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ABSTRACT

In Ethiopia, solar-powered water pumping systems (SPWPS) present a promising solution for
rural water supply, yet they encounter challenges such as inconsistent energy availability,
high initial costs, limited technical expertise, and difficulty accessing maintenance. Solar
energy has thus become a practical alternative for groundwater pumping in regions affected
by frequent power shortages, such as Gambella-Pinyudo. However, differences in system
design and the lack of a standardized implementation framework have resulted in
performance challenges. This study aimed to assess the challenges of solar-powered water
systems, focusing on design inconsistencies, socio-environmental impacts, operational
limitations, and community engagement. Research data was collected from the respondents
via semi-structured interviews, open-ended questions, survey questionnaires, document
reviews, and direct field observations. The data analysis proceeded with descriptive analysis,
reliability & normality tests, Multi-Criteria Analysis (MCA), Comparative Analysis (CA), and
a Spearman correlation. Accordingly, the study revealed that the intertwined miscellaneous
challenges include technical issues, design inconsistencies, operator skill gaps, guideline non-
compliance, and socio-environmental impacts like land acquisition and wildlife disruption.
Regarding the design tools, Grundfos' designs are the most efficient, followed by MoWE,
WM, and Lorentz design tool. The research identified various challenges affecting the solar-
powered water supply system for rural communities, such as deforestation risks and
malfunctioning solar arrays, with several SPWPS units reported as non-operational. The
community also faced management challenges, including inconsistent performance and
maintenance difficulties. However, strong community engagement fostered ownership despite
technical issues affecting user satisfaction. So, it was concluded that the solar power-driven
water supply system offers benefits to rural communities, but addressing technical,
operational, and socio-environmental challenges is crucial for long-term success. A holistic
approach with community involvement is key to improving system performance and

effectiveness.

Keywords: PV system, Design Tool, Environmental Impact, rural community, module

orientation
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CHAPTER ONE
INTRODUCTION

1.1. Background

Water is essential to life on earth, crucial for social and economic development, and it directly
impacts health and living standards. Despite significant global investments, 1.2 billion people
still lack access to safe water, with rural areas in developing countries being the most affected.
Furthermore, access to safe water remains limited, particularly in rural areas of developing
countries, where 84% of the population depends on unsafe water sources and often travels
long distances to collect it (Kibret & Tulu, 2014). Approximately 300 million people in Africa
lack safe drinking water, and 313 million do not have sanitation facilities. Among sub-
Saharan African countries, Ethiopia has some of the lowest access rates to safe drinking water

and sanitation services (Hlongwa et al., 2024).

Conversely, effective groundwater management is crucial for enhancing resilience in
vulnerable areas of the Horn of Africa. In regions where surface water is limited due to high
temperatures, groundwater provides a dependable water source and aids in adapting to climate

variability(MoWE, and MolL, 2022).

Although Ethiopia possesses more surface and groundwater resources than are required to
meet current water supply demands, it still ranks among the lowest in Africa regarding access
to freshwater (World Bank Group, 2020) . Moreover, in remote rural lowlands of Ethiopia,
pastoralist communities are underserved with basic infrastructure such as roads and electricity.
As a result, they heavily rely on diesel power to pump water from deep wells, but transporting
diesel to these areas adds significant costs, further challenging the community (DT Global,
2019).

Alternative methods and energy are crucial for pumping water in areas lacking electricity.
Solar photovoltaic systems have been shown to significantly lower greenhouse gas emissions,
fuel (diesel) costs, and environmental pollution, helping to address the global challenges
associated with nonrenewable energy sources(Kayode et al., 2019).The solar photovoltaic (PV)
energy is considered the safest and most environmentally friendly alternative among various

renewable resources (Kazem et al.,2021) Solar power solutions offer several benefits for



water supply systems, including easy design, eco-friendliness, affordability, and low
maintenance requirements  (Rakotomalala, 2020) . These systems offer off-grid access to
water, providing benefits such as reliable and cost-effective irrigation, better drinking water

access, reduced effort in water collection, and increased energy availability (Nuttall, 2023).

Ethiopia, with its abundant solar radiation and subsurface water sources, has the potential to
provide rural areas with access to safe drinking water through solar-powered systems
( Girma et al., 2015a). Solar energy is particularly viable in Ethiopia due to its proximity to
the equator and the availability of sufficient solar insolation  (Kabade et al., 2013)

In rural off-grid communities in Ethiopia, residents have historically borne the full cost of
diesel fuel to pump drinking water. To cover fuel and operational expenses, communities
charge a tariff (typically 2-3 Birr per 20-liter jerrycan, as of 2023), setting aside a small
amount for repairs. While this system works well when the diesel generators are new, after
about 10 years, maintenance costs become too high for the tariff to cover, leading to more
frequent breakdowns. When this occurs, households—mainly women and school-age girls—
must return to walking to fetch water from the nearest river, which can take up to two hours
each way (Holthaus et al., 2023). While solar-powered water pumping systems provide a
sustainable solution for rural water supply, they also present several challenges. Addressing
these challenges requires a holistic approach by integrating technical solutions with
community engagement, standardized national guidelines and policies, capacity building, and
long-term funding sources. By overcoming jointly anticipated and unforeseen complications,
these systems can significantly improve access to safe water for rural communities while

promoting environmental sustainability.

With the growing popularity of solar power as a green energy source for pumping water from
wells, these systems have been widely implemented across various regions of Ethiopia,
including Gambella and specific locations like Pinyudo, by the local government, non-
governmental organizations (NGOs), and private sector entities. Nonetheless, implementers
and users are confused because different stakeholders use diverse design approaches, working
modalities, and materials. Furthermore, the distinct benefits, diverse techniques, and optimal
techniques of each design methodology have not been properly acknowledged leading to a

lack of understanding among users. Additionally, stakeholder engagement and user



satisfaction with these technologies have not been thoroughly examined. Therefore, there is a
need for scientific research to address these technical issues and ensure the effective and

efficient use of solar-powered water supply systems in Ethiopia.

A thorough evaluation of the challenges associated with solar-powered water pumping
systems for rural water supply is essential for understanding and addressing these issues. This
evaluation should encompass technical, financial, operational, social, and environmental
factors to develop effective plans for the system performance improvement, technology's

adoption and long-term viability.

1.2. Statement of the Problem

Various factors influence the design and operation of solar-powered water supply systems,
and even well-engineered systems can experience operational issues that reduce their water
pumping capacity. The output of solar-powered water systems is influenced by various factors
that must be considered in design and operation. Many PV water stations, despite sound
engineering, underperform due to insufficient attention to environmental and technical issues
impacting their operation and water output (Ahmed et al., 2023). While off-grid solutions for
rural electrification in developing countries have been widely studied, no comprehensive
review or framework now exists. Such an analysis could establish a common reference for
implementation settings, create a taxonomy for off-grid technologies, and organize existing

literature within this framework (Mandelli et al., 2015).

In Ethiopia, the challenges of designing and implementing these systems are heightened by
factors such as intermittent power generation, limited energy storage, geographical diversity,
water source sustainability, technical expertise, financial constraints, community engagement,
policy frameworks, and monitoring systems. Effective collaboration with local stakeholders,
government bodies, and communities is essential for developing tailored solutions that meet

the unique needs of each region.

Access to safe and reliable water is a fundamental human right, yet many rural communities
struggle to maintain a sustainable water supply. So, this has become a pressing challenge for
communities like Pinyudo Town. In recent years, solar-powered water pumping systems have

been increasingly adopted as a sustainable solution to address water scarcity. However,



despite their potential, these systems often face various operational, technical, and socio-
economic challenges that can undermine their effectiveness. In Pinyudo, the adoption of
solar-powered water pumping systems has not fully resolved the community's water supply

issues, raising concerns about the sustainability and efficiency of these systems.

In Pinyudo Town, various organizations have installed multiple solar-powered groundwater
pumping systems, each using different design methods, sizing tools, and mounting structures.
This has led to significant discrepancies in system components and performance. The absence
of a unified framework for designing and implementing these systems has resulted in
inefficiencies. Similarly, at the national level, significant research gaps exist in evaluating
solar-powered water pumping systems for rural supply, including technological feasibility,
socio-cultural dynamics, operational challenges, and policy frameworks. These gaps highlight
the need for further investigation to improve understanding and guide policy development,
investment decisions, and sustainable implementation. Addressing these issues can enhance

community access to clean water in rural areas.

This research aims to assess, the challenges faced in implementing and operating solar-
powered water pumping systems for rural water supply in Pinyudo Town. It also seeks to
identify unforeseen technical, socioeconomic, and environmental factors that contribute to
inefficiencies and limitations in these systems. By analyzing these challenges, the study
intends to provide insights into potential improvements and strategies to enhance the systems'
performance, reliability, and sustainability, paving the way for the efficient and sustainable

deployment of solar-powered water supply systems in rural communities.



1.3.

Objectives of the Study

1.3.1. General Objective

The primary objective of this study was to assess the challenges faced by solar-powered water

pumping systems used in rural water supply systems within the Pinyudo Town.

1.3.2. Specific Objectives

1.4.

1.5.

To evaluate the basic differences of solar-powered water supply system (SPWPS)
design tools used in Pinyudo Town.

To identify the social and environmental implications of utilizing solar-powered water
pumping systems in the rural community

To assess the operational challenges and limitations faced in implementing and
managing solar-powered water pumping systems in rural settings

To evaluate the level of community engagement and their satisfaction with the installed

solar-powered water pumping systems.

Research Questions

How do the solar-powered water supply system (SPWPS) design techniques vary in
community water supply project designs within your locality?

How does the use of solar-powered water pumping systems impact the social and
environmental aspects of your community?

What challenges and limitations are faced in operating and managing solar-powered
water pumping systems?

How does the level of community involvement and satisfaction with the solar-powered

water pumping systems installed in the area?

Significance of the Study

This research enhances the scientific understanding of solar-powered water pumping systems

for rural water supply, focusing on Pinyudo Town, Gambella, Ethiopia. It identifies key

challenges, such as technical difficulties in installation and maintenance that require

specialized skills often lacking in rural areas, and highlights differences in system designs,

with some proving more efficient and reliable than others. These insights guide the selection

of appropriate designs tailored to specific environmental and community needs, ensuring



optimal performance and sustainability. The study also examines the socio-environmental
impacts of the systems, uncovering operational challenges faced by the community, and
provides valuable information for stakeholders, designers, and policymakers to develop

effective solutions and improve national strategies.

Thus, the study benefits the community by identifying challenges and opportunities with
solar-powered water pumping systems in Pinyudo town, Gambella-Ethiopia. It highlights
technical difficulties, efficiency variations, and socio-environmental impacts, helping ensure
more effective and sustainable installations. Accordingly, the research supports the
development of tailored solutions to improve water access and sustainability in the
community. Moreover, the findings offer a replicable model for other rural communities,
promoting sustainable development and improved access to safe water through solar-powered

technologies.

1.6. Scope of the Study

This study focused explicitly on the Pinyudo town of Gambella, Ethiopia assessing challenges
related to solar-powered water pumping systems for rural water supply within a defined time
frame. The research employed a mixed-method approach, integrating qualitative and
quantitative data collected between February 1, 2024, and June 20, 2024. While it addressed
technical design variations, socio-environmental implications, operational difficulties, and
community engagement, it did not examine broader aspects such as regional or national
policy impacts, long-term financial sustainability, or comparative analysis with other
renewable water supply systems. Excluding these areas allows the study to concentrate on
local, immediate concerns specific to Pinyudo town, providing tailored insights and actionable
recommendations for this community. Expanding the scope to include broader or comparative
analyses would require additional time, resources, and potentially a different methodological
approach, which could dilute the focus on the immediate challenges experienced by the
Pinyudo town residents. As a result, the findings, conclusions, and recommendations are
specific to the Pinyudo town and should not be generalized to all similar rural settings in the

region.



1.7. Limitations of the Study

The study encountered several limitations that should be considered when interpreting its
findings. Although a larger sample size was initially planned to better represent the diversity
within the rural community, logistical and resource constraints limited the number of
participants, which may impact the generalizability of the conclusions. Data collection was
also affected by unforeseen challenges, such as limited access to some areas and respondents'
and data collectors' language barrier, potentially impacting the accuracy and reliability of the
data. Data collection time constraints due to conflict further limited the research, reducing its
ability to capture long-term trends or changes, which had initially been part of the research
plan. Moreover, a key limitation was the lack of a baseline survey in assessing the social and
environmental impacts, making it difficult to measure long-term effects and address potential
challenges effectively. Additionally, the study focused on specific variables within a defined
scope, which excluded certain external factors like economic changes, the shallow depth of
the design tools, and policy shifts, narrowing the analysis. Although efforts were made to
minimize bias, some interpretive biases may have arisen due to researchers’ perspectives and
methodological constraints. Finally, differences in geographic, cultural, and socio-economic
contexts across rural communities may limit the applicability of these findings and
recommendations beyond Pinyudo town, as the study was not gratified to account for these

broader variations.

1.8. Organizational Structure of the Study

This study is organized into five major chapters. Chapter One introduces the research by
outlining the background, problem statement, research questions, objectives, significance,
scope, and limitations. Chapter Two covers the literature review, which includes key concepts,
theoretical and empirical literature, and relevant studies related to the objectives. Chapter
Three describes the study, and explains the research methodology, including the research
approach, data sources, population, sampling techniques, sample size determination,
collection methods, and data analysis techniques. Chapter Four presents the results and
discussion based on the data analysis. Finally, Chapter Five provides the study's conclusions

and recommendations.



CHAPTER TWO

LITERATURE REVIEW
This section presents a comprehensive analysis of past research scholars work to connect this

study with prior efforts. Relevant studies were carefully selected to strengthen the foundation
of this research.Hence, the results of this study were compared to previous research endeavors
by a comprehensive evaluation of pertinent literature. This section is organized into four
categories: key concepts,theoretical literature,empirical literature, and specific studies related

to the objectives of the research,and the detail chronologically presented in detail below.

2.1.  Concepts and Definitions of Key Terms

Kiprono and Llario (2020) explain that a solar water pumping system (SPWS) consists of
three primary components that generally account for approximately 60% of the total system
cost, with the remaining 40% attributed to the balance of system components, including DC
accessories, cabling, and drop pipes.Thus, solar-powered water system typically consists of a
DC side, an AC side, or both.The entire system that generates and transfers DC power is the
DC side and includes all DC-related components.Likewise, there is the AC side which
comprises the full part of the PV system that begins after the conversion of DC power to AC
power,this includes the AC pumps, AC switches,changeover switches, and AC cables. Overall,

the Water Pump, Controller, and Solar module are the main components of the SPWSS.

2.2. Theoretical Literature Review

2.2.1. Rationale of Solar Powered Water Supply System

In water pumping systems, electrically or diesel-powered pumps are commonly used for
various applications, such as irrigation and rural or urban water supply. On the other hand,
pumping systems that use renewable energy sources must be the main focus due to issues like
high diesel pumping prices, the unreliability of the grid, and lack of availability. Recent global
concerns about the environment and sustainable development have sparked interest in water
pumping devices that run on renewable energy. As a result, solar energy is the renewable
energy source that water pumping systems use the most. Utilizing solar energy to pump water
declines dependence on diesel-electric generators or the grid system. Photovoltaic (PV)
technology, which uses sunshine to create power to pump water, is the base of the solar

photovoltaic water pumping system (SPVWPS) (Sekmen et al., 2022).



Although the initial investment cost for a solar-powered water pumping system (SPWPS) can
be relatively high, this environmentally friendly and widely adopted solution remains viable
due to its zero carbon emissions, silent operation, and low operational and maintenance costs.
Therefore, one of the greatest solar energy-powered water pumping systems for meeting the
global demand for clean drinking water is the Solar Photovoltaic (SPV) system, which draws
water from deep wells. Ethiopia has enough subsurface water sources and an abundance of

solar radiation to enable rural areas to have access to safe drinking water (Girma et al., 2015).

Africa faces unique difficulties in the water-energy nexus. The availability of abundant solar
radiation and enough underground water sources in Ethiopia can be combined to make clean
drinking water available to rural communities (Girma et al., 2015) . It is not viable to adopt
solar PV electrification for rural populations because there hasn't been a proper solar

feasibility and potential assessment (PA) in this area (Feleke et al., 2023).

As solar panel prices have decreased, policymakers, technicians, and consumers finding solar
pump technology increasingly appealing (Wesselius, 2022). The primary parameters that
impact the functionality and efficiency of photovoltaic water pumping systems are solar
radiation, panel temperature, and component efficiency. Solar radiation has minimal impact
on the voltage of solar panels, which remains relatively stable, but it directly and uniformly
affects the current output. Additionally, the panel's efficiency decreases by 0.48% for every

1°C increase in temperature (Ahmed et al., 2023).

2.2.2. Design and Sizing a Solar-Powered Water Supply System

Any water system must be designed and built in complete accordance with all codes,
standards, and laws of the governing bodies that have enforceable jurisdiction over the place
where the water system would be installed, regardless of the system's power source (Water
Mission, 2020). Many variables affect how much power is generated through solar modules,
which in turn affects how much water in a solar pumping system pumps out. The components
are solar panel/array, water supply, pipelines, pump motor, tank, and converter. Sunlight can
be converted into direct current electrical energy by the photovoltaic cells of solar modules

( Kiprono & Llario, 2020).



The energy is sent to the pump via a pump controller if the pump is DC-powered, or via a
variable frequency drive (VFD) if the pump is AC-powered, which can convert DC to AC.
The solar water pumping system's sizing is determined by considering the long-term system

operation, technical, environmental, and financial aspects (Elrefai et al., 2017).
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Figure 2. 1: DC-powered Pump model (Wade, 2019).
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Figure 2. 2: AC-powered pump model (Wade, 2019).
2.2.3. Applicability SPWPS Design Methods and Sizing Tools

The use of solar energy for groundwater pumping offers enormous potential to increase the
sustainability of water supply systems. Experience, however, also demonstrates that the
adoption of such schemes is being impeded by a lack of knowledge, ability, and skill in their
design and implementation (Kiprono & Llario, 2020).

Any water system must be designed and constructed in full compliance with all codes,
standards, and laws of the governing bodies with jurisdiction over the installation site,
regardless of the system's power source (Water Mission, 2020). Kiprono and Llario (2020)
state that numerous variables influence the power generated by solar modules, which in turn
affects the water output of a solar pumping system. Designing a solar pumping system

manually
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becomes challenging and less accurate, as most of these factors vary depending on the time of

day and season.

The sizing of a solar water pumping system is based on long-term operation, technical,
environmental, and financial considerations (Elrefai et al., 2016). According to Habib et al.
(2023), the performance of a photovoltaic array is affected by the surface temperatures of the
module’s top and bottom sides, the surrounding air temperature, and solar radiation intensity.
These variables fluctuate seasonally in a given area. When sizing and designing the main
components of the water pumping system (WPS), these seasonal variations are considered.
Proper sizing of pumps and equipment is essential for an efficient water supply system over

the design period.

The MS Excel-based development took into consideration some locations' patchy or slow
internet access. Microsoft Excel Visual Basic Applications (VBA) is used to program the
Excel-based version. With no complicated software installation needed, this application is
incredibly useful and portable, and it works on any computer system (Mali et al., 2022).

2.2.4. SPWPS Design and Sizing Considerations

A solar pumping system is composed of an AC or DC pump, a solar panel to supply the
pump's power requirement, and several sequentially connected regulatory and storage devices
for system functioning (Mali et al., 2022) . It is challenging to optimize sizing in solar-
powered schemes without the aid of solar design software due to the wide range of
parameters/factors influencing water output (Kiprono & Llario, 2020) . Technical,
environmental, financial, and long-term operational factors must be considered when sizing a
solar water pumping system. Also, it needs to discuss the solar-powered water pumping
system's performance and evaluation (Elrefai et al., 2017).

Design Considerations

The components of a solar pumping system include an AC or DC pump, a solar panel to
supply the pump's power needs, and several sequentially connected regulatory and storage
instruments for system functioning (Mali et al., 2022). Components like solar panels/arrays,
converters, pump motors, water sources, pipes, and tanks are included in the proposed solar

powered pumping system schematic (Palanivel et al., 2020).
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Figure 2. 3: Typical Solar Water Pumping Systems (Wade, 2019).

Different components of a solar PV system should be selected based on the proposed system
type, site location, and application. According to Lundborg (2020), the general design factors
for a solar pumping system can be broken down into several key steps. First, the daily water
demand must be determined, followed by assessing the quantity and quality of water available
from the source(s), such as boreholes. If necessary, the required tank storage size should be
identified. The next step is calculating the daily design pumped flow, accounting for "catch-
up" capacity during cloudy days. The pump's operating head, or Total Dynamic Head (TDH),

should then be estimated.

When determining the size of the solar pump, controls, and solar array, there are two options:
manual calculation or applying modeling software. For manual calculation, designers need to
find the solar resource, select PV panels, and model their output hourly and seasonally, then
determine the required average pump flow rate and select a preliminary pump model. TDH
must be evaluated based on the chosen pump's curve. Alternatively, designers can use pump
manufacturers' modeling software to input preliminary design data and recalculate TDH based

on pump selection. Once this is done, the solar array should be sized and designed.

Final confirmation of the system requires attention to several details: ensuring that the
maximum instantaneous flow does not exceed the source's design yield, confirming that pipes
and fittings are appropriately sized based on maximum flow, and verifying that the array's

output voltages fall within the acceptable range for the pump or pump inverter.
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Figure 2.4: Key Features of a Standalone SPWPS (Lundborg, 2020)

2.2.5. Evaluation of SPWPS and Design Tools

Various technological and environmental factors influence the efficiency and operation of
solar-powered underground water pumping systems. Research into these factors is essential to

ensure system reliability and to account for their impacts throughout the development process

(Ahmed et al., 2023).

Predictions of the long-term system performance are essential for the technically and
financially effective SPWPS design. Evaluating the variables required for effective technical
performance is part of the design and component selection process for SPWPS. To ensure the
sustainability of the SPWP system, the relevant characteristics must be thoroughly examined
before selecting the system and its components, and determining the optimal size for the PV
system, motor pump-pipe system, and storage. Key considerations include site conditions,
water demand, total dynamic head (TDH), pump type, solar irradiation, and cell temperature

(Moholo, 2020).

Alternatively, factors such as the angle of incidence, cell temperature, dust accumulation on
the PV module surface, and PV module degradation have the greatest impact on the
performance of solar PV systems. The effectiveness of SPWPS is significantly influenced by
three complex variables: mismatch, self-shading, and shadowing. These factors require further
research, and designers should prioritize minimizing or eliminating their impact. Nonetheless,

the primary hindrance in operating solar water pumping technology is the installed system's
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cost per watt, which must be met while satisfying load demand. When designing a PVWP
system, several factors are considered, including the size and configuration of the PV array,
the size of the motor pump and pipe system, the capacity of the storage tank, and a life cycle
cost analysis. A poor sizing of the SPWPS components would affect the system's reliability,

and performance and develop a shortfall (Moholo, 2020).
2.3. Empirical Literature Review

Girma et al. (2015) noted that solar photovoltaic (SPV) water pumping systems are among the
most effective ways to harness solar energy to pump water from underground wells and
provide clean drinking water globally. Ethiopia, with its abundant solar radiation and
substantial groundwater resources, presents a significant opportunity to use this technology to
provide rural communities with access to clean water. The study also highlighted the
challenges of extending electric grids to all areas in underdeveloped countries like Ethiopia,

where communities are often scattered across diverse and difficult terrains.

Numerous studies have explored the use, feasibility, and design of solar PV water pumping
systems for water delivery. For instance, Tahiru et al. (2023) reviewed Ethiopia's renewable
energy landscape. Hailu and Kumisa (2020) examined the country’s renewable energy
potential and current state. Feleke et al. (2023) conducted a feasibility and possible
assessment of solar resources in North Shewa Zone, Amhara, Ethiopia. Tekile (2014) focused
on modeling solar radiation and performing a GIS-based multi-criteria analysis to assess solar
energy resources in Ethiopia. Getie and Jember (2022) evaluated the potential and
performance of floating solar photovoltaic systems on the Great Ethiopian Renaissance Dam.
Bezabih (2021) studied solar energy use and evaluation activities around Bahir Dar, while
Tadesse and Merkneh (2020) designed a solar PV water pumping system for household water

consumption in Bilate Basin, Ethiopia.
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2.4. Literature Review on Research Objectives

2.4.1. Challenges associated with SPWPS Usage

Challenges in the energy and water sectors include high costs of renewable energy
technologies, insufficient financial resources, poor coordination between policies and
stakeholders, a shortage of skilled human resources, political interference, corruption,
ineffective community water management models, and limited access to information.
Regarding the Solar Powered Water Pumping Systems (SPWPs), issues such as inadequate
stakeholder coordination, misalignment with policies, environmental degradation, and
planning and budgeting difficulties were identified, alongside a lack of information and
awareness. These factors have contributed to non-functional systems, substandard installations,
the presence of counterfeit products, dependency on external aid,slow technology adoption,

unsustainable systems, and poor resource management (Phiri et al., 2023).

Solar energy development has been hindered by various obstacles, including technological,
financial, political, and social factors. Technical challenges are a major barrier to its
implementation, and socio-cultural issues impede the process (Abdullahi, 2021). Solar water
pumps have emerged as a game-changer in the fight for effective and sustainable water
management. Nevertheless, the widespread adoption of this technology faces several
challenges. These include high initial costs and financing difficulties, gaps in technical
expertise and knowledge, maintenance and repair issues, intermittent sunlight and seasonal
variations, concerns about water quality and pump suitability, lack of supportive government

policies and regulations, and issues related to water rights and ownership(Hussain et al., 2023).

Solar-powered water pumping technology offers a promising and affordable solution with
extensive potential. Nonetheless, they face several challenges, including technical issues,
financial constraints, skill development gaps, and policy barriers. Consequently, a detailed
study is essential to evaluate their feasibility and uncover these challenges (Hussain et al.,
2023b). Solar energy has become a focal point as a potential solution to the complex energy
and development challenges facing the regions known as the "Global South. The Global
South, which includes economically disadvantaged countries, faces numerous challenges,
such as unreliable access to electricity, insufficient safe water resources, limited

industrialization, and food insecurity. Solar energy, a sustainable and abundant resource,
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holds significant potential to address these issues. However, this potential cannot be realized
in isolation; extensive collaboration is crucial. Governments must lead by establishing
supportive policy frameworks, providing incentives, and offering regulatory clarity. Local and
international organizations also play a vital role by delivering technological expertise,
financing solutions, and implementing capacity-building initiatives. Communities must seize
this opportunity to drive local adoption. Despite its vast potential, several barriers persist,
including limited awareness, inadequate infrastructure, challenges in technology adoption,
and financial constraints. Nevertheless, these obstacles also present growth opportunities

(Ukoba et al., 2024).

2.4.2. Evaluation SPWPS Design Tools Technique Disparities
2.4.2.1. Evaluation of SPWPS Design Tools

Based on the essentiality of water for human survival, the quality of life in any country
depends on the quantity and quality of its water resources. Solar Water Pumps (SWPs) use
solar energy, converted through solar modules, to pump water from various sources. With
growing awareness of the energy crisis, SWPs have garnered significant research interest.
There are many design possibilities for developing these systems. Key factors that influence
the performance of a Solar Water Pump system include the effective and efficient design of its
components: the solar module, the pump head, the control system, and the water reservoir

(Sinaga et al., 2023).

Sub-Saharan Africa holds great potential for renewable energy, but rural areas often face
significant challenges with electricity access. Common design errors for the African context
further depend on the situation. While developing micro-hydro and micro-solar energy plants, it is
important to consider local limits and apply lessons learned from the past. Key considerations
include proper sizing, selecting suitable technology and components, effective maintenance,
and capacity building. A thorough assessment of the socioeconomic and cultural context is
essential for successful energy development (Overcoming local constraints when developing
renewable energy systems for the electrification of remote areas in Africa (Kenfack et al.,

2020).

Access to water is crucial for human survival, health, ecosystem restoration, and sustainable

social and economic development. Even with advancements in providing clean drinking water,
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many people, particularly in rural areas, continue to face shortages of this critical resource.
Solar photovoltaic-powered water pumping systems provide a sustainable solution for water
delivery. However, despite their widespread use, a standardized approach for selecting
optimal sites and determining appropriate system sizes has not yet been established (Solar
photovoltaic water pumping system: A software tool development-based optimal

configuration investigation for system installation location, sizing, and deployment (Rengma

etal., 2023).

When designing a solar pumping system, various guidelines must be followed. This guide
offers the necessary information for accurately selecting the pump, sensors, solar array, wiring,
and piping (Kayode et al., 2019) . Various environmental and technical factors shape the
performance and reliability of solar-powered underground water pumping systems. A
thorough assessment of these factors is crucial during the design and development stages to

ensure optimal system effectiveness(Ahmed e al., 2023).

2.3.2.2. SPWPS Design Techniques The solar PV water pumping system is the supreme
solution for remote areas with unavailable grid access. Using simulation software in the
design process optimizes resource utilization and helps identify potential issues before field
installation. Various software packages are available for designing solar PV water pumping
systems (SPVWPS). The key components of the design include solar panels, a motor pump
set, a controller, interconnected cables, earthing, a PV module mounting structure, rods, and a
lightning arrester. In some cases, a water storage tank is also included, depending on the need
(Ashraf, 2021) .Overall, from the data analysis results and their interpretation, the challenges
associated with SPWPS for rural water supply in the study area summed up as a technical
capacity gap among local operators, improper application of local knowledge, and lack of
alignment with the national SPWPS working manual, unavailability of compatible spare parts
in the local market, extensive vegetation cover, poor quality of installed materials, disparities,
and deficiencies in construction and installation practices, weak operation and maintenance
approaches, dispersed community settlements, erratic power generation, and energy storage
during the wet season, difficulties in finding suitable water sources and determining optimal

locations, and issues of theft and vandalism.
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The broad range of factors influencing water output in solar-powered systems makes it
difficult to optimize sizing without specialized design software. Solar software from various
manufacturers is becoming increasingly popular and accessible. However, clear data and
sound design criteria are essential for creating an efficient system. Many software packages,
such as those from Grundfos, Lorentz, and Wellpumps, can assist with this process. These
tools calculate the necessary factors based on selected components and geographic locations,
suggesting designs that include solar module layout, power requirements, cable sizes, inverter
or control box models, pumps, and other system elements. They also ensure that the
performance and electrical characteristics of the components align to achieve the expected

water and energy outputs(Kiprono & Llario, 2020).

2.4.3. Social and Environmental Implications of SPWPS
Solar power is a central topic in sustainable development discussions as the world

increasingly embraces renewable energy sources (Akter & Mitu, 2024). Solar pump projects
offer affordable water services that can benefit the economic status of beneficiaries. However,
most studies have focused on system design and modeling, with limited evidence of socio-
economic impacts. In the Solar Water Pumping Systems (SWPS) project, while communities
gained valuable knowledge and skills in renewable energy, the economic benefits did not
significantly improve overall welfare. This suggests that in poor rural areas, small-scale
renewable energy projects alone may not drive economic growth. Stakeholders should
therefore integrate these projects with broader programs to achieve meaningful socio-
economic outcomes (Rahmani et al., 2022).

Decisions about land use for energy are critical as global demands for land, ecosystem
services, and energy rise. The shift to renewable energy, while necessary for climate
mitigation and sustainability, requires significant land for solar energy collection, raising
concerns about impacts on ecosystems and biodiversity. Solar energy development,
particularly utility-scale projects near protected areas, can lead to habitat fragmentation,
species isolation, and ecological disruptions. However, strategic site selection can minimize

environmental harm and even provide co-benefits (Hernandez et al., 2015).

The growing global demand for energy, driven by modernization and population growth,
necessitates promoting renewable energy sources to meet future needs while advancing

sustainable development and economic stability. Many sectors, including agriculture and
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farming, have increasingly turned to renewable energy-based water pumping systems due to
frequent rises in fossil fuel prices and environmental pollution. In recent years, solar
photovoltaic water pumping systems (SPVWPS) have become a preferred solution, offering
practicality and cost-effectiveness for users. However, several technical challenges exist, such
as high initial costs, efficiency, orientation, auxiliary storage, head, and payback period.
Moreover, social challenges such as transportation difficulties, a lack of skilled labor, theft,
vandalism, and political factors can hinder the widespread adoption of solar pumps. Despite
these barriers, increased subsidies, training, tax incentives, and remote monitoring could

enhance the accessibility and adoption of this technology (Gunasekaran & Chakraborty, 2023).

The solarization of water pumping systems greatly reduces CO, emissions compared to diesel-
powered systems over their operational lifetime, which is crucial in mitigating global climate
change. However, other important potential impacts that have not been fully addressed
include environmental hazards from excessive abstraction due to prolonged pumping hours,
additional forms of emissions, and the emissions associated with the manufacturing and

transportation of electromechanical or solar equipment (Yalew, 2022).

2.4.4. Operational challenges and limitations of SPWPS

The world's population is growing faster than ever, and technology has made more people
need electricity. The reliance on fossil fuels, which emit large amounts of CO, and
significantly impact climate change, has prompted many countries to turn to clean, renewable,
and sustainable energy sources, such as solar power(Ahmed et al., 2023). Rural water supply
faces challenges like poor economic conditions, settlement in fragile environments, and varied
cultural management models, which affect cost recovery. The dispersed nature of settlements
complicates infrastructure provision, leading to deteriorating systems due to technical,
financial, and managerial issues. As a result, rural communities often rely on contaminated

local water sources (Salom & Khumalo, 2022)

As traditional energy resources used for electricity generation are finite, the future presents
significant challenges in terms of resource availability. Solar energy, however, offers a
promising solution to this limitation. Unlike coal and other fossil fuels, solar energy is
renewable and sustainable. By harnessing the sun’s power, we can address the constraints

posed by limited energy sources. One major advantage of solar energy is its versatility; it can
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serve as a primary source of electricity and power systems such as water purification. Despite
its potential, solar energy faces challenges, including high initial investment costs and
intermittent generation due to weather conditions (Kundu, 2023) . Hence forth, various
environmental and technical factors influence the operation and effectiveness of a solar-
powered underground water pumping system. To ensure the system operates reliably, it is

crucial to investigate and account for these factors during development (Ahmed et al., 2023).

2.4.5. Community Engagement and Satisfaction with SPWPS

Community involvement is based on the idea that including stakeholder engagement in
different forms in the decision-making process regarding their local communities and broader
social issues offers significant social, political, and economic benefits (Jha et al., 2019). In
low-income nations, community engagement is becoming the standard form of governance
for rural water systems. Thus, in sub-Saharan Africa, community management remains the
predominant model for overseeing rural water resources. It is widely believed that the
community management model inherently incorporates principles of community engagement
(Shields et al., 2021).

Community involvement in the process is crucial for the long-term success of community
projects. To achieve the intended results effectively, critical initiatives such as the water
project require greater participation in project planning and throughout the project cycle to
enhance ownership of the projects, for successful implementation and sustainability (Bakari &
Mbunda, 2022) The degree of community engagement indicates how much everyone will
benefit from any project implemented in the locality. By lowering tensions and fostering
greater community collaboration, effective stakeholder involvement, particularly for water
supply projects, helps effective project delivery. Thus, all people or their representatives must
fully participate in all project management phases to ensure the sustainability of the system
(Ugbah et al., 2017). One key element of community involvement is their role in monitoring
and evaluation, which greatly increases the sense of ownership and acceptance of the project
among the intended beneficiaries. Including the community in projects is a powerful way to
support their development and progress (Munene, 2020).

Indeed, active community involvement in project development can greatly enhance project
success. By including the community in decision-making during the planning phase, they can

benefit from opportunities like employment and business growth. This strategy is based on the
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notion that, with careful planning, rural communities can utilize their resources and efforts to
enhance their general well-being (Laurent & Safari, 2021). Effective community participation
involves a diverse spectrum of stakeholders to establish long-term, sustainable solutions for
complicated situations. Approaches to community participation vary, and various goals are
frequently incorporated into their design. Some focus on building social capital and
strengthening relationships and trust within the community, though others target specific
issues by tapping into the collective power of individuals working together (Waters et al.,

2015).

Decentralized renewable energy projects, such as solar photovoltaic water pumping systems,
have been implemented to improve water access in rural areas with active local community
involvement. However, there has been insufficient study on how communities benefit from
these projects, with more focus on the establishment process. Additionally, relevant research

from developing countries is limited (Rahmani et al., 2022).
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CHAPTER THREE

MATERIALS AND METHODS
3.1.Description of the Study Area

The study was conducted in Pinyudo Town, located in Pinyudo town, one of the rural towns
in the Gambella region of Ethiopia. According to UNICEF, Pinyudo is a rural area that relies
heavily on agricultural activities, with farming and livestock herding being the primary
livelihoods for its population. The Region is 766 kilometers away from Addis Ababa and in
Ethiopia's southwest, is home to an estimated 463,000 people, according to population data
based on a 2007 projection. Gambella has an abundance of resources and arable land.
Nonetheless, the area experiences frequent floods and droughts, and it is home to 337,421

South Sudanese refugees—nearly twice as many people as its own (UNICEF, 2022).

According to the 2024 World Weather and Climate Report, Pinyudo has a tropical wet and
dry (savanna) climate. Google Earth data places Pinyudo's coordinates between Latitude
7.750283° to 7.748612° and Longitude 34.425008° to 34.42944°. The town is situated 461
meters above sea level. Pinyudo experiences an average annual temperature of 32.56°C,
which is 10.33% higher than the national average for Ethiopia. The area receives 132.25 wet

days annually (36.23% of the time) and averages 68.43 millimeters of precipitation per year.

The rainy season typically occurs from May to October, followed by a dry period from
November to April. This seasonal variation affects both, water availability and the energy
demand for water pumping in the community. The terrain of the study area is predominantly
flat, with some low-lying areas prone to flooding during the rainy season. The community is
not connected to the national electrical grid, making it heavily dependent on alternative
energy sources, such as diesel generators and solar power, for essential services, including
water pumping. Given its off-grid status, access to clean and reliable water is a critical
challenge, particularly during the dry season when groundwater levels drop and the demand

for water increases.
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Figure 3. 1: Location Map of Study Area (Researcher made)

In Pinyudo town, the water supply infrastructure is limited, with only a few boreholes and
hand pumps servicing the community. Due to the reliance on diesel-powered pumps,
operational costs are high, and breakdowns are frequent, leaving many households, especially
women and children, responsible for collecting water from distant sources, including rivers

and seasonal streams.

3.2. Research Design and Approach

The study focused on identifying the key challenges of solar-powered water pumping systems
(SPWPS) from the perspectives of the user community, technical personnel, and the systems
themselves. It addressed difficulties in installation and maintenance, technological barriers
faced by the rural community, system reliability under adverse weather conditions, and local
involvement throughout the project cycle. Additionally, the study compared the technical

differences between various SPWPS design techniques, assessing their impact on system
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performance and sustainability. Also, the research examined the operational limitations and
challenges faced by the community, exploring technical, logistical, and resource-related
obstacles. Socio-environmental impacts, including the effect of the systems on the local
environment, health, and social dynamics, were also evaluated. Furthermore, community
engagement and satisfaction with the installed systems were assessed, including the extent of

participation and the overall benefits.

To collect the necessary data, several methods were used including conducting site
observations for direct assessment, reviewing documents to analyze relevant reports and
feedback, and carrying out physical surveys to gather information on infrastructure and
operational status. Open-ended questionnaires and narrative interviews provided qualitative
insights from community members and stakeholders, while semi-structured interviews offered
detailed perspectives from key informants. Secondary data analysis of existing studies and
records complemented these methods, ensuring a comprehensive evaluation of the solar-

powered water pumping systems and their associated challenges and impacts.

The study also integrated primary, and secondary, quantitative and qualitative data.
Quantitative methods were used to collect and analyze numerical data, identify patterns, and
make predictions. Structured techniques such as surveys with large, representative samples,
frequency descriptive analysis, Likert scale statistical analysis, field observations, and

correlational designs were employed to measure variables and describe their relationships.

Furthermore, the qualitative research approach aimed to gather and analyze non-numerical
data to gain insights into concepts, respondents' thoughts, and experiences with technical
expertise. This was done using flexible and adaptive methods such as interviews, open-ended
questions, document reviews, and case studies involving small, purposeful samples. The goal
was to explore phenomena and understand the underlying reasons and motivations. By
combining this with quantitative methods in a mixed methods research design, the study
achieved a comprehensive analysis, utilizing the strengths of both approaches to provide a
more thorough understanding of the findings. Regarding the research design and approach for

each objective the detail discussed below.
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3.2.1. Challenges associated with SPWPS Usage

To achieve this objective, the study utilized a triangulated research approach to assess the
challenges of solar power-driven water supply systems (SPWPS) in the target community,
integrating qualitative and quantitative data collection techniques. Data were gathered through
open-ended questioners posed to twenty technical staff members, including engineers from
government agencies and NGOs, these questions focused on the technical and implementation
issues of the system. A survey questionnaire, featuring a seven-item and quantified with a
Likert scale, was administered to the community members. Additionally, field observations
were used in this regard, to obtain firsthand insights into the challenges associated with the

system.

3.2.2. Evaluation of SPWPS Design Tools Difference

A mixed-methods approach was employed to evaluate differences between various solar-
powered water pumping system (SPWPS) design techniques used in the study area. The
methodology included a multicriteria analysis (MCA) using a structured questionnaire with
ten questions based on predefined parameters. A Comparative Analysis (CA) was also
conducted using a fifteen-question survey. Additionally, open-ended survey questions were
used to provide further insights, and a field survey was conducted to observe differences
between the design and as-built systems. Eventually, the document desk review also allowed
for an unbiased differentiation of the tools.

So, in this paper, the Weighted Sum Method (WSM) was employed to determine the
respondents' preferred SPWPS design tool. The alternatives were assessed based on their
score values and assigned weights, using equation 3.1 (Dean, 2022).
V(di) = le (Rdi (Wi Xi))---------- (3.1)
Where;
» Rdi is the first level weight of the domain di,
» Wi is the second level weight of the criterion i,
»  Xi is the arithmetic mean score of the design tool concerning criterion inquiry i, and
» V(d) is the resultant value of the domain di.

The total weighted sum for each design tool is calculated using the equation 3.2.

Vor= i, (Vai) (3.2)
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Where;

» Vpr 1is the total weighted sum of each design tool-DT,

> Vy; is the resultant value of the domain di; (TeD, SoEnvD, & EcoD).
» TeD- technical domain

» SoEnvD- socio-environmental domain

» EcoD-economical domain, thus

TeD = R1W11*(X1+X2+X3+X4+X5+X6) (33)

SOENVD = R,yWoy*(Y1+Y5)

= EcoD = R3ws3*(21+25) 3.4)
R=R;+ Ry+R3 =1=100% ) (3.5)
= (DT)=TeD + SoEnvD + EcoD) (3.6)

Henceforth, the final decision to differentiate the SPWPS design tools was made using these
equations. Additionally, qualitative and quantitative data were used, with standardization
applied to convert all scores into a uniform unit and computable system. The selected criteria
for identifying differences were technical, social, environmental, and economic. These pillars
were represented by three domains or parameters: the technical domain with six
corresponding criterion inquiries, the socio-environmental domain with two corresponding

criterion inquiries, and the economic domain with two corresponding criterion inquiries.

Concerning the SPWPS design tools, four design approaches were employed for groundwater
pumping system design and installation in the Pinyudo town: The Ministry of Water &
Energy (MoWE) design tool, the Water Mission design tool, the Grundfos pump sizing tool,
and the Lorentz pump sizing tool, all customized for the community water supply system. For
clarity, the design outputs are illustrated in the image below, providing a visual reference

before proceeding with the data analysis.

1) The Mistry of Water and Energy (MoWE) SPWPS Design Tool

The MoWE SPWPS design toolkit was developed in December 2013 by the Ethio-Resource
Group a guiding design manual and an Excel-based worksheet to facilitate the design process
by organizing and manipulating input data. This tool helps determine key parameters, ranging

from water requirements to equipment pricing.
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According to MoWE design (2018), the design and implementation manual was created for
solar and wind water pumping systems, targeting developers, including regional and local
government offices. It assists developers in assessing the viability of solar and wind systems
compared to other alternatives, while guiding them through the design, implementation,
operation, and maintenance phases. The primary goal is to promote proper system design and
encourage the wider adoption of these technologies as sustainable solutions for rural water

supply in Ethiopia.

The manual covers essential stages of the project cycle, such as resource availability, site
selection, system design, implementation, operation, and maintenance. It is mainly intended
for local development workers in the energy and water sectors, both government and non-
government, including private-sector developers, can also use it for system design and
implementation. It enables users to evaluate the feasibility of photovoltaic (PV) water
pumping, create initial designs suited to local needs, understand installation and service

requirements, and estimate procurement costs.

The system design process involves ten key steps, starting with data collection on location,
elevation, water source characteristics, and community needs, and concluding with the sizing
of the power source and conditioning equipment. These steps include gathering basic
information, determining water requirements and sources, calculating storage needs,
developing the pumping system layout, estimating solar insolation, determining the Total
Dynamic Head, calculating the Hydraulic Energy Requirement, sizing the pump motor,

determining the solar array size, and sizing the pump inverter.

The tool comprises eight workbooks: an introductory tab featuring organizational details and
information about the design tool developer, including a daily water requirement calculator
for community water demand, livestock needs, and location specifics. It also includes a
hydraulic power requirement calculator with 31 inquiries for static head and head loss
calculations, a solar resource estimator for PV array sizing, a Bill of Quantities, and a Bill of
Cost tab for financial analysis to assess the system's feasibility. Lastly, there is a summary tab
for consolidating the designed solar pumping system component. This design approach
resulted in installing solar-powered water supply systems in the Pinyudo host communities, as

depicted in the images below.
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Figure 3. 2: MoWE SPWPS Components at Pinyudo High School Site

1) The Water Mission (WM) SPWPS Design Tool

Water Mission (WM) is a non-profit Christian engineering organization based in Charleston,
South Carolina, USA, that provides sustainable safe water and sanitation solutions. The
organization focuses on implementing community-managed safe water projects powered by
solar energy. After the project is completed, managing and maintaining these systems is
transferred to the community, ensuring local ownership and long-term sustainability (Longwe

et al., 2019).

The Water Mission (WM) SPWPS design toolkit, created in 2019, is based on the guidelines
and technical standards outlined in the International Electrotechnical Commission (IEC)
International Standard 62253, titled "Photovoltaic Pumping Systems — Design Qualification
and Performance Measurements." This toolkit was intended to guide the key design
components required for delivering safe water via solar-powered water supply systems. The
design tool clarifies that the Excel spreadsheet is not intended to replace sound engineering
judgment. Instead, its purpose is to assist designers in thinking through, understanding, and

making informed decisions about the key components of solar-powered water supply projects.
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The tool features a user manual and an Excel spreadsheet designed to streamline the design
process by organizing and processing the input data provided by the designer. It includes user
entry tabs, operational calculator tabs, and reference tabs with technical information. The tool
is organized into five key sections: Water Demand Calculator for population and demand
estimates; Water Supply System Component Evaluator for sources, treatment, and storage;
Hydraulic Design for system layout and TDH calculations; Pumping Sizing Tab for pump

selection and electrical details; and Solar Panel Sizing for power, output, and PV sizing.

Furthermore, the tool also includes calculators for household, institutional, and future water
demands, along with a design summary covering water demand, supply, hydraulic design,
pumping, and solar PV sizing. The Water Mission design approach offers guidelines such as
groundwater surveys, solar rack design, financial sustainability, and assessment worksheets. It
is integrated with the Grundfos pump sizing tool, and the outcomes from this tool in Pinyudo

are shown below.

3-Mounted Solar Panels

Figure 3. 3:Water Mission SPWPS Related Works at Pinyudo Town
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1) The Grundfos SPWPS Pump Sizing Tool

As the company website declared, Grundfos, founded in 1945, is one of the world’s leading
pump manufacturers, operating in more than 80 companies across over 55 countries, helping
to bring pumps to every corner of the world. The company aims beyond the pump production
to make water more accessible, reduce energy waste, and increase efficiency. The Grundfos
Foundation called the Poul Due Jensen Foundation (PDJF) works on donations for water-
related works to create access to drinking water for communities in need, research and
learning initiatives, environments,individuals within technical and natural science disciplines,

and support inclusions in community engagement grants for causes across the globe.

Grundfos offers a comprehensive range of reliable solar water solutions, including systems
designed for large-scale water supply, with all the necessary components for a complete solar-
powered setup. As a global company with a strong local presence, Grundfos has a
longstanding history of developing solar water technologies. Since introducing its first off-
grid water supply system in 1980, the company has remained at the forefront of innovation in

off-grid technology.

The Grundfos solar-powered water supply system design combines the pumps, controls and
monitoring, solar panels, and components required for a complete solar-powered water supply
system. The Grundfos Product Center is a free digital product catalog and sizing tool, starting
the interface with an inquiry about the product. The pump sizing tool, available on both
computer and mobile applications, assists design engineers in selecting and evaluating pumps.
This user-friendly calculator, based on pump design, application, and performance

requirements, ensures the right pump choice has to be made.

The Grundfos pump sizing tool streamlines pump selection, helping you quickly find a pump
that meets your duty points and application needs. In three simple steps, you define
application requirements by entering the duty point and selecting parameters (e.g., energy
consumption), evaluate and compare compliant pumps based on life cycle cost, and choose
the desired pump while reviewing key data such as sizing results, curves, and dimensions. A
PDF printout of essential details can also be generated as needed. Also, the Grundfos Solar
Water Pumping System Design Manual is organized into three concise sections for easy

reference.
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The first module introduces solar water pumping systems, the second outlines the features and
benefits of selected Grundfos pumps, and the third covers the sizing and selection of a
Grundfos solar water pumping system. These modules training resources. This approach has
resulted in installing solar-powered water supply systems collectively direct the design

engineer to the company’s web-based solar pump design tool and in the Pinyudo town refugee

camps and host communities, as shown in the images below.

Figure 3. 4: Grundfos SPWPS Related Works at Pinyudo Town
1) The LORENTZ SPWPS Pump Sizing Tool

According to the Lorentz pump company's website, LORENTZ is the global leader in solar-
powered water pumping solutions. Established in Germany in 1993, LORENTZ has been at
the forefront of innovation and excellence in the engineering and manufacturing of solar-
powered water pumps. Now, LORENTZ operates in more than 130 countries through a

network of dedicated professional partners.Leveraging LORENTZ's expertise and engineering
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capabilities, a diverse range of products for specialized pumping applications has been created.
These products, marketed under the LORENTZ Energy brand, include pumps for oil

extraction, landfill liquid removal, and remediation applications.

Lorentz offers proprietary solar pump design software COMPASS, designed to help the users
accurately size and specify solar pumping systems, as highlighted on their website.
COMPASS is a PC-based application with advanced modeling features and comprehensive
information on the full range of LORENTZ products. Thus, it allows Lorentz partners to
design solar water pumping systems tailored to client needs. By entering basic data like
location, water demand, and total dynamic head, the software recommends the appropriate
Lorentz solar pump model and provides installation details, including wiring diagrams. It also
suggests compatible accessories and offers performance forecasts using NASA
meteorological data, ensuring year-round accuracy. COMPASS also suggests compatible

accessories, giving clients flexibility in customizing their system's capabilities.

Beyond design, the software can forecast hourly, daily, and monthly system output using
NASA meteorological data, that accounts for seasonal variations, providing accurate
performance expectations year-round. Lorentz also offers two Android™ apps—Pump
Scanner and LORENTZ Assistant—designed to help installers, customers, and technicians
easily configure, monitor, and control pump systems. These apps improve system

management and facilitate real-time adjustments.

The COMPASS PC-based software simplifies pump sizing for SPWPS in four steps: General
Information — Select pump type, location, and optimal solar panel angles. Discharge Side —
Determine total dynamic head (TDH). Output Requirements — Enter daily water demand, size
for the month with the least solar power, and input borehole safe yield. Discharge Side —
Calculate static head, measure pipe length, and select pipe type from the menu, using the
worst-case scenario if uncertain. Finally, by clicking "Report," the system characteristics
(pump, number of panels, etc.) will be displayed. The designer can also generate a PDF
document containing essential information, such as accessories for the selected pump, and

system layout, at the Pinyudo town refugee camps, as seen in the pictures below.

32



Figure 3. 5 Lorentz SPWPS Related Works at Pinyudo Town

3.2.3. Analysis of Social and Environmental Impacts in the Local Context

The thesis used a mixed-method approach to identify the impact of the installed solar-
powered water pumping systems on the socio-environmental aspects of the study area. The
methodology incorporated both qualitative and quantitative data collection techniques to
capture a comprehensive view of the impacts. A structured survey questionnaire with seven
questions was administered to 450 community members, utilizing a five-point Likert scale to
quantify their perceptions of the social and environmental effects of SPWPS. Additionally,
semi-structured interviews with scheme operators were conducted to gather qualitative
insights. Field visits to SPWPS sites were made to directly observe the environmental changes

and how people interact with the systems.
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3.2.4. Analysis of Operational Challenges and Limitations

Some techniques were used to assess the operational difficulties and constraints associated
with overseeing and using the solar-powered water pumping system in the research region.
These included open-ended questions for technical staff, a survey questionnaire for the user
community, and field observations. A six-question survey titled “Operational Challenges &
Limitations Faced in Implementing and Managing the Installed SPWPS by the Local
Community” was distributed to 450 randomly selected individuals using a five-point Likert
scale. Furthermore, field observations were conducted, and simultaneously no-structured
interviews with local operators were carried out at each site. This approach provided insights
into the operational difficulties experienced by the community.

3.2.5. Community Engagement and Satisfaction with SPWPS

Various data collection methods were employed to achieve the research objectives through
data analysis. Open-ended questions were tailored for technical staff, and a survey
questionnaire was developed and administered to the user community. Additionally, a
researcher-designed survey comprising six questions was distributed to 450 randomly selected
individuals through data collectors. So, this survey was employed to assess community

perspectives on their engagement levels and satisfaction using a five-point Likert scale.

In conclusion, various factors were considered to evaluate how challenges in using solar-
powered water pumping systems (SPWPS) for rural community water supply correlate with
social and environmental impacts, local community engagement levels throughout project
cycles, and operational constraints faced during SPWPS implementation. The analysis utilized
coefficients from -1 to 1 to indicate the strength and direction of these relationships, with a
95% confidence interval. Results are presented in the table below, followed by a detailed

discussion.

3.3. Data Source and Collection Method

3.3.1 Data Source

The data sources for this study included the user community, engineers and technical staff
(from local government office,implementing and operating NGOs, and scheme technicians),
scheme operators from community water points and SPWPS sites. The technical managers

and engineering staff generally hold a BSc or MSc degree, most specializing in water supply,
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environmental, civil, or hydraulic engineering. Technicians working with NGOs and
government offices typically have a minimum qualification of 10+4 or a diploma in
electromechanical studies. However, in some Solar-Powered Water Pumping Systems

(SPWPS), technicians have educational levels ranging from grade 8 to grade 10.

The town community consists of the host population and refugees from the Pinyudo camp,
divided into two sections: Pinyudo 1 and Pinyudo 2. Additional data sources comprised
meeting minutes, letters, design documents, and various digital and non-digital materials.
Digital sources encompassed websites, social media platforms, digital databases, electronic
books, journals, and publications. Non-digital sources included literature, research works,
printed books, reports, minutes, government documents, and researcher-made questionnaires.
Accordingly, the study utilized primary and secondary data sources and incorporated

qualitative and quantitative data types.

3.3.3. Data Collection Method

The primary and secondary data for the study were collected from various sources as
previously outlined. Relevant data was obtained through field observations at existing solar
pump installation sites. Additionally, open-ended surveys were conducted to allow
respondents to freely express their knowledge, feelings, and understanding without the
constraints of predefined options. This was also complemented by in-person interviews,
survey questionnaires, review of design documents and meeting minutes, examination of
archived correspondence, and gathering secondary data from digital sources. Overall, the
complete research design and approach are designated in the research process conceptual

framework attached in the annex.
3.4. Study Population and Sampling Technique

3.4.1 Study Population

For a range of planning, research, and policy objectives, as well as to inform important issues
and investment choices, small-area population estimates are extensively utilized by both
government and business. The small area population forecasting toolkit, however, is more

limited than that of large subnational regional, and national forecasting (Wilson et al., 2022).
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According to the Ethiopian Central Statistical Agency (CSA) projection report of July 2020,
Pinyudo town without a refugee community estimated about 20,874 for the year 2022. From
this number of males is 9,987 and female-10,887. As mentioned, Pinyudo town is the home of
South Sudanese refugees. It has a population of as of November 30/2023, at Pinyudo-1 51,219,
at Pinyudo-2 11,385, and a population of 62,092 refugees(United Nations High Commissioner
for Refugees, 2024).

3.4.3. Sampling Technique and Sample Size Determination
Simple random probability and judgmental sampling methods were used to identify

population representatives. To ensure efficiency, representativeness, dependability, and
flexibility, the ideal sample should be chosen from the target population. The Ethiopian
Central Statistical Agency reported in July 2013 reported that Gambella's growth rate () is
around 4.4%.

As a result, the overall population of Pinyudo town includes both the inhabitants of the host ¢
ommunity and the camps housing refugees. Therefore, the Ethiopian Central Statistics
Agency's population forecasting method is applied to estimate the population of the host

community (Mekonnen, 2018).

P, = Py*e™™
Thus, the total population from the host community and the refugee camp is about 83,905.
And which considered a 95% confidence interval (CI) and 5% margin of error. To determine

2’ p (1-P
the sample size used the formula: = (plz#; (Taherdoost, 2017).

Where n is the required sample size, P is the percentage occurrence of a state or condition, E
is the percentage maximum error required (5%), and Z is the value corresponding to the level
of confidence required (1.96 for 5% Confidence Level)

(1962 05 (1-05))
- 0.052

Thus, Sample Size becomes, = (n ): 384.16 — 385. Accordingly, 385

samples were selected using simple random probability sampling. To account for sampling
error, the number of respondents from the target community increased to 450. Additionally,
20 technical and managerial individuals were chosen through judgmental sampling, bringing

the total number of samples to 470 for the study.
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3.5. Materials Used

Some tools and materials were employed to assess the on-site technical challenges of solar-
powered water pumping systems (SPWPS). A GPS (Global Positioning System) was used to
acquire positioning, navigation, and timing (PNT) data for the solar panels. An electric tester
checked the electrical current in circuits, solar cables, solar arrays, control boxes, and other
components, ensuring that SPWPS electrical connections were safe and fully operational. An
AC/DC digital clamp meter measured the current, while a clinometer determined the tilt angle

of the solar panels. Additionally, a steel meter was used to obtain precise size measurements.

3.6. Method of Data Analysis

As stated, the study employed a mixed research methodology. All qualitative and quantitative
data were initially; checked for completeness and consistency, then coded, organized, and
analyzed according to the study's objectives. Quantitative data, measured using the Likert
Scale, underwent reliability testing (Cronbach's alpha-a) and normality tests using SPSS-IBM
and MS-Excel for frequency descriptive analysis and other tests. These tests assessed whether
the scale items consistently measured the same dimensions and verified the data's distribution.
Qualitative data underwent content analysis. For decision-making purposes, Multicriteria
analysis utilized the Weighted Sum Method (WSM), while comparative analysis employed
frequency descriptive analysis. Overall data distribution was analyzed using Spearman's
correlation, with a 95% confidence interval (CI) to assess association strength, and a p-

value < 0.05 to determine statistical significance in analyzing the correlation result.
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CHAPTER FOUR
RESULTS AND DISCUSSION

To achieve the intended objectives of the thesis and to respond to the formulated questions the
data collection tools are branded like a data collection tool for engineers & technical staff
(staff from the local government office, the implementing & operating NGOs, and the scheme
technicians), for the community and checklist for the researcher field observation. So, the data
analysis was conducted meticulously, and the findings and the overall process are

chronologically discussed below.
4.1. Challenges Associated with SPWPS Usage

To assess the challenges associated with solar power-driven water supply systems (SPWPS)
as mentioned a set of open-ended survey questions, consisting of five inquiries directly
addressing the issue, were devised as a data collection tool, land was distributed to twenty
technical staff members, including engineers from government agencies (regional and woreda
water and energy bureaus), NGO workers (like UNHCR, ARRA, Oxfam, PIE, and UNICEF)
involved in SPWPS installation, operation, or monitoring, as well as technical managers and
staff from community SPWPS water schemes. Out of all the questionnaires distributed, only

sixteen (80%) were returned to the researcher with responses.

The key issues identified in this area included a technical capacity gap among local operators,
a lack of adherence to national experience during the installation of the solar system
components, and the unavailability of SPWPS spare parts in the local market. Major concerns
that emerged include extensive vegetation cover, poor-quality installed materials (such as RSI,
which burned out, and solar panels that cracked and broke shortly after installation),
inadequate construction practices (like weak foundation work), oversized solar panel
mounting structures, and the lack of competence among local technicians in operating and
maintaining the systems. Challenges were also exacerbated by theft, vandalism, and the

scattered nature of community settlements.

Furthermore, 75% of respondents reported a lack of awareness about national standards or

policies regulating the quality and durability of solar-powered water pumping system designs
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and installations in the area. In contrast, 25% were aware of a national manual created by the
FDRE Ministry of Water and Energy, which also identified as a challenge for the system.
Components limiting the sustainability of the current SPWPS included RSI, solar batteries,
high siltation, pump failures due to dry running, poor-quality solar panels, and issues with

motor and pump covers and power controllers.

When discussing the community's cost concerns, most respondents noted the substantial
investment required for the systems. However, the community did not contribute to the
investment costs, also fully covered by the government or NGOs. Therefore, aside from
operation and maintenance costs, demonstrating how the investment costs affect the local

community might be impractical at this stage.

Respondents suggested the Grundfos pump design solution due to its enduring performance,
user-friendliness, and economical design. Challenges related to using solar-powered water
supply systems and design tools included difficulties in obtaining spare parts locally, technical
knowledge gaps in installing new technologies, and issues with the supply chain for
components like chlorine tablets, RSI, solar pumps, and controllers. Other concerns included
insufficient space for mounting solar panels, theft and vandalism, a shortage of skilled
manpower, investment cost issues, and the incompatibility of new design tools with national

standards.

Secondly, a survey titled 'Challenges in Installing and Implementing Solar-Powered Water
Pumping Systems (SPWPS) in Rural Communities' was conducted to address critical
concerns related to the establishment and operation of SPWPS. The questionnaire focused on
several communities concerning the SPWPS technology establishment critical aspects,
including installation investment costs, the technical expertise required for installation and
maintenance, community involvement in executing design outputs, road quality and
accessibility for transporting large technology components, satisfaction with daily water
delivery services, identification of suitable water sources, optimal system placement, and the

impact of inconsistent power generation and energy storage on water delivery.

The survey consisted of seven targeted questions designed to evaluate respondents' perceptions

of the challenges and their experiences with SPWPS in rural water supply contexts. Participants
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responded using a five-point Likert scale, ranging from 1 (Strongly Disagree) to 5 (Strongly

Agree). Trained personnel facilitated data collection for a survey of 450 community members.

The Cronbach’s alpha (o) reliability test yielded a score of 0.671 and was considered acceptable.
The test results table is provided in the annex. This indicates that the survey questions assessing
the user community's opinions on challenges related to SPWPS in rural water supply systems

demonstrated reasonably consistent internal coherence, strong correlation, and reliability.

The normality test conducted for the installation and implementation challenges of solar-
powered water pumping systems (SPWPS) in rural communities, with a confidence interval of
95%, revealed the significance p-values below 0.05. This indicates a notable departure from the
normal distribution, suggesting that the data are not normally distributed in the case of Shapiro-
Wilk. However, despite this deviation, the data remained statistically significant and the

measurement of the frequency distribution test did regardless of this result.

After conducting reliability and normality tests, a frequency descriptive analysis was performed
to describe the occurrence of each value within the data set. The results, indicating how often
each value appeared in the observations, are presented in Table 3 below. Among the 450
respondents, 158 (35.1%) agreed that the investment cost for the solar-powered water pumping
systems (SPWPS) was difficult. Additionally, 160 respondents (35.6%) emphasized the
importance of having SPWP installation and operation technicians but acknowledged that their
unavailability in remote areas posed a significant challenge. Conversely, 133 respondents
(29.6%) disagreed with the notion that a lack of community engagement and a sense of

ownership would not impact the sustainability of the SPWPS.

Furthermore, 142 respondents (31.6%) agreed that during the wet season, the installed SPWPS
sometimes required additional system (power) support to meet daily demand due to inconsistent
power generation and energy shortages. Also, 120 respondents (26.7%) reported that finding
suitable water sources and determining the optimal location and space for installing SPWPS and
solar panels were issues in rural communities. Finally, 120 respondents (27.1%) noted that due
to erratic power generation and energy storage issues throughout the wet season, the installed

SPWPS could not always meet the daily water demand.
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Table 4. 1: Frequency Analysis of SPWPS Challenges

S/No Variable Description 1 ((oil))) 2 ((ol/)o ?) 3(0(/1(:1)) 4(0(/1:)) S ((053)
The investment cost for purchasing and installing solar-powered water 55 105 29 158 103

1 pumping‘ systems (SPWPS) equipment can be difficult for rural (122) | @33) | ©64) | 35.0) (22.9)
communities. ) ] ) ) )
Proper installation and maintenance of solar-powered water pumping 53 125 51 160 56

2 systems (SPWPS) require technical expertise, and unavailability in (12.9) | @78) | (11.3) | (35.6) (12.4)
rural areas might cause hindrances in the water supply system. ] ) ) ) ]
Lack of community engagement during project development and

3 empowering ownership is a challenge in our locality and impacts the 53 133 84 103 77
long-term sustainability of installed solar-powered water pumping | (11.8) | (29.6) | (18.7) | (22.9) (17.1)
systems (SPWPS).

Because of the poor quality and inaccessibility of the roads,

4 transporting tools and supplies to isolated rural locations while 56 85 73 159 77
installing and maintaining solar-powered water pumping systems | (12.4) | (18.9) | (16.2) | (35.3) (17.1)
(SPWPS) components can be difficult and expensive.

The installed solar-powered water pumping systems (SPWPS)

5 sometimes needed help to satisfy the daily water delivery service 55 79 74 142 100
requirements due to inconsistent power generation & energy shortages | (12.2) | (17.6) | (16.4) | (31.6) (22.2)
during the wet season.

Identifying suitable water sources, and determining the optimal

6 location, and space for Solar panel mounting for installing solar- 68 97 79 120 86
powered water pumping systems (SPWPS) is a challenging issue in | (15.1) | (21.6) | (17.6) | (26.7) (19.1)
the rural community.

The in§talled solgr-powered water pumping systems (SPWPS) coul.d 101 99 24 122 44

7 not satisfy the daily water delivery service requirements due to erratic 224) | @20 | a87 | @71 9.8)

power generation & energy storage throughout the wet season.
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Thirdly, field observations were conducted at twelve solar-powered groundwater pumping
units in the study area were examined during this assessment. The observed challenges
included several issues: The solar panels were installed far from the community's residential
areas and were protected by only a single security guard, making the systems vulnerable to
vandalism and theft. The solar panel mounting systems and structural elements—such as the
foundation, tilt angle, mounting direction, and support type—varied significantly among
different systems. This variation led to some systems having short mounting structures, poor
foundation quality, and minimal tilt angles, which increased their susceptibility to failure.
During the field visit, it was noted that more than five out of the twelve solar-powered
community water supply systems had become nonfunctional. Additionally, vegetation shading
the solar panels, combined with weak operational and maintenance practices, significantly
reduced the efficiency and reliability of the solar-powered systems. Furthermore, the lack of
spare parts and technical skills posed substantial challenges in effectively maintaining and

repairing the SPWPS.

From studies on SPWPS challenges, Phiri et al. (2022) emphasize the need for the national
government to create a supportive environment for stakeholders to implement Sustainable
Water Projects (SWP). They identify key challenges such as policy gaps, inadequate
monitoring, poor coordination, and stakeholder misconduct, which hinder the effectiveness of
water and energy services. These issues result in insufficient water provision, characterized by
unequal access, non-functional systems, reliance on donations, and low-quality renewable

energy products.

Overall, from the data analysis results and their interpretation, the challenges associated with
SPWPS for rural water supply in the study area summed up as a technical capacity gap among
local operators, improper application of local knowledge, and lack of alignment with the
national SPWPS working manual, unavailability of compatible spare parts in the local market,
extensive vegetation cover, poor quality of installed materials, disparities, and deficiencies in
construction and installation practices, weak operation and maintenance approaches, dispersed
community settlements, erratic power generation, and energy storage during the wet season,
difficulties in finding suitable water sources and determining optimal locations, and issues of

theft and vandalism.
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4.2. Evaluation of SPWPS Design Tools Difference

To evaluate the differences between various solar-powered groundwater pumping system
design techniques used in the study area, a decision-making tool called Multi-Criteria
Analysis (MCA) was employed to determine overall preferences among alternative options.
Likewise, Multi-Criteria Analysis is a powerful tool that supports informed, balanced, and
transparent decision-making in complex scenarios. Additionally, MCA offers a holistic
approach that allows decision-makers to consider multiple factors and perspectives

concurrently.

This results in more comprehensive and balanced decisions. Despite the differences among
the design tools, a Comparative Analysis (CA) was conducted to evaluate their strengths and
weaknesses. Thus, combining the MCA and CA result analysis achieves a comprehensive
approach, offering an evidence-based foundation for making optimal decisions aligned with

the applied design tools.

A questionnaire was developed for both methodologies to gather first-hand information about
the output details of each SPWPS design tool. Consequently, Multi-Criteria Analysis (MCA)
was used to compare, contrast, and select among the diverse design tool alternatives based on
predefined criteria. These criteria encompassed three key parameters, each with multiple
factors assigned different weights: technical domains with six inquiries, socio-environmental

domains with two inquiries, and economic domains with two inquiries.

Similarly, the Comparative Analysis (CA) includes fifteen (15) questions aimed at identifying
subtle uncertainties that affect the outcomes of decision alternatives regarding the differences
in design tools. Additionally, the researcher included three open-ended questions for the
technical team in the data collection tool. Consequently, the questionnaire was distributed to
twenty technical staff members: engineers from the regional and Woreda water and energy
bureaus, NGO employees, technical managers, and technicians involved in community
SPWPS water scheme development. Out of the total, sixteen participants (80%) completed
and submitted the document. Following the collection and coding of data from the study area,

the results of the investigation utilizing MCA and CA were interpreted as detailed below.
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Multicriteria Analysis (MCA)

First, Reliability (Cronbach's alpha, o) and normality tests were conducted on SPSS-26 for the
collected data, as the questions were measured using a Likert scale. Thus, the details as shown
in the attached annexes, the Cronbach’s alpha (o) for the MoWE design tool was 0.883 which
ranges a perfect internal consistency, for the WM-0.902, for Grundfos-0.909 and Lorentz
design tools- 0.978, as a result, the collected data for both the three design tools had an

excellent internal consistency.

The above reliability analysis demonstrated outstanding results and revealed that all measured
parameters indicate high internal consistency across the data set. Consequently, the test results
were stable, consistently evaluating the same underlying dimensions. These results confirm
the robustness and dependability of the measurement tool used for the Multicriteria Analysis

(MCA) method in this study.

Soon after, the normality test for the Multicriteria Analysis (MCA) tool concerning the
SPWPS design techniques was conducted and the result indicated that the data were normally
distributed. The p-values for the Shapiro-Wilk and Kolmogorov-Smirnov tests were greater
than 0.05, suggesting no significant deviation from normality. Additionally, the skewness and
kurtosis values fall within acceptable ranges referred to in the table in the annex. These
findings validate that the data satisfies the normality assumption, and allow us to proceed to

further analysis for the above four design tools.

Moreover, The MCA tool analysis aimed to identify the most preferred design tool by the user
community, with differences assessed in technical, socio-environmental, and economic
aspects using a five-point Likert scale (“1” for “Very Poor”, “2” for “Poor”, “3” for “Fair”,

“4” for “Good”, and “5” for “Very Good”).

The applied MCA method used the weighted value for technical, Socio-Environmental, and
economic domains to evaluate the difference of the applied diverse design tools for the
respondent's response to the research questions. Hence, the first-level domain weight for the
domains (aspects) and the second-level sub-domains weight for the criterion inquires
(corresponding attributes or indicators inquiries) for each main domain and the detail was

revealed in the following table.
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Table 4. 2: Variable description and a given first-level weight (R)

S/No Parameter Description (Domain) First I{;‘;}gﬁ ¢ given
1 Technical Domains (Technical Aspect) R, = 50% 0.5
2 | Socio-Environmental Domain (Socio-Economic Aspect) R, = 25% 0.25
3 | Economical Domain (Cost Aspect) R; = 25% 0.25
Total 1

Using the provided formulas, the proposed domains, and the assigned first-level and second-
level given weights for the domains, an analysis for the Weighted Sum Method (WSM) of the
SPWPS design tools was conducted based on respondents' responses in the Excel-based MCA
model. The results were interpreted and displayed in the graph below, and the detailed

calculations are provided in the attached annex.
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Table 4. 3: Domain Criteria with Sub-domain Weights (w)

First Level a given

Second Level a given

S/No Parameter Description (Domain) Weight (%) Weight (%)
1 Technical Domains (Technical Aspect) R, =50 0.5 1
11 The designed solar panel energy and pump efficiency against the running (actual) Was = 35 035
' efficiencies of the installed SPWPS. 1 ]
Communities' daily water demand versus supply concerning the national standard Wi = 25
1.2 AP 0.25
(water supply reliability).
Storage Capacity and daily production rate with the national guidelines to satisfy Wqz = 12
1.3 o 0.12
the community's daily water demands.
1.4 | Ease of operation, maintenance, and system management with local knowledge. Wiy =8 0.08
15 SPWP System integration with the grid or diesel system (Hybridization wys = 10 0.10
' compatibility). )
1.6 | SPWP System installation complexity for the local experts. Wy = 10 0.10
Total-1 100 1
2 | Socio-Environmental Domain (Socio-Environmental Aspect) R, =25 0.25 1
SPWPS infrastructure installation requirements social & environmental impacts _
2.1 . . . Wy, = 30 0.30
(land, vegetation removal, waste material handling, etc.)
SPWPS end-users and other beneficiaries like technical personnel’s satisfaction Wy, =70
2.2 . 0.70
level, with the technology.
Total-2 100 1
3 Economical Domain (Cost Aspect) Ry =25 0.25 1
The investment cost for the full installation package of the SPWPS system _
3.1 . . W3, = 65 0.65
concerning the national standard.
Yearly maintenance requirements and system-specific spare part availability in w3, = 35
3.2 - 0.35
the local servicing market.
Total-3 100 1
Sub-Total 100 1
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Consequently, the multicriteria analysis (MCA) results for the aforementioned parameters, the

reflection, and the summary of the technical staff's responses included:
1) Technical Domain

The technical domain considered for comparison six aspects: designed solar panel energy
and pump efficiency, water supply reliability, storage capacity, daily production rate, ease of
operation, maintenance, system management, hybridization compatibility, and system
installation complexity for local experts or knowledge. These technical domains were
weighted at 50%, with the Grundfos design tool scoring the highest at 34.14%, followed by
the MoWE design tool at 32.65%, the WM design tool at 30.51%, and the Lorentz design
tool with the lowest score of 25.69%.

2) Socio-Environmental Domain

The socio-environmental domain in contrast included two aspects: infrastructure installation
requirements and social and environmental impacts (such as land use, vegetation removal,
and waste material handling), as well as the satisfaction level of end-users and other
beneficiaries, including technical personnel, with the technology. With these domains
weighted at 25%, the Grundfos design tool achieved the highest score at 18.83%, followed
by the WM design tool at 18.13%, the MoWE design tool at 16.82%, and the Lorentz design
tool with the lowest score of 14.81%.

3) Economical Domain

The economic domain included two aspects such as the investment cost for the system’s full
installation package and annual maintenance requirements, along with the availability of
system-specific spare parts in the local market. This domain was weighted from 25% and the
Grundfos design tool scored the highest at 16.4 %, the MoWE design tool earned the second-
highest score of 15.20%, the WM design tool ranked third with 12.77%, and the Lorentz
design tool scored the lowest with 12.67 %.

Overall, based on total scores across technical, socio-environmental, and economic domains
using the Weighted Sum Method, the Grundfos tool ranked first with a score of 69.37%,
followed by MoWE at 64.67%, WM in third place at 61.41%, and Lorentz in fourth at 53.17%,

making it the least preferred tool in the area. However, there is potential to improve the most
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efficient SPWPS design tool for national use by integrating the strengths of each tool across

these domains, ultimately benefiting the community.

Multcriteria Analysys for SPWPS Design Tools

69.37
Total 61.41
64.67
16.40
Economical 12.77
15.20

wn

=
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Figure 4. 1: MCA Results Graph for SPWPS Design Tools

Comparative Analysis (CA)

Next to the MCA, to proceed with the CA as mentioned a researcher-made questionnaire
containing fifteen (15) technical questions gauged through the five-point Likert scale: “1” for

Absolutely Unacceptable, “2” for Unacceptable, “3” for Neutral, “4” for Acceptable, & “5” for



Very Acceptable. The questionnaire was distributed to 20 technical staff and 16 documents
were completed and returned to the researcher. Henceforth, the reliability, and normality tests

for respondents' responses were conducted.

Thus, the Reliability-Cronbach's alpha (o) and normality tests were conducted on SPSS-26 for
the collected data, which were measured using the Likert Scale. The test results are shown in
the tables attached in the annexes, to the scale for Cronbach’s alpha (a) or the result for the
MoWE design tool was 0.841- evaluated as very good, for the WM design tool the result was
0.734 — regarded as good, for the Grundfos design tool the internal consistency result
was .927- and for Lorentz design tool was 0.934, both was appraised as excellent.

Overall, both results revealed that the reliability analysis conducted for the Comparative
Analysis (CA) data demonstrated outstanding results. All the measured parameters fell within
an acceptable range, indicating relatively high internal consistency across the data set.
Therefore, the test results were stable and reliably measured the same underlying dimensions.
These results confirm the robustness and dependability of the measurement tool used in this

study.

From the normality test regarding the Comparative Analysis (CA) data shown in the table
tables attached in the annexes, the Shapiro-Wilk result for MoWE, WM, and Grundfos
SPWPS design tools declared that the p-value > .005 at 95% CI. Thus, those normality test
results indicate that the data distribution approximates a normal distribution. The values for
skewness and kurtosis fall within acceptable ranges, suggesting no significant deviations from
normality. Additionally, the Shapiro-Wilk and Kolmogorov-Smirnov tests returned non-
significant p-values, further confirming the normality of the data. The normality test for
subsequent statistical analyses is validated for the MoWE, WM, and Grundfos SPWPS design

tools.

However, the normality test conducted for the Lorentz SPWPS design tool in the comparative
analysis (CA) yielded a score of 0.035, less than the p-value threshold of 0.005 at a 95%
confidence interval. This result indicates a significant departure from a normal distribution,
suggesting that the data are not normally distributed. Despite this deviation, no hypothesis test
was required in this study, making a non-parametric test unnecessary. On the other hand, the

data remained statistically significant, enabling frequency distribution measurement, which was
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then used to perform a frequency analysis to support the comparative analysis. So, the

frequency analysis of the collected data was performed to facilitate the comparative analysis.

From this point of view, the frequency distribution results for the arithmetic mean values of
each SPWPS design tool in the Comparative Analysis (CA) are detailed below. Among the
key variables and performance metrics used to differentiate solar-powered water supply
project (SPWPS) design tools, the Grundfos design tool attained the highest arithmetic mean
score of 55.6 (74.1%). This was attributed to the highest scores on eight (8) from fifteen
performance metrics to factors such as its user-friendly interface, SPWPS component sizing
capabilities, compatibility between system components, the level of community participation
and satisfaction using the technology, the system yields factor or systems panels power output,
system performance availability rate, inverter availability and performance efficiency, module
efficiency, and operation and maintenance frequency. As a result, this design approach was
the most frequently selected tool by technical staff.

Following Grundfos, the FDRE Ministry of Water & Energy (MoWE) design tool ranked
second, with an arithmetic mean score of 53.60 (71.5%). The MoWE tool performed the
highest scores from all tools particularly on two (2) items from fifteen performance metrics
because of its system accuracy and precision, and options for modification or customization
option and trends. The technical staff most frequently chose this design approach, second only
to the Grundfos design tool.

The Water Mission (WM) Design Tool secured third place, with an arithmetic mean score of
53.21 (70.9%). It was noticed and got the highest score on five (5) domains from fifteen
performance metrics for its strong performance in interface availability for water points,
mounting structure design, availability for solar irradiance & mounting direction
determination and accuracy, water discharge rate, availability of water at the lowest irradiance
of the day and the month with the expected quality to meet the demand, and solar modules
efficiency. The technical staff preferred this design approach, ranking it third after the
Grundfos and MoWE design tools.

In contrast, the Lorentz Design Tool ranked fourth, with an overall arithmetic mean score of
48.20 (64.3%). It did not excel in any specific parameters and was the least preferred option

among the design tools evaluated by the technical staff.
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Table 4. 4: Frequency Results for CA of SPWPS Design Tool

bl . MoWE Wl\f DT | Grundfo Lorentz
S/No Key Variables and Performance Metrics DT (%) (%) s(g;}" DT (%)
0
C-1 The interface of the Solar Powered Water Pumping System (SPWPS) 3.29 3.13 4.00 3.08
design tools is easy to use (user-friendly interface). (65.8) (62.6) (80) (61.6)
C The Solar Powered Water Pumping System (SPWPS) storage sizing, 3.67 3.07 3.73 3.08
pump & solar module sizing tool components. (73.4%) | (61.4) (74.6) (61.6)
C3 The Solar Powered Water Pumping System design tools interface 3.43 4.00 3.60 2.77
availability for water points & mounting structure design interface. (68.6) (80) (72) (55.4)
C-4 The Solar Powered Water Pumping System design tools interface 3.29 3.67 3.27 2.77
availability for solar irradiance & mounting direction determination. (65.7) (73.4) (65.4) (55.4)
C-5 The Solar Powered Water Pumping System (SPWPS) compatibility and 2.86 3.60 3.67 3.15
integration between the various parts of the system. (57.2) (72) (73.4) (63)
C-6 The Solar Powered Water Pumping System (SPWPS) design tool 4.00 3.40 3.87 3.54
accuracy and Precision. (80) (68) (77.4) (70.8)
C-7 The Solar Powered Water Pumping System design tool modification or 3.93 3.47 3.67 3.31
customization option & trends. (78.6) (69.4) (73.4) (66.2)
In the Solar Powered Water Pumping System (SPWPS) project
i N . 3.25 2.47 3.40 2.77
C-8 | development, the level of community participation in the entire process & (65) (49.4) (68) (55.4)
Satisfaction using the technology. ) )
C-9 Water Discharge Rate (Volume of water flow over unit time in the 3.21 3.93 3.67 2.69
system). (64.2%) | (78.6) (73.4) (53.8)
C-10 Availability/production of water at the lowest irradiance of the day and 3.75 3.93 3.47 3.15
the month with the expected quality to meet the daily demand (75) (78.6) (69.4 (63)
C-11 | The system Yield Factor or Systems Panels Power Out Put (The total
. . o 3.64 3.75 4.00 3.35
energy generated by the solar plant over a specific period. This is the most (72.8) (75) (80) 67)
fundamental Key performance Indicator indicating the plant's output) )
C-12 | System Performance Availability Rate (The percentage of time the plant 3.75 3.21 4.00 3.93
is operational and producing energy. High availability is crucial for (75) (64.2) (80) (78.6)
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maximizing output)

C-13 | Inverter Availability and Performance Efficiency (Availability & The
efficiency with which inverters convert DC power from the PV panels to 3.67 3.65 4.00 3.21
AC power. Inverter performance can significantly impact overall plant (73.4) (73) (80) (64.2)
efficiency)
C-14 | Solar Module Efficiency (The efficiency of the solar modules in
) ) ) ) L 3.93 4.00 3.25
converting sunlight into electrical energy. Regular monitoring can (78.6) (80) 65) 3.75 (75)
indicate degradation or issues with specific modules). ’
C-15 | Operation & Maintenance Frequency (Total costs associated with running
S X o . 3.93 393 4.00
and maintaining the plant. Effective cost management is vital for financial 3.65(73)
P (78.6) (78.6) (80)
sustainability).
Total 53.60 53.21 55.60 48.20
(71.5) (70.9) (74.1) (64.3)
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Eventually, in this section, open-ended survey questions, document evaluation, and field
observation were employed to distinguish the core disparities among the SPWPS design tools
applied in the study area. Hence, the set of open-ended questions, comprising three inquiries,
facilitated technical personnel in assessing the disparities, alongside MCA and CA requests,
among the different solar-powered groundwater pumping design tools employed in the study
area for system development. The queries were given to twenty technical staff members, but
only sixteen questionnaires, representing 80%, were filled out and sent back to the researcher.

Afterward, the responses were investigated, arranged, and logically discussed.

Respondents reported that among the installed solar-powered water supply (SPWPS) systems
in the area, the one repeatedly experiencing failures was a system designed using the Lorentz
pump design tool. The components most prone to failure included the solar panel, powered by
polycrystalline silicon PV cells known for their low output efficiency, and the RSI, lightning

arrester, DC connector, breakers, and control boards.

According to the respondents' response, more than twenty (20) SPWPS were installed in the
study area. Of course, there was no new local innovation, but all were installed in the company
products. However, there were new emerging technologies including durable and sustainable
solar panel mounting structures (the solar panel power made of monocrystalline silicon PV
cells which have high DC voltage output efficiency), inline chlorination system coupled with

the SPWPS both designed by Water Mission and installed by Plan International Ethiopia.

The Water Mission, Grundfos, and MoWE design tools were preferred by most technical staff
as the most user-friendly options because they are easy to use and compatible with the system.
These tools were arranged more understandably. In contrast, while Lorenz-designed SPWPS
systems were popular, they often faced sustainability issues and did not operate effectively for

their design periods.

Furthermore, to get thorough information about the installed SPWPS and the design tools a
field observation and document review were conducted by investigating the design review
workshop minutes, the institutions' design tool documents, and government offices' design
review feedback. As a consequence of this, the identified basic differences are discussed

below.
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The FDRE MoWE design tool, in collaboration with Water Mission, shares many similarities
in most aspects, but significant disparities exist at specific critical points concerning national
standards. Several of these distinctions are outlined below.

The national design tool incorporates the maximum daily demand for designing pressure
mains, treatment plants, and reservoirs, as well as the peak hour demand for the distribution
system. In contrast, the Water Mission design tool employs the average daily demand for
designing the entire system. Similarly, the WM design tool considers 15 years of total
population at once, while the FDRE MoWE design tool requires future population forecasts to
be generated from 5 years of consecutive data.

From the hydraulic design point of view, the MoWE design tool considers parameters like
velocity in a range of 0.6-2m/s and pressure range of 10-80 Pascal, but WM has no clear
criteria regarding this. As best practice and lesson learned, to prevent future damage to
electric cables beneath the solar panels, the WM design and installation method packs the
subbase with a geomembrane and gravel surfacing to shield the solar mounting structures
from weed growth and rat breeding.

In summary, to identify differences between various solar-powered water pumping system
(SPWPS) design techniques used in the area, the study applied methods such as MCA (a
decision-making tool) and Comparative Analysis (CA), along with frequency distribution,
reliability, and normality tests to evaluate participant responses to questionnaires.
Additionally, open-ended survey questions, field observations, and document reviews were

conducted in this section.

Primarily, the results from the Multicriteria analysis (MCA) tool refereeing the parameters of
the technical domain, the socio-environmental domain, and the economic domain: the
Grundfos design tool emerged as the most preferred with a result of 69.37%. Following
closely, the MOWE design tool attained an aggregate score of 64.67%, making it the second
preferred design technique. The Water Mission SPWPS design tool ranked third with a
preference score of 61.41%, while the Lorentz SPWPS design tool, with an aggregate score of
53.17%, was identified as the least preferred by the technical staff.

Secondly, the Comparative Analysis (CA) was conducted using the pretests and the frequency

descriptive analysis of the participants' responses. As a result, based on the proposed ten key
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technical, social, environmental, and economic variables and performance metrics the analysis
result stated that the Grundfos design tool attained in aggregate first but with six items the
highest score. The FDRE Ministry of Water & Energy (MoWE) tool ranked second aggregate
first but with two items the highest score. The Water Mission Design Tool also secured the
third position in aggregate but with two items with the highest result. Contrariwise, the
Lorentz Design Tool claimed the fourth position in aggregate with the evaluations of key
variables and performance metrics. Additionally, it failed to excel in each specific parameter

and was deemed the least preferred among the options.

Thirdly, through open-ended technical questions, document review, and field investigation, it
was acknowledged that the Grundfos, Water Mission, and MoWE design tools share a lot of
design interface similarities in their design tool and were preferred by most technical staff as
best user-friendly options because they are easy to use and compatible with the system since
the tools were arranged more understandably. In contrast, the Lorentz-designed SPWPS
systems were the least preferred due to frequent failures in the study area. Key components
prone to failure included the solar panel, RSI, lightning arrester, DC connector, breakers, and
control boards, often facing sustainability issues and not operating effectively over their

design period.

Moreover, the design interface between Grundfos and WM is largely aligned on pump sizing.
However, the WM design tool is more advanced, offering a comprehensive interface for all
system components, making it the preferred choice for assessing technical differences with
the national design tool. Icons for the tools are attached to the back of this paper. Reviewing
the design documents, user feedback and workshop notes revealed discrepancies between the

MoWE and WM design criteria for rural water supply, discussed below.

Daily water demand The national tool uses maximum daily and peak hour factors to design

and project population growth over 15 years. In contrast, the Water Mission (WM) design tool
relies on average daily demand (ADD) and projects population growth in 5-year intervals.
The MoWE tool fully accounts for climate and socio-economic factors in its maximum daily
and peak hour calculations, although the WM design tool does not consider these factors in its

ADD calculations.
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Pump and System Sizing

The national tool uses maximum daily demand (MDD) to design pumps, transmission lines, and
peak hour demands (PHD) for the distribution system. In contrast, the WM design tool relies on
average daily demand (daily water demand) to design pump size, distribution lines, and

pressure lines, without considering peak hour demand.

Solar Rack Design

The national design tools emphasize cost-effectiveness in the design of solar rack mounting
steel structures, while the Water Mission (WM) design tool is seen as excessively expensive
and unaffordable for the local community. Additionally, the necessary materials for the WM
tool are often not readily available in the national market. Despite this, the foundation work of
the WM design tool is highly commendable, whereas the national tool requires some
modifications in this area. Furthermore, the mounting direction for the MoWE tool is South-
West (SW), while the WM design tool mounts in a North-West (NW) direction with various
azimuth angles. This difference arises because the WM design tool accounts for the month with

the lowest irradiance of the year, ensuring consistent power output even during cloudy days.

Water Treatment Design

The MoWE design tool lacked a specific interface for chlorine treatment design. In contrast, the
WM design tool includes an interface for designing an inline chlorination system integrated
with the solar-powered water supply system's raw water intake to the reservoir. This inline
chlorination method is free from frequent hand contamination and uses chlorine tablets for the

treatment.

Electrical System Design

Water Mission incorporates a sub-base with a geomembrane cover and gravel surface to avoid
weed growth and discourage rat breeding to protect electric cables. However, the regional water
bureau has commented that the proposed electrical components for the systems are too
expensive compared to the design and installation of the solar power-driven system's electrical

features.
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In conclusion, based on the technical team's preferences, Grundfos was ranked first, followed
by MoWE in second place, WM in third, and Lorentz in fourth, according to the total score
derived from the SPWPS design tools data analysis. However, there is potential to develop a
more efficient SPWPS design tool for the country by combining the strengths of each tool
across technical, socio-environmental, and economic aspects, ultimately benefiting the

community through the improved outputs.

Above all from the previous research works regarding SPWPS design tools, Gevorkov et al.
(2022) emphasized that system dimensioning and component selection are critical for
determining both the initial investment and long-term performance of solar-powered water
pumping systems. The study highlights the importance of selecting and optimizing design
tools, as they significantly impact investment costs and overall sustainability. Similarly, I. M.
Mahmoud et al. (2024) focused on renewable energy sustainability by developing an online
tool to optimize photovoltaic water pumping systems. This tool, which has been tested,
validated, and evaluated, aims to enhance system sizing efficiency and reduce financial waste.
Mustafa Elrefai et al. (2016) also stressed the need to consider technical, economic, and
environmental factors in SPWPS design. They recommended performance evaluation using
three key metrics: yield factor (YF), wire-to-water energy efficiency (WWEE), and system
performance index (SPI), along with implementing a comprehensive monitoring system to

assess operational performance.
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Table 4. 5: Summary of Technical Differences Among Design Tools Used

Item Aspect MoWE DT WM DT Grundfos DT Lorentz DT
Designing Pressure mains, Maximum Daily quand Average Daily Demand
. (MDD)- also considers . . . .
1  [Treatment plant, reservoir,| .. . . | (ADD)- not consider climate |Flexible approach| Flexible approach
L climate & socio-economic . .
and transmission lines & socio-economic factors
factors
Designing Distribution . .
2 System Peak hourly Demand (PHD) ADD Flexible approach| Flexible approach
3 [Pump & System Sizing MDD ADD Flexible approach| Flexible approach
4  [Population forecast 5 years of consecutive data 15 years Flexible approach| Flexible approach
5 Hy‘drauhc‘parameters Velocity, 0.6-2 m/s; Pressure Has no clear criteria Flexible approach| Flexible approach
point of view 10-80 pascal
6 g?rlfl‘; é\ﬁ;’d‘ﬂe Mounting South West (SW) North West (NW) | South West (SW) | South West (SW)
. . . . i i Not Assigned Not Assigned
7  |Infrastructure protection | Not having practical action Gravel pagkmg, clectric OLassighe OLAssigie
cables wiring system,
8  [Water Treatment System Not Assigned Inline Chlorination Not Assigned Not Assigned
9 Technical Team Second Third First Fourth

Preference
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4.3. Social and Environmental Implications of SPWPS Components

To identify the impact of the installed solar-powered water pumping systems (SPWPS) on the
social and environmental aspects of the study area, a plan was developed to collect and
investigate data to draw evidence-based suppositions. Therefore, survey questionnaires for the
community and field observation techniques for direct touch with the system components were

employed, and then the collected data was evaluated through a comprehensive analysis.

The survey questionnaire entitled 'Implications of Social and Environmental Features Due to
Installed Solar-Powered Water Pumping Systems (SPWPS) Infrastructures' was prepared for the
user community and distributed to 450 randomly selected samples by data collectors. The
survey questionnaire has seven queries positioned to measure a respondent's reflection and
agreement towards the consequences of the installed solar-power driven water pumping systems
components on the community's social and environmental features through a five-point Likert
scale (1 for Strongly Disagree, 2 for Disagree, 3 for Neutral/Fair, 4 for Agree and 5 for strongly
Agree). Afterward, statistical tests were conducted to ensure the reliability and validity of the
questions, followed by a normality test to check the regularity of the data distribution. A

descriptive analysis was then performed to determine the frequency of responses to each item.

A reliability test was first conducted on the data regarding the social and environmental
implications of installed solar-powered water pumping system (SPWPS) components. The
Cronbach's alpha (o) for the items designed to measure the consequences was 0.631, as shown
in the annexed table 3.1.1. So, the result indicates that the seven anticipated inquiries had

acceptable internal consistency, making it a reliable and effective tool for assessing the thought.

Secondly, a normality test was conducted with 95% CI to assess the regularity of the data
distribution using the Shapiro-Wilk and Kolmogorov-Smirnov tests, with a sample size of 450
(df=450). The results indicated that the p-values for both tests were less than 0.000 (p < .000),
as shown in the annex, suggesting a significant departure from normality. The result implies
that non-parametric statistical methods may be more appropriate for further analysis of this data
set. Despite this deviation, the data remained statistically significant, and the frequency
distribution measurements were considered valid. After conducting reliability and normality
tests, a frequency descriptive analysis was performed to describe the occurrence of each value

within the data set. The results are shown in the following table.

59



Table 4. 6: Social and Environmental Implications of SPWPS Infrastructure

$/No Wikt IDessripien I ((;1))) 2 (%*) 3ON%) | 4(A) (%) | ° ((;/;‘)

The availability of clean water from the installed solar-powered

1 water pumping systems (SPWPS) enhanced the daily lives of 36 (8.0) 66 (14.7) | 31(6.9) | 190 (42.2) | 127 (28.2)
the community.
Concerns about land usage, cultural disruption, or other

2 environmental issues are directly related to constructing solar- 48 (10.7) | 86(19.6) | 73 (16.2) | 154 (34.3) | 89 (19.8)
powered water pumping systems (SPWPS).
The local communities can save money and invest in other
necessities for household activities since the installed solar- 28

3 powered water pumping systems (SPWPS) have decreased 6.2) 90 (20.0) | 97 (21.6) | 149 (33.1) | 86(19.1)
operational expenses for fuel and spare parts for daily water '
pumping.
In addition to ensuring rural communities' long-term social and

4 environmental advantages, the solar-powered water pumping 28 (6.2) 56 (12.4) | 78 (17.3) | 182 (40.4) | 106 (23.6)
systems (SPWPS) successfully met the local water demand.
The installed solar-powered water supply (SPWS) projects

5 influence the local community's quality of life, social 22 (4.9) 50 (11.1) | 92(20.4) | 158 (35.1) | 128 (28.4)
integration, and well-being.
The presence of solar-powered water supply projects in my

6 locality has improved the standard of living of the entire 21 (4.7) 69 (15.3) | 70 (15.6) | 170 (37.8) | 120 (26.7)
community.
Installation and operation of solar-powered water pumping

7 systems (SPWPS) in the rural community can still have 75 (16.7) 99 (22) 56 (12.5) | 142 (31.6) | 78 (17.3)

environmental impacts, such as habitat disruption, and
afforestation which may be of concern in rural areas.
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Out of 450 respondents, 190 (42.2%) agreed that the water collected from the installed solar-
powered water pumping systems is clean and enhances their daily lives. Additionally, 154
respondents (34.3%) expressed concerns regarding land usage, cultural disruption, or other
environmental issues related to the SPWPS. A total of 149 respondents (33.1%) agreed that
the local communities save money and invest in other household necessities due to the
decreased operational expenses for fuel and spare parts, thanks to the solar-driven water
supply. Additionally, 182 respondents (40.4%) agreed that the SPWPS effectively met local
water needs while delivering lasting social and environmental benefits to rural communities.
Meanwhile, 158 respondents (35.1%) noted that the existence of SPWPS projects in their
locality positively influenced the community’s quality of life, social integration, and overall
well-being. Out of the total respondents, 170 (37.8%) indicated that their quality of life had
improved due to the presence of SPWPS. On the other hand, 142 respondents (31.6%)
expressed concerns about the negative environmental impacts of SPWPS installations, such as

deforestation and habitat disturbance in rural areas.

Soon after, the data analysis for a field observation about the socio-environmental
implications of SPWPS component installations in the study area was conducted. Some solar-
powered water pumping systems (25%- 42% of the investigated) are not functioning properly
due to various reasons, such as cracked and abundantly faded solar panels that hinder solar
irradiation collection, equipment failures like RSI & DC connectors, breakers, and control
board collapses, a shortage of local technical personnel, and inadequate operation and
maintenance services. Consequently, the solar panels installed are considered solid waste (SW)
in the area. Moreover, the community lacks knowledge and guidelines for maintaining,

reusing, or removing the solar panels that cover the wide area.

Indeed, there are new and innovative technologies have emerged in the vicinity due to the
SPWPS in the area including durable and sustainable solar panel mounting structures, gravel-
surfaced packing with a geomembrane to protect the array wiring system from rats and
rodents, an inline chlorination system employing chlorine tablets to prevent manual contact,
and t-TEM hydrogeological survey technology for underground water investigation. However,

many systems suffer from ineffective scheme management, limited access to spare parts, and
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uncertainty regarding community settlement patterns. As a result, without enhancing local
expertise and management systems, and improving access to local supplies, these systems

may face complete failure and impose burdens on the community.

Concerning the socio-environmental implications of SPWPS, Ahmed et al. (2023) noted that
the performance of solar-powered underground water pumping systems is influenced by
environmental and technical factors, which must be considered for reliable operation. Kumar
(2020) highlighted that renewable energy can reduce harmful emissions, create jobs, improve
health, and raise living standards, though challenges like seasonal fluctuations require
advanced designs. In addition, Adanma and Ogunbiyi (2024) found that renewable energy
adoption supports job creation, stabilizes energy prices, and cuts emissions, emphasizing the
need for strong policies, international agreements, and technological innovation to drive the

transition.

In summary, installing solar-powered water pumping systems (SPWPS) in rural communities
has significant social and environmental implications in the study area. These implications
include solid waste from non-functional solar arrays, gaps in local knowledge and guidelines
for SPWPS waste management like removal, unnecessary land acquisition, high siltation in
the inline chlorination room, deforestation, wildlife disruption, a weak management system,
and doubts about the system's sustainability. On the positive side, the impacts include
exposure to innovative technologies, durable solutions for the community water supply,
access to safe water, cost savings on operations and maintenance compared to diesel or grid

systems, enhanced quality of life, social integration, and overall well-being.

4.4. Operational challenges and limitations in managing SPWPS

To identify the operational challenges and limitations that the community had in controlling
and executing the installed solar-powered water pumping system in the study region, the
researcher employed a variety of data-gathering techniques. These included open-ended
questions for the technical staff, a survey questionnaire for the user community, and field
observations to gain authentic insights into the system components. Consequently, the
following sections provide an overview of the data analysis processes, outcomes, and

discussions of the findings.
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The initial data collection tool consisted of researcher-designed open-ended questions,
comprising three inquiries directed at technical staff and distributed to twenty randomly
selected individuals from various sectors, including the two sections mentioned earlier. Out of
all the questionnaires distributed, sixteen (80%) were completed and returned. The individual
responses were consolidated, revealing several operational challenges and limitations
encountered during the implementation and management of the solar-powered water pumping
systems (SPWPS), as identified by the technical staff. Primarily, issues include low power
output and water service interruptions on cloudy days, delays in recording daily water demand,
difficulties in maintaining regular checklists, non-payment by users, dust accumulation on
solar panels, shading, damage from stones thrown by children, difficulties in obtaining spare

parts, and a lack of adequately trained local technical personnel.

Additionally, technological complexity poses challenges, particularly in understanding RSI
error reports and troubleshooting. Other concerns include the high cost of spare materials, a
shortage of operation and maintenance experts, insufficient focus on post-construction
monitoring and management capacity-building, immediate service failures after
commissioning, maintenance difficulties for local experts, low awareness about the design

tools, and issues with acquiring land for solar panel installation.

Furthermore, affordability issues arise from the need to source spare parts and professionals
exclusively from the capital, Addis Ababa, which leads to delayed maintenance and reduced
power output and water production during cloudy and rainy periods. Despite these challenges,
the SPWPS has some positive aspects, such as increased water production during sunny

periods, lower operation and maintenance costs, and its environmentally friendly nature.

On the other hand, a questionnaire titled "Operational Challenges & Limitations Faced by the
Community in Implementing and Managing the Installed SPWPS" was distributed by data
collectors to 450 randomly selected individuals. This questionnaire contained six questions
designed to identify operational challenges and limitations using a five-point Likert scale (1
for Strongly Disagree, 2 for Disagree, 3 for Neutral/Fair, 4 for Agree, and 5 for Strongly
Agree). Thus, a reliability test of the questions and a normality test for the collected data were

conducted, followed by a descriptive analysis of the frequency of the respondents' reactions.
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Reliability testing was conducted for the six questions designed to identify the operational
challenges and limitations the community faced during the administration and execution of
the installed system. Thus, the Cronbach's alpha (a) result was 0.611, as shown in the annexed
Table 3.4.1, indicating good reliability of the survey questions. This makes them a dependable
tool for assessing the operational challenges and limitations the community experienced

during the management and implementation of the installed system.

Likewise, the normality test was conducted for the operational challenges and limitations that
the community experienced when managing and implementing the installed solar power-
driven water pumping system, with a 95% confidence interval. The test results showed p-
values lower than 0.05 for the tests, as indicated in the annexed table 3.4.2. This signifies a
notable departure from a normal distribution, particularly in the case of the Shapiro-Wilk test,
suggesting that the data are not normally distributed. Despite this deviation, the data remained

statistically significant, and the frequency distribution analyses were considered valid.

Following this, descriptive analysis was conducted for this section, with results for the

frequency of respondents' responses and the results offered in Table 4.12.
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Table 4. 7: Frequency Analysis of Operational Challenges in Managing SPWPS

S/No Variable Description ! (((VSO]))) 2 ((OI/Z)A) (N)3(% ) 4(0(/0A)) > ((Oi)A)
There is 24-hour access to water from the solar-powered water 50 136 140
1 pumping system sourced from a borehole in my local government 39 (8.7) (11.1) 35(7.8) (41.3) 31.1)
area, which benefits the community. ) ) '
) A channel is available locally to maintain and repair the damaged 49 122 62 108 109
solar-powered water pumping system. (10.9) (27.1) (13.8) | (24.0) (24.2)
3 Maintaining and operating the solar-powered water pumping 109 184 64 65 28 (6.2)
systems (SPWPS) is not a problem for the community. (24.2) (40.9) (14.2) | (14.4) '
The installed solar-powered water pumping systems (SPWPS) 57 95 61 143
4 improved the community operational efficiency and managerial 99 (22.0)
. . (11.6) (21.1) (13.6) | (31.8)
practices of water supply projects.
Regular maintenance and timely repair of solar-powered water
pumping systems (SPWPS) components are essential for 47 62 7 171
5 sustainability and optimal performance. However, accessing spare (10.4) (13.8) (16.0) | (38.0) 98 (21.8)
parts and qualified technicians for operation and repairs can be ’ ’ ’ ’
difficult in remote rural areas.
Capacity building, financial support, technological innovations, and
collaboration between various stakeholders, including government
6 agencies, NGOs, and stakeholders in the local community about 31 48 35 208 108
(6.9) (10.7) (12.2) | (46.2) (24.0)

solar-powered water pumping systems (SPWPS) considered
operational challenges and limitations.
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From the above analysis table, 186 respondents (41.3%) agreed that access to water for 24
hours, sourced from solar-driven groundwater, is beneficial to the community. However, 122
respondents (27.1%) disagreed with the availability of a proper channel in the locality for
maintaining and repairing SPWPS damages. Additionally, 184 respondents (40.9%) disagreed
that the operation and maintenance of SPWPS are not considered significant challenges for

the community.

Moreover, 143 respondents (31.8%) agreed that the installed SPWPS has enhanced the
community's operational efficiency and management practices for water supply projects.
While regular maintenance and timely repairs are crucial for the sustainability and optimal
performance of the systems, 171 respondents (38.0%) reported challenges in accessing spare
parts and qualified technicians in remote rural areas. Lastly, 208 respondents (46.2%)
emphasized that overcoming operational challenges requires capacity building, financial
support, technological innovation, and collaboration among various stakeholders, including

government agencies, NGOs, and the local community.

Field observations identified challenges such as a lack of knowledge in managing the system,
low power output, and water service interruptions during cloudy days. Other issues include
delays in recording daily water demand, problems with regular maintenance checklists, failure
to pay for the service, dust covering the solar panels, shading, unavailability of spare parts in
the local market, technological complexity—particularly in understanding RSI error reports—
a lack of operation and maintenance experts, and the absence of collaboration among various

stakeholders working with the technology to solve these problems.

In this regard from the scholars' point of view, Phiri et al. (2022) highlighted that enhanced
access to drinking and irrigation water in rural areas was primarily achieved through strong
financial and management frameworks, improved coordination, enforcement of product and
installation standards, and greater community awareness and sensitization about solar water
pumping (SWP) systems. Similarly, Salom and Khumalo (2022) stressed that the successful
management of rural water supplies relies on critical factors such as governance, committee
leadership, training and capacity building, community engagement, coordination, and ongoing

support.

66



4.5. Community Engagement and Satisfaction

One of the research objectives was to evaluate the degree of community engagement and
satisfaction with the installed solar-powered water pumping systems (SWPS). Hence, data
collection tools were employed, including researcher-designed open-ended questions for
technical staff and a survey questionnaire for the user community. Following data collection,

the analysis, results, and discussion of the findings are offered below.

Primarily, to assess the level of community engagement with the SPWPS project cycles and
satisfaction with the installed solar-powered water pumping systems (SWPS) in the study area,
as stated open-ended questions with two queries were prepared for the technical staff from
different representations and distributed to twenty (20) individuals. From the total, only
sixteen (16) i.e. 80% questionnaires were addressed and returned to the researcher.
Accordingly, the various responses were examined, and the following consolidated responses

were disclosed.

Every response indicated that the community and local experts were involved directly and
indirectly, in the entire operation of the SPWPS project cycle in their area, from site selection
and security to the implementation of the solar-powered water supply system. As a result, the
community provided valuable comments and feedback on the implementation and anticipated
benefits. Additionally, awareness-raising initiatives were conducted to enhance the
community's understanding of the SPWPS and to gather their input for improving project

design.

Secondly, a researcher-made survey questionnaire called “The extent of the local community
engagement in the project cycle and their satisfaction with the installed SPWPS” had six
requests from the user community and was circulated to 450 randomly selected individuals
through the data collectors. The inquiries were designed to evoke the community's thoughts
on the level of engagement and satisfaction through a five-point Likert scale (1 for Strongly

Disagree, 2 for Disagree, 3 for Neutral/Fair, 4 for Agree, and 5 for strongly Agree).

Thus, the Cronbach's alpha (a) result was 0.611, as shown in the annexed Table 3.5.1,
indicating good reliability of the survey questions. The reliability tests of the requests were

done, and the Cronbach’s alpha (a)) result for the items constructed to measure consequences

67



was 0.706, which showed that the predicted items had a good internal consistency, and normal

correlation and were reliable for measuring the observation.

Next, a normality test was performed on the data with a 95% confidence interval. The results
revealed p-values below 0.05, with a sample size of 450 (df=450), as shown in the annexed
Table 3.5.2. This indicated a significant departure from normality, particularly in the Shapiro-
Wilk test, suggesting the data are not normally distributed. Despite this deviation, the data

remained statistically significant, and the frequency distribution test was considered valid.

The descriptive frequency analysis presented in Table 4.15 highlighted several key findings.
Among the 450 respondents, 158 (35.1%) fully agreed that they were satisfied with their
involvement in the entire solar-powered water pumping system (SPWPS) project, including
the study, appraisal, site selection, implementation, operation, and management. Additionally,
145 respondents (32.2%) agreed on the importance of involving women, water technicians,

and community leaders in the decision-making process for SPWPS implementation.

Furthermore,169 respondents (37.6%) highlighted the importance of local community
involvement in site selection for SPWPS establishment. Additionally, 171 respondents
(38.0%) expressed confidence in the long-term sustainability and reliability of the installed
SPWPS. Of all respondents, 179 (39.9%) strongly agreed that they were satisfied with the
SPWPS for community water supply. Lastly, 188 respondents (41.8%) strongly agreed that
the installed solar-powered water supply system (SPWS) in their locality had significantly

contributed to increased community satisfaction at the household level.

Overall, the local community's engagement in the project cycle, and their satisfaction with the
installed SPWPS in the area were significant. They participated in various components of the
SPWPS project cycle, from project initiation to system operation and management, to ensure
the system's sustainability. The community raised questions about how to maintain an
adequate water supply during the rainy season and how to operate the system locally.
Generally, communities with functional water systems expressed satisfaction, while those
with non-functional or broken systems did not. Additionally, most community members felt
comfortable with their involvement in the project process and were satisfied with the solar-

powered water supply projects.
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Table 4. 8: Frequency Analysis of Community Engagement and Satisfaction with SPWPS

. . 1(SD) | 2(DA) | 3(N) o 5 (SA)
S/No Variable Description (%) %) (%) 4 (A) (%) (%)
I am comfortable with my engagement in the process of the solar 62 40 148
1 water pumping system (SPWPS) project study, appraisal, site 42 (9.3) (13.8) (8.9) 158 (35.1) (32.9)
selection, implementation, operation, and management process. ’ ’ ’
Women, water technicians, and community leaders are involved in 95 60 113
2 the decision-making and execution of the solar-powered water 37 (8.2) QL) | (133) 145 (32.2) (25.1)
supply (SPWPS) project. ' ' '
3 The local community participated in the process of choosing a 24 (5.3) 67 72 169 (37.6) 118
location for a solar-powered water supply (SPWS) project. ' (14.9) | (16.0) ' (26.2)
The installed solar-powered water supply (SPWPS) is perceived 67 49 136
4 by the community members as sustainable and dependable, and 27 (6.0) (14.9) | (10.9) 171 (38.0) (30.2)
they are sufficiently confident in this respect. ' ' '
I am satisfied with the Solar Power Water Supply (SPWS) systems 51 44 179
5 that have been put in place in my area. 16 (3.6) (11.4) 9.8) 159 (35.4) (39.9)
With the presence of a solar-powered water supply system 53 27 138
6 (SPWS) in our locality; my family and the community were 28 (6.2) (12.9) (6.0) 149 (33.1) (41.8)

satisfied with the project and service
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According to Hanger et al. (2016), community acceptance of solar power is nearly universal,
primarily because it is perceived as environmentally friendly. However, the perceived level of
knowledge about the project is very low, which positively correlates with high acceptance.
Additionally, Berg and Tempels (2022) identified that a key factor influencing community
acceptance is the extent to which the benefits meet the community's needs. The success of
solar farm developments in addressing these needs depends on the developers' motives, the
local context, and the level of community involvement. Community acceptance increases
when the benefits align with their needs. Conversely, if the compensation offered is

insufficient, it undermines trust and fosters greater resistance.

Next, the Spearman correlation analysis assessed to evaluate the relationship between
challenges in using solar-powered water pumping systems (SPWPS) for rural water supply,
the social and environmental impacts of SPWPS installations, community engagement, and
satisfaction, and the operational challenges faced during system implementation and
management. The relationship strength and direction were evaluated using a coefficient range

from -1 to 1, with a 95% confidence interval.

Thus, primarily, a non-parametric measure of the strength and direction of association
between two variables was computed to examine the relationship between the challenges of
solar-powered water pumping systems for rural community water supply and the social and
environmental implications of the installed systems in the study area. The analysis revealed a
statistically significant positive correlation (p = 0.52, the result is b/n 0.3 & 0.7), indicating
challenges of SPWPS for rural water supply were moderately correlated to socio-
environmental implications of SPWPS installations. The result suggests that the social and
environmental consequences of the installed systems imposed an impact on the challenge for

solar-powered water pumping systems in supplying water to the target area.

Secondly, an analysis was conducted to explore the relationship between the challenges of
using solar-powered water pumping systems for rural water supply and the operational
difficulties and limitations faced by the community in managing and implementing the system.
The analysis resulted in a correlation coefficient of p = 0.193, which is lower than 0.3,

indicating a weak correlation. This suggests that the operational challenges and constraints in
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implementing and managing the SPWPS have a limited impact on the overall challenges of

using SPWPS for rural community water supply.

Thirdly, the relationship between the challenges of solar-powered water pumping systems for
rural community water supply and the level of local community engagement in the project cycle
and satisfaction with the installed systems was investigated. The analysis revealed a result of p
= 0. 3, which is the same as 0.3, indicating that, they had a moderate correlation. Therefore, the
level of local community engagement in the project cycle and satisfaction with the installed

system influence the challenges of using SPWPS for rural community water supply.

Fourthly, an analysis was conducted to examine the relationship between the socio-
environmental impacts of SPWPS installations and the operational challenges faced by the
community during system management and implementation. The analysis yielded a value p =
0.463, indicating a moderate correlation (between 0.3 and 0.7). This suggests that the
operational challenges and limitations encountered by the community during the system's
management and implementation had a notable influence on the socio-environmental impacts of

SPWPS components.

Fifthly, the same test was conducted on the socio-environmental implications of SPWPS feature
installations, the level of local community engagement in the project cycle, and satisfaction
with the installed systems. The analysis yielded a value p = 0.596, which falls between 0.3 and
0.7, indicating a moderate correlation. Therefore, the level of local community engagement in
the project cycle and their satisfaction with the installed systems had a sensible effect on the

socio-environmental implications of SPWPS component installations.

Lastly, the analysis examined the operational challenges and limitations experienced by the
community during the management and implementation of the system, as well as the socio-
environmental implications of the SPWPS component installations. The analysis produced a
value of p = 0.532, which falls between 0.3 and 0.7, indicating a moderate correlation among
the factors. As a result, the operational challenges and limitations faced by the community
during management had a noteworthy effect on the level of local community engagement in the

project cycle and their satisfaction with the installed systems.
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Table 4. 9:Spearman Correlation Analysis Result
Operational Comm.
Challen | Implication | Challenges Engage. &
ges of SoEnv of Using Satisfaction
SPWPS | SPWPS SPWPS with SPWPS
Spear | Challenges of solar-powered water | Correlation Coefficient 1 514" 193" 2627
man’s | Pumping Systems for rural Sig. (2-tailed) . 0 0 0
rho, community water supply N 450 450 450 450
“p” : : L Correlation Coefficient 514™ 1 463" 596"
Soc10-env1ronmenta} 1mp119at10ns Sig, (2-tailed) 0 ' 0 0
of SPWPS features installations N 450 150 150 450
Operational challenges and Correlation Coefficient 193" 463" 1 532"
limitations the community Sig. (2-tailed) 0 0 0
experienced when managing and
imlg)lementing the systent(lg : W 430 430 430 430
Level of community engagement in | Correlation Coefficient 262" 596" 532" 1
the project cycle and satisfaction Sig. (2-tailed) 0 0 0 )
with the installed systems N 450 450 450 450

**, Correlation is significant at the 0.01 level (2-tailed).
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATION

5.1. Conclusion

The research explored various aspects of solar-powered water supply systems in the target
area, including technical challenges, design tool differences, socio-environmental impacts,
operational issues, and the extent of community engagement and satisfaction with the
installed systems. The findings provide valuable insights into addressing these challenges to
enhance the performance and effectiveness of the systems for rural communities. Additionally,
the results offer guidance for future implementations and improvements in rural water supply,

both within the target area and in similar settings.

Key technical challenges identified in the study area, include a lack of expertise among local
operators, misalignment with national sector guidelines (MoWE), and the unavailability of
compatible spare parts. Additional issues such as extensive vegetation cover, substandard
material quality, inconsistent installation practices, weak operation and maintenance, and
scattered community settlements further exacerbated these challenges. Data analysis revealed
disparities between SPWPS designs, with Grundfos ranking highest in efficiency, followed by
MoWE, WM, and Lorentz. However, Lorentz systems were prone to component failures,
leading to increased maintenance needs, particularly in adverse weather conditions.
Problematic components included polycrystalline silicon PV solar panels, RSI, lightning

arresters, DC connectors, breakers, and control boards.

Socio-environmentally, SPWPS installations posed challenges, such as non-functional solar
arrays turning into waste, deforestation, and wildlife disruption. These issues, combined with
poor management systems, threatened the long-term sustainability of the systems. Inspections
of installed SPWPS revealed that several systems were non-operational. Nevertheless, the
benefits of SPWPS were significant, including improved access to safe water, enhanced
public health, time savings for women and children, cost savings compared to diesel systems,

and environmental benefits like reduced carbon emissions.

The community encountered several challenges in operating and managing the system, such

as inconsistent performance during adverse weather, reduced power output on cloudy days,
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delays in recording water demand, and complications with the payment process. Moreover,
the technical complexity of understanding RSI error reports and the limited access to trained
maintenance personnel further hindered the long-term functionality of the system. Despite
strong community engagement throughout the project cycle, which fostered a sense of
ownership, technical challenges and inconsistent system performance negatively affected user

satisfaction.

The correlation analysis also highlighted a moderate link between technical challenges and
socio-environmental impacts, suggesting that the environmental consequences of SPWPS
installations affected the community’s experience with the systems. Operational challenges
were not strongly related to broader SPWPS challenges, indicating that these management
issues had a limited effect on overall system performance. Community engagement and
satisfaction were moderately linked to the technical challenges, operational difficulties, and
socio-environmental outcomes, underscoring the importance of local involvement in

overcoming these barriers.

In conclusion, while SPWPS installations provide numerous benefits for rural communities,
addressing technical, operational, and socio-environmental challenges is essential to ensure
the long-term success and sustainability of the projects. The study emphasizes that a holistic
approach, which addresses these interrelated factors and fosters community involvement, is
crucial for improving the performance and effectiveness of solar-powered water pumping

systems in rural areas.
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5.2. Recommendations

Based on the study’s findings, the researcher respectfully recommends adopting a
comprehensive approach to improve the efficiency, effectiveness, and sustainability of solar-
powered water pumping systems (SPWPS) in rural communities. Key recommendations
include timely addressing technical gaps, ensuring design compatibility, selecting appropriate
tools, enhancing system management, promoting active community engagement, fostering
stakeholder collaboration, establishing local spare part supply chains, and monitoring socio-
environmental impacts. Furthermore, exploring the long-term effects of SPWPS and refining
design tools is recommended to increase community benefits and system resilience. Sharing

these findings widely will support the development of sustainable rural water supply solutions.

75



REFERENCES

Abdullahi, D.,Renukappa, S.,Suresh, S., and A. Oloke, D.(2021). Barriers for Implementing Solar
Energy Initiatives in Nigeria: An Empirical Study.
https://doi.org/https://doi.org/10.1108/SASBE-06-2020-0094

Ahmed, N., Hassan, A., Kassem, M., Hegazi, A., & Elsaadawi, Y. (2023). Reliability and
performance evaluation of a solar PV-powered underground water pumping system. Scientific

Reports, 13(1). https://doi.org/10.1038/s41598-023-41272-5

Akter, T., & Mitu, J. A. (2024). A Study on Making Solar-Powered Irrigation System
Economically Viable, and Socially Acceptable In Bangladesh. European Journal of Social
Sciences Studies, 9(5). https://doi.org/10.46827/ejsss.v9i5.1675

Amorocho-Daza, H., Cabrales, S., Santos, R., & Saldarriaga, J. (2019). A new multi-Criteria
decision analysis methodology for the selection of new water supply infrastructure. Water

(Switzerland), 11(4). https://doi.org/10.3390/w11040805

Ashraf, U. (2021). Design, optimization and analysis of a solar water pumping system for Pakistan.

https://research.library.mun.ca > thesis

Bakari, S. J., & Mbunda, F. A. (2022). Community participation in rural water supply projects:
Influencing factors and challenges in Nyasa district: Vol. Reviewed.
https://doi.org/https://www.internationalscholarsjournals.com/articles/community-
participation-in-rural-water-supply-projects-influencing—factors-and-challenges-in-nyasa-

district.pdf

Bolbakov, R. G., Sinitsyn, A. V., & Tsvetkov, V. Y. (2020). Methods of comparative analysis.
Journal of Physics: Conference Series, 1679(5). https://doi.org/10.1088/1742-
6596/1679/5/052047

Dean, M. (2022). A Practical Guide to Multi-Criteria Analysis.
https://doi.org/10.13140/RG.2.2.15007.02722

76


https://www.researchgate.net/profile/Suresh-Renukappa?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Subashini-Suresh?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/David-Oloke?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi
https://doi
https://doi
https://doi.org/10.3390/w11040805
https://doi
https://doi
https://doi

Devi, B. (2023). Application of Cross-National Comparative Research Design in Medical and
Nursing Education. Journal of Health and Allied Sciences NU, 13(03), 306-312.
https://doi.org/10.1055/s-0042-1757734

Dominguez, 1., Oviedo-Ocafia, E. R., Hurtado, K., Baron, A., & Hall, R. P. (2019). Assessing
sustainability in rural water supply systems in developing countries using a novel tool based
on multi-criteria analysis. Sustainability (Switzerland), 11(19).

https://doi.org/10.3390/sul 1195363

DT Global. (2019). Building Resilience and Sustainability: Solar-Powered Water Schemes in
Rural Ethiopia.

Elrefai, M., Hamdy, R. A., Elzawawi, A., & Hamad, M. S. (2017). Design and performance
evaluation of a solar water pumping system: A case study. 2016 18" International Middle-
East Power Systems Conference, MEPCON 2016 — Proceedings, 914-920.
https://doi.org/10.1109/MEPCON.2016.7837005

Feleke, S., Anteneh, D., Pydi, B., Satish, R., EI-Shahat, A., & Abdelaziz, A. Y. (2023). Feasibility
and Potential Assessment of Solar Resources: A Case Study in North Shewa Zone, Amhara,

Ethiopia. Energies, 16(6). https://doi.org/10.3390/en16062681

Girma, M., Assefa, A., & Molinas, M. (2015). Feasibility study of a solar photovoltaic water
pumping system for rural Ethiopia. AIMS Environmental Science, 2(3), 697-717.
https://doi.org/10.3934/environsci.2015.3.697

Gunasekaran, V., & Chakraborty, S. (2023). Technical and environmental aspects of solar photo-
voltaic water pumping systems: a comprehensive survey. Water Supply, 23(7).

https://doi.org/10.2166/ws.2023.165

Hernandez, R. R., Hoffacker, M. K., Murphy-Mariscal, M. L., Wu, G. C., & Allen, M. F. (2015).
Solar energy development impacts on land cover change and protected areas. Proceedings of
the National Academy of Sciences of the United States of America,
https://doi.org/10.1073/pnas. 1517656112

77


https://doi
https://doi
https://doi
https://doi
https://doi
https://doi
https://doi

Hlongwa, N., Nkomo, S. L., & Desai, S. A. (2024). Barriers to water, sanitation, and hygiene in
Sub-Saharan Africa: a mini-review. Journal of Water Sanitation and Hygiene for

Development (Vol. 14, Issue 7, pp. 497-510). https://doi.org/10.2166/washdev.2024.266

Holthaus, J., Hailemichael, G., Pandey, B., & Giannantonio, J. (2023). Solarizing Community
Water Supply in Amhara State of Ethiopia. https://www.researchgate.net » publication »
38029139... doi:10.13140/RG.2.2.33695.37280

Hussain, F., Maeng, S. J., Cheema, M. J. M., Anjum, M. N., Afzal, A., Azam, M., Wu, R. S., Noor,
R. S., Umair, M., & Igbal, T. (2023a). Solar Irrigation Potential, Key Issues and Challenges in
Pakistan. In Water (Switzerland) (Vol. 15, Issue 9). MDPI.
https://doi.org/10.3390/w15091727

Hussain, F., Maeng, S. J., Cheema, M. J. M., Anjum, M. N., Afzal, A., Azam, M., Wu, R. S., Noor,
R. S., Umair, M., & Igbal, T. (2023b). Solar Irrigation Potential, Key Issues and Challenges in
Pakistan. In Water (Switzerland) (Vol. 15, Issue 9). https://doi.org/10.3390/w15091727

Jha, B., Thapa, N., Dahal, K. R., & Yoseph, M. (2019). A Review on Sustainability of
Community-Led Rural Water Supply and Sanitation Systems with Special Reference to Berik
Sub-Zone in Eritrea. Technology, and Sciences (ASRJETS) American Scientific Research
Journal for Engineering, 58(1), 182—195. http://asrjetsjournal.org/

Kayode, M., Sulaiman, M. A., Abubakar, 1., & Enock, A. (2019). An Appraisal of Solar Powered
Water System for Sustainable Rural Development. In International Journal of Research and

Scientific Innovation (IJRSI) |: Vol. VI. www.rsisinternational.org

Kenfack, J., Voufo, J., Ngohe Ekam, P. S., Lewetchou, J. K., & Nzotcha, U. (2020). Overcoming
local constraints when developing renewable energy systems for the electrification of remote

areas in Africa. Renewable Energy and Environmental Sustainability, 5, 1.

https://doi.org/10.1051/rees/2019007

Kibret, F. D., & Tulu, F. D. (2014). Challenges of Potable Water Supply System in Rural Ethiopia:
The Case of Gonji Kolela Woreda, West Gojjam Zone, Ethiopia. Natural Resources and
Conservation, 2(4), 59—69. https://doi.org/10.13189/nrc.2014.020402

78


https://doi
http://dx.doi.org/10.13140/RG.2.2.33695.37280
https://doi
https://doi
http://asrjetsjournal.org/
http://www.rsisinternational
https://doi
https://doi

Kundu, S. (2023). A Solar Water Purifier. International Journal for Research in Applied Science
and Engineering Technology, 11(6), 4717-4722. https://doi.org/10.22214/ijraset.2023.54505

Laurent, U., & Safari, E. (2021). Community Involvement in Planning and the Success of Rural
Development Projects in Rwanda. Journal of Entrepreneurship & Project Manangement, 5(2),

1-18.

Libakova, N. M., & Sertakova, E. A. (2015). The Method of Expert Interview as an Effective
Research Procedure of Studying the Indigenous Peoples of the North. In Humanities & Social

Sciences (Vol. 1, Issue 8).
Lundborg, E. (2020, November 4). Solar Water Pumping. Engineers Without Borders.

Mali, S. S., Shirsath, P. B., Verma, S., & Sikka, A. K. (2022). Solar Irrigation Pump (SIP) Sizing

Tool User Manual Beta Version.

MoWE and MolL (2022). Environmental and Social Management Framework (ESMF) for Horn of
Africa-Groundwater for Resilience Project (P174867 HoA-GW4RP) Ministry of Water and
Energy (MoWE) and Ministry of Irrigation and Lowlands (MolL).

Moholo, I. (2020). Evaluation-and-optimisation-of-solar-water-pumping-systems-for-lesotho-. In

Research. https://nul-erc.s3.amazonaws.com » dissertations

Miri, M., & Shahrokh, Z. (2019). A Short Introduction to Comparative Research.
https://www.researchgate.net/publication/336278925

M Saleh, A. F., Asif, M. Al, & Naomi, N. R. (2023). A Multi-Criteria Analysis on Solar and
Traditional Technologies in Irrigation Development. Journal of Engineering Science, 13(2),

101-110. https://doi.org/10.3329/jes.v13i2.63730

Munene, K. S. N. (2020). Enhancing Community Participation in Project Monitoring and
Evaluation: Analysis of Community Based Projects in Informal Settlements in Nairobi County,

Kenya. https://doi.org/https://www.ijssit.com/.../Enhancing-Community-...

Palanivel, P., Alemayehu, H., Selvarasu, R., Chandramouli, B., & Hiremath, R. (2020). Design and
Analysis of Solar Powered Water Pumping System. International Journal of Electrical

Engineering and Technology, 11(9), 92—100. https://doi.org/10.34218/1JEET.11.9.2020.009

79


https://doi
https://nul
https://www
https://doi
https://doi.org/https://www.ijssit.com/.../Enhancing-Community-
https://doi

Patel, M., & Patel, N. (2019). Exploring Research Methodology: Review Article. International
Journal of Research and Review Keywords: Research, Methodology, Research Methodology,

6. www.lijrrjournal.com

Phiri, E., Rowley, P. N., & Blanchard, R. E. (2023). Addressing Challenges in Delivering
Sustainable Rural Water Provision Using Solar Water Pumping in Malawi: A Stakeholder
Analysis. Energies, 16(23). https://doi.org/10.3390/en16237758

Rahmani, S., Murayama, T., & Nishikizawa, S. (2022a). Socio-economic Impact of a Solar Water
Pumping System in a Rural Community in Indonesia. Journal of Sustainable Development of

Energy, Water and Environment Systems, 10(3). https://doi.org/10.13044/j.sdewes.d9.0403

Salom, N., & Khumalo, P. (2022). Challenges Facing Community Management of Rural Water
Supply: The Case of Ohangwena Region, Namibia. African Studies, 21(1), 1-5.
https://asqg.africa.ufl.edu/files/V21ila2.pdf

Seb Rengma, N., Yadav, M., & Kishor, N. (2023). Solar photovoltaic water pumping system: A
software tool development-based optimal configuration investigation for system installation

location, sizing and deployment. https://doi.org/https://doi.org/10.1016/j.ref.2023.07.001

Sekmen, U., Yildiz, O. F., Yilmaz, M., & Ozdemir, O. (2022). Using solar photovoltaic energy in
urban water supply systems: a case study in Kayseri, Turkey. Journal of Water and Climate

Change, 13(5), 2048-2069. https://doi.org/10.2166/wcc.2022.377

Shields, K. F., Moffa, M., Behnke, N. L., Kelly, E., Klug, T., Lee, K., Cronk, R., & Bartram, J.
(2021). Community management does not equate to participation: Fostering community
participation in rural water supplies. Journal of Water Sanitation and Hygiene for

Development, 11(6), 937-947. https://doi.org/10.2166/washdev.2021.089

80


http://www.ijrrjournal
https://doi
https://doi
https://asq
https://doi
https://doi
https://doi

Sinaga, R., Tanesab, J., Beily, M., & Sampeallo, A. (2023). Design and Construction of a Portable
Solar Water Pump 3000 Litter per Hour. 1210-1216.
https://doi.org/10.5220/0010962500003260

Taherdoost, H. (2017). Determining Sample Size; How to Calculate Survey Sample Size.
http://www.ahooraltd.comhttp://www.hamta.org

Ugbah, R., Meldrum, A., & Ehiwario, K. (2017). Water access and community engagement:
Creating the right environment for maximizing the benefits of community engagement
processes and increasing water participation in Nigeria. WIT Transactions on Ecology and the

Environment, 220, 129-139. https://doi.org/10.2495/WRM170131

Ukoba, K., Yoro, K. O., Eterigho-lIkelegbe, O., Ibegbulam, C., & Jen, T. C. (2024). Adaptation of
solar energy in the Global South: Prospects, challenges and opportunities. Heliyon (Vol. 10,
Issue 7). https://doi.org/10.1016/j.heliyon. 2024.e28009

UNICEF. (2022). Gambella Regional Brief.
UNHCR (2024). Ethiopian, refugees, population, location, data, UNHCR, Org, En., Documents.

Wade, H. (Dr). (2019). Solar Water Pumping Systems System Design, Selection and Installation
Guidelines. https://doi.org/https://watermission.org > uploads » 2019/10

Water Mission. (2020). Design and Installation Guide Solar Powered Water Systems.
https://doi.org/https://watermission.org »

Waters N, Pendered O, and, & Hartnell G. (2015). Community engagement good practice guidance
for solar farms. https://doi.org/https://files.bregroup.com > pdf > Brochures

Wilson, T., Grossman, 1., Alexander, M., Rees, P., & Temple, J. (2022). Methods for Small Area
Population Forecasts: State-of-the-Art and Research Needs. Population Research and Policy
Review, 41(3), 865—898. https://doi.org/10.1007/s11113-021-09671-6

Kiprono, A., & Llario, A. (2020a). Solar Pumping for Water Supply. In Solar Pumping for Water
Supply. Practical Action Publishing. https://doi.org/10.3362/9781780447810

81


https://doi
http://www
https://doi
https://doi
https://doi
https://doi
https://doi
https://doi
https://doi

World Bank Group. (2020). Challenges and Opportunities for Water in Development in the
Lowlands of Ethiopia. https://doi.org/https://documents.worldbank.org/.../challenges-and-

oppo...

Yalew, A. W. (2022). The Ethiopian energy sector and its implications for the SDGs and modeling.
Renewable and Sustainable Energy Transition, 2. https://doi.org/10.1016/j.rset.2022.100018

Young, J. C., Rose, D. C., Mumby, H. S., Benitez-Capistros, F., Derrick, C. J., Finch, T., Garcia,
C., Home, C., Marwaha, E., Morgans, C., Parkinson, S., Shah, J., Wilson, K. A., & Mukherjee,
N. (2018). A methodological guide to using and reporting on interviews in conservation
science research. Methods in Ecology and Evolution, 9(1), 10—-19.
https://doi.org/10.1111/2041-210X.12828

82


https://doi
https://doi
https://doi.org/10.1111/2041-210X.12828

ANNEXES

1. Research Data Collection Tools

Dear Responder,

This questionnaire aims to assess information and collect data for the research entitled “Assessment of

Solar Powered Water Pumping System Challenges for Rural Water Supply: A Case of Pinyudo town”

as part of the study in Master of Science (MSc) for Water Supply and Environmental Engineering at
Adama Science and Technology University (ASTU). As a result, the information gathered in this

procedure is kept safe and secure, and it will not be used for any other reason.

Therefore, please accept the researcher’s heartfelt gratitude in advance for your willingness to respond

to the questions and provide the information requested.

Thank you in advance for your time and good cooperation!

Bahiru Tefera Bezabih

April, 2024
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Part 1: Research Questioners for Technical Personnel

Please fill out the following table with your personal information (AQh22 1°201AD- 13l 2OT

LNACOE 77251 PTAme sk TP BT E Lov).

Name (#9) Age (0£73) Sex (&%)
Academic Status Occupation Service Year
(P1/1 £LE) (#&) (PAIA TN HoPP)
Qualification Position Disability (A4
(hvnet) (742 7F) 74°347) (Yes/No)

Section 1: Multicriteria Analysis (MCA) of the SPWPS deployed in a rural community
using various design techniques (tools): A case of Pinyudo community

(M7 A0, (1AL9° N775@.L T4 DOT (1RUE HLA P7lis Pre38 @y ovdlf thineE (1AFR
PLHET NCAFT? (P2C6 HGPTF) AG LCFPTF 172MPIP 17T77°@. P75 TCEEHFT? NTTIRAC PTHIE me::)

Note: Please give a comparative value from 1 to 5 as shown in the table: “1” for “Very Poor”, “2” for “Poor”,
Note g p y

for “Neutral”, “4” for “Good” and “5” for “Very Good” to assess efficiency and performance results in the
given space under each system concerning the technical aspect.

(7P40MLP- AP} PENTOEPT? PATET? AZLHUI P10 ALIOT°F No219°79° (NTIRRC) POTA 2L PTe (1#4017
T TLF Lt hETC 1-5 P01 PULCPT Qovamphiz- “17 A “O0F° WP 77927 A “UP5 737 A “aohhafT
(F17D 7 7“4 A “P¢” A5 57 A “NAF° P& hold-1 @07 OACOP hordhht (1977977797 (1A 92545 PERSHRE 4HE7
ACFF (285 [8) OC MHU28D- het- (7 AL PERTAE 18:F70.7 (MaPAhT FACOLT 197177 P234 @i LOMy/COPIM-:2)

. Design Tool- Design Design Tool-
Design Tool-A B Tool-C D

Solar Powered Water Pumping System (SPWPS) Ministry of | waser
SNo Technical Aspect (AnPAL (1316 HLA P7LUIc- P1EZE A.Y Water & Mission DT/ ng'; ';ij ;,(% izfzgg b1/

P AL LT PENGTIE 180 £hihP o04.C7) Lnergy DT. -\ oz iy

.. . P@.Y5 AICE &0 EhSeE | PEhSHE
(Parameter Description /Domain) vty e | LhTH% LHEIACH | BHEI I
PEhSNE CHE I ACHT
LHE T NCHT

1 Technical Domains (Technical Aspect)

The designed solar panel energy and pump efficiency against the

running (actual) efficiencies of the installed SPWPS. (136 44
1.1 P PREAL @Y 79GP £h5NE ACHT RNT N12L5. Al £LE PilL
POhC HhCA TN T4 2LA 7200 AS CTI°T @71 (-
AC MA@ (PFRBNTYF) IC PO, 75 3R +aaL s AAd::)

Communities’ daily water demand versus supply concerning the
national standard (water supply reliability). (MMl 7PAh.0 €%
AZRC PPIVALOFE PP2 DY $A797 72D hAPCOT L.aoi? (PO-Y APCOT
AOTTPOTTY) 10777 b AAD:3)

1.2

Storage Capacity and daily production rate with the national
13 e s e g
guidelines to satisfy the community’s daily water demands.

Ease of operation, maintenance, and system management with
local knowledge. (hflwe-? 72AN.P £LZ A23C PONLAMNID PoNT
1001 PO-Y EAPT A777947 PTINTTF API° AT 60 P PI°CT 7Pm'?
777 10.:2)

1.4

15 SPWP System integration with the grid or diesel system
) (Hybridization compatibility).

SPWP System installation complexity for the local experts. (184
1.6 AHLA P7UNL PREAL @Y 7010 ThTE 1CHT A7PTha PP3m e P
Fhzhe b0-p1 MA@ N> LLPF PERS IS O001172)

Total-1(.£9°c-1)

2 Socio-Environmental Domain (Socio-Environmental
Aspect)
2.1 SPWPS infrastructure installation requirements social &
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environmental impacts (land, vegetation removal, waste material
handling, etc.) (Ml P £&F 7O A23C AnPAL (1806 hLA
P7h0 PREBE @Y 7oA FhSNE ACTT A7PThe Poow st A 777
W2 PPOELCFT “TU0PF AT ANNPP 1005 (PrPst T.0%7 AoPI?
TINDE'F 144, I AARAN, BTV At PRSP AT APPHE DiiT))

2.2

SPWPS end-users and other beneficiaries like technical
personnel’s satisfaction level, with the technology.

(18L LA PPLUI P73 @Y (P LhTNE NCHT PrPmd il
TMPLIFG PERLHA (1045FFF bt +m P L PF DT NeE -
aChi)

Total-2(.£9°C-2)

Economical Domain (Cost Aspect)

3.1

The investment cost for the full installation package of the SPWPS
system concerning the national standard.

(Mt P L5 7PN K230 ANPAL (18HE HLA P PREZE DY
a4(10 £h5N°E ACHT AaP7307 PPLmePa. PA. 2itT-av 3t .2 10777
mz.-.-)

3.2

Yearly maintenance requirements and system-specific spare part
availability in the local servicing market. (%724 P77 Den, (T.8%)
AT 0ACFHT-1DC PoeA PO APCOTT QAN PAIATNT 0P 72777
TDFH )

Total-3(.£9°C-3)

Sub-Total (701 .£97C)

Section 2: Comparative Analysis (CA) for Solar Powered Water Pumping System (SPWPS)
Design Tool for Rural Community Water Supply: A Case of Pinyudo Community

Note—As per the technical descriptions of the solar-powered water pumping system design

tool presented, please give the Value

“«“

1" for Absolutely Unacceptable,

Unacceptable, “3” for Neutral, “4” for Acceptable, and “5” for Very Acceptable.

“2 2 fO}"

(729000 0InlT QAP NPLT PIHTLEFF TPl7 179647 PENTNEPTT PATET? A2CHU-IP AL 90977

ATTIZEC POTA W28 P70 heC 1-5 Pi? aP08.CFF oramghi:- “17 A “NF29° 1908 PAA@.”

P 1:2); A

1PALH PAAL.” 7 “37 A “aPhhAT 7 “4” A “APOBr PAD. T 45 “57 A “ Q9P fPACH PAD”
701t @07 QACAP Aovahht (1997977797 (1APF535. PEOSNE SHE? /266 [ NC (MHIPW het (17
PRCOP? PIIP777 P24 @LmuTP2 LM/ PALIM-::)

. Design Tool- Design Design
Design Tool-A “5 Tool-C Tool-D
Solar Powered Water Pumping System (SPWPS) Technical Ministry of Water Grund Lorent
S/No Aspect- Key Performance metrics EW‘”@V g[T Mission DT/ D;"L;ﬁa]j:;,@ DOTV/Q'; A; -
(APAL (18HL LA L P1L3C @Y Toi(,P NG LLT sze;gi e PO1C 70T i then | pehens
PERTIE 1R EhEhT 704.LT) onr apyige | P HEINCIF | HET ACHT
pEhsneg Gues | LT OCHT
acqt
The interface of the Solar Powered Water Pumping System
C-1 (SPWPS) design tools is easy to use (user-friendly interface).
- (126 AL PPN P1E2E @Y o0 ThTNE (CFT LET ZHLY 285
1S (81718 A1 FP7LPF IFrt)
The Solar Powered Water Pumping System (SPWPS) storage
sizing, pump & solar module sizing tool components. (171846
C-2 LA PPN P1EAE .Y 7o(1P ThTNE NCFT 18T ZHE? AIH 7Pilf
(266 18,) PALY TIMe-P7Le 7?7 CTIPT hS PAhe T°26 Poooom?
(GHET PTLLECT) PLATI® Ah)
The Solar Powered Water Pumping System design tools
C-3 | interface availability for water points & mounting

85




structure design interface. (1846 4LA P7ilic P73 DY
PP FNTNE ACHF 18T ZHe D ATH TPAsP (266 HE,) Ay
TPhG4.0 NPT AT T 10070 QPCT SHeT Ne1IZ NCIT
any o77r/ePhtr)

c-4

The Solar Powered Water Pumping System design tools interface
availability for solar irradiance & mounting direction
determination. (12A€ HCA P72 P1.L3L @.Y PP thSAE 1CHT
107 GHE D AIT TPaG0 (366 HE) hAN. BADL4.8P 7°L8 I Porilf
ACYT OULT)

C-5

The Solar Powered Water Pumping System (SPWPS) compatibility
and integration between the various parts of the system. (1246
HBA LN P1.€36 @Y PP LhSNE ACHT ALI54. PRHET
POCGT hGaeTF  @ULTS AIR5TD IMATD. PAD. 15551/ (19757

C-6

The Solar Powered Water Pumping System (SPWPS) design tool
accuracy and Precision. (848 44 790 Pr838 @y ooi(l P
FhGNE CHT LeT ZHEY D 1S ThhNTrT AS F2.9°T)

The Solar Powered Water Pumping System design tool
modification or customization option & trends. (7246 44
P70 PREAE ALY 7P4(P LhGNE (LG LLT BHE T AIT 7Pisf (266
18,) TP BLI° TFAGLY A7967T hG ANTIOLLT BLI° AT°I°2F)

In the Solar Powered Water Pumping System (SPWPS) project
development, the level of community participation in the entire
process & Satisfaction using the technology. (718486 Ae4 P74
Preae @y ovi(l.e th ek (0T L7 PTCRhT A7 181 a0 FAd.
PIINL 14T6 £LE AG EhTHE @3 (1ovmP9° PAD. PACHS 7P D)

C-9

Water Discharge Rate (Volume of water flow over unit time in the
system). P@-¥ aAPE/aOmT 7P ((L01o> OOTF IND- PITA L
DO POY G 7PmP) =

C-10

Availability/production of water at the lowest irradiance of the
day and the month with the expected quality to meet the daily
demand. (PAA7 7ANT F4712 A777047 179m1¢@- Pred L8 AT (1D
HP15 PRAL ACY 2T P PO APCOT ICH T 07

C-11

The system Yield Factor or Systems Panels Power Out
Put (The total energy generated by the solar plant over a
specific period. This is the most fundamental Key
performance Indicator indicating the plant’s output). ((7&4e
AHLA PPINL P1L3E @Y 7od(1 P Fh g LANTav 09°CTH Ot ORI°
PALTI® TH0T YA AOMTP (18che $+04N PTL.aP16R,0 AMPAL YA
+@AT LH OO 10 B P4-05@7 Dmyt P71 0a0ANT ANI°

AWl SR PEAG L9090 AaPANT 1)z

System Performance Availability Rate (The percentage of time
the plant is operational and producing energy. High availability is
crucial for maximizing output)..eaC% ALA&9° Tt &% (+hae
PILAGNT AT 7@A £ULLaP (T L, o085 NG T NG Omt
ATOGRIPC DA YD)z

C-13

Inverter Availability and Performance Efficiency (Availability
& The efficiency with which inverters convert DC power from the
PV panels to AC power. Inverter performance can significantly
impact overall plant efficiency)

Solar Module Efficiency (The efficiency of the solar modules in
converting sunlight into electrical energy. Regular monitoring can
indicate degradation or issues with specific modules). £8ch& A&
AL TN QbFoTrH PATES (P0che CY7TT OL hthhsh 504
AGPADT 0L PEAT PATES. PRNG N aPOATH? OL9° o'k
PEAT OC o FACTFT ALorANF £TFAR).

Operation & Maintenance Frequency (Total costs associated
with running and maintaining the plant. Effective cost management
is vital for financial sustainability). ?hPz &S £115 £919°0
(QuLtvtao7 ATINEE: AG ham(P IC P20 AnFAL OnPF. O-m,F
PO, ANFELC A425 0 HALYT NNI° ANGAL aPU7).

Total (£97C)
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Section 3: Short Answer open-ended Questions for all members of the Community

(User community: Engineers, Operators technical personnel, Management Members)

Note- Please answer the questions below about the issues related to the installation and using the solar-powered

water pumping system (SPWPS) for the rural community water supply system. (“24ULE- A0hP? ATms 70011
Py APCOT A2EPINT FOND. (11731 1848 HeA PUG PREAE @Y PP LhTNEPT hnsPI™? 177720 hT
PPAD. ANPLN- TPEPT LIPAl+

1) a) In your experience, what are the top five expected causes of system component failure from the installed
solar-powered pumping systems in your locality? (Q1AWULLTF? AAIATNT (1 TN7P (18AL HLA P7LUI¢ PREFE
a.y i, P EhTNBPT @nT 1182977 PLEITo (INTFT T°2EGTFA.2 AATFE PT PT IPhAPFTTFAN?

From the installed solar-powered water supply (SPWPS) in your locality, which system causes continuous

failure that you identified? (1AMI0.@- 17701@. (18UC HLA h790 P1.LAE .Y 710 th5NBPT BOT (1167977

PTNALD. (PF5@. PLHET HE, P17)0M. J.7)

b) What measures can be taken by the water technical experts and the user community to stop the failure?
(AACOL hooahht LUF? AL H 1.£2977 AT A7T0D7L 1D-Y £hiha QNP CPTF AT 1,970 @ UL I°F AL 1+
ACTEPFF \.OOH. LTAN?)

2) s there a government standard or policy to control the quality and ensure the system durability for different
solar water pumping systems design and installation that you know about and/or recommend? ((1Ah00.@-
17701 13V HLA N7(15 PRLAE MY 0P £hTNE 7 (117NN ACOP P7LPD.ETF Prlavhet: PERTNE .7
WAL A994,977 PPLPTH AP 777°5 0 DLI° 7.1, AN?)

3) What are the operational challenges & limitations of the installed solar-powered water supply (SPWS) in
implementing and managing in the rural community? ((ARUT 1701 @ (1840 HCA P7LU15 P7ERL ALY
71,0 EHSNEPT? 7P 17ms “TU04041 H2E 1721900 A 179071580 AL PAD- PL-I0C 1+D8CFTF AT
@RAFFT IORLGTFDY)

4) Is there any limiting component to the sustainability or lifetime of the existing solar-powered water supply
(SPWPS) (e.g., the solar array, the inverter, electronic controls, motor, pump bearings, etc.)? (lAha.@-
F7HF@ (130 HLA h7l0¢ AP P ATATNT PP PREAL .Y o000 FhSNE LT ALTZPFMT P79 PATPEGT LI
2 AIBPINIY PILLLCITR hGNoT PIFFE TF@? (A9, PG PaA0(L° TN A HCATCE Chihiah
PENNELPTE IO1CE CTIPT TI85PF: Dlf1?))

5) Is the limiting component (broken components) generally replaceable by the local technicians and system
operators within the required time frame? (hAe P1-a&7 AATFF (PHOAT AhAT) NAhmsae 0ANINO- LhsTeTF
AT N7 OAT 1007 70PN D1 ATEACT 1794070 PLl 7641 0T 724075 TI010ha LFAA?)

6) How many different kinds of solar-powered water supply (SPWPS) are there in your area? What are some
new, innovative designs for increasing the durability or robustness of SWPs from each system? ((1Ah0(1.2 9%
PUA 1208 hLA P7Ll1¢ P1EAEL A.Y 74P FhTNEPT 17H1@ LI5H? (ACOS 72457 hALIE DS (CTT HALYT?
ATTL07T DLIP THL NTHRTPC P01+ ADE2E 1T BRIP AGLN SHETT IPILTFAD.?)

7)  Is there any cost concern regarding the installed solar-powered water pumping systems (SPWPS) in the
locality? From your observation which system is cheap to install, operate and manage by the local
community? (ANIAD- 174011 (180L HLA P PREFE @Y P10 £h5NE T (MoPAht PARIN.Q FPPT
DR, A3 BRI PIFA D (M TPANT $6,7PF (,91/P4,7 ANVFAL? FP3L3 TFD? hACOHS F°ANF NAQN.D- 70401
APTINFE (B A“INTD? 4G A“U1E8C P50 PLhTHE NCHT LLhia?

8) What are the most common community complaints about solar-powered water pumping systems (SPWPS)
operations? What is the most common positive feedback given? (1206 4A P70 PRE2E @y aPi(l P
EhGAE? Pl 20T (oAt PARIN.G. 1PEPT P60 PT T2 GFw? (109° Aol ((1M.£8977 PEill) AP 2P
LTPANT P28 TFw?)
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9) a) Do you have a direct engagement or an indirect engagement through the local leaders in designing and
installing the solar water pumping systems? ((18U€ 4,84 P7hc- P1.E38 @Y oo4(lP thTHE (ChT 187 5He?
09984795 AT 170 OPF- P15 14767 BLIP AN, TPEPF (1DhPTF) Nha\ PT1E LAV 076 LECT WICH)

b) To what extent is the user community engaged in the solar-powered water supply (SPWS) design and establishment
process? What issues were raised by the community and what is their feedback on the technology? (P1m74@- 77U
(180L LA PTU0 P1-ERE @Y 7oL P FhTNE PTCRIFT £HR S AT PIH LT DOT Pratd. - Adh 972 €40 12 hoPyNiifl-
Pt 7BPF AG MHENSTABD- AL Ll AN PPEF 973 Laoiaf-?)

10) a) What could be the most pressing challenges in using the solar-powered water supply (SPWS) and the system design
tools? Which design tool is user-friendly?

b)  Why? (1806 44 P70 PREAE @Y 70010 hTAE (CAT 18T AS POCHT- 285 avds fPFF Aaomn#9® 1797 ha€: P
LAGIF I3 APk LFAN? P50~ 020G o080 At P7LPF IOF 10?7 A9°F?
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Part 2: Research Questioners- Survey Data Collection Tools for the User Community

Note- Please thick (V) for the Values “1” for “Strongly Disagree (SD)”, “2” for “Disagree (DA)”,
“3” for “Natural’, “4” for “Agree” and “5” for “Strongly Agree (SA)’ to collect data about the
installation and using the solar powered water pumping system (SPWPS) for rural community water

supply system issues mentioned from table 4.1- 4.4 in the description section.

(9008 ATN2PF (RUE HLA P70 P1.LAL ALY 74(0 +hSHE ACHT L7 AIms- “TVAL0M0 PromT @Y
APCOTF 7Y IT (7P7hAG) 724D IC P1-PLH 7-9P-F7 AaP79P79°F 7228 A 700010 COTA 12 02l ¢TC
4.1-4.4_P1I087% 70E.CHT oot 17 A “0T9° ZAQT7799™ 7“2 A “AAQT9799P" 7“2 A “aohhA
(F1YD 73" A “AATP700" 47 A “OQP° PE” AS 57 A “OAI° AT h7InT DOT QACHS
797777 o4 APL 0T 7Ph8.LAFT 17o7oi T ¢ (V) TPAhT Q@ FFE AAZLTR AT LLCT:2)

Section 1: Challenges of the solar-powered water pumping systems (SPWPS) installation
and implementation in rural communities.
(NRVL LA PRl PRLAR A.Y 72H1P +hTNE 0T L&7 AIne- “TVL(] 7°FmI™G 7>Tha S 721U
PILOONTAT D ATGFTF (8A5PT)

S/N Description 12|34

The investment cost for purchasing and installing solar-powered water pumping
systems (SPWPS) equipment can be difficult for rural communities. (An#46 (1846
ALA P7Ulc PR3 @y aPd(lP LhSN-E ACFT A7oTha PPLnePd. PA, 30 TP 3 B
APAN: (PG P 9757 ATms- “IVL0A0 ASIT 1D.:2)

Proper installation and maintenance of solar-powered water pumping systems
(SPWPS) require technical expertise, and unavailability in rural areas might cause
2 hindrances in the water supply system. (846 488 P720¢ PE3E @Y aoi(l.f
EhGTNEPFF (Mhha) AP1NmI"s (- e AT7PA AZCH.U-I° A7Pm 7% £hihA Aw-#7-7
LBLAIA:: ANUPIIP NInC ARN. PEhzA Q17205 huaeT OPAr ANaP7 54 (10<Y APCOT
ACHT AL A2P4T L TA:)

Lack of community engagement during project development and empowering
ownership is a challenge in our locality and impacts the long-term sustainability of
3 installed solar-powered water pumping systems (SPWPS). (11846 464 P74i¢-

PREAE @Y TP thTAELT 1 @PT: PTIVNLAN 10762 NTCRTT ALARI° DPT
ANTPECT AT PANLT 11 17877 “TIANT AATPFA NANLPT? 8,775 AG PLEIP 1 HAL T
A8 TEAT AGLEH)

Because of the poor quality and inaccessibility of the roads, transporting tools and
supplies to isolated rural locations while installing and maintaining solar-powered
water pumping systems (SPWPS) components can be difficult and expensive.
(N8AL HLA PoLUIG PRERE @Y TP ENTNEPT TPInI®T (12 AL N7IPA A 2LH.U-I°
.75 AGEPT AT $A%OT DE ¢ W77 ANANPT 773531 hov 3187 Ao AAoPr 35
ANFICHT P1ia 4975 AS @8 AUP3 LTAA )

The installed solar-powered water pumping systems (SPWPS) sometimes needed
help to satisfy the daily water delivery service requirements due to inconsistent
power generation & energy shortages during the wet season. (AHIAPF7 1777
HIATT AP0 AL P 1348 ALA PPLN PREAEL B.Y 701 LhST NPT (FTI°7
ANTIOF) A2E2C 1 AUTA975 (167G DPF- DT (WP PLLA 9733 AT PhLA I°P%>
ATLT FPh2PT PAOT 1ANT POV $APTT APCOT ATATAT TPOE.CHFTF 779747 AR\ Fk9Px)

&9




Identifying suitable water sources, and determining the optimal location, and space
for Solar panel mounting for installing solar-powered water pumping systems

6 (SPWPS) is a challenging issue in the rural community. (A8A€ Aea 7205

P77 3P0l PREAE WY AP FTI7F £h5NBEPT 4017977 Pw-Y IPHF3 aPAP7- AT
107777, PRAE “TMINLY T2 721 T4 T 7797715 a2@? (1ms- “704041 D07
&7 146 .z:)

The installed solar-powered water pumping systems (SPWP) could not satisfy the
daily water delivery service requirements due to erratic power generation & energy
Storage throughout the wet season. (AARULPTF? 177797 A7\ =1 1720mT AL FA

N2hE HLA PTLN% PREAL MY P10 FhTNEPT (CTI°7 AN1T°F) v-A L1 150775
@P7 (Ihegt OPTE N1A0m PLeA “770393 AT AICE TThTF ANoos( SPh 20T FANT

TANT POY APCOT AIA TN PPNECFTF 777047 AAFAT:)

Total (£9°0)

Section 2: Implications of social and environmental features due to installed solar-powered
water pumping systems (SPWPS) infrastructures.
(N8AHL HLA PTLNL P1ELAE WY 72410 £h5NE T AT EdIP (110t 7PAsEPTF I 201 PhémeT? “TU02-P5
ARO0.PP 1005PF)

S/N Description 12|34

The availability of clean water from the installed solar-powered water pumping systems
(SPWPS) enhanced the daily lives of the community. (BAAMULPF? PATA DT (170 186
ALA P7UAIG PrEAE ALY oo P ENTHELT 100TLTF @ NTEEHFE MP 87 AT TAINT AE A7
LI LFOOVE AZCHOIP PARN.D. TIH0L00 ACHF ATF154)

Concerns about land usage, cultural disruption, or other environmental issues are unrelated
b to the construction of solar-powered water pumping systems (SPWPS). (hozz+ Am #5977

PAVA 72T DL AeT PRGN 7EPT A0 1T 1048 YLA PTL0C PREREL @Y 7ol P TI°T
A.079° MAQLPFF ha7304: IC I3 F i PATFD-97%)

The local communities can save money and invest in other necessities for household
activities since the installed solar-powered water pumping systems (SPWPS) have decreased
3 operational expenses for fuel and spare parts for daily water pumping. (764€ 284 HLaA
P74 P1R2E W35 a0 HEPT TPhEPT A 158 hG ATASP AT P PD-Y TI°7FG Aot o) P
Dep) P73 (1P 1k PAAAN.D- “FU0CA0F 771 2B AT ATPLN5 + ANZAL (W5 1T AL “IPA
FAPA::)

In addition to ensuring rural communities’ long-term social and environmental advantages,
the solar-powered water pumping systems (SPWPS) successfully met the local water
demand. (Pam+? 77004000 PLHTIP 2.4 TTW02P AT ANAAPE PPIPFF h94,977 (1168775 16U.C
ZLA P IPPN- PO-Y TIF AT TAT CANAN.D-F Pw-Y FAFT (1108 157 P77 A=)

The installed solar-powered water supply (SPWS) projects influence the local community’s
5 quality of life, social integration, and well-being. (AAh1PF? AAIA DT (11 7naP 18AL HLA
PTG PPEAL MY APCOT TEENPT PARAND? TIVNLOA P T ? TINEP DYLT AG LU
A8 (17 1EAT ALCLPA )

The presence of solar-powered water supply projects in my locality has improved the
6 standard of living of the entire community. (A22m7 @2 A7 907 A 2424 F00@. (117no>
0248 ALA PTING PRERE DY APCOT FEENFT 0FLF W PUNLAMIE PhE L8 ATTIAPA=)

Installation and operation of solar-powered water pumping systems (SPWPS) in the rural
community can still have environmental impacts, such as habitat disruption, and

7 afforestation which may be of concern in rural areas. (27ms “7U0c041 AhQ0. AATA D7
014707 180L HLA P7LUIs PTEAE DY APCOT TCEEOFT 730F @PF- PANIN, 1825PF A28
aGEP AN, 7PLON AFCHUVIP Adill. PPk PLF TP Gem 7 ALONT A L7 At:)

Total (£9°C)
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Section 3: Challenges of the solar-powered water pumping systems (SPWPS) installation
and implementation in rural communities.
(NRVL HCA Pl P1E3E .Y TP £hTN% NCFT LET AIms- “FUAL01 7P InIP5) 7PThA S 721 TC
PLONTATD. A ECFT (815PT)

S/N | Description 12|34

There is 24-hour access to water from the solar-powered water pumping system
sourced from a borehole in my local government area, which benefits the

1 community. (FARULPF? ANTHEC ROT AATNTNT (11IN72 120E HLA P25
Pre3L .y 7i(,P FhTNEPT “TUNLN £ 24 (AT @Y 77757 LFAA LV £T9°
VA0 7 177 ALC34 )

A channel is available locally to maintain and repair the damaged solar-powered
water pumping system. (AAQLPFF PAIADAT 17 7naP (13L HLA P7L0 PT.L3E

2 a.y avi(l 05 P03 TANLE LOATT A7Pm7? A5 A790m 77 (ANIN.@- ThANT R AGCT
P A ::)
Maintaining and operating the solar-powered water pumping systems (SPWPS) is
3 not a problem for the community. (AAh90,0F 3 PAIA DT (117775 (184L LA

P24 P7ERE @Y T0G(] P FHSNE LTS TT5paP05 (MFOATF AT 7273 AV T9C
ALLAg"::)

The installed solar-powered water pumping systems (SPWPS) improved the
community operational efficiency and managerial practices of water supply

4 projects. (AhNPF? 7777P@. AT\ TN P70M- 13HL HLA PPLN5 P16 AY o], P
FNGNBPF 05LFD. 12103 PR %977 Pro-5807 Pl PATFS? 72800 I°h 31 havyr?
AFIC P77 AO15EC ATPLFF AT )

Regular maintenance and timely repair of solar-powered water pumping systems
(SPWPS) components are essential for sustainability and optimal performance.
However, accessing spare parts and qualified technicians for operation and repairs
5 can be difficult in remote rural areas. (2AL HLA P7L05 PREAL MY 7oi(],P
EhGABEPF PHAPR AA1? aBLN56 OPEF P TIT5 ALGT PAIA TN HoPTFaL?
ATTLHIP IR 07 (LIPPI° M- AS AP PPAPDB 4G (1% thidTF7 MAWPF? &P A
N3 ANULEPT 79757 A0TI8 sdz:)

Capacity building, financial support, technological innovations, and collaboration
between various stakeholders, including government agencies, NGOs, and
stakeholders in the local community about solar-powered water pumping systems
6 (SPWPS) considered operational challenges and limitations. (AARAAPF? A7 Uo7
OF7N77 (187L HLA P75 PREFE @Y o010 £hTNEPT MoPAht P7L0ar PAPIP
TIF 7 P4.LTH €57 PERTHE 4.n-PT AT ProdI0VT B ULPTT 03920 T PAVH
CCEFF AT AN 7702040 DOP £ QACCT AhAd aPhhd PAD- (010 £.95
PERTAZ D7 PFINC EATPFD AT OOFrPr? 9977 L0170 1.z2)

Total (£9°C)
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Section 4: Challenges of the solar-powered water pumping systems (SPWPS) installation
and implementation in rural communities.

(I80L HLA P7IN P1-L38 M.Y TP, 0 LhSNE NCH LLT ATns- TI0L00H] 72TnIPs) 7PFhAS oot
PTYCONTAFD. A D8 (EAGPF)

S/N Description

I am comfortable with my engagement in the process of the solar water pumping system
(SPWPS) project study, appraisal, site selection, implementation, operation and management
1 process. (AANLPFF AATATNT (117N (134 HLA P7UN0% P1C3E LY 70010 Fh5 BT
PTCERAT PGTE 7977977 PO F°CBE AL 7UCT ATS0? AT PATREC LT DN 147620 PovPl
ANNIC L84 4o FF5Az)

Women, water technicians, and community leaders are involved in the decision-making and
execution of the solar-powered water supply (SPWPS) project. (AAha01.0F? AAA =7 (14 7n >
2 N84 hLA PTG P1E3E MY TP, 0 EhSNEPT PUNL Il ATPLL7FF PO-Y ERSTET A4S (F7 1076
784 P70 POY APCOT TCEOT 79 hS @45 ANTNT LL7 AL Latdir=)

The local community participated in the process of choosing a location for a solar-powered
3 water supply (SPWS) project. (AARIALPF? 8L HCA 7205 PREAE @Y 724( P Lh5N-E LT
79 @PF (AF 3 Q72g2L 7 L7 AN TV 10756 22)

The installed solar-powered water supply (SPWPS) is perceived by the community members as
sustainable and dependable, and they are sufficiently confident in this respect. (24ha01.°72

4 AATATNT (M Ima (1AL HCA PTING PREAL MY PP £HSAEPT ANTI77 50t A HAD b
taeaht PeFV0L ANAT PAT@- 72Hi(, 1TI° AP 2P A (1004700} jw-+:)

The Solar Power Water Supply (SPWS) installations that have been implemented in my area
5 have my satisfaction. (RALUALT? (11741 184 HeA P75 PREAE @Y 7240 £hE NPT
Ch?s O +09°F5a::)

With the presence of a solar-powered water supply system (SPWS) in our locality; my family
and the community were satisfied with the project and service. (ARAAPF? PAIAINT (11-7meP-
6 N8 HLA PTLUG P1EAE DY 7oL LhTNELT N05LF D NTCENFE MP78 hT TAINT N
AL7 I°C (VONVE AZLHU-IP PARNN@. T (01 NATA TN+ AChT A ‘7’7’/’5‘5\)

Total (£5°C)

Part 3: Details of Collected Data from Field Observation

Pinyudo SPWPS Field
Observation- A conso
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3. The Research Process Schematic Representation
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4. Data Analysis Results
4.1.Challenges associated with SPWPS Usage

Table 3.1.1: Reliability test result for the Challenges associated with SPWPS used for rural community
water supply systems in the study area

Case Processing Summary
N %
Valid 450 100
Cases Excluded? 0 0
Total 450 100
a. Listwise deletion based on all variables in the procedure.
Reliability Statistics
Cronbach's Alpha N of Items
0.671 7

Table 3.1.2: Normality test result for the Challenges associated with SPWPS used for rural
community water supply systems in the study area

Tests of Normality
Kolmogorov-Smirnov® Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Challenges of SPWPS 0.062 450 0 0.987 450 .000
a. Lilliefors Significance Correction

4.2.Differences in Diverse Design Tools for SPWPS
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3.2.1- Reliability Test Result for MCA tool data
Table3.2.1-1: Reliability test result for the MCA collected data about the MoWE design tool

Case Processing Summary

N %
Valid 14 87.5
Cases Excluded? 2 12.5
Total 16 100.0

a. Listwise deletion based on all variables in the procedure.

Reliability Statistics

Cronbach's Alpha

N of Items

.883

10

Table3.2.1-1: Reliability test result for the MCA collected data about the WM design tool

Case Processing Summary

N %
Valid 15 93.8
Cases Excluded? 1 6.3
Total 16 100.0

a. Listwise deletion based on all variables in the procedure.

Reliability Statistics

Cronbach's Alpha

N of Items

902

10

Table 3.2.1-3: Reliability test result for the MCA collected data about the Grundfos design tool

Case Processing Summary

N %
Valid 15 93.8
Cases Excluded?® 1 6.3
Total 16 100.0

a. Listwise deletion based on all variables in the procedure

Reliability Statistics

Cronbach's Alpha

N of Items

.909

10

Table 3.2.1-4: Reliability test result for the MCA collected data about the Lorentz design tool

Case Processing Summary

N %
Valid 13 81.3
Cases Excluded? 3 18.8
Total 16 100.0

a. Listwise deletion based on all variables in the procedure.

Reliability Statistics

Cronbach's Alpha

N of Items

978

10

3.2.2: Normality Test Result for MCA Tool Data
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Table 3.2.2-1: Multi-Criteria Analysis data for MOoOWE SPWPS design tool-Tests of Normality

Kolmogorov-Smirnov* Shapiro-Wilk

Statistic df Sig. Statistic df Sig.

0.938 14 0.389

MCA for MoWE DT 0 14 200"

*_ This is a lower bound of the true significance.

a. Lilliefors Significance Correction

Table 3.2.2-2: Multi-Criteria Analysis data for WM SPWPS design tool-Tests of Normality

Kolmogorov-Smirnov® Shapiro-Wilk

Statistic df Sig. Statistic df Sig.

MCA for WM DT 121 15 .200* 933 15 299

*_ This is a lower bound of the true significance.

a. Lilliefors Significance Correction

Table 3.2.2-3: Multi-Criteria Analysis data for Grundfos SPWPS design tool-Tests of Normality

Kolmogorov-Smirnov* Shapiro-Wilk

Statistic df Sig. Statistic df Sig.

MCA for Grundfos DT 161 15 .200%* .966 15 .801

*_ This is a lower bound of the true significance.

a. Lilliefors Significance Correction

Table 3.2.2-4: Multi-Criteria Analysis data for Lorentz SPWPS design tool-Tests of Normality

Kolmogorov-Smirnov® Shapiro-Wilk

Statistic df Sig. Statistic df Sig.

MCA for Lorentz DT 161 15 .200% .966 15 .801

*_ This is a lower bound of the true significance.

a. Lilliefors Significance Correction

3.2.3- Reliability Test Result for Comparative Analysis (CA) Tool Data
Table 3.2.3-1: The reliability test result for the MoWE design tool

Case Processing Summary

N %
Valid 14 87.5
Cases Excluded® 2 12.5
Total 16 100.0

a. Listwise deletion based on all variables in the procedure.

Reliability Statistics

Cronbach's Alpha

N of Items

.841

10
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Table 3.2.3-2: The reliability test result for the CA collected data about the WM design tool

Case Processing Summary

N %
Valid 15 93.8

Cases Excluded?® 1 6.3
Total 16 100.0

a. Listwise deletion based on all variables in the procedure.

Reliability Statistics

Cronbach's Alpha

N of Items

783

10

Table 3.2.3-3: Reliability test result for the CA about the Grundfos design tool

Case Processing Summary

N %
Valid 15 93.8
Cases Excluded?® 1 6.3
Total 16 100.0

a. Listwise deletion based on all variables in the procedure

Reliability Statistics

Cronbach's Alpha

N of Items

927

10

Table 3.2.3-4: Reliability test result for the CA collected data about the Lorentz design tool

Case Processing Summary

N %
Valid 13 81.3
Cases Excluded?® 3 18.8
Total 16 100.0

a. Listwise deletion based on all variables in the procedure.

Reliability Statistics

Cronbach's Alpha

N of Items

934

10

3.2.4- Normality Test Result for Comparative Analysis (CA)

Table 3.2.4-1: Comparative Analysis data for MoWE SPWPS design tool-Tests of Normality

Kolmogorov-Smirnov®

Shapiro-Wilk

Statistic df Sig. Statistic df Sig.
CA for MoWE DT .106 15 .200% .969 15 .838
*_ This is a lower bound of the true significance.
a. Lilliefors Significance Correction
Table 3.2.4-2: Comparative Analysis data for WM SPWPS design tool-Tests of Normality
Kolmogorov-Smirnov® Shapiro-Wilk

Statistic df Sig. Statistic df Sig.

CA for WM DT .106 15 .200% .969 15 .838

*_ This is a lower bound of the true significance.

a. Lilliefors Significance Correction
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Table 3.2.4-3: Comparative Analysis data for Grundfos SPWPS design tool-Tests of Normality

Kolmogorov-Smirnov*

Shapiro-Wilk

Statistic df Sig. Statistic df Sig.
CA for Grundfos DT 165 15 .200%* .940 15 384
*_ This is a lower bound of the true significance.
a. Lilliefors Significance Correction
Table 3.2.4-4: Comparative Analysis data for Lorentz SPWPS design tool-Tests of Normality
Kolmogorov-Smirnov® Shapiro-Wilk

Statistic df Sig. Statistic df Sig.

CA for Lorentz DT 216 13 .100 .856 13 .035

*_ This is a lower bound of the true significance.

a. Lilliefors Significance Correction

4.3. Social and Environmental Implications of SPWPS Components

Table 3.3.1: Reliability test result for the implications of social and environmental features due to

installed solar-powered water pumping systems (SPWPS) components

Case Processing Summary

N %
Valid 450 100

Cases Excluded?® 0 0
Total 450 100

a. Listwise deletion based on all variables in the procedure.

Reliability Statistics

Cronbach's Alpha

N of Items

0.631

7

Table 3.3.2: Normality test result for the implications of social and environmental features due to

installed solar-powered water pumping systems (SPWPS) components

Kolmogorov-Smirnov*

Shapiro-Wilk

Statistic

df

Sig.

Statistic

df

Sig.

SPWPS

Implication SoEnv

.092

450

.000

979

450

.000

*_This is a lower bound of the true significance.

a. Lilliefors Significance Correction
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4.4.0perational challenges and limitations in managing SPWPS

Table 3.4.1: Table Reliability test result for the data concerning operational challenges & limitations

faced in implementing, and managing the installed SPWPS by the local community

Case Processing Summary

N %
Valid 450 100

Cases Excluded? 0 0
Total 450 100

a. Listwise deletion based on all variables in the procedure.
Reliability Statistics

Cronbach's Alpha N of Items
0.611 6

Table 3.4.2: Normality test result for the operational challenges and limitations that the community

experienced when managing and implementing the installed SPWPS

Kolmogorov-Smirnov®
Statistic df Sig.
Operational Challenges of Using SPWPS .076 450 .000

*. This is a lower bound of the true significance.

Shapiro-Wilk
df
450

Statistic
987

Sig.
.001

a. Lilliefors Significance Correction

4.5. Community Engagement and Satisfaction

Table 3.5.1: Reliability test result for the extent of community engagement in the project cycle and

their satisfaction with the installed SPWPS

Case Processing Summary
N %
Valid 450 100
Cases Excluded? 0 0
Total 450 100
a. Listwise deletion based on all variables in the procedure.
Reliability Statistics
Cronbach's Alpha N of Items
0.706 6

Table 3.5.2: Normality test result for the level of community engagement and satisfaction with the

installed SPWPS

Kolmogorov-Smirnov?

Shapiro-Wilk

Statistic | df | Sig.

Statistic

df Sig.

Comm _ Engagement _ Satisfaction
SPWPS

.085 | 450 | .000

967

450 .000

*. This is a lower bound of the true significance.

a. Lilliefors Significance Correction
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3.6- Weighted Sum Method (WSM) Test Result for MCA tool data

Multicriteria Analysis (MCA) of the SPWPS deployed in a rural community using various design techniques (tools)

The SPWPS Design Tools performance table presents a Multicriteria Analysis (MCA) result based on a simple additive weighting model.

Table 3.6.1: FDRE Ministry of Water and Energy (MoWE) SPWPS Design Tool

Average Weighted Weighted
First Second Scored average Score average
. o e . Level Level Result of of the Score of the
S/No Variable Description (Domain) weights Weights the subdomain at subdomain
(R) (w) Subdomain the Second at the First
x) Level Level
1 Technical Domains (Technical Aspect) 0.50
11 Des1gned solar panel energy and pump efficiency against the running (actual) efficiencies of the 0.35 3 64 1.28 0.64
installed SPWPS.
12 I-Ce(])ir:tr)ril]?g)tles daily water demand versus supply concerning the national standard (water supply 0.25 203 0.73 0.37
13 Storage Capacity and daily production rate with the national guidelines to satisfy the community's daily 0.12 3 64 0.44 0.22
water demands.
1.4 | Ease of operation, maintenance, and system management with local knowledge. 0.08 2.93 0.23 0.12
1.5 | SPWP System integration with the grid or diesel system (Hybridization compatibility). 0.10 2.93 0.29 0.15
1.6 | SPWP System installation complexity for the local experts. 0.10 2.93 0.29 0.15
Total Result of the Design Tool at Domain-1 1.63
2 Socio-Environmental Domain (Socio-Economic Aspect) 0.25
21 SPWPS infrastructure 1nstallatlop requlrements social & environmental impacts (land, 030 301 0.96 024
vegetation removal, waste material handling, etc.)
29 SPWPS end-users and other beneficiaries like technical personnel’s satisfaction with the 0.70 343 240 0.60
technology.
Total Result of the Design Tool at Domain-2 0.84
3 Economical Domain (Cost Aspect) 0.25
31 The SPWPS system full package installation investment cost concerning the national 0.65 391 209 0.52
standard.
39 Yea?ly maintenance requirements and system-specific spare part availability in the local 035 271 0.95 0.24
servicing market.
Total Result of the Design Tool at Domain-3 0.76
Total Result for the 3 domains from 5 1.00 - 3.23
Total Result for the 3 domains from 100 % 100.00 - 64.67
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Multicriteria Analysis (MCA) of the SPWPS deployed in a rural community using various design techniques (tools)

The SPWPS Design Tools performance table presents a Multicriteria Analysis (MCA) result based on a simple additive weighting model.

Table 3.6.2: Water Mission (WM) SPWPS Design Tool

Average Weighted Weighted
First Second Scored average Score average
o Variable Description (omain) Low | e | Retar |t | Sorear
(R) (w) Subdomain the Second at the First
x) Level Level
1 Technical Domains (Technical Aspect) 0.50
Designed solar panel energy and pump efficiency against the running (actual) efficiencies of the 2.93 1.03 0.51
1.1 installed SPWPS. 0.35
12 C(l).mtr)r.llllltni)ties' daily water demand versus supply concerning the national standard (water supply 0.25 3.07 0.77 0.38
rcliaoiln .
13 Storage éapacity and daily production rate with the national guidelines to satisfy the community's daily 0.12 3.60 0.43 022
water demands.
1.4 | Ease of operation, maintenance, and system management with local knowledge. 0.08 2.40 0.19 0.10
1.5 | SPWP System integration with the grid or diesel system (Hybridization compatibility). 0.10 3.40 0.34 0.17
1.6 | SPWP System installation complexity for the local experts. 0.10 2.93 0.29 0.15
Total Result of the Design Tool at Domain-1 1.53
2 Socio-Environmental Domain (Socio-Economic Aspect) 0.25
21 SPWPS infrastructure installation requirements social & environmental impacts (land, 030 3.53 1.06 0.27
) vegetation removal, waste material handling, etc.) )
29 SPWPS end-users and other beneficiaries like technical personnel’s satisfaction with the 0.70 3.67 2.57 0.64
) technology. )
Total Result of the Design Tool at Domain-2 0.91
3 Economical Domain (Cost Aspect) 0.25
31 The SPWPS system full package installation investment cost concerning the national 0.65 2.60 1.69 0.42
) standard. )
39 Yearly maintenance requirements and system-specific spare part availability in the local 035 247 0.86 0.22
) servicing market. )
Total Result of the Design Tool at Domain-3 0.64
Total Result for the 3 domains from 5 1.00 - 3.07
Total Result for the 3 domains from 100 % 100.00 - 61.41
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Multicriteria Analysis (MCA) of the SPWPS deployed in a rural community using various design techniques (tools)

The SPWPS Design Tools performance table presents a Multicriteria Analysis (MCA) result based on a simple additive weighting model.

Table 3.6.3: Grundfos SPWPS Design Tool

Average Weighted Weighted
First Second Scored average Score average
o Variable Description (omain) Low | e | Retar |t | Sorear
(R) (w) Subdomain the Second at the First
x) Level Level
1 Technical Domains (Technical Aspect) 0.50
Designed solar panel energy and pump efficiency against the running (actual) efficiencies of the 3.67 1.28 0.64
1.1 installed SPWPS. 0.35
12 C(l).mtr)r.llllltni)ties' daily water demand versus supply concerning the national standard (water supply 0.25 3.07 0.77 0.38
rcliaoiln .
13 Storage éapacity and daily production rate with the national guidelines to satisfy the community's daily 0.12 3.87 0.46 0.23
water demands.
1.4 | Ease of operation, maintenance, and system management with local knowledge. 0.08 3.00 0.24 0.12
1.5 | SPWP System integration with the grid or diesel system (Hybridization compatibility). 0.10 3.53 0.35 0.18
1.6 | SPWP System installation complexity for the local experts. 0.10 3.07 0.31 0.15
Total Result of the Design Tool at Domain-1 1.71
2 Socio-Environmental Domain (Socio-Economic Aspect) 0.25
21 SPWPS infrastructure installation requirements social & environmental impacts (land, 030 3.53 1.06 0.27
) vegetation removal, waste material handling, etc.) )
29 SPWPS end-users and other beneficiaries like technical personnel’s satisfaction with the 0.70 3.87 2.71 0.68
) technology. )
Total Result of the Design Tool at Domain-2 0.94
3 Economical Domain (Cost Aspect) 0.25
31 The SPWPS system full package installation investment cost concerning the national 0.65 3.47 2.25 0.56
) standard. )
39 Yearly maintenance requirements and system-specific spare part availability in the local 035 2.93 1.03 0.26
) servicing market. )
Total Result of the Design Tool at Domain-3 0.82
Total Result for the 3 domains from 5 1.00 - 347
Total Result for the 3 domains from 100 % 100.00 - 69.37
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Multicriteria Analysis (MCA) of the SPWPS deployed in a rural community using various design techniques (tools)

The SPWPS Design Tools performance table presents a Multicriteria Analysis (MCA) result based on a simple additive weighting model.

Table 3.6.4: Lorentz SPWPS Design Tool

Average Weighted Weighted
First Second Scored average Score average
o Variable Deseripion (Domain Lol | o | meator | ot | Soreort
(R) (w) Subdomain the Second at the First
x) Level Level
1 Technical Domains (Technical Aspect) 0.50
Designed solar panel energy and pump efficiency against the running (actual) efficiencies of the 2.54 0.89 0.44
1.1 installed SPWPS. 0.35
12 C(l).mtr)r.llllltni)ties' daily water demand versus supply concerning the national standard (water supply 0.25 2.54 0.63 0.32
rcliaoiln .
13 Storage éapacity and daily production rate with the national guidelines to satisfy the community's daily 0.12 2.54 0.30 0.15
water demands.
1.4 | Ease of operation, maintenance, and system management with local knowledge. 0.08 2.54 0.20 0.10
1.5 | SPWP System integration with the grid or diesel system (Hybridization compatibility). 0.10 2.54 0.25 0.13
1.6 | SPWP System installation complexity for the local experts. 0.10 2.85 0.28 0.14
Total Result of the Design Tool at Domain-1 1.28
2 Socio-Environmental Domain (Socio-Economic Aspect) 0.25
21 SPWPS infrastructure installation requirements social & environmental impacts (land, 0.30 2.69 0.81 0.20
) vegetation removal, waste material handling, etc.) )
29 SPWPS end-users and other beneficiaries like technical personnel’s satisfaction with the 0.70 3.08 2.15 0.54
) technology. )
Total Result of the Design Tool at Domain-2 0.74
3 Economical Domain (Cost Aspect) 0.25
31 The SPWPS system full package installation investment cost concerning the national 0.65 2.62 1.70 0.43
) standard. )
39 Yearly maintenance requirements and system-specific spare part availability in the local 035 2.38 0.83 0.21
) servicing market. )
Total Result of the Design Tool at Domain-3 0.63
Total Result for the 3 domains from 5 1.00 - 2.66
Total Result for the 3 domains from 100 % 100.00 - 53.17

102




4. Design Tools employed in the study area

4.1. FDRE Ministry of Water and Energy SPWPS Design Tool

.
X
PDF

MWE-SW-RWS-Solar RWSSSM Guideline
Pump-Deisgn Tool-21 final.pdf

4.2. Water Mission (WM) SPWPS Design Too

1-Water Mission 2-Solar Rack Design 3-Financial
Pump Design Tool (PL Tool xlsx Sustainability Worksh

4.3. Grundfos SPWPS Design Tool

Grundfos
SOLAR-POWERED-61

4.4. Lorentz SPWPS Design Tool

Loretz SPWPS design
Tool.pdf
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