variables Economic Development and Job Creation, Environmental Sustainability, and 

Infrastructure Development show that the Solar Minigrid has a positive effect on the livelihoods of households in the study area. Given 

these statistically significant results, we accept H1, concluding that Solar Minigrid does have a significant impact on improving the 

socio-economic and environmental conditions of households in remote areas. 

In conclusion, the Solar Minigrid project (Rutenderi Solar Minigrid) is significantly improving the livelihoods of households in 

Kabarore, particularly through its contributions to economic development, environmental sustainability, and infrastructure development. 

These results highlight the importance of such projects in advancing the welfare of communities in remote regions. 

5.2 Summary of major findings 

Given the study with title “Impact of Rutenderi Solar Minigrid on the livelihoods of the households in remote areas of Kabarore 

Sector, Gatsibo District, Rwanda” was conducted to evaluate three specific objectives such as “to assess the socio-economic and 

environmental impact of access to electricity through solar mini-grid (clean energy) in remote areas, to identify challenges and 

opportunities for accessing to electricity through solar mini-grid in remote areas and to evaluate the contribution of mini-grid energy 

technology to achieve the sustainable development goal (SDG 7). 

This study is survey, descriptive, qualitative, and quantitative design. The study was used both primary data and secondary data. 

238 questionnaires were assessed and interview was conducted to all 11 leaders of social institutions beneficiaries of Rutenderi Solar 

Minigrid. Data was collected using questionnaire, field interview and documentation. Analysis of data was performed using SPSS 

(Statistical Package for Social Scientists), Findings indicate that: 
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5.2.1 Socio-Economic and Environmental Impact of Access to Minigrid Electricity  

The Rutenderi Solar Mini-Grid has had a significant positive socio-economic and environmental impact on households, businesses, 

and social institutions in Kabarore Sector. The survey data reveals that energy access has substantially enhanced the livelihoods of local 

communities. For instance, in terms of health, improved electricity access has helped healthcare institutions maintain essential services, 

such as refrigeration for medical supplies. The shift from kerosene lamps to solar-powered lighting has also reduced indoor air pollution, 

benefiting respiratory health. In the education sector, 68.9% of respondents highlighted that solar-powered lighting allowed students to 

study longer hours, and 72% of social institutions reported improved learning environments. On economic activities, 75% of local 

businesses stated that access to reliable electricity had increased their operating hours and productivity, leading to better income 

opportunities. The mean for income generation was recorded at 4.09, reflecting a strong positive impact. 

Regarding the environmental impact, the Rutenderi Solar Mini-Grid has reduced reliance on fossil fuels. This has been instrumental 

in lowering carbon emissions in the area. The mean response for environmental sustainability was 4.08, indicating significant progress 

toward a cleaner environment. 

5.2.2 Challenges and Opportunities for Accessing minigrid solar Electricity 

The study identified a few challenges faced by households and businesses. Although the tariff for households (500 Rwf/kWh in 

2023 and 2024) has decreased over time, it remains higher than national grid tariffs, which presents affordability concerns. Businesses 

(400 Rwf/kWh) also faced issues with cost, although this was less problematic due to their higher energy demands. The main challenge 

identified was the initial cost of electricity, which is still higher compared to the national grid, particularly for low-income households. 

However, significant opportunities were also identified. Access to electricity has led to greater productivity and business growth, 

especially in agriculture and local manufacturing. 72% of businesses reported expansion due to the solar energy supply. Additionally, 

women reported that access to clean energy has allowed them to engage in income-generating activities that were not previously 

possible, such as food processing and craftwork. Social institutions such as schools and churches also benefitted from extended 

operational hours due to lighting, thus increasing their impact in the community. 

5.2.3 Contribution of Mini-Grid Energy Technology to Achieve SDG 7 

The Rutenderi Solar Mini-Grid contributes strongly to SDG 7 by improving access to clean, affordable, and reliable energy. The 

solar mini-grid has enabled clean energy access in Kabarore, where grid connection was previously unavailable. According to the 

survey, 71% of respondents agreed that the mini-grid has played a significant role in achieving SDG 7. The mean response for this was 

4.03, indicating strong support. Additionally, 68.9% of respondents believed that the mini-grid has helped reduce dependence on non-

renewable energy sources, further supporting sustainable development goals. 

Despite this, there is potential for improvement. The maintenance of the solar mini-grid, particularly with regard to battery storage, 

was flagged as a key challenge, with 23% of respondents reporting concerns over reliability during cloudy periods. To fully meet SDG 

7, it is essential to improve the capacity of storage systems and possibly reduce costs further to make the system more affordable for all 

households. 

6. Conclusion 

In conclusion, the Rutenderi Solar Mini-grid has proven to be a transformative project for the Kabarore Sector. It has significantly 

improved the socio-economic conditions of households and businesses by providing access to clean, reliable energy. The solar mini-

grid has enhanced health services, improved educational opportunities, and facilitated business growth, particularly among SMEs and 

agricultural businesses. Additionally, it has contributed to environmental sustainability by reducing reliance on fossil fuels and lowering 

carbon emissions, aligning with the objectives of SDG 7. However, the study has also identified challenges, including the initial high 

costs of appliances, irregular electricity supply during poor weather, and the need for further improvements in energy storage. Despite 

these challenges, the study has found that the Rutenderi Solar Mini-grid offers considerable opportunities for economic growth and 

improved livelihoods, particularly in agriculture and women's empowerment. 

To address these challenges and ensure the long-term sustainability of the mini-grid, it is recommended that the government provide 

subsidies for appliances and energy tariffs, promote infrastructure development, and create policies for the long-term maintenance of 

the system. Solar mini-grid developers should focus on improving energy storage solutions and ensuring more reliable energy supply. 

Local communities should be encouraged to adopt energy-efficient practices and actively engage in system maintenance to ensure its 

continued success. Overall, the Rutenderi Solar Mini-grid has played a crucial role in advancing the development of Kabarore Sector, 

contributing to SDG 7 and improving the overall quality of life for the community. The continued support for the system’s expansion 

and enhancement will be essential for ensuring its long-term positive impact. Regarding the hypotheses, the study concluded that there 

is indeed a significant impact of the Rutenderi Solar Mini-Grid on the livelihoods of households, as the data strongly supported the 

alternative hypothesis (H1). The mini-grid’s contribution to SDG 7 was also affirmed, as it has played a critical role in providing 

affordable and clean energy. Overall, while there are areas for improvement, the Rutenderi Solar Mini-Grid has demonstrated a positive 

and transformative effect on the region. 

7. Recommendations 

Due to the study findings, the study suggests recommendations to the Government Institutions in Charge of Solar Minigrid 

Development, To the Solar Minigrid Developers, To the Solar Minigrid Beneficiaries other researchers.  
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7.1 To the Government Institutions in Charge of Solar Mini-Grid Development 

Subsidize tariffs for households and businesses: Although the Rutenderi Solar Mini-Grid has positively impacted the local 

population, the high tariff rates for both households and businesses can limit broader access. The government should explore 

mechanisms for subsidizing these tariffs or providing financial support to reduce the burden on low-income families. 

Promote infrastructure development: Government support in building complementary infrastructure, such as roads and 

communication networks, would enhance the effectiveness and sustainability of solar mini-grids, facilitating easier maintenance and 

expansion. 

Implement policy frameworks for long-term sustainability: The government should create policies that encourage the maintenance 

and longevity of solar mini-grids, focusing on training local technicians and ensuring adequate funding for the ongoing operation of 

these systems. 

Increase awareness and education on renewable energy: Local communities should be educated on the environmental and socio-

economic benefits of solar energy to increase adoption and optimize the usage of the mini-grid systems.  

7.2 To the Solar Mini-Grid Developers 

Ensure reliable energy supply and backup systems: While the Rutenderi Solar Mini-Grid has performed well, there are concerns 

regarding energy supply during periods of insufficient solar radiation. Developers should ensure that backup systems (e.g., generators) 

are more efficient and capable of meeting demand during low-sunlight hours. 

Focus on improving affordability: Developers should work on ways to reduce operational costs, thereby making energy access more 

affordable for households and businesses. Innovations in energy storage and generation can contribute to lowering the cost of electricity. 

Incorporate user feedback for system improvements: Regular assessments and feedback loops from beneficiaries should be 

integrated into the development process to ensure that the mini-grids evolve according to the needs of the local population. 

7.3 To the Solar Mini-Grid Beneficiaries 

Adopt energy-efficient practices: Beneficiaries should be encouraged to use energy-efficient appliances and practices to maximize 

the benefits of the solar mini-grid while minimizing electricity costs. 

Participate in system maintenance: Local communities should be trained to support minor maintenance activities, ensuring the 

longevity of the system and reducing dependency on external technicians. 

Advocate for fairer tariffs: Beneficiaries should actively engage with local authorities and developers to express concerns regarding 

tariff rates, ensuring that future adjustments align with their financial capabilities. 

7.4 To Other Researchers 

Conduct long-term impact assessments: Researchers should focus on longitudinal studies to assess the long-term socio-economic 

and environmental impact of solar mini-grids, considering factors like improved livelihoods, education outcomes, and health. 

Explore cost-reduction strategies: Further research should be conducted to explore innovative technologies and management models 

that can reduce the cost of solar mini-grids while maintaining or enhancing service quality. 

Expand geographical coverage: It is recommended that future studies extend beyond Kabarore Sector to include other regions with 

similar socio-economic conditions, providing a more comprehensive understanding of the impact of solar mini-grids across different 

contexts. 
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