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Abstract
This study assessed the adoption and accessibility of solar-powered borehole technology among rural dwellers of Dutse-Alhaji, Bwari Area Council, Abuja, Nigeria. Primary data was collected through structured questionnaires administered to randomly selected respondents, capturing community perception, awareness, usage patterns, and adoption of the solar technology among other improved drinking water sources. Adoption and accessibility levels were measured using a seven-item Likert scale, and data were analysed with descriptive and inferential statistics at a 5% significance level. Findings revealed that respondents identified sachet water, bottled water, private wells, and the solar-powered borehole as key improved drinking water sources. The solar-powered borehole recorded a notable adoption rate of 14.6%, higher than manual handpumps, public standpipes, and public wells, while adoption levels for at-home standpipes and public covered wells were recorded as zero. The study concludes that the solar-powered borehole technology contributes significantly to adoption and accessibility of improved access to safe drinking water in Dutse-Alhaji; however, enhancing sustainable and improved drinking water sources more proactively for wider adoption requires targeted education and awareness interventions to overcome unimproved sanitation and hygiene practices. Promoting community knowledge and positive perceptions about adoption of renewable water technologies within rural communities can enhance and strengthen sustainable access to safe drinking water. This research contributes to discourse on innovative rural water supply, renewable energy ecosystems, and communal utilisation of improved drinking water systems within rural communities in Nigeria.
Introduction 
The link between unsafe water consumption and renewable solutions are well documented, with low- and lower-middle-income populations and off-grid households suffering from a lack of suitable infrastructure for water treatment, distribution, and sanitation management. There is need for a big change in how to solve water access problems in places that do not have the right infrastructure for treating water, distribution, and sanitation management. Unsafe drinking water is a major problem. It creates a pathway for disease dissemination, resulting in a high incidence of deaths and illnesses if proper infrastructure is not looked into. In the context of technological innovation and renewable solutions, Nigeria is not left behind in the demand for renewables as traditional water systems are fast deteriorating.
The potential to increase access to safe drinking water through renewable sources and prevent contact with human excreta makes renewable sources a valued innovation in the 21st century (Hannah Ritchie, Fiona Spooner, and Max Roser, 2025). It is true that ongoing developments in science, technology, engineering and mathematics (STEM) research and innovations demonstrates the extent to which adoption of renewables can make sustainable water access a reality. Therefore, the proportion of access that low-and lower income communities are faced with should not be ignored (World Health Organization, 2024).
Particularly for populations in sub-Saharan Africa, limited access to improved water sources can snowball into series of health-related problems for all categories of women, men and children. This implies that adoption of renewable water technologies becomes crucial to help communities’ response to safer livelihoods. Ideal drinking water technologies must provide operational safety, environmental benefits and economic feasibility. Producers and customers can leverage drinking water technologies through renewable energy sources encouraging investment in tailored technological solutions rather than uniform approaches to water provision. (Hu, et. al., 2019). 
Approaches like this minimizes downtime and the need for frequent replacements. The future of using solar panels to convert sunlight into electricity to extract water from boreholes is not requires collaboration ranging from government-industry partnerships between technology providers and energy companies, academic-industry collaborations for technological innovation research, industry-wide collaboration for global impact (Mohammad & Mahjabeen, 2023). If we must achieve universal energy access by 2030, infrastructural solutions must be funded to reward energy use and sustainability.
Over the past thirty years, drop in prices for solar modules with increasing volume of manufacturing has shown a favorable price-learning curve for innovations like the multi-junction tandem solar cells. The tandem solar cell is a promising next-generation technology representing the fastest advancing solar cell technology in terms of energy-to-water conversion and efficiency improvement through its low-cost, high-efficiency photovoltaics (Ho-Baillie, Zheng, Mahmud, Ma, McKenzie & Green 2021). Solar Electricity has been discovered as a crucial element to bringing enormous benefits to the people living mainly in the rural areas around the world. Solar energy is by far the most abundant renewable energy source, interestingly, with solar electricity having reached the lowest cost/kilowatthour compared to electricity from fossil fuels, we see installations of autonomous, solar-driven water disinfection systems for water supply uptake of 20000l/day safe drinking-water/day to rural clusters as seen since the beginning of 2019 in Dutse/Abuja Nigeria. The solar-driven system caters to residents and non-resident users by providing electricity and safe drinking-water at competitive prices and if financially successful and adequately adopted can be applicable to other rural communities across Nigeria,
Case study from Dutse-Alhaji Bwari, Abuja community demonstrates how the availability of technologically-advanced drinking water systems such as the solar-powered technology play a critical role in solving problems associated with accessing improved drinking water. Patterns of water insecurity where communities continue to rely on contaminated and unimproved water sources makes a case of accessing and adopting improved drinking water for safe drinking-water supply. Such technological solutions e.g., piped water systems, boreholes or tube wells, protected dug wells, protected springs, rainwater harvesting systems, and packaged water have the potential to deliver safe water by nature of their design and construction.
Improved drinking water technologies not only possess the ability to supply clean and safe water but is able to prevent contact with human excreta compared to unimproved alternatives. They include, safely managed drinking water source (an improved water source located on premises, available when needed and free from contamination), basic drinking water source (improved source within 30 minutes round trip collection time) and limited drinking water source (improved source over 30 minutes round trip collection time) (Ritchie et al., 2023). This dynamic reveal that even among "improved" sources, significant variation exists in the degree to which they meet functional requirements for safe drinking water access. 
Challenges of low adoption in the study area reflects inconsistencies, for example, the introduction of some technical solutions may have adverse effect on a potential adopter who feel that the new technology is a threat to his/her existing routines and habits. This perception may have a ripple effect on consumers, his/her relatives by affecting their adoption intentions like in education sector (Abdul Hasim, Sitti & Bakar, Kamariah. (2025). Therefore, development of new water technologies requires adherence to fundamental technical criteria in areas like Nigeria where traditional water systems face rapid deterioration and renewable technologies emerge as viable alternatives for sustained water provision.
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Plate 1:     Definitions of categories of drinking water sources. Source: Ritchie (2023) 

Plate 1 shows categories of drinking water sources such as improved, unimproved and surface water all of which have the potential to deliver drinking water to consumers in different capacities and forms. In 2022, about 1.7 billion people globally use a contaminated drinking water source while over 2 billion people live in countries with water stressors expected to worsen as a result of population growth. The projected increase in Nigeria's renewable energy allocation from 75.4% in 2018 to 86.4% by 2025 emphasizes the need for infrastructure development, financing mechanisms, policy support, and technological innovations to overcome challenges and fully realize the potential of renewable energy solutions for drinking water in Nigeria.
Research Questions
a) What are the various sources of improved drinking water available to rural dwellers in Dutse-Alhaji, Bwari, Abuja, Nigeria?
b) What is the level of adoption of improved sources of drinking water in the study area?

Literature Review
International agencies like WHO highlight the necessity of improved water sources with focus on community engagement, tailoring solutions to cultural and behavioral contexts, and addressing adoption barriers including resistance to change in water usage practices. By fostering collaboration among local communities, governments, and organisations, more effective and lasting solutions can be developed. International agencies like WHO highlight the necessity of improved water sources with a focus on community engagement, tailoring solutions to cultural and behavioural contexts, and addressing adoption barriers, including resistance to change in water usage practices. These strategies are essential for ensuring sustainable access to clean water and improving overall public health. 
The term ‘safe’ is relative, varying in some parts of the world with significant health concerns if water is ingested (over a period of time). Safe drinking-water is useful in adequate quantities for drinking, domestic and industrial purposes, personal hygiene and sanitation facilities. The United Nations (UN) Millennium Development Goals (MDGs) and Sustainable Development Goals (SDGs) perceive safe or improved drinking-water as a priority initiative, yet many still lack accessibility. According to (Dinka et al. 2018), the UN-SDG goal 6 defines water as a life-sustaining substance while safe and clean drinking-water promotes civilization. Likewise, the UN-Water Chair, Gilbert Houngbo, in his speech on the challenges and opportunities for all towards a sustainable future, accurately connects the role of safe (drinking) water systems to each pillar of the UN-SDGs in building more circular economies (Houngbo, 2022).
This correlation of water, humans and wellbeing is apparent. Since our planet rely on water to generate oxygen and protect the health of the populace who are faced with dangers of waterborne outbreaks, precautionary steps are vital to minimize their exposure to unimproved drinking-water sources. The Water Delivery and Hygiene organization enlisted improvement of global access to adequate portable water as crucial for socio-economic development, human poverty reduction, work-life balance, climate regulation and a host of other benefits. Therefore, the demand for water requires safe practices and models for basic sustenance especially in rural areas (Dinka et al., 2018). These benefits of access to safe drinking-water must, therefore, be widely adopted by various human endeavours. Pollution, shortages, accessibility problems, institutional, financial and attitudinal issues, contamination, mismanagement are among leading causes of unsafe drinking-water prevalence. The provision of adequate drinking water supply is currently germane in the provision of potable water for human consumption.
[bookmark: _Hlk158843517]Nigeria is a major Subsaharan African country with a teeming population of approximately 198 million in 2019 and ranks seventh for countries with the most population globally (Owoo, 2021). Same year, unsafe water sources accounted for 157,292 estimated annual deaths by risk factors restricted to nations with low gross national income as reported by Ritchie et al. (2023). Nigeria is no doubt, beset with needs in accelerating access to adequate water sources given the near complete-absence of improved drinking-water schemes. This lack has made a majority of Nigerians in rural communities depend mostly on surface and unimproved water sources for drinking purposes (Nwagene et. al, 2022). Rural communities are mostly at a huge risk of exposure to contaminated water either by means of collection or use. For this reason, sensitization programmes and community-based training on the usefulness of safe drinking-water is part of the World Health Organisation’s strategies to support grassroot inhabitants on patronizing safe water sources made available in their communities (Abanyie et al., 2023). Surprisingly, these initiatives deployed to remote areas face recurring challenges such as related to accessibility, infrastructure and cost, hence this study.
[bookmark: _Hlk158909492]Research has shown that irregularities in how people access drinking water sources may lead to more cases of diseases, disabilities and deaths (Dinka et al., 2018). Efforts such as the WHO Joint Monitoring Programme for Water Supply, Sanitation and Hygiene (JMP) for Water Supply, Sanitation, and Hygiene; the FAO’s Global Information System on Water and Agriculture; and UN-Water Global Analysis and Assessment of Sanitation and Drinking Water collaborated on the Integrated Monitoring Initiative for SDG 6 (IMI-SDG6) to improve data and action plans on up-to-date evidence (Houngbo, 2022). For the context of this study access to safe drinking-water, monitored by WHO as an indicator of “use of an improved source,” does not account for water quality measurements (World Bank Databank, 2024). The purpose of stages in development and implementation of water safety plans is still in use to proffer relevant and applicable approach for the delivery of improved drinking water rather than to list all possible parameters that could be used to determine the effectiveness of water safety plans. In terms of limitations and development relevance, data shows that access to an improved water source is equally connected to a supply system thus, it does not consider variations in the quality and cost of the service.
With specific reference to the Bwari council area, adoption of improved drinking sources is still lacking attention due to perennial and health-related problems. Without adequate treatment systems, bacteria organisms persist which means drinking water is contaminated and unsafe for human consumption. These bacteria agents can be attributed to the closeness of drinking water sources to waste facilities and poorly-constructed wastewater channels. The problem is that majority of these drinking water sources are not deep-rooted in the ground as a result of the rocky nature of Bwari soil and the challenges of drilling. For this reason, Nwangene et al. (2022) proposes a sophisticated drinking water system for treatment of groundwater in the area for contamination, frequent monitoring and safety measures which will address the subject of treatment, storage, distribution, leakages, water allocation, planning, water conservation regardless of harsh weather conditions. Research according to this study points to the fact that in addition to waste management difficulties, illiteracy, social influence, intention to use, income level, cost/pricing and improved knowledge are likely causes of adoption problems within Bwari Abuja (Ehizemhen, et al., 2019).
The Solar Powered Borehole Technology 
The solar powered borehole technology is a system designed to produce safe drinking-water. It features a water privatization structure with motive to extend drinking water services in rural areas. The concept of purchasing drinking water at subsidized rate was constructed to fulfil an imperative of environmental conservation (saving water), money savings (to limit excess water usage and good public management (cost recovery for water used). Dutse-Alhaji, Bwari, Abuja, Nigeria was selected for this study after discovering the solar borehole technology, an improved drinking water source installed since 2019.  
[bookmark: _Hlk152710429][bookmark: _Hlk152710451]Groundwater is pumped from a depth of 50millimeters to 100millimeters bore hole 40meters in depth using an electrically powered water pump to transport the water first through a filter then subsequently passing it through a stack of red electrodes powered by the photovoltaic (PV) system to produce a small current thereby carrying out an electrolysis. Due to the composition of the electrode material, the electrolysis results in small amounts of hydrogen at the cathode and chlorine at the anode destroying the bacteria. Chlorine production takes place because of dissolved chlorides in the groundwater. The disinfected water is pumped into a reservoir on top of the container from where it is distributed to the water taps. The pilot system is equipped with a 5 kilowattpower PV system on top of the container. Only about 30% of the power is being used for pumping the water and producing chlorine the rest is sold to local customers for charging batteries.
The solar borehole technology is a multi-stage passive solar-driven device designed to produce safe drinking-water from any unimproved water. It is adopted due to its simple design and cost-effective nature more so, it is understood that the integrated system is environmentally friendly as well as economic and practically feasible in domestic and large scale (Sivaram, Mande, Premalatha and Arunagiri 2020). For people living without electricity and water supply and treatment challenges, the solar borehole technology proffers reliable access to safe drinking-water to make the transition to 100% Renewable Energy possible for the rural population where there is no central infrastructure to provide these essential services. This is compatible with the fact that the solar technology for sourcing improved drinking water must be utilized to solve energy crises in the near future. A viable business model that works based on the sale of safe drinking water and electricity was developed following extensive discussion with government officials and community leaders.
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The Solar Borehole Technology Flowchart.  
Source: Fieldwork, 2023


METHODOLOGY
A. Study Area
Nigeria consists of 36 states and the Federal Capital Territory (FCT) Abuja. Abuja is a planned city and the capital of Nigeria and one of the wealthiest urban areas in Africa. Abuja comprises of six local districts or government areas with Bwari as the second biggest area council by population of 581,100 (Nwagene et al., 2022). Geographically, Abuja is located around the middle belt region and lies within latitude 8º25 and 9º20 North of the Equator and longitude 6º45 and 7º39 East of the Greenwich meridian. According to the Global Population Review, Abuja is a fast-growing population with drinking water challenges (Osiobe, Osiobe & Olusola, 2019). 
For the year 1962 to 2200, a population growth sensitivity analysis was conducted to show that Abuja’s projected population will reach 30,220,701 million by 2039 and will increase uncontrollably by 2050, if economic reforms are not attended to (Akaligwo, Aharanwa and Aderotimi, (2024). The choice of Dutse-Alhaji, Bwari, Abuja as the study location stem from the drinking water situation despite the presence of the Usman Dam and notable improved drinking water sources. This goes to show the conditions surrounding the lack of accessing improved drinking water. Residents in Dutse-Alhaji are of the opinion that the government have left them to their fate.
B. Population
In spite of its proximity to the city centre, a news agency reported that residents of Dutse Alhaji lack good sanitation habits and as such contributes to the causes of water diseases. Dutse Alhaji, Bwari, is one of the important cities in Abuja yet does not have basic social amenities such as good roads, access to adequate healthcare system among others. The study area was mapped out after discovering the adoption shortage residents experience hardship while sourcing for drinking water. 

C. Sample Size and Sampling Technique
The research design for this study employed a quantitative approach which included survey by means of questionnaire. The questionnaire was designed to take approximately 5 minutes and administered on residents of Dutse-Alhaji, Bwari, Abuja. The approach employed a random sampling technique to select 167 respondents. A town hall meeting was conducted to assemble consumers and non-consumers of improved drinking water sources. Data were collected using a questionnaire which elicited information on socio-demographic characteristics and level of adoption of various improved water sources. 
D. Survey Design
Preliminary visits were done to obtain demographics information while adopters and non-adopters were identified by using sales list and agents. The venue for survey was chosen for easy accessibility. The choice of date and time of the meeting considered personal constraints of most participants. Each participant was contacted day(s) before the meeting date to ensure their attendance and make additional arrangements for those who will be unable to attend. 
Survey recorded fair participation from respondents comprising of questions on demographic information, practices, knowledge, and attitudes related to adopting and non-adoption in the study area. Questions were guided by the 2017 progress report of the WHO Joint Monitoring Programme for Water Supply, Sanitation and Hygiene (JMP). The study investigated various services for accessing safe drinking-water within the study area. Question prompts consisted of awareness, level of adoption and usage of improved drinking water sources. Also, the questionnaire was developed with the help of extant literature about how and why rural dwellers access drinking water services available within their community. 

The study utilised primary data collection, supplemented by secondary sources of information such as customer feedback, transactional and organisational data. This enabled thoroughness of data collected. A pilot study was carried out to validate the instrument so as to ascertain the quality of the research. 
E. Data Analysis
[bookmark: _Hlk152712461]Questionnaire copies were collected, sorted and coded. Out of 200 copies of questionnaire administered, 167 were retrieved. The objectives of this research were realized by utilising the Statistical Package for Social Sciences (SPSS) v20.0 application and Microsoft Excel while descriptive and inferential statistics were used to analyse the data. Descriptive statistics included the measure of central tendency (mean), frequency counts and percentages. The data was processed into statistical tables for interpretation, discussion and presentation. Data processing for the survey consisted of manual counting, coding and data cleaning. The analyses elicited information using frequency counts, percentages, logical regression analysis, bivariate correlation and mean rating.
F. Variables and their Measurements 
The measurement of variables used in this study are discussed as follows:
· Socio-demographic data
Socio-demographic variables are:
i. Gender, was measured on a 2-item scale as nominal where 1 represent male and 2 represent female,
ii. Age, was measured on a 7-item scale as nominal where 1 represent under 18, 2 represent 18-24, 3 represent 25-34, 4 represent 35-44, 5 represent 45-54, 6 represent 55-64, 7 represent over 64,
iii. Educational qualification, was measured as an ordinal variable on a 7-item scale where 1-primary, 2-secondary, 3-diploma, 4-higher diploma, 5-degree, 6-postgraduate,
iv. Marital status, was measured on a 5-item nominal scale where 1 represent married, 2 represent single, 3 represent widow/widower, 4 represent divorced, 5 represent separated
v. Employment status, was measured on a 6-item scale where, 1 represent unemployed, 2 represent employed, 3 represent student, 4 represent retired, 5 represent self-employed, 6 represent others. 
· [bookmark: _Hlk160829243]Various sources of improved drinking water
[bookmark: _Hlk160715030][bookmark: _Hlk180182072][bookmark: _Hlk159158248]The sources were as measured on a 5-item scale where 1=fully unaware, 2=unaware, 3=neutral, 4= fully aware, 5= aware. 
a. Manual handpump (MHP), 
b. Public standpipe, 
c. Public covered well with manual lifting, 
d. Public open well with manual lifting, 
e. At-home standpipe, 
f. At-home well manual lifting, 
g. Solar-powered borehole technology, 
h. Sachet water, 
i. Bottled water and,
j. Rainwater collection. 
Other observed sources of drinking water did not fall within the scope of this study.
[bookmark: _Hlk160829278]
· Level of adoption of improved drinking water sources
[bookmark: _Hlk160165385][bookmark: _Hlk180182369]The level by which improved drinking water sources are adopted was measured on a 7-item scale as follows, where 1= I am not aware’, 2=I am aware”, 3=I am interested”, 4=I am considering”, 5=I am evaluating, 6=I have fully adopted”, 7=I no longer use/ not in use”. Two independent variables, “do you drink from an improved drinking water source?” and “how did you first hear” were additionally used to further ascertain adoption.

Ethical Consideration
Written informed consent was acquired from each participant. They were assured of the privacy of their participation and the anonymity of information provided during the town hall meeting before onsite data collection (see appendix 3). Respondents were assured of the confidentiality and the ethical consideration are as follows:
I. Privacy: The study was protected with utmost secrecy, the data collected and the confidentiality of the data for which purpose the respondents remained anonymous.
II. Localised translation of the instrument: If requested, the research instrument will be officially translated into local language for better understanding and policy making.
III.  Beneficence of the respondents: The study did not pose any form of threat to respondents’ best interests.  
IV. Non-maleficence to study respondents: This study did not pose any form of threat to respondents, their households or community. 
V. Voluntary participation: Participation of respondents was voluntary from start to finish of the survey. 



RESULTS AND DISCUSSION
A. [bookmark: _Hlk159176786]Socio-Demographic Characteristics of Respondents
This section shows the sociological characteristics of the respondents which includes: gender, age, education, occupation and their marriage status. When asked about their gender categories, Table 1 revealed that there were 78 (47%) male and 88 (53%) female survey participants. Table 1 further reveals age range of the respondents which ranged from under 18 to over 64 years. The table also showed the category of those under the age of 18 accounted for at 1.8% of respondents, the majority 35-44 years (31.7%), 25-34 (24.6%) while the age group with the least population were those over 64 years (1.2%). 
The combined age range (25-54 years) cumulatively make up for about three-quarter (130) of 167 respondents consisting of those actively engaged in domestic and physical activities. This category of people plays a vital role as decision makers in how drinking water is adopted in their homes. Concerning educational level, 7(4.2%) had primary level education, 33(19.8%) secondary, 42(25.2%) diploma, 17(10.2%) higher diploma, majority 47(28.1%) of the respondents were first degree holders. In addition, 19(11.3%) and 2(1.2%) of the respondents had postgraduate and other qualifications respectively. This implies that respondents of improved drinking water sources were substantially educated, literate and had requisite capacity to manage an improved drinking water source.
As regards marital status, Table 1 shows that a larger part (95) which represent 57.6% of the respondents were married. This is followed by 65(39.4%) unmarried, 3(1.8%) widow/widower among others.
[bookmark: _Hlk160214133]
Table 1 Table showing socio-demographic category/ profile of respondents 
	
	Variable
	 Frequency
	%

	Gender (N=166)
	Male
	78
	47.0

	
	Female
	88
	53.0      

	
	Total
	
	100

	[bookmark: _Hlk152510750]Age (N=167)
	Under 18
	3
	1.8

	
	18-24
	18
	10.6

	
	25-34
	41
	24.6

	
	[bookmark: _Hlk150708656]35-44
	53
	31.7

	
	45-54
	36
	21.6

	
	55-64
	14
	8.5

	
	Over 64
	2
	1.2

	
	Total
	
	100

	[bookmark: _Hlk151971586]Educational qualification 
	Primary
	7
	4.2

	(N=167)
	Secondary
	33
	19.8

	
	Diploma
	42
	25.2

	 
	Higher Diploma
	17
	10.2

	
	First Degree
	47
	28.1

	
	Postgraduate
	19
	11.3

	
	Others
	2
	1.2

	
	Total
	
	100

	Marital status
	Married
	95
	57.6

	(N=165)
	Single 
	65
	39.4

	[bookmark: _Hlk151974851]
	Widow/widower
	3
	1.8

	
	Divorced
	1
	0.6

	
	Separated
	1
	0.6

	
	Total
	
	100

	Occupation
	Unemployed
	32
	19.6

	(N=163)
	Employed 
	58
	35.6

	
	Student
	20
	12.3

	
	Retired
	5
	3.1

	
	Self-employed
	48
	29.4

	
	Total
	
	100






B. Level of adoption of improved drinking water sources in the study area
[bookmark: _Hlk159157742]Findings reported that influence from peers and family might have an impact on users to adopt an innovation. From the classification of employment status as presented in Table 1, it was revealed that employed respondents accounted for 35.6% under the occupation category. Next were business owners 48(29.4%) followed by unemployed 32(19.6%), 20(12.3%) students and 5(3.1%) retirees subsequently. This means that most residents in the study area are in their active productive ages, educated, running a business or have a paid job. It also suggests that residents are capable of mastering good drinking water practices and handling a drinking water business with effective trainings. 
Findings shown in Table 2 indicate adoption levels of various improved drinking water sources.  The level by which an improved drinking water source is adopted goes through six stages: non-awareness, awareness, interest, evaluation, considering, adoption and non-adoption. Unawareness of the technologies in the study area consisted of the manual handpump 6(31.6%), rainwater collection 8(61.5%) and public standpipe 12(66.7%), however, some respondents 3(23.1%) claim that rainwater harvesting for drinking water purposes were no longer in use. Studies found that respondents were generally aware of improved drinking water sources except public standpipes and rainwater collection both recorded at (0).  




[bookmark: _Hlk152134250]Table 2: Level of adoption of improved drinking water sources in the study area
	
	Not aware f(%)
	Aware
f(%)
	Interested
f(%)
	Evaluating
f(%)
	Considering
f(%)
	Adopted
f(%)
	Not in use f(%)

	[bookmark: _Hlk160197814]
	Manual handpump (MHP),
	[bookmark: _Hlk160165568]6(31.6)
	5(26.3)
	2(10.5)
	2(10.5)
	1(5.3)
	1(5.3)
	2(10.5)

	
	Public standpipe, 
	[bookmark: _Hlk160165626]12(66.7)
	0
	2(11.1)
	0
	0
	[bookmark: _Hlk166181528]1(5.6)
	3(16.7)

	[bookmark: _Hlk160195994]
	[bookmark: _Hlk160196051]Public covered well with manual lifting, 
	4(22.2)
	8(44.4)
	1(5.6)
	0
	2(11.1)
	0
	3(16.7)

	
	[bookmark: _Hlk160196075]Public open well with manual lifting, 
	4(25)
	6(37.5)
	0
	2(12.5)
	1(6.3)
	1(6.3)
	4(25)

	
	[bookmark: _Hlk160196104]At-home standpipe, 
	2(11)
	7(41.2)
	3(17.7)
	0
	0
	0
	5(29.4)

	
	At-home well manual lifting, 
	5(27.8)
	4(22.2)
	3(16.7)
	0
	0
	1(5.6)
	5(27.8)

	[bookmark: _Hlk164935016]
	Solar-powered borehole technology
	5(3.2)
	63(40.1)
	50(31.9)
	7(4.5)
	7(4.5)
	23(14.6)
	2(1.3)

	Sachet water
	1(5.9)
	10(58.8)
	1(5.9)
	1(5.9)
	2(11.8)
	1(5.9)
	1(5.9)

	Bottled water
	1(7.7)
	6(46.2)
	3(23.1)
	0
	1(7.7)
	2(15.4)
	0

	Rainwater collection
	[bookmark: _Hlk160165600]8(61.5)
	0
	0
	0
	1(7.7)
	2(15.4))
	[bookmark: _Hlk160165723]3(23.1)



Solar borehole technology 63(40.1%), sachet water 10(58.8%) and bottled water 6(46.2%) were noted to be staples for sourcing drinking water in the study area. Regardless, some respondents reveal during the meeting that the excessive use of chemicals such as alum is one reason for low adoption levels. Poor siting of location was also among top reasons for unstable adoption of improved drinking water sources. Accessibility and cost count as to why residents were more aware of some sources more than others such as public covered well with manual lifting 8(44.4%), public open well with manual lifting 6(37.5%) and at-home standpipe 7(41.2%). Residents reported that sources such as at-home standpipes were favorably used by “mairuwa”, a parlance translated to truck-pushed “water vendor” whom residents patronize for drinking water in kegs. However, these drinking water sellers have become a bane in the society as residents complain of how they take undue advantage of shortage of water to sell water at ridiculous prices (Daramola, Ebhuoma and Akinyemi, 2021). Unlike sachet and bottled water, Mairuwa and borehole water are usually not subject to regulation especially in the north, therefore its quality is mostly unknown at the time of consumption. Table 2 likewise show a generic evaluation of most drinking water sources, however there is a high interest level of the solar borehole technology in the study area, on the other hand, a zero usage of bottled water as the main source of drinking water. Public standpipes 12(66.7%) and manual handpumps 6(31.6%) have the highest record of non-awareness. The standard deviation is denoted as "σ” while the mean is obtained by dividing the sum of all values in a data set by the number of values.



CONCLUSION AND RECOMMENDATIONS
The study examined the solar borehole technology among various sources of improved drinking water and level of adoption of improved drinking water sources in Dutse Alhaji, Bwari, Abuja, Nigeria. The socio-economic analysis revealed a higher female-male ratio among adopters and non-adopters. However, there are significant differences in the marital status and occupation of the respondents. Although, most respondents practice exclusive use of improved water sources implying that habitual access can be improved for those on the lower socio-economic ladder in the community. Such exclusivity was linked to higher levels of education, earning power, household strength, harsh weather conditions and promotional advantages.
Sources of various improved drinking water provide information on available supplies in the study area. Wells, sachet and packaged water were found to be easily adopted based on long-standing popularity. On the other hand, it may be advisable to install more public standpipes and community boreholes as interim measures so as so prioritize the improvement of water quality at source. The implication of these findings is that education and communication is important to improved drinking water adoption. The research revealed high levels of adoption for the solar borehole. Technologies have the potential to advance the use technological facilities for drinking water purposes. 
[bookmark: _Hlk159158641]It was also revealed that most of the respondents were on the interest level at a 5% significance level. This implies that added understanding of good drinking water practices could improve knowledge sharing and influence others on the drinking water quality. 

Conclusion 
In conclusion, targeted interventions that provide a baseline drinking water consciousness among residents is essential to bring about incremental adoption. WASH services, effective changes in drinking water related policies, advocacy, research and development (R&D) engagements are required to be integrated at all levels of sourcing drinking water in rural communities. 

Recommendations
Based on the findings of this study, it is therefore recommended that,
a) Providing substantial information on available improved drinking water sources and information on how to scale their value. 
b) Expected changes through targeted education and communication channels will bring about adequate hygiene and sanitation practice by breaking the cycle of dependency that so many rural communities struggle to overcome. 
c) A wealth of socio-economic opportunities exists to address recurrent water safety and treatment issues, resistance to modernization and skepticism towards new innovations in Dutse-Alhaji. 
The study provided baseline information on the level of adoption of types of improved drinking water sources and the solar powered borehole as a source of drinking water available to rural dwellers in Dutse-Alhaji, Abuja. 
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Definitions across the drinking water ladder

All countries have agreed to work towards universal access to safe drinking water
by 2030 as part of the UN Sustainable Development Goals.
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Animproved source: Animproved source that: Animproved source that: Water from an unprotected Water directly from a river, dam,
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Improved water source

Water sources are those that have the potential to deliver safe water by nature of their design.
They include: piped water, boreholes or tubewells, protected dug wells or springs, rainwater, and packaged water.

Source: WHO/UNICEF Joint Monitoring Programme (JMP) for Water Supply and Sanitation.
OurWorldinData.org - Research and data to make progress against the world's largest problems. Licensed under CC-BY by the author Hannah Ritchie.
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