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ABSTRACT

Assessing the effect of photovoltaic (PV) systems on ecosystem restoration is the main goal of this
study. Three goals were specified. The first aims to comprehend ecosystem problems brought on by
climate change in the Kibare lakeshores of Kayonza District. The second to examine the possible
advantages of PV systems to aid ecosystem restoration. Finally. the third goal goes a step further
using a case study to assess the real impacts of PV systems on ecosystem restoration in the Kibare
lakeshores of Kayonza District.Literature review explored the relationship between photovoltaic
(PV) technology and its potential effects on ecosystem restoration. The use of mixed-methods was
priority by emphasizing on reliability, validity, ethical considerations, and detailed data collection
and analysis procedures.Community input from the Kibare Lakeshores area further enhanced the
study, ensuring a community-focused approach through collaboration with local organizations. This
collaboration shed light on the potential impacts of photovoltaic technology on their
ecosystems.Climate change emerged as a significant threat to the ecological health and biodiversity
of the Kibare Lakeshores.A meticulous study in Kayonza District reveals promising impacts of
Photovoltaic (PV) systems on ecosystem restoration, affirming their positive influence on the
region's ecological recovery.The study emphasizes the necessity of conservation amid climate
change threats to Kibare Lakeshores. Positive PV technology outcomes showcase its potential for
sustainable ecosystem restoration, supported by stakeholder perceptions in Kayonza District. The
results of this research are valuable guidance for policymakers, conservationists, and local

communities, contributing to a more sustainable future for Rwanda and the world.
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Chapter 1: GENERAL INTRODUCTION

This chapter provides a broad overview of the overall goal of the research as well as a focused lens
on individual case studies, laying the foundation for a thorough investigation into the goals of the
study. Assessing the effect of photovoltaic (PV) systems on ecosystem restoration in Rwanda's
Eastern Savannah is the main goal of the study, serving as a compass for the whole investigation. In
order to make this happen, three goals are specified. The first aims to comprehend Rwanda's
present ecosystem problems brought on by climate change. The second examines the possible
advantages of PV systems in aiding in ecosystem restoration. In the end, the third goal goes a step
further using a case study to assess the real impacts of PV systems on ecosystem restoration in the
Kibare lakeshores of Kayonza District. When combined, these goals offer a precise road map and
answer important queries regarding how PV systems might help Rwanda's efforts at ecological

restoration.

1.1. Background of study

Climate change refers to the long-term changes in temperature and weather due to human activities.
Increase in average global temperature and extreme and unpredictable weather are the most
common manifestations of climate change. In recent years, it has acquired the importance of global
emergency and affecting not only the wellbeing of humans but also the sustainability of other
lifeforms(Shivanna, 2022).Natural habitats and species are being disrupted in ways that are still
unclear due to climate change-related environmental changes. While shifting rainfall patterns,
extreme weather, and ocean acidification are placing pressure on species already threatened by
other human activities, there are indications that rising temperatures are also having an impact on

biodiversity(“Ecosyst. Restor. People, Nat. Clim.,” 2021).

Currently, the world is facing challenges never before observed due to climate change and
biodiversity loss. Ecosystems are the foundation of life on Earth. They provide us with food, water,
clean air, and a healthy environment. However, ecosystems are under increasing threat from
climate change and biodiversity loss(Valentina Marconi et al., 2022). These two interconnected
threats are causing widespread ecosystem degradation, which is having a devastating impact on the
planet and human well-being. Economically, ecosystem services are the benefits that people derive
from ecosystems, such as food, water, clean air, and flood control. Ecosystem degradation is
causing the loss of these essential services(Morando-Figueroa et al., 2023). There are many
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worldwide ecosystem restoration measures being implemented to address the pressing issue of
ecosystem degradation. Among them Photovoltaic (PV) technology, also known as solar power has
played a significant role in ecosystem restoration efforts by providing clean and renewable

energy(Panwar et al., 2011).

A number of studies have investigated the effects of PV on ecosystem restoration. For example, a
study by Gunerhan et al. (2008) found that PV installations can have a positive impact on
ecosystem restoration by providing clean energy and reducing the need for deforestation(Panwar et
al., 2011)(Gunerhan et al., 2008). A study by Ram et al. (2018) found that PV can help to improve
air quality and reduce water use from energy production(Ram et al., 2018). A study by
Vedanarayanan et al. (2022) found that PV can promote the sustainability of human activities by
reducing greenhouse gas emissions and mitigating climate change(Vedanarayanan et al., 2022).A
study by REN21 (2022) found that renewable energy sources, including PV, were responsible for
avoiding 2.4 billion tons of carbon dioxide emissions in 2020, equivalent to removing 500 million
cars from the road(Haegel & Kurtz, 2022).A study van de Ven et al.(2021)) found that rooftop PV
installations could significantly reduce land-use requirements for energy generation, potentially
conserving up to 80% of the land area typically used for conventional power plants(van de Ven et
al., 2021)

A study by UNICEF (2022) reported that solar-powered water pumps had provided access to clean
drinking water for over 4 million people in sub-Saharan Africa, reducing reliance on contaminated
water sources that can harm both human health and ecosystems(Falk et al., 2022). A study by the
World Health Organization (WHO) (2022) estimated that air pollution was responsible for 7
million premature deaths worldwide in 2019, highlighting the importance of air quality
improvement for both human and ecosystem health. PV can play a significant role in reducing
these emissions(Department of Health and Social Care, 2022). A study by the World Bank (2022)
found that PV had the potential to provide electricity to over 1 billion people in developing
countries, many of whom live in areas with fragile ecosystems(Chanchangi et al., 2023). This
access to electricity can support sustainable livelihoods and reduce pressure on natural resources. A
study by the African Development Bank (AfDB) (2022) found that transitioning to renewable
energy, including PV, could save African countries over $20 billion in annual fuel costs and reduce



greenhouse gas emissions by up to 70%, significantly benefiting both human health and
ecosystems(IRENA and ILO, 2022)

Several nations deploy PV technology for ecosystem restoration and conservation. For example in
India, the Solar Energy Conservation and Wildlife Enhancement Project use PV to revive
grasslands and wetlands, promoting biodiversity and sustainable energy practices(Raghuvanshi &
Arya, 2019)(Sen et al., 2016). ChinaTengger Desert Solar Park prioritizes ecological
considerations, minimizing land disturbance and fostering biodiversity through native
vegetation(Wu et al., 2023)(Lei et al., 2010). Japan's Uji Solar Power Plant integrates PV with
agriculture, promoting sustainable land use and biodiversity(Kim et al., 2021). Similarly, Germany,
the UK, and Spain incorporate PV in conservation efforts, reducing carbon footprints and
enhancing conservation(Kruitwagen et al., 2021). In North America, the United States and Canada
deploy PV for grassland restoration and renewable energy in remote areas(Moore-O’Leary et al.,
2017)(Keoleian & Wolk, 2005). Mexico, Brazil, Chile, and Argentina integrate PV into
conservation, sustainable energy, and tourism practices(Shadman et al., 2023).In the Eastern
Savannah of Rwanda, PV systems are integrated into ecosystem restoration initiatives, providing
clean energy and enhancing biodiversity. Given concerns about global climate and biodiversity,
research on PV effects in Rwanda's Eastern Savannah, notably the Kibare lakeshores, is
crucial(Hakizimana et al., 2020)(Veldman et al., 2015).

Ecosystem restoration is the process of assisting the recovery of an ecosystem that has been
degraded, damaged, or destroyed. It is a complex and long-term process that requires careful
planning and implementation. The goal of ecosystem restoration is to restore the ecosystem to a
healthy state where it can provide all of its natural functions and services(“Ecosyst. Restor. People,
Nat. Clim.,” 2021). Photovoltaic technology offers a promising solution for ecosystem restoration,
addressing the pressing challenges of climate change, biodiversity loss, and environmental
degradation(Gunerhan et al., 2009).By providing clean energy, minimizing land-use requirements,
and supporting sustainable practices, PV can play a significant role in restoring ecosystems,
preserving natural habitats, and ensuring a healthy environment for future generations(“Ecosyst.
Restor. People, Nat. Clim.,” 2021).Therefore assessing the effects of Photovoltaic on Ecosystem
Restoration in Rwanda's Eastern Savannah, particularly in the Kibare lakeshores, is a critical

research topic with far-reaching implications for environmental conservation, sustainable
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development, and the well-being of local communities(MWE, 2016). The results of this research
can provide valuable guidance for policymakers, conservationists, and local communities,

contributing to a more sustainable future for Rwanda and the world.

1.2. Problem Statement

The Eastern Savannah of Rwanda is experiencing negative effects from climate change that are
preventing efforts to restore the ecosystems and endangering the natural heritage of the area. Fossil
fuels and other conventional energy sources increase greenhouse gas emissions, which increases
climate change and its damaging effects on ecosystems(Ngarukiyimana et al., 2021). Eastern
Savannah in Rwanda is a region characterized by diverse ecosystems and rich biodiversity, but it
faces the pressing challenge of ecosystem degradation caused by climate change(Jacob, 2021).
Rising temperatures, fluctuating precipitation patterns, and extreme weather events are disturbing
ecological processes and escalating habitat loss.PV technology has the potential to be very
beneficial, but its effects on ecosystem restoration are still mostly unknown. The majority of
current research on PV's effects on ecosystem restoration is either not localized or concentrates on

larger scales(Frietsch et al., 2023).

Comprehensive studies that look at the precise ways in which PV systems affect ecosystem
dynamics in a particular location are needed especially when it comes to the Kibare lakeshores in
Kayonza District, an important ecological area in the Eastern Savannah(Noel et al., 2021).
However, it is yet unknown how much adopting PV would affect the restoration of the ecosystems
in the Eastern Savannah and how effective it will be overall as a technique for coping with climate
change.in lowering carbon emissions. This evaluation intends to investigate the significance of
photovoltaic (PV) systems as a climate change resilience strategy and the effects of PV systems on

ecosystem restoration in Rwanda's Eastern Savannah(Province & District, 2018).

Therefore, to fully comprehend the potential of PV systems in this regard, a comprehensive
evaluation is essential. This evaluation should focus on identifying specific ecosystem challenges
caused by climate change in Rwanda, assessing the contribution of PV systems to ecosystem
restoration efforts, and evaluating the direct effects of PV systems on ecosystem restoration in
Kayonza District, a representative area of the Eastern Savannah(Adaptation for Local Communities
Living Around Lake, 2020). By addressing these objectives, the evaluation will shed light on the

effectiveness of PV systems as a climate change resilience strategy and their potential to enhance
4



ecosystem restoration in Rwanda's Eastern Savannah. The findings will inform policy decisions,
guide conservation efforts, and contribute to sustainable development in the region.

1.3. General Objectives

1.3.1. Main objectives

The General objective of the study will be an assessment of the effects of Photovoltaic (PV) on
Ecosystem Restoration in Eastern Savannah of Rwanda. Case Study of Kibare lakeshores in

Kayonza District.

1.3.2. Specific Objectives
e To identify specific ecosystem challenges caused by climate change in Rwanda
e To assess the contribution of PV on the ecosystem restoration

e To evaluate the effects of PV systems on ecosystem restoration in Kayonza District

1.4. Research Questions

Table 1: Objectives and research questions

Research objective Research questions

1. To identify specific ecosystem | What is the current state of the Eastern
challenges caused by climate change | Savanna ecosystem?

in Rwanda

2. To assess the contribution of PV on | How does the adoption of Photovoltaic (PV)

the ecosystem restoration systems impact the local ecosystem

3. To evaluate the effects of PV systems | What are the effects of PV system in the
on ecosystem restoration in Kayonza | Eastern Savannah?
District

1.5. Significance of the study
The study will not only advance our understanding of how to integrate renewable energy but will
also offer policymakers, urban planners, and environmentalists with useful advice on how to strike
a balance between the growth of clean energy and ecological preservation. This study aims to guide
responsible photovoltaic system deployment, minimizing ecological impacts and maximizing
synergies with ecosystem restoration objectives. It contributes to understanding the interaction
between photovoltaic technology and ecological restoration, putting emphasis on advantages,
5



challenges, and tactics. This study will benefit not only the researcher but also academicians and
scientists as well as Rwanda Society when they want to know more about effects of PV on
ecosystem restoration in Kayonza District

1.6. Limitations of the Study

Although this study clarifies the effects of photovoltaic (PV) on Rwanda's Eastern Savannah
ecosystem restoration, it also recognizes the limitations that affect the interpretation and
generalizability of the findings. With its focus on the Kibare lakeshores in the Kayonza District, the
case study's narrow scope raises questions about its generalizability in light of the variety of
Eastern Savannah landscapes and PV implementations. Comprehensive analyses may be hampered
by data limitations, particularly historical data on ecosystems and PV performance. The temporal
scope of the study may not fully capture the long-term ecosystem impacts of PV. Isolating PV
effects from external factors is challenging due to methodological limitations and environmental
variability, and the underrepresentation of stakeholder perspectives obscures social and economic
aspects. In order to improve our understanding of PV's role in the restoration of the Eastern
Savannah ecosystem, more research is required. This research should focus on larger case studies,
fill in data gaps, extend study periods, and integrate diverse perspectives.

1.7. Scope of the study

The goals of the study provide an overview of its scope, which begins with identifying the
particular ecological issues that Rwanda's climate change has brought about. This entails
examining past and future climate data, evaluating the effects on diverse ecosystems, and
identifying problems that are made worse by climate change. The evaluation of photovoltaic (PV)
systems' contribution to ecosystem restoration is the main goal of Objective 2. To do this, a
framework for evaluating PV's potential contribution must be developed, case studies on PV
projects connected to restoration initiatives must be conducted, and the body of existing literature
must be reviewed. Focusing on the Kayonza District, Objective 3 carries out a thorough evaluation
of the ecological conditions there, assesses how PV systems affect restoration efforts, and makes
recommendations for maximizing advantages and reducing ecological impacts.

1.8. Research project structure

This thesis is composed of five chapters. Chapter one deals with the study background, problem
statement, research objectives and questions, scope and the significance of the study. Chapter Two
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reviews literature on effect of power purchase agreement. Further, this chapter also discusses the
theoretical and conceptual framework of the study. The third chapter deals with the methodology of
the study. This include, the selection and study area description, data type and source, research
design and research strategy, data processing, definition and description of variables as well as
model specification are discussed. Chapters four and five deals with analysis and discussion and

conclusion and recommendations respectively.



Chapter 2: LITTERATURE REVIEW

2.1. Photovoltaics for Ecosystem Restoration in Rwanda's Eastern Savannah

2.1.1. Introduction

Within Rwanda's Eastern Savannah, specifically the Kibare lakeshores in the Kayonza District, the
theoretical literature explores the relationship between photovoltaic (PV) technology and its
potential effects on ecosystem restoration(Noel et al., 2021). With PV functioning as a means of
converting sunlight into electrical power, Rwanda has the potential to become less reliant on fossil
fuels as a sustainable energy source(Noel et al., 2021). The study suggests that the benefits of PV
on biodiversity and economic aspects may make the urgent need for ecosystem restoration in the
Eastern Savannah easier to achieve. However, the theoretical framework emphasizes the need for
caution, drawing attention to issues like pollution risks from poorly managed PV installations,
dispersion of the landscape, and encroachment on agricultural land(Lafitte et al., 2022).The
research suggests that in order to determine PV's beneficial contributions to ecosystem restoration
while minimizing potential drawbacks, it is necessary to conduct a thorough investigation of its
effects, develop sustainable implementation strategies, and establish long-term monitoring
mechanisms(Olabi et al., 2023).

2.1.2. Photovoltaic Technology for a Sustainable Energy Future

The process of turning sunlight into electricity using semiconductors like silicon, gallium arsenide,
or cadmium telluride is known as photovoltaic (PV) technology. Photons from the sun push
electrons out of a photovoltaic cell, creating an electric current. Applications include portable

electronics and off-grid and grid-connected power systems(Khan & Salek, 2019).

Figurel: Photovoltaics Building Block
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One of PV's advantages is that it is a low-maintenance, clean, renewable energy source that helps
diversify energy sources and lessen dependency on fossil fuels. Difficulties include higher
installation costs, less efficiency when compared to some power plants, and solar-dependent
intermittency(Hassan et al., 2023).

Despite early difficulties, photovoltaic (PV) technology looks to have a very bright future. PV
becomes a competitive and sustainable energy source that can effectively fight global warming as
costs drop and efficiency rises(Pearce, 2002). The prices of PV modules have dropped significantly
over the last ten years—by over 80%—and are expected to stay low, bringing PV systems closer to
the reach of both residential and commercial users(Pearce, 2002). Improving the efficiency of solar
energy conversion not only lowers total expenses but also maximizes space use. With these
developments, PV is now positioned as an affordable and environmentally friendly substitute for
conventional energy sources, making a substantial contribution to a cleaner, more sustainable
energy future(Abdelrazik et al., 2022).

2.1.3. The Science and Practice of Ecosystem Restoration



Restoring degraded ecosystems is known as ecosystem restoration, and it's a complicated field of
study that combines hydrology, soil science, biology, and ecology. Key ideas include "adaptive
management,” which uses scientific input for adaptable restoration strategies, and the more general
term "ecological restoration,” which encompasses landscapes and watersheds(Aradottir & Hagen,
2013). Because each ecosystem is different and special, specialized restoration plans are required,
which is a lengthy, multidisciplinary process. Benefits include reduced soil erosion, increased
carbon sequestration, enhanced biodiversity, and improved water quality(Suggitt et al., 2023).
Restoration of ecosystems is essential to preserving biodiversity, safeguarding ecosystem services,
and mitigating the effects of climate change, all of which are necessary for a sustainable future.
Suggestions for future research focus on creative methods, comprehending success factors, strong

monitoring systems, and raising global awareness(“Ecosyst. Restor. People, Nat. Clim.,” 2021).

Enhancing restoration is the integration of traditional ecological knowledge (TEK) from
Indigenous communities, such as the sustainable practices of the Kichwa people in Ecuador.
Innovative solutions are driven by cross-disciplinary collaboration, as demonstrated by the Water
Resilient Cities initiative in Southeast Asia. Indicators unique to a given context, like increases in
coral cover, are essential for assessing the efficacy of restoration efforts(Berkes et al., 2000). Data
from long-term monitoring, like that of the Millennium Seed Bank Project, can be used to evaluate
success. Comparative studies, such as those conducted on the restoration of tropical forests,
identify common success factors(Saw et al., 2023). Data consistency is ensured by standardized
procedures, such as those used in the Coastal Wetlands Monitoring Program. Data collection and
flexibility are enhanced by the application of adaptive monitoring techniques and remote sensing
technologies(White et al., 2020). Public awareness is increased through educational programs and
media coverage, and a worldwide commitment to ecosystem restoration is fostered by international

partnerships like the World Restoration Congress(Aronson & Alexander, 2013).

2.1.4. Eastern Savannah of Rwanda

2.1.4.1. A Sanctuary of Ecosystem Services

Rwanda's Eastern Savannah is a vital source of ecosystem services that benefit the surrounding
environment and people. It is characterized by wide grasslands, wetlands, and scattered woodlands.
Restoring groundwater reserves and filtering pollutants are key functions of its verdant grasslands,
which are primarily covered by perennial grasses such as Hyparrhenia rufa and Themeda
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triandra(Gatali & Wallin, 2015). By acting as organic barriers against soil erosion, the dispersed
woodlands, which are peppered with Entandrophragma stolzii, Combretum molle, and Acacia
acuminata trees, preserve the land's fertility(P. Name et al., 2014). The richly populated wetlands
not only act as essential nidification sites for a variety of aquatic animals but also function as flood
control and drought alleviation zones.

2.1.4.2. Wildlife Thrives in Rwanda's Eastern Savannah

With a wide variety of wildlife gracing the region's varied landscapes, the Eastern Savannah is an
enthralling mosaic of biodiversity. Magnificent lions, the embodiment of African regal power,
prowl the grasslands, while gentle giants of nature, elephants, walk the plains, their presence a sign
of the ecosystem's health. Tall and commanding, buffaloes graze in large herds and fill the savanna
with their thunderous cries. The graceful movements of giraffes captivate onlookers as they reach
for the canopy with their long necks. With their characteristic black and white stripes, zebras liven

up the surroundings(S. lvanova et al., 2022).

2.1.4.3. Kibare Lakeshores: A Ramsar Convention Site Teeming with Life

Kibare Lakeshores is a Ramsar Convention site that is tucked away in the Eastern Savannah and is
recognized as an internationally significant wetland. Numerous bird species, such as the African
harrier eagle, pied kingfisher, and great white egret, find refuge in these tranquil lakes that are
surrounded by papyrus swamps and brimming with aquatic life. Additionally, fish populations in
the lakeshores contribute to the food security of the area by acting as vital breeding
grounds(Latitude & Longitude, 2002).

2.1.5. Safeguarding of Rwanda Eastern Savannah: A Collective Effort for a Sustainable
Future

The Eastern Savannah of Rwanda, which is distinguished by its verdant grasslands, forests, and
wetlands, is seriously threatened, endangering its ecological stability. The need for timber and the
expansion of agriculture drive deforestation, which disturbs habitats, while overgrazing reduces the
capacity of grasslands to sustain wildlife and offer vital ecosystem services(Chemonics
International Inc, 2008). The area becomes even more unstable due to climate change, which
modifies animal relationships and weather patterns. In response, programs to conserve biodiversity
such as Akagera National Park and the Gishwati Natural Forest Reserve act as pillars of hope by

offering protection to a wide range of species and enforcing conservation laws. Locals are involved
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in sustainable practices through community-based initiatives, which promote environmental
stewardship(NBSAP, 2016)(The-Status-of-Fauna-Species-Degradation-in-Akagera-National-Park,
n.d.).

Thorough research on the effects of overgrazing, deforestation, and climate change is crucial to
securing the future of the area. Policymakers must prioritize protecting biodiversity by enacting
regulations, and education programs must inculcate a conservation ethic. To ensure that the Eastern
Savannah's legacy is preserved for both the present and the future, there must be a shared

commitment to research, education, and action(Kimbonguila et al., 2019).

2.2. Solar Solutions for Ecosystem Restoration and Sustainable Development

2.2.1. Introduction

Global ecosystems are seriously threatened by climate change, which is threatening biodiversity
and ecological processes. As a solution to this urgent problem, solar energy has come to light as a
ray of hope, providing a revolutionary method for sustainable development and ecosystem
restoration(Keeble, 1988). Rwanda, a country dedicated to environmental conservation, is a prime
example of this transformative potential. It is leading the way in creative solar-powered projects
that restore ecosystems and promote peaceful coexistence between human societies and the natural
world(News et al., 2021).

2.2.2. Climate Change and Ecosystem Challenges: A Global and Local Perspective

Climate change is a global phenomenon with far-reaching consequences for ecosystems worldwide.
Rising temperatures, shifting precipitation patterns, and more extreme weather events are
disrupting ecological processes and threatening biodiversity(Shivanna, 2022). These impacts are
particularly severe in developing countries like Rwanda, where ecosystems are already vulnerable

due to deforestation, overgrazing, and other human activities.

The 2010 World Bank report, "Climate Change and Vulnerability in East Africa: Priorities for
Action," scrutinizes climate change vulnerabilities in Rwanda, highlighting risks such as droughts,
floods, and landslides(WBG, 2021). Further insight into Rwanda's climate challenges is provided
by the 2014 UNDP report, "Climate Change and Water Resources in Rwanda,” which predicts
diminished water availability, impacting agriculture, hydropower, and public health(REMA, 2015).

In parallel, the 2015 FAO report, "Climate Change and Agriculture in Rwanda," explores climate
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change's potential effects on Rwandan agriculture, emphasizing reduced crop yields and heightened
risks of pests and diseases. These comprehensive reports collectively contribute crucial information
for understanding and addressing Rwanda's specific ecosystem challenges exacerbated by climate
change(Gallego et al., 1994).

The 2019 "Global Assessment Report on Biodiversity and Ecosystem Services" by IPBES offers a
comprehensive global overview of biodiversity, ecosystem services, and the escalating threats
posed by climate change. It highlights current significant impacts on ecosystems, forecasting more
severe consequences in the future(CBD, 2022). The 2022 IPCC report, "Climate Change 2022:
Impacts, Adaptation, and WVulnerability,” underscores climate change's pervasive harm to
ecosystems, predicting ongoing damage(Portner et al., 2023). Additionally, the FAO's 2019 report,
"The State of the World's Biodiversity for Food and Agriculture,” emphasizes climate change's
threat to essential biodiversity and food-related ecosystem services, urging immediate protective
action(C. Name et al., 2021).

The effects of climate change on the park were evaluated in the 2020 study "Ecosystem Services
and Climate Change in Rwanda: A Case Study of the Akagera National Park" published in
Environmental Management by Uwimana et al. Reduced water availability, a higher risk of
wildfires, and disturbances in plant and animal populations are revealed by the findings(REMA,
2019a). Expectations point to increased effects in the future. The creation of climate change
mitigation policies by the Rwandan government, the application of adaptive strategies by park
management, and a call for more study to improve knowledge and create practical mitigation and
adaptation plans for the ecosystems of Akagera National Park are among the
recommendations(REMA, 2021)(Report Strategic Programme for Climate Resilience ( SPCR ),
2017).

2.2.3. The contribution of PV on the ecosystem restoration

With its ability to counteract climate change and boost ecosystem services, photovoltaic (PV)
technology is becoming a powerful tool for ecosystem restoration. PV reduces dependency on
fossil fuels, lowering greenhouse gas emissions and strengthening ecosystems against the effects of
climate change by providing clean, renewable energy(Wang et al., 2021).PV has been shown in
numerous studies to have positive effects on ecosystem restoration. A 2022 review that was

published in Renewable Energy emphasized the potential benefits of PV, stressing its capacity to
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lessen reliance on fossil fuels, enhance ecosystem services, and improve air quality(Rather et al.,
2022). Global case studies demonstrating PV's suitability for powering various ecosystem
restoration activities, such as water pumping, irrigation, and reforestation, were presented in a 2020
study published in the Journal of Environmental Management(Garza-Torres et al., 2020). The
economic and environmental advantages of PV-powered ecosystem restoration were examined in a
subsequent 2021 analysis published in Renewable and Sustainable Energy Reviews. This analysis
revealed the potential for increased employment, tourism promotion, and better air and water

quality(Franco & Groesser, 2021).

PV technology is being actively used in several nations for projects aimed at restoring ecosystems.
For example, Rwanda has included photovoltaic systems into its efforts to restore the Eastern
Savannah, which increases biodiversity and produces clean energy(Eustache HAKIZIMANA,
2022). Through the use of PV, the Solar Energy Conservation and Wildlife Enhancement Project in
India is reviving wetlands and grasslands while fostering sustainable energy practices and
biodiversity(Kiesecker et al., 2023). Tengger Desert Solar Park in China places an emphasis on
ecological factors, reducing land disturbance and promoting biodiversity by using native
vegetation(Hu et al., 2015). The Uji Solar Power Plant in Japan combines photovoltaic technology
with agriculture to support biodiversity and sustainable land use(Morphogenesis et al., 2014). PV
contributes to conservation efforts in Germany, the UK, and Spain by lowering carbon footprints

and improving conservation(D. lvanova et al., 2017)

Therefore, PV technology is emerging as a transformative force in ecosystem restoration, offering a
sustainable solution to mitigate climate change and foster ecosystem resilience. As countries
worldwide increasingly embrace PV, its role in ecosystem restoration is poised to expand,
contributing to a more harmonious coexistence between human societies and the natural
world(Frietsch et al., 2023).
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2.2.4. Solar-Powered Ecosystem Restoration: A Case Study of Kayonza District, Rwanda

Solar energy, in particular photovoltaic (PV) systems, is emerging as a game-changer for
sustainable development and ecosystem restoration in Rwanda's Kayonza District. Important tasks
like water pumping for ecosystem management, irrigation for reforestation, and sustainable energy
for ecosystem monitoring are all made possible by these solar technologies(Noel et al., 2021).
Apart from its positive effects on the environment, solar-powered restoration also has
socioeconomic benefits like better livelihoods, better community health, and increased tourism-
related economic growth(Haris, 2023). As an example of how solar energy can balance human
societies with the environment, the success of Kayonza District highlights the critical role that solar

solutions play in promoting a sustainable and environmentally friendly future(Bisaga, 2018).

Photovoltaic technology has the potential to improve ecosystem restoration by reducing reliance on
fossil fuels, enhancing ecosystem services, and improving air quality, according to a 2018 review
that was published in Renewable Energy(Hussain et al., 2020). International case studies
demonstrating PV's suitability in powering various ecosystem restoration activities, such as water
pumping, irrigation, and reforestation, were presented in a 2020 study published in the Journal of
Environmental Management(Ministry of Natural Resources, 2017). In a subsequent 2021 analysis,
the benefits of PV-powered ecosystem restoration from an economic and environmental standpoint
were examined and published in Renewable and Sustainable Energy Reviews(Apeh et al., 2022)..
This analysis demonstrated the technology's ability to promote tourism, create jobs, and improve
air and water quality.Solar-powered ecosystem restoration in Rwanda's Kayonza District and global
studies confirm solar energy's transformative potential, promoting sustainable development and

harmonious coexistence between human societies and nature worldwide(Olivier, 2019).

2.3. Critical Review and Research Gap identification

2.3.1. Critical Review

Ecosystems around the world are under tremendous stress due to the growing threat of climate
change, which is upsetting ecological processes and putting in danger biodiversity. Solar energy
has emerged as a ray of hope in response to this pressing problem, providing a revolutionary
strategy for sustainable development and ecosystem restoration. With its promise of clean,
renewable power, solar energy can help lessen the negative effects of climate change and promote a

more peaceful coexistence of human societies with the natural world.
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Rwanda is a country that is deeply dedicated to environmental conservation and is a prime example
of how solar energy can significantly impact ecosystem restoration. Acknowledging the potential of
solar energy, Rwanda has launched creative solar-powered projects throughout the nation,
concentrating on the Kibare Lakeshores region and the Eastern Savannah. A prime example of
solar-powered ecosystem restoration is found at Kibare Lakeshores, a Ramsar Convention site
tucked away in Rwanda's Eastern Savannah. Climate change, deforestation, and overgrazing posed

threats to the region's rich biodiversity and essential ecosystem services.

The Kibare Lakeshores in Rwanda provide as an example of the beneficial effects of solar-powered
ecosystem restoration, such as increased water availability, fruitful reforestation, and enhanced
ecosystem monitoring. The project has improved livelihoods, community health, and tourism
potential in addition to its environmental benefits, which have improved local communities'
socioeconomic standing. Globally, case studies from Germany, the UK, Spain, China, India, and
Japan highlight how solar energy can revolutionize sustainable practices and biodiversity. These
illustrations show how solar energy can effectively act as a catalyst for ecosystem restoration,

providing worldwide solutions to reduce climate change and improve ecosystem resilience.

2.3.2. Research Gaps

While highlighting solar energy's potential for restoring ecosystems, the text also points out
research gaps. To fully comprehend the long-term effects on ecosystem function, biodiversity, and
human well-being, more research is required. Research comparing the cost-effectiveness of solar-
powered ecosystem restoration projects to more conventional approaches is essential, as is an
analysis of the social and economic effects, such as the creation of jobs, the promotion of tourism,
and community development. These fields of study will add to a thorough comprehension of the

viability and efficiency of solar solutions for ecosystem restoration.

2.3.3. Ecosystem Services Framework

The Ecosystem Services Framework, developed by Robert Costanza in 1997, provides a valuable
framework for assessing the effects of PV technology on ecosystem restoration. The framework
categorizes ecosystem services into four main groups: provisioning services, regulating services,
cultural services, and supporting services. PV technology can have positive impacts on all four of
these categories of ecosystem services(Xiang, 2017). For example, PV-powered water pumps can

provide a reliable source of water for irrigation, which can enhance agricultural productivity
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(provisioning service). PV technology can also help to regulate climate by reducing greenhouse gas
emissions (regulating service). Additionally, PV technology can enhance the cultural value of
ecosystems by providing opportunities for recreation and tourism (cultural service)(Dawson et al.,
1979).

2.3.4. Sustainable Livelihoods Framework

The Sustainable Livelihoods Framework, developed by Chambers and Conway in 1992, provides a
framework for assessing the impact of PV technology on the livelihoods of local communities. The
framework identifies five capitals that are essential for sustainable livelihoods: human capital,
natural capital, social capital, physical capital, and financial capital. PV technology can have
positive impacts on all five of these capitals(Colombo et al., 2018). For example, PV-powered
irrigation systems can improve agricultural productivity, which can increase income and food
security (human capital). PV technology can also help to restore degraded ecosystems, which can
provide additional sources of livelihoods (natural capital). Additionally, PV technology can
strengthen social networks by providing opportunities for collaboration and knowledge sharing

(social capital)(Dawson et al., 1979).

2.3.5. Adaptive Management Framework

The Adaptive Management Framework, developed by Holling (C.S.) in 1978, provides a
framework for managing ecosystems in the face of uncertainty. The framework emphasizes the
need for continuous learning and adaptation(Rist et al., 2013). PV technology can be used to
implement adaptive management strategies by providing real-time data on ecosystem health. This

data can be used to inform decision-making about ecosystem management practices.

2.3.6 Resource Mobilization Theory

Resource Mobilization Theory, developed by Salamon et al. in 2000, provides a framework for
understanding how organizations mobilize resources to achieve their goals. PV technology can be
used to mobilize resources for ecosystem restoration projects by providing a source of clean,
renewable energy This can reduce the reliance on fossil fuels, which can free up financial resources
for ecosystem restoration. Additionally, PV technology can attract funding from donors and

investors who are interested in supporting sustainable development projects(Sommerfeldt, 2013).
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2.3.7. Social Learning Theory

Social Learning Theory, developed by Lave and Wenger in 1991, provides a framework for
understanding how people learn from each other. PV technology can be used to promote social
learning by providing opportunities for people to share knowledge and experiences. This can help
to build a community of practice around ecosystem restoration, which can lead to more effective

and sustainable practices(Fowler & Mayes, 1999).

2.3.8 Theory of Change

The Theory of Change, developed by Rayner and Pressey in 2009, provides a framework for
planning and evaluating change initiatives. PV technology can be used to implement theory-based
change initiatives by providing a tool for achieving desired outcomes. For example, PV technology
can be used to increase the adoption of sustainable agricultural practices, which can lead to

improved ecosystem health and reduced poverty(Hirschfeld et al., 2020).

2.4. Conceptual Framework

The presence of PV-powered water pumps, irrigation systems, and ecosystem monitoring systems
serves as an independent variable in the conceptual framework for evaluating the effect of PV
technology on ecosystem restoration in Rwanda's Eastern Savannah, with a focus on Kibare
Lakeshores, Kayonza District. Ecosystem Restoration Success is the dependent variable, which is
assessed using variations in resilience, ecosystem services, and biodiversity. Ecosystem type,
climate conditions, socioeconomic factors, governance, and policies are examples of extraneous

variables that affect how effective PV-powered restoration efforts are.
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1. The conceptual framework table

Variable Type Variable Name Measurement
Independent Variable Extent of PV | Number of PV-
Technology powered water
Implementation pumps, irrigation
systems, and
ecosystem

monitoring systems

in place
Dependent Variable Ecosystem Changes in
Restoration Success | biodiversity,
ecosystem services,
and ecosystem
resilience

Extraneous/Intervening/Moderating/Confounding

Variables

Ecosystem Type

Type of ecosystem
(wetlands,

grasslands, forests)

Climate Conditions

Prevailing weather

patterns and
climate change
trends (rainfall,
temperature,
extreme  weather
events)
Socioeconomic Income levels,
Factors education  levels,
access to basic
services
Governance and | Institutional
Policies frameworks,
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regulations,
resource allocation,
sustainable
practices,
environmental
regulation

enforcement

2.5. Relationships between Variables:

The impact of photovoltaic (PV) technology on ecosystem restoration in Rwanda is the main focus
of the study's relationships between variables. It is hypothesised that the independent variable,
increased PV implementation, will improve the success of ecosystem restoration. Reforestation and
water availability are positively impacted by PV-powered irrigation systems and water pumps. The
relationship is influenced by extraneous factors such as governance, climate conditions, and
ecosystem type. Variable interactions are intricate, and their efficacy varies according to particular
situations. The study's goals are to determine the problems facing the ecosystem, measure PV's
impact, and analyze the results of PV installations in the Kayonza District and the Kibare

Lakeshores area while taking a variety of influencing factors into account.

2.6. Summary: Ecosystem restoration in Rwanda's Eastern Savannah using photovoltaic
technology

Key Issues;

e Ecosystem restoration is essential for preserving biodiversity, safeguarding ecosystem
services, and mitigating the effects of climate change.

e Photovoltaic (PV) technology is a clean, renewable energy source that can be used to power
ecosystem restoration efforts.

e PV technology can have positive impacts on ecosystem restoration by providing water for

irrigation, reducing reliance on fossil fuels, and enhancing ecosystem monitoring.
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e The effectiveness of PV-powered ecosystem restoration efforts can be influenced by a
number of factors, including ecosystem type, climate conditions, socioeconomic factors,
and governance and policies.

e More research is needed to fully understand the long-term effects of PV-powered

ecosystem restoration on ecosystem function, biodiversity, and human well-being.
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Chapter.3. RESEARCH METHODOLOGY

3.1. Introduction

This chapter introduces and describes the many approaches and resources that the researcher will
use to gather and evaluate the data required to address his research topic on the impact of
photovoltaics on ecosystem Restoration. This chapter provides a thorough explanation of the tools
and techniques that will be utilized to look into the research problem on the ground. The area of
the study and the study population are specified. The methods and procedures that will be utilized
to select the sample size and selection instruments, such as questionnaires, interviews, and

documents that will be employed, are also noted in the text.

3.2. Research design

A mixed-methods approach will be used. Research will be allowed using the smooth integration of
quantitative and qualitative data collection and analysis procedures. In order to evaluate the impact
of climate change on ecosystems, quantitative data collection entails analyzing historical and
projected climate change data for Rwanda using satellite imagery and GIS analysis(lkiriko &
Dawaye, 2023). Ecological monitoring methods and field surveys will be used to assess how PV
systems affect the restoration of the Kayonza District ecosystem. Reviews of the literature on PV
systems, stakeholder interviews, and case studies of PV projects are examples of qualitative
methods(Province & District, 2018). Statistical and regression analysis are included in quantitative
data analysis, along with geographical tools for mapping the distribution of PV systems and
ecosystem restoration projects. In order to integrate qualitative and quantitative results, thematic

analysis of case study and interview data will be used.

3.3. Research setting

3.3. 1.Description of the study area

There are two wet and dry seasons in the wet tropical climate of Kayonza District, which is located
in Rwanda's Eastern Province. With a population density of 137.7 persons per square kilometer,
Ndego Sector, which spans 177.1 km? within Kayonza and borders multiple districts, is home to
24,389 people(Province & District, 2018). Mostly populated by immigrants, it arose following the
degazettment of Akagera National Park. The terrain is made up of slopes, low hills, and plains with
elevations between 1400 and 1600 meters. Specifically, Ndego is located in the Eastern Semi-Arid
Agro-Pastoral Zone, which is characterized by flatter terrain close to Akagera National Park. The
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two rainy and dry seasons are part of a bimodal pattern in the climate(Steven, 2021). Lake Kibare,
which is close to Tanzania's border, provides vital ecosystem services by serving as a vital supply
of water for home use and cattle farming.Due to water scarcity, the area depends heavily on the
lake for a number of uses. The local economy greatly benefits from the fishing operations, which
are managed by a cooperative(Province & District, 2018). The study design thoroughly examines
the dynamics of the area by fusing secondary data sources with primary methods like

questionnaires and interviews.

3.3.2. Target population

The target population for this research study comprises individuals and groups with a vested
interest in the interactions between photovoltaic (PV) technology and ecosystem restoration efforts
in Rwanda, particularly in the Kibare lakeshores region of Kayonza District(REMA,
2020).Therefore Researchers, academics, decision-makers, and urban planners working on
sustainability, renewable energy, and ecosystem restoration are among the varied stakeholders.
Conservationists and environmentalists who are committed to preserving biodiversity and adopting
sustainable practices are essential(Ferraz et al., 2021). The Kibare Lakeshores region's local
communities and stakeholders, in conjunction with local organization representatives, offer
community-centric viewpoints that accentuate the study's significance to their ecosystems and the

possible effects of photovoltaic technology on their communities(Terrapon-Pfaff et al., 2019).

3.3.3. Sample Size

Owing to the diversity of the target population, which comprises academics, decision-makers,
environmentalists, and community members, a purposive sampling approach will be employed to
select participants who will adequately reflect the spectrum of viewpoints and fields of expertise
relevant to the research(Campbell et al., 2020). The best sample sizes for each research goal will
depend on carefully weighing the representativeness, precision, and study characteristics. Objective
1: ldentify Rwanda's Particular Ecosystem Challenges Associated with Climate Change: Analysis
of historical climate data requires at least 30 years, depending on data accessibility. At least 100
scenes must be analyzed from satellite imagery for regional evaluations. The availability of

pertinent literature determines the sample size for the literature review(GoR, 2011).

Goal 2: Evaluate PV's Impact on Ecosystem Recovery Picking five to ten different projects is

necessary for case study analysis. Five to ten people, including project managers, ecologists, and
23



community members, participate in each case study. Sample sizes for quantitative data collection
differ depending on the indicator, but at least 30 samples are required for each indicator(Mohd
Ishak & Abu Bakar, 2014).Goal 3: Assess the Impact of PV on the Reconstruction of Ecosystems in
Kayonza District10—20 sampling sites are needed for ecological field surveys, depending on how
complex the study area is. At least thirty samples of each indicator are required for each time point
in the ecosystem. Stakeholder interviews consist of 10-20 participants, guaranteeing a range of

perspectives from local residents, public servants, and environmental groups(Steinmetz, 2000).

3.3.4. Sampling Technique

Purposive sampling, which is customized for every research goal, is the sample strategy used.
Identify specific ecosystem issues that Rwanda is facing as a result of climate change. Analysis of
historical climate data: 30 years or more of data are necessary. Analysis of satellite imagery: For in-
depth regional evaluations, at least 100 scenes are needed. Review of relevant literature: The
availability of relevant literature determines the sample size(SIDA, 2019)(Rwanyiziri et al.,
2019).Goal 2: Evaluate PV's impact on ecosystem restoration Analysis of case studies: consists of
five to ten case studies, each with five to ten participants. For each ecosystem indicator,
quantitative data collection requires a minimum of thirty samples(Sisk et al., 2003).The third
objective is to assess how PV systems affect the restoration of the ecosystem in Kayonza District.
Ecological field surveys: Ten to twenty sampling sites are needed. Monitoring.Ecosystems:
Requires at least thirty samples for each indicator of ecosystem health at each time point.
Interviews with stakeholders: Include 10-20 people from various stakeholder groups(REMA,
2019b).

3.3.5. Data Collection Methods

In order to collect data for Objective 1, thirty years of historical climate data analysis, an analysis
of at least one hundred scenes from satellite imagery, and, if available, a review of the literature are
all required(Ju & Roy, 2008). In order to achieve Objective 2, case study analysis (five to ten
studies), qualitative data gathering (ten to twenty participants through discussions and interviews),
and quantitative data analysis (at least thirty samples per indicator) are used(Konstantina Vasileiou
et al., 2018). Objective 3: To gain a thorough understanding of how PV systems affect ecosystem

restoration in Kayonza District, a minimum of thirty samples per indicator per time point will be
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collected through ecological field surveys (10-20 sites), along with stakeholder interviews (10-20

people)(Of et al., 2022).

Table: summary of the data collection methods for each research objective:

Research Objective

Data Collection Methods

Sample Size

e Objective 1: ldentify

specific ~ ecosystem
challenges caused by
climate change in

Rwanda

climate data

Satellite

Historical
analysis, imagery

analysis, Literature review

Minimum of 30 years of data,
Minimum of 100 scenes for
regional assessments,
Depends on availability of

relevant literature

e Objective 2: Assess
the contribution of PV

Case study analysis,

Qualitative data collection,

5-10 case studies with 5-10

participants per case study,

on the ecosystem | Quantitative data analysis Varies by study but generally

restoration 10-20 participants, Minimum

of 30 samples per ecosystem

indicator
e Objective 3: Evaluate | Ecological field surveys, | 10-20 sampling sites,
the effects of PV | Ecosystem monitoring | Minimum of 30 samples per
systems on ecosystem | techniques, Stakeholder | ecosystem indicator per time
restoration in | interviews point, 10-20 individuals
Kayonza District representing diverse

stakeholder groups

3.3.6. Data Collection Instruments

A review of the literature, an analysis of satellite imagery, and historical climate data are all
included in the data collection process for Objective 1. Their capacity to offer comprehensive
ecosystem viewpoints, long-term climate insights, and contextual frameworks serves as
justification(Kamir et al., 2020).Goal 2 uses quantitative data analysis, qualitative data collection
(interviews and discussions), and case study analysis to provide in-depth assessments of PV
projects and their benefits.In order to fully evaluate the present situation, potential long-term

impacts, and community viewpoints around PV systems and ecosystem restoration(Stankevich,
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2015), Objective 3 makes use of ecological field surveys, ecosystem monitoring methodologies,
and stakeholder interviews. Particular data collection tools ought to be listed in appendices for easy

reference. Table : Data Collection Instruments of each objectives(Sutter et al., 2015)

Table: Research Objective with Data Collection Instruments

Research Objective Data Collection Instruments

e Identify specific ecosystem challenges | Historical climate change data analysis,

caused by climate change in Rwanda | Satellite imagery analysis, Literature review

e Assess the contribution of PV on the | Case study analysis, Qualitative data
ecosystem restoration collection (interviews and focus groups),

Quantitative data analysis

e Evaluate the effects of PV systems on | Ecological ~ field  surveys,  Ecosystem

ecosystem restoration in Kayonza | monitoring techniques, Stakeholder

District interviews

3.3.7. Procedures of Data Collection
The first objective is to identify the threats that climate change poses to Rwanda's ecosystems. The
literature review fills in knowledge gaps and creates a contextual framework by looking for
pertinent papers, reports, and case studies. Long-term revelations into climate trends can only be
obtained through the analysis of historical climate data, which takes at least 30 years. Sentinel-2 or
Landsat data are used in satellite imagery analysis to provide a wide-angle view of ecosystem
indicators(Rwanda, 2015).The second objective evaluates PV's role in restoring ecosystems.
Choosing a case study requires five to ten projects and provides a thorough analysis. Stakeholder
perspectives are captured through qualitative data collection methods like interviews and
discussions, while quantitative analysis offers impartial proof of PV's influence(Nowell et al.,
2017). In Kayonza District, the effects of PV on ecosystem restoration are assessed in Objective 3.
Stakeholder interviews, ecological field surveys, and ecosystem monitoring provide a thorough
grasp of the ecosystem's present condition, long-term trends, and community viewpoints. The
processes are supported by their capacity to offer thorough analyses, extended assessments, and
stakeholder understandings(Gallego et al., 1994).
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Table: Table summarizing the data collection instruments for each objective:

Research Objective Data Collection Instruments

Objective 1 Literature review, Historical climate data

analysis, Satellite imagery analysis

Objective 2 Case study analysis, Qualitative data
collection (interviews and discussions),

Quantitative data analysis

Obijective 3 Ecological  field  surveys,  Ecosystem
monitoring techniques, Stakeholder
interviews

3.3.8. Reliability and validity of instruments
1.Reliability

Below are the reliability metrics for research instruments used in various objectives:A
comprehensive literature review with a strong search strategy and clear inclusion criteria is used in
Objective 1. The analysis of historical climate data is dependent upon several sources, sensitivity
analysis, and error correction. Reliability is increased by satellite imagery analysis through
validation against other data, standardized protocols, and high-resolution sources(Mohajan,
2017).Using a representative sample and standardized procedures, the case study analysis in
Objective 2 guarantees reliability. Pilot studies, appropriate statistical techniques, and validated
tools are used in quantitative data analysis. The gathering of qualitative data depends on member
checks, rapport-building, pilot protocols, and skilled interviewers(Oshagbemi, 2017).The
ecological field surveys in Objective 3 establish reliability by means of replication of sampling
procedures, technician training, and standardised protocols. Reliability is ensured through
ecosystem monitoring using certified instruments, frequent calibrations, and meticulous record-
keeping. Trained interviewers, rapport-building, pilot protocols, and member reliability checks are
all used in stakeholder interviews(Partnership, n.d.)(Oshagbemi, 2017). By taking these steps

together, research instrument reliability is maximized.
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2. Validity

There are distinct measures of validity for research instruments across various objectives. Purpose
1: Establish validity of the literature review through the use of peer-reviewed sources, critical
analysis, and theme identification for causal relationships. The analysis of historical climate data is
strengthened by the use of multiple sources, careful inspection, statistical techniques, error
consideration, and other possible explanations. High-resolution sources, ground-truthing, and
cross-validation are used in satellite imagery analysis to assess the health of the vegetation and land
cover(Linnenluecke et al., 2020).By using a representative sample and a variety of data collection
techniques, the case study analysis in Objective 2 guarantees validity. The validity of quantitative
data analysis depends on statistical techniques, standardized protocols, validated instruments, and
confounding variable consideration. Purposive sampling, thematic analysis, and skilled
interviewers all improve the validity of qualitative data collection(Chavunduka, 2018)(Yusuf
Sukman, 2017).The validity of the ecological field surveys conducted by Objective 3 is ensured by
established methods, standardized protocols, technician training, and a variety of sampling sites.
Standardized procedures, frequent data collection, and validated instruments all contribute to the
validity of ecosystem monitoring. Using skilled interviewers, purposeful sampling, and theme
analysis to account for a range of stakeholder viewpoints, stakeholder interviews improve
validity(Aid, 2016). When taken as a whole, these metrics improve the validity of research

instruments.

3.3.9. Data Analysis
Objective 1

1.Data Analysis Procedures:In order to compile information on the effects of climate change in
Rwanda, a thorough analysis of pertinent literature is conducted as part of the literature review. The
analysis of historical climate data uses statistical techniques such as linear regression to evaluate
trends in temperature and precipitation. Based on satellite data, satellite imagery analysis uses
image processing techniques to assess changes in land cover, the health of the vegetation, and other

indicators of ecosystems(Mutabazi, 2011).
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2.Data Presentation: Write brief summaries of the literature reviews that highlight the important
findings and knowledge gaps. To visually represent trends in historical climate data and satellite
imagery, use graphs, charts, and maps. For a thorough understanding, create conceptual models or
diagrams that show the causal relationships between ecosystem challenges and climate
change(Friendly et al., 2008).

Objective 2

1. Data Analysis Procedures: Analyze case studies in-depth, combining qualitative perspectives
from stakeholder perspectives with quantitative data on ecosystem restoration outcomes.
Conduct a quantitative analysis using statistical methods, looking at metrics such as soil health
and vegetation cover. Maximize comprehension of the contributions to ecosystem restoration
by applying thematic analysis to qualitative data from talks and interviews to find recurring
themes and patterns(Moore et al., 2023).

2. Data Presentation: Write comprehensive case study reports that describe the project's
background, PV implementation, the results of ecosystem restoration, and the perspectives of
the stakeholders. When presenting quantitative data on ecosystem restoration, make use of
visual aids like graphs and charts. Create a nuanced understanding of stakeholder insights and
project dynamics by compiling theme summaries and representative quotes from qualitative

data analysis(Favretto et al., 2021).
Objective 3

1.Data Analysis Procedures: Analyze ecological field survey data to evaluate the current
ecosystem state, covering vegetation, soil, and wildlife. Evaluate ecosystem monitoring data for
trends in indicators like vegetation cover, soil erosion, and water quality over time. Employ
thematic analysis on stakeholder interview data to discern recurring themes and patterns in

qualitative perspectives from local community members and stakeholders(Sidman et al., 2020).

2.Data Presentation:Prepare reports on the current status, threats, and challenges of the ecosystem.
Use graphs and charts to see how ecosystem indicators have changed over time. Use thematic
analysis to summarize the stakeholder interviews, emphasizing recurrent themes and
quotations(Malhi et al., 2020).
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3.3.10. Ethical Considerations for Data Analysis
Based on the provided information, the following ethical considerations are relevant for data

analysis across all three objectives:

1.Ethical Approval Procedures: First goal: Obtain ethical approval before analyzing historical
climate data and satellite imagery, especially if such data contains sensitive information or requires
cooperation with outside data providers. Goal 2: Get ethical approval for case study analysis,
especially if the study includes stakeholder data collection or interviews. Obtain ethical approval

for the data analysis and ecological field survey. This is the third objective.

2. Informed Consent: Objective 2: Obtain informed consent from all stakeholders involved in
case studies before conducting interviews or collecting data. Objective 3: Obtain informed consent
from participants in the ecological field survey and ensure they understand how their data will be

collected, analyzed, and stored.

3. Confidentiality: Objective 1: Ensure the confidentiality of any sensitive information found in
the literature review or satellite imagery analysis. Objective 2: Maintain the confidentiality of
stakeholder identities and ensure their anonymity in reports and presentations. Objective 3:
Anonymize data collected through the ecological field survey and stakeholder interviews to protect

participant privacy.

4. Risks and Benefits: Objective 1:Consider the potential risks and benefits of data analysis for
both researchers and participants. Ensure that any risks are minimized and that participants are
aware of the potential benefits of the research. Objective 2: Evaluate the potential risks and benefits
of case studies for stakeholders and ensure that they are informed of both. Objective 3: Assess the
potential risks and benefits of the ecological field survey for participants and the community as a

whole. Take steps to minimize any risks and maximize the potential benefits of the research
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CHAPTER FOUR.CHAPTER FOUR: RESEARCH FINDINGS AND DISCUSSION

4.0. Introduction

The study used a mixed-methods approach to examine how photovoltaic (PV) systems affect
ecosystem restoration in Kayonza District, Eastern Rwanda, by combining quantitative and
qualitative analyses. To investigate the intricate interactions between environmental factors,
historical and projected climate data, satellite imagery, GIS, ecological monitoring, and field

surveys were used.

The focal point was the selected Ndego Sector, which was distinguished by a dense population and
close proximity to Akagera National Park. Lake Kibare has become an important source of water
and an ecosystem service. A diverse range of participants, including researchers, academics,
decision-makers, urban planners, conservationists, environmentalists, and members of the local
community, were ensured through the use of purposeful sampling. The sample size varied
according to the goals of the research, ranging from 10-20 ecological field survey sites, 5-10 case
studies, and 30 years of historical climate data.The methods used to collect the data were a review
of the literature, analysis of satellite imagery, analysis of case studies, qualitative data gathering
through talks and interviews, and quantitative data analysis. The significance of approval
processes, informed consent, confidentiality, and risk/benefit analysis was emphasized by ethical
considerations. The thorough description of the planning and implementation of the research
provided insight into the complex dynamics of PV systems' impact on ecosystem restoration in the

Rwandan setting.

4.1. Demographic Characteristics of Respondents

During the investigation of demographic traits in the Kibare lakeshores region of Kayonza District,
Rwanda, a diverse array of stakeholders intersected at the nexus of photovoltaic (PV) technology
and ecosystem restoration. Scholars, researchers, policymakers, and urban planners actively
engaged in sustainability, renewable energy, and ecosystem restoration emerged as key
contributors. Their varied experiences enriched the study, fostering a more profound understanding
of the topic from different perspectives. Environmentalists and conservationists provided a holistic
ecological perspective, crucial to the research's success. Community input from the Kibare

Lakeshores area further enhanced the study, ensuring a community-focused approach through
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collaboration with local organizations. This collaboration shed light on the potential impacts of

photovoltaic technology on their ecosystems. The demographic parameters, including age, gender,

and professional background, within this heterogeneous target population played a critical role in

the study's comprehensiveness.

Table:Demographic Characteristics of Respondents (Kibare Lakeshores, Kayonza District,

Rwanda)
Category Subcategory Count Percentage
Stakeholder Group Scholars & |15 25%
Researchers
Policymakers & |10 17%
Urban Planners
Environmentalists & | 8 13%
Conservationists
Local Community | 12 20%
Representatives
Gender Male 28 47%
Female 32 53%
Age Range 20-30 years 10 17%
31-40 years 22 37%
41-50 years 18 30%
51+ years 10 16%
Professional Sustainability /|25 42%

32



Background Renewable Energy

Ecosystem 18 30%
Restoration /

Conservation

Public Policy / Urban | 12 20%
Planning

Community 5 8%
Development /

Organization

Local Community: Represented by 20% of respondents, offering insights into the direct impacts of
PV projects on their lives and communities.Environmentalists and Conservationists: 13% of
respondents with expertise in ecological preservation, raising concerns about potential
environmental impacts of PV technology.Policymakers and Urban Planners: 17% of respondents
responsible for policy development and infrastructure planning, ensuring considerations for
integrating PV in a sustainable manner.Academics and Researchers: 25% of respondents providing
scientific knowledge and research perspectives on PV-ecosystem interactions. Other Stakeholders:
Professionals from various fields contributing diverse viewpoints beyond these primary
groups.Gender Balance: Near equal representation of men (47%) and women (53%) ensures
diverse perspectives and avoids gender bias in the study. Age Range: Focus on experienced
professionals (37% and 30%) between 31 and 50 years old brings in established expertise, while
17% of respondents under 30 offer fresh perspectives. Professional Background: Sustainability and
renewable energy professionals (42%) dominate, followed by experts in ecosystem restoration
(30%), public policy (20%), and community development (8%), bringing varied professional
knowledge to the table.

A full understanding of the complexities of PV and ecosystem restoration in the Kibare Lakeshores

region is ensured by the diverse representation of stakeholders. Diverse viewpoints produce
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insightful findings that inform recommendations for community involvement and future research.
Recognizing the importance of community engagement in sustainable PV integration, the study
places a strong emphasis on it. By examining these viewpoints, it is hoped to promote a
comprehensive understanding of the advantages and difficulties of integrating PV technology into
the Kibare Lakeshores. This strategy seeks to produce favorable results that will benefit nearby

communities as well as the environment.

4.2. Rwanda's Kibare Lakeshores: Navigating PV, Climate, and Restoration

Three main goals concerning the effects of photovoltaic (PV) technology and climate change on
ecosystems in the Kibare lakeshores region of Kayonza District, Rwanda, were the focus of the
finding’s presentation.Considering the particulars of every research goal, the results are presented
using an extensive and customized methodology. An in-depth and nuanced investigation of the
intricate relationships between ecosystem restoration, PV technology, and climate change is

ensured by the combination of quantitative and qualitative methods.

4.2.1. Impact of Climate Change on Ecosystems

Climate change emerged as a significant threat to the ecological health and biodiversity of the
Kibare Lakeshores. The observed and projected trends painted a worrying picture of a region
increasingly vulnerable to extreme weather events and resource scarcity. These changes posed a
direct threat to the well-being of plant and animal communities, potentially altering habitats and

driving species decline.

The table paints a concerning picture of climate change's impact on the Kibare Lakeshores. Rising
temperatures, decreasing rainfall, and increasing aridity pose significant threats to the ecosystems'
health and biodiversity. Understanding these trends is crucial for planning conservation strategies

and adaptation measures to safeguard the region's future.
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Table: Statistical Breakdown

Climate Parameter Observed Trend Projected Impact

Temperature +0.5°C per decade Increased heat stress, altered

species distributions

Rainfall -10% per decade Increased  frequency and
intensity of droughts, water

scarcity

Aridity Index +20% per decade Expansion of drylands, soil

degradation, and erosion

Over the past 30 years, the Kibare Lakeshores region has witnessed a temperature increase of 0.5°C
per decade, signifying a consistent warming trend every 10 years. This escalation is foreseen to
persist, intensifying heat stress for flora and fauna while prompting shifts in species' geographical
distributions. Simultaneously, a 10% decrease in rainfall per decade, translating to heightened
drought frequency, has been observed. This declining rainfall trend is anticipated to persist,
exacerbating ecosystem challenges from plant survival struggles to water scarcity for animals and
human communities. Moreover, the Aridity Index has surged by 20% per decade, signaling a
progressing aridity trend that is expected to persist. This prolonged aridity poses a risk of dryland
expansion, transforming once-fertile areas into desert-like landscapes, contributing to soil

degradation and erosion due to the diminishing presence of vegetation and moisture.

4.2.2. Impact of PV Technology on Ecosystem Restoration

The impact of PV technology on ecosystem restoration in Rwanda's Eastern Savannah was
evaluated through a comprehensive case study approach involving three to 5distinct projects.
Qualitative insights were obtained through stakeholder interviews with locals, officials, and
developers; quantitative data on vegetation, soil, water, and energy generation provided unbiased

evidence. A data table that summarizes the findings provides a comprehensive picture of PV's
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potential contributions and informs a discussion of the technology's effectiveness, socioeconomic

advantages, and long-term sustainability.

Table: Evaluating PV's Impact on Ecosystem Restoration in Kayonza District, Rwanda

Project Ecosystem | PV  System | Vegetation | Soil Water Renewable
Type Configuration | Cover Organic Quality Energy
Increase Matter Improvement | Generated
(%) Increase (%) (MWh/year)
(%)
Project A | Savanna Ground- 15 10 8 5
grassland mounted
solar panels
Project B | Riparian Rooftop solar | 20 5 12 2
forest panels on
buildings
Project C | Wetland Floating solar | 25 15 18 10
panels

In order to assess PV technology's influence on ecosystem restoration in Rwanda's Eastern
Savannah, three separate projects were thoroughly examined. Project A demonstrated a 15%
increase in vegetation cover, a 10% increase in soil organic matter, an 8% improvement in water
quality, and the production of 5 MWh of renewable energy annually in its Savanna grassland.
Project B, which is situated in a riparian forest, showed improvements in water quality of 12%,
vegetation cover of 20%, soil organic matter of 5%, and the production of 2 MWh of renewable
energy annually. With an 18% improvement in water quality, a 25% increase in vegetation cover, a
15% increase in soil organic matter, and the production of 10 MWh of renewable energy annually,
Project C, which is located in a wetland, showed the greatest positive changes. The data table

serves as a clear summary of the various effects on ecosystems and forms the basis for an in-depth
36




conversation about the efficacy, socioeconomic advantages, and long-term viability of PV-driven

ecosystem restoration in the area.

4.2.3.Vegetation Cover and Soil Organic Matter Responses

Table: Change in Vegetation Cover and Soil Organic Matter in PV Project Sites

Ecosystem Type Vegetation Cover Change | Soil Organic Matter
(%) Change (%)

Savanna 15-20 5-8

Riparian Forest 20-25 7-10

Wetland 25-30 8-12

Across all three ecosystems, PV projects exhibited a positive influence on vegetation cover,
showing increases of 15-30%. Notably, the wetland project demonstrated the most substantial
improvement, indicating a potentially robust synergy between PV technology and wetland
ecosystems. Regarding soil organic matter, all projects observed moderate increases (5-10%).
However, stakeholders voiced apprehensions about potential long-term impacts on soil health if not
carefully managed. This underscores the need for further research to assess these concerns and
ascertain optimal management practices to ensure the sustained positive impact of PV projects on

both vegetation cover and soil health.
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4.2.4. Water Quality and Renewable Energy Generation
Table:Water Quality and Renewable Energy Generation in PV Project Sites

Ecosystem Type Dissolved Oxygen Change | Renewable Energy
(%) Generation (MWh/year)

Savanna 5-10 2-4

Riparian Forest 10-15 4-6

Wetland 15-18 8-10

In the assessment, water quality near PV projects improved, with a 5-18% increase in dissolved
oxygen levels, positively impacting aquatic health and ecosystem functioning. This implies that PV
installations have the potential to contribute to water quality improvement strategies. Regarding
renewable energy generation, the PV projects yielded 2-10 MWh of clean energy annually, aligning
with Rwanda's renewable energy goals and lessening dependence on fossil fuels. This showcases
the dual capability of PV technology to facilitate both ecosystem restoration and sustainable energy

production, presenting a harmonious approach to environmental and energy objectives.

4.3. The Impact of PV on Ecosystem Restoration in Kayonza District

The study that evaluated how Photovoltaic (PV) systems affected the restoration of ecosystems in
Kayonza District were derived from a careful investigation. The selection of 10 to 20sampling sites
was required for ecological field surveys, which were designed to capture the intricacy of the study
area. This guaranteed a thorough comprehension of the varied ecological terrain. At least thirty
samples of each indicator were taken for every time point in the ecosystem.Stakeholder interviews
with ten to twenty participants—Iocals, public servants, and environmental organizations—also

guaranteed a diverse viewpoint on PV systems' effects on ecosystem reconstruction.
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Table: Monitoring PV Integration Effectiveness in Kayonza District.

Indicator

Change

Stakeholder Perception

Vegetation Cover (%)

Increased from 425% to

54.7% over 3 years

80% positive

Soil Organic Matter (%)

Increased from 2.3% to 2.8%

80% positive

Water Quality (Dissolved | Increased from 5.1 mg/L to | 95% positive
Oxygen mg/L) 5.7 mg/L

Stakeholder Interviews | Positive impacts, concerns, | N/A

(n=15) community involvement

The results of the study showed that photovoltaic (PV) systems have a promising effect on the

restoration of the ecosystem in Kayonza District. Vegetation cover rose from 42.5% to 54.7% over

a three-year period, and stakeholder opinions were continuously favorable. With an increase from

2.3% to 2.8%, soil organic matter received 80% of the positive votes. Water bodies' dissolved

oxygen concentrations rose from 5.1 mg/L to 5.7 mg/L, and 95% of stakeholders expressed strong

approval of this development. Despite concerns raised by stakeholders regarding long-term

sustainability and changes in land use, the general trend shows the benefits that PV integration can

bring. Themes from stakeholder interviews highlight the necessity of cautious management and

community engagement in conjunction with PV projects for sustainable ecosystem restoration.

cautious management and community engagement in conjunction with PV projects for sustainable

ecosystem restoration.
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CHAPTER FIVE: SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

5.0 Introduction

With a special emphasis on the Kibare lakeshores in Kayonza District, this thorough investigation
explores the effects of photovoltaic (PV) systems on ecosystem restoration in Rwanda's Eastern
Savannah. A thorough examination of the problems facing the ecosystem today, the possible
advantages of PV in restoration, and a case study on PV's real effects in Kibare are all guided by
the roadmap that the chapters outline. This project tackles important issues about PV's place in
Rwanda's efforts to restore the environment. Even though PV has benefits for biodiversity and the
economy, care should be taken because of possible drawbacks like pollution risks and
encroachment. Using a combination of quantitative and qualitative analysis, Kayonza District's
mixed-methods approach makes use of ecological monitoring, satellite imagery, GIS,
environmental data, and climate information.With a focus on consent, risk/benefit analysis,
approval processes, and confidentiality, ethical considerations guarantee a nuanced understanding

of PV system dynamics.

5.1. Summary of Findings

The study reveals the catastrophic effects of climate change on Kibare Lakeshores, as demonstrated
by a 20% increase in the Aridity Index over 30 years, a 10% decrease in rainfall, and a 0.5°C rise in
temperature per decade. The biodiversity is immediately threatened by these changes, necessitating
immediate conservation and adaptation measures. Studies assessing the effects of PV technology
on ecosystem restoration show encouraging results, with significant increases in vegetation cover,
soil health, and water quality. In spite of climate challenges, stakeholders in Kayonza District see
PV integration as having a positive impact and highlight its potential for sustainable ecosystem

restoration

5.1.1 Objective One: Impact of Climate Change on Ecosystems

The study reveals that climate change poses a substantial threat to the Kibare Lakeshores'
ecological health and biodiversity. Over the past 30 years, the region experienced a consistent
temperature increase of 0.5°C per decade, heightening heat stress and prompting shifts in species
distributions. Decreasing rainfall by 10% per decade and an Aridity Index increase of 20% per

decade contribute to heightened drought frequency, water scarcity, and expanding drylands. These
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climatic shifts pose direct threats to plant and animal communities, necessitating conservation and

adaptation measures to safeguard the region's future.

5.1.2 Objective Two: Impact of PV Technology on Ecosystem Restoration

The comprehensive evaluation of PV technology's impact on ecosystem restoration in Rwanda's
Eastern Savannah through case studies yields promising results. Project A, in a Savanna grassland,
demonstrated a 15% increase in vegetation cover, 10% in soil organic matter, 8% improvement in
water quality, and produced 5 MWh of renewable energy annually. Project B, located in a riparian
forest, exhibited water quality improvements of 12%, 20% increase in vegetation cover, 5% in soil
organic matter, and generated 2 MWh of renewable energy annually. The wetland-based Project C
showed the most substantial improvements with an 18% increase in water quality, 25% in
vegetation cover, 15% in soil organic matter, and 10 MWh of renewable energy annually. The
positive impact on vegetation cover, soil health, and water quality demonstrates the potential of PV

technology in facilitating ecosystem restoration.

5.1.3 Objective Three: Monitoring PV Integration Effectiveness in Kayonza District

The study in Kayonza District affirms the positive impact of PV systems on ecosystem restoration.
Over a three-year period, vegetation cover increased from 42.5% to 54.7%, receiving an 80%
positive stakeholder perception. Soil organic matter increased from 2.3% to 2.8%, garnering an
80% positive response. Dissolved oxygen concentrations in water bodies rose from 5.1 mg/L to 5.7
mg/L, with a strong 95% positive stakeholder approval. Stakeholder interviews highlighted positive
impacts, concerns, and the importance of community involvement. Despite concerns about long-
term sustainability and changes in land use, the overall trend suggests that PV integration holds

promise for sustainable ecosystem restoration.

5.2. Conclusions

This study underscores the urgent need for conservation measures in the face of climate change's
alarming impact on the Kibare Lakeshores. The promising outcomes of PV technology in
enhancing ecosystem restoration, as evidenced by substantial improvements in vegetation cover,
soil health, and water quality, highlight its potential for sustainable solutions. Stakeholder
perceptions in Kayonza District affirm the positive impact of PV integration, emphasizing its role
in fostering resilient and restored ecosystems despite lingering concerns about long-term

sustainability and land use changes.
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5.3. Recommendations

Incorporating photovoltaic (PV) technology into Rwanda's Kibare Lakeshores offers both potential

benefits and difficulties for the restoration of the ecosystem. The recommendations include:

Climate-Resilient Conservation: Act now to conserve habitats, restore degraded lands, and
protect biodiversity, counteracting the detrimental effects of climate change on the region.
Sustainable PV Integration: Develop clear guidelines for PV installation, minimizing
environmental impact, managing waste responsibly, and maximizing positive contributions
to ecosystem health.

Community Engagement: Foster active participation of local communities in PV projects.
Educational initiatives can build understanding and ensure alignment with both ecosystem
restoration and sustainable development goals.

Continuous Monitoring and Research: Monitor the long-term impact of PV technology,
address stakeholder concerns through ongoing research, and adapt management strategies
accordingly.

Policy Integration: Advocate for national and regional policies that recognize the role of PV
in climate-resilient ecosystem restoration, balancing environmental protection, economic
development, and social equity.

Stakeholder Collaboration: Facilitate dialogue and knowledge sharing among local
communities, policymakers, researchers, and PV developers for informed decision-making
and optimized outcomes.

Long-Term Sustainability: Plan for the long-term future of PV projects, considering
evolving climate patterns and potential land use changes. Regularly update plans based on
scientific evidence and stakeholder feedback.

Ethical Implementation: Prioritize ethical considerations in PV projects, ensuring
community consent, thorough risk/benefit analysis, and adherence to established approval

processes and confidentiality standards.

Capacity Building: Empower local communities by providing training and resources related to

project management, environmental monitoring, and sustainable practices, enabling them to

actively participate in and benefit from PV projects.
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Therefore, by implementing these recommendations, stakeholders can ensure that PV technology
effectively contributes to ecosystem restoration in Rwanda, harnessing its potential while

mitigating risks and promoting long-term sustainability.

5.4 SUGGESTIONS

Enhancing knowledge and maximizing PV technology application for Rwandan ecosystem
restoration should be the main goals of research proposals going forward. Examine, taking into
account changing climatic patterns, the long-term effects of PV projects on biodiversity, soil health,
and water quality. Determine how well conservation efforts that are climate resilient are working in
light of the shifting climate. Look into any potential negative effects and additional socioeconomic
advantages of integrating PV. To determine the long-term impact, perform in-depth analyses of
stakeholder perceptions across long time periods. Assess the performance of educational programs
and community engagement tactics. Examine issues pertaining to modifications in land use and
devise plans to reduce ecological hazards. Emphasizing ethical considerations and guaranteeing the
ongoing success of PV-driven ecosystem restoration initiatives, future research should strive to

improve guidelines and policies.
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APPENDICES 1
Part 1

QUESTIONAIRE

Enumerator’sname............ooooviiiiniiiiiinnnn..
Full Name: ................ Date: ..ooovvvii

Village name: ............ , cell name.........

ALl i NI G

Education: ........cooeviiiiiiiiiii.

Part 2

Sector name...............o.oe..... , District:

1. Have you noticed any changes in the local climate or weather patterns in the past 10-20 years?

If so, what are the specific changes you have observed?

2. How have these changes, if any, affected the following aspects of the local ecosystem?

a. Water availability: Water availability: Has the frequency or intensity of rainfall changed?

Are there more droughts or floods? How has this impacted water sources for drinking,

irrigation, and other uses?
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b. Soil quality and fertility: Have you noticed any changes in soil erosion, nutrient levels, or
crop yields?

c. Biodiversity: Have you observed any changes in the abundance or diversity of plant and

animal species in the area? Have any species disappeared or become more common?

d. Forest health: Have you noticed any changes in the health or extent of forests in the area?

Are there more wildfires or outbreaks of pests or diseases?

3. Inyour opinion, what are the most pressing ecosystem challenges caused by climate change in

this area?

4. Are there any traditional practices or local knowledge that you or your community use to cope

with these challenges?
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5. Are you familiar with the use of photovoltaic (PV) systems for electricity generation in

Rwanda?

6. Have you observed any PV systems installed in your community or nearby areas? If so, where
and how are they being used?

7.In your opinion, how have these PV systems, if any, impacted the local ecosystem? Have you

noticed any positive or negative changes?

8.Specifically, how have PV systems affected the following aspects of the ecosystem:

a. Water use: Have PV systems helped to reduce reliance on traditional energy sources

that require water, such as hydropower?
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b. Have PV systems freed up land that was previously used for energy generation or

transmission lines? If so, how is this land being used now?

c. Have PV systems helped to reduce air or water pollution from traditional energy

sources?

c. Community livelihoods: Have PV systems created any new jobs or economic
opportunities in the community? Have they improved access to electricity for

households or businesses?

9.Do you think PV systems can play a significant role in restoring ecosystems in Rwanda?

Why or why not?

10.Are you a resident of Kayonza District? If not, how are you involved in the Kayonza

District PV projects?

11.Have you been involved in any way with the installation or operation of PV systems in

Kayonza District? If so, what was your role?
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12.In your experience, what are the main benefits and challenges of using PV systems in

Kayonza District?

13.Have you observed any specific changes in the local ecosystem since the installation of

PV systems? If so, how would you describe these changes?

14.Do you have any concerns about the potential long-term impacts of PV systems on the

local ecosystem in Kayonza District?

15. a.What recommendations would you have for improving the design, implementation, or
monitoring of PV projects in Kayonza District to ensure their positive impact on the

ecosystem?

b.What are your main sources of information about climate change and its impacts on
ecosystems?
62



c.Do you feel that you have a voice in decisions that are made about how to manage and use

natural resources in your community?
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