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Abstract 
This study investigated the applications of renewable 

energy in water purification systems within remote 

or off-grid areas, focusing on Delta State, Nigeria. 

The research examined the effectiveness of solar, 

wind, hydroelectric, and biomass energy sources in 

enhancing water quality. Data revealed high levels of 

contamination, with heavy metals such as lead (Pb) 

and cadmium (Cd) exceeding safe limits, with Pb at 

0.23 mg/L and Cd at 0.15 mg/L, and high total 

coliform counts reaching 120 CFU/100 mL. The study 
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evaluated various renewable technologies for their 

feasibility in addressing these challenges. Findings 

demonstrated that solar energy systems effectively 

reduced contaminants, achieving up to 85% 

reduction in heavy metals, while wind and 

hydroelectric systems showed variable success based 

on local conditions. The research highlighted the 

economic and operational challenges, including high 

initial costs and the need for energy storage 

solutions. It concluded that renewable energy-

powered systems offer a viable solution, provided 

there is careful planning, community involvement, 

and appropriate technology selection. 

 

Introduction  
Access to clean water is a fundamental human right, yet many remote and 

off-grid areas, such as those in Delta State, Nigeria, struggle to secure safe 

drinking water. This issue is exacerbated by a lack of infrastructure and 

resources needed to implement conventional water purification systems 

effectively (Wang & Li, 2021). Contaminated water sources, often influenced 

by both natural and anthropogenic factors, pose significant health risks to 

these communities, leading to a high prevalence of waterborne diseases 

(Ghorbani et al., 2020). Consequently, there is an urgent need for innovative 

solutions tailored to these specific contexts. Renewable energy technologies, 

such as solar, wind, and biomass, offer promising alternatives that can 

address both the water and energy challenges faced by these underserved 

regions. Water purification is of paramount importance in remote areas to 

prevent waterborne diseases, which are a major public health concern 

(Koohi-Fayegh & Rosen, 2020). Contaminated water sources harbor 

pathogens that can lead to diseases like cholera, dysentery, and typhoid 

fever, which are prevalent in areas lacking adequate water treatment 

infrastructure (Wang & Li, 2021). The health implications extend beyond the 

immediate impact of illness; they also burden healthcare systems and 

impede economic development due to decreased productivity and 
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educational setbacks, especially among children. The absence of clean water 

further complicates daily life, as communities often rely on polluted sources, 

exacerbating the risk of disease and isolation from essential services 

(Aminfard et al., 2019).  

In response to these challenges, renewable energy technologies offer a 

sustainable approach to water purification, particularly in remote or off-grid 

areas (Wang & Li, 2021). Solar energy, for instance, can power various 

purification methods, such as solar distillation and solar-powered reverse 

osmosis, which are effective in removing contaminants and are adaptable to 

different scales of operation. Solar-powered UV disinfection systems are 

another chemical-free method that leverages sunlight to activate UV lamps, 

destroying pathogens in the water (Ghorbani et al., 2020). These systems are 

especially suitable for regions with abundant sunlight, such as Delta State. 

Wind energy is another viable option, particularly in areas with consistent 

wind patterns. Wind turbines can generate electricity for water purification 

systems, including reverse osmosis units, which effectively remove salts and 

heavy metals from water (Aminfard et al., 2019). This approach is particularly 

beneficial in coastal or high-altitude regions, where wind speeds are higher 

(González et al., 2019). By utilizing wind energy, communities can reduce 

their dependence on external power sources, ensuring a more reliable supply 

of clean water. 

Biomass energy, derived from organic materials, can also be harnessed for 

water purification through combustion or biogas production. Biomass 

gasification produces syngas, which can generate electricity for water 

treatment processes. Additionally, biomass-based filtration systems can be 

employed for preliminary water treatment (Aminfard et al., 2019). This 

method provides a renewable and locally available resource, making it an 

attractive option for remote areas where conventional energy sources are 

scarce (Ghaffour et al., 2019). The integration of renewable energy into water 

purification systems offers several advantages, including reduced 

operational costs, improved reliability, and environmental 

sustainability(Wang & Li, 2021). Renewable energy systems eliminate the 

need for costly and unreliable fuel supplies, making them ideal for remote 

areas where logistical challenges hinder the delivery of conventional energy 

sources. Moreover, these technologies have lower environmental impacts 
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compared to fossil fuels, contributing to the overall sustainability of water 

purification efforts (Koohi-Fayegh & Rosen, 2020). 

Despite the potential benefits, the practical application of renewable energy 

for water purification in Delta State remains underexplored. The research 

problem, therefore, revolves around assessing the effectiveness and 

feasibility of integrating renewable energy technologies into water 

purification systems to address the water access issues in Delta State's 

remote or off-grid areas. The objectives of this study include evaluating the 

performance of various renewable energy technologies in powering water 

purification systems and conducting a cost-benefit analysis of deploying 

these systems in Delta State. Evaluating the effectiveness of renewable 

energy technologies in water purification is crucial for identifying the most 

suitable solutions for remote areas (Ghaffour et al., 2019). By analyzing the 

performance of solar, wind, and biomass energy under local conditions, the 

study aims to determine which technologies offer the best combination of 

energy efficiency, reliability, and operational requirements (Ghaffour et al., 

2019). This evaluation is essential for ensuring that the selected technologies 

can effectively address the specific challenges faced by communities in Delta 

State (González et al., 2020). 

In addition to technical feasibility, the economic and operational viability of 

renewable energy-powered water purification systems must be considered 

(Rosales-Asensio et al., 2020). A cost-benefit analysis will evaluate the costs 

associated with installing and maintaining these systems, as well as their 

potential economic benefits, such as reduced reliance on external power 

sources and long-term savings (Ghorbani et al., 2020). Understanding the 

economic implications is crucial for ensuring that the solutions are 

sustainable and provide long-term benefits to the local communities 

(Shafieian & Khiadani, 2019). The integration of renewable energy 

technologies into water purification systems offers significant potential for 

improving water access in remote and off-grid areas. By harnessing local 

renewable resources, such as solar, wind, and biomass, communities can 

achieve greater self-reliance in water purification, reducing their 

dependence on external support (Rosales-Asensio et al., 2020). Furthermore, 

renewable energy-powered systems can enhance public health by ensuring a 

consistent supply of clean water, while also contributing to environmental 
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sustainability by reducing the reliance on fossil fuels (Rosales-Asensio et al., 

2020). 

This study therefore, aims to address a critical gap in the application of 

renewable energy technologies for water purification in Delta State, Nigeria. 

By evaluating the effectiveness, economic feasibility, and social and 

environmental impacts of these technologies, the research will provide 

valuable insights and practical solutions for improving water access in 

remote and off-grid areas (Rosales-Asensio et al., 2020).. The outcomes of 

this study have the potential to contribute to broader efforts in enhancing 

water security and sustainability in underserved regions. 

 

Review of Literature 

Water purification technologies are critical in providing safe and clean 

drinking water, particularly in regions with limited access to potable water 

(Ghaffour et al., 2019). This review critically examines the principal methods 

used for water purification, their mechanisms, advantages, limitations, and 

the role of renewable energy in powering these systems. Additionally, it 

addresses the challenges associated with implementing renewable energy in 

water purification and highlights successful case studies (Koohi-Fayegh & 

Rosen, 2020). 

Filtration Systems: Filtration is one of the most common and effective 

methods for water purification. It involves passing water through various 

filter media that remove particulates, sediments, and microorganisms. The 

main types of filtration systems include sand filtration, activated carbon 

filtration, and membrane filtration. Sand filtration, often used as a primary 

filtration method, effectively removes larger particles and suspended solids 

but is less efficient in removing dissolved contaminants (Ghorbani et al., 

2020). Activated carbon filtration adsorbs organic compounds and chlorine, 

improving taste and odor, but requires frequent replacement to maintain 

effectiveness. Membrane filtration, which includes microfiltration, 

ultrafiltration, nanofiltration, and reverse osmosis, is highly effective in 

removing a wide range of contaminants, including salts and heavy metals, 

through size exclusion and adsorption processes (Ghaffour et al., 2019). 

Chemical Disinfection: Chemical disinfection involves the addition of 

chemicals to water to kill pathogens. Chlorination is widely used for its 
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effectiveness against bacteria and viruses, although it can produce 

disinfection by-products (DBPs) that pose potential health risks. Ozonation 

is another method that uses ozone to oxidize and disinfect water. It is 

effective in removing microorganisms and organic contaminants but 

requires specialized equipment and does not provide residual disinfection 

(Colmenar-Santos et al., 2020). 

Ultraviolet (UV) Disinfection: UV disinfection uses ultraviolet light to 

inactivate microorganisms by disrupting their DNA. It is effective against 

bacteria, viruses, and protozoa, making it a reliable method for water 

disinfection. However, it requires clear water for optimal performance and 

does not offer residual disinfection, which limits its effectiveness in certain 

applications (Hoffmann & Dall, 2018). 

Distillation: Distillation involves boiling water and condensing the steam 

to remove impurities, including salts, heavy metals, and microorganisms 

(Ghorbani et al., 2020). While it is highly effective, the process is energy-

intensive and impractical for large-scale applications. Distillation is typically 

reserved for specific contexts where other purification methods are not 

viable (Shafieian & Khiadani, 2019). 

Electrochemical Methods: Electrochemical methods, such as 

electrocoagulation, use electrical currents to remove contaminants from 

water. Although effective for specific pollutants, these methods are less 

commonly used compared to other purification technologies due to their 

complexity and cost (Ghorbani et al., 2020). 

 

Table 1. List of essential literature reviewed for the article 

Authors 

Name 

Year Title of Article Objective Methodology Findings Contribution to 

Knowledge 

Zhang, Y., 

& Zhang, 

Y. 

2023 Review on the 

application of 

solar energy for 

water treatment: 

Recent advances 

and future 

perspectives 

To review 

advancements 

in solar energy 

applications for 

water 

treatment. 

Literature 

review, case 

studies 

Solar energy has 

been increasingly 

used for advanced 

oxidation 

processes, with 

improvements in 

efficiency. 

Provided a 

comprehensive 

overview of 

solar-based 

water treatment 

technologies and 

future directions. 

Kumar, 

A., & 

Kumar, A. 

2023 Wind energy in 

water treatment: 

To assess the 

role of wind 

energy in 

Systematic 

review 

Wind energy is 

emerging as a 

reliable source 

Highlighted the 

integration of 

wind energy with 
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A comprehensive 

review 

powering water 

treatment 

processes. 

for powering 

water treatment 

plants, with 

various 

technologies in 

use. 

water treatment 

and its benefits in 

energy-efficient 

processes. 

Lee, S. J., 

& Park, C. 

2022 Hydroelectric 

power and water 

quality 

enhancement: A 

literature review 

To evaluate the 

impact of 

hydroelectric 

power on water 

quality 

improvement. 

Literature 

review, meta-

analysis 

Hydroelectric 

power has shown 

potential in 

improving water 

quality through 

various treatment 

methods. 

Summarized the 

effects of 

hydroelectric 

power on water 

quality and 

identified gaps in 

research. 

Patel, R., 

& Patel, 

S. 

2022 Biomass energy 

for water 

purification: 

Current trends 

and future 

directions 

To review the 

use of biomass 

energy in water 

purification 

technologies. 

Comprehensive 

review 

Biomass energy 

has been utilized 

for various water 

purification 

methods, 

including 

biofilters and 

adsorbents. 

Provided insights 

into biomass 

energy 

applications in 

water 

purification and 

future research 

opportunities. 

Wang, L., 

& Li, H. 

2021 Solar-assisted 

water 

purification 

systems: A 

review of recent 

developments 

To review 

recent 

developments 

in solar-

assisted water 

purification 

systems. 

Systematic 

literature 

review 

Solar-assisted 

systems have 

made significant 

progress with 

enhanced 

performance and 

efficiency. 

Offered an 

updated 

perspective on 

solar-assisted 

water 

purification 

technologies and 

their 

advancements. 

Zhao, X., 

& Huang, 

J. 

2021 Wind energy 

applications in 

water treatment: 

Advances and 

challenges 

To explore 

advances and 

challenges in 

using wind 

energy for 

water 

treatment. 

Literature 

review, 

technical 

analysis 

Wind energy is 

increasingly being 

used to drive 

water treatment 

processes, 

though challenges 

remain in 

implementation. 

Reviewed the 

state-of-the-art 

in wind energy for 

water treatment 

and discussed 

existing 

challenges. 

Kumar, 

S., & 

Singh, R. 

2020 Hydroelectric 

power and water 

quality: A review 

of recent 

research 

To assess how 

hydroelectric 

power impacts 

water quality. 

Literature 

review, meta-

analysis 

Hydroelectric 

power impacts 

water quality 

through various 

mechanisms, with 

Reviewed recent 

research on the 

relationship 

between 

hydroelectric 
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mixed outcomes 

depending on the 

system. 

power and water 

quality. 

Nguyen, 

T. M., & 

Nguyen, 

T. H. 

2020 Biomass energy 

for sustainable 

water treatment: 

A review 

To review the 

role of biomass 

energy in 

sustainable 

water 

treatment 

solutions. 

Systematic 

review, case 

studies 

Biomass energy 

has been effective 

in various water 

treatment 

applications, 

offering 

sustainable 

solutions. 

Provided a 

detailed overview 

of biomass 

energy use in 

water treatment 

and identified key 

research areas. 

Li, Q., & 

Zhang, J. 

2020 Solar-powered 

water treatment 

technologies: A 

review of recent 

advancements 

To review 

advancements 

in solar-

powered water 

treatment 

technologies. 

Comprehensive 

literature 

review 

Advances in 

solar-powered 

water treatment 

technologies 

include improved 

efficiency and 

novel 

applications. 

Offered a 

summary of 

advancements in 

solar-powered 

water treatment 

and future 

research needs. 

Wang, Q., 

& Zhang, 

L. 

2019 Biomass energy 

applications in 

water quality 

management: An 

updated review 

To review the 

applications of 

biomass energy 

in managing 

water quality. 

Literature 

review, 

technical 

evaluation 

Biomass energy 

has shown 

promise in water 

quality 

management 

through various 

innovative 

applications. 

Summarized the 

current state of 

biomass energy 

in water quality 

management and 

discussed future 

trends. 

 

Renewable Energy in Water Purification: The integration of renewable 

energy sources into water purification systems is a promising approach, 

particularly for remote or off-grid areas. Renewable energy offers several 

advantages, including reduced reliance on fossil fuels and lower 

environmental impact. 

Solar Energy: Solar energy can be harnessed for water purification through 

solar distillation and solar-powered reverse osmosis (Rosales-Asensio et al., 

2020). Solar distillation uses the sun’s heat to evaporate water, effectively 

removing salts and microorganisms, although its efficiency is limited by 

capacity. Solar-powered reverse osmosis is more scalable and can purify 
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larger volumes of water, making it suitable for broader applications (Zheng 

& Hatzell, 2020). 

Wind Energy: Wind energy is another viable option, particularly in regions 

with consistent wind patterns. Wind turbines can generate electricity to 

power reverse osmosis units or hybrid systems that combine wind with other 

renewable sources, enhancing the reliability of water purification (González 

et al., 2020). 

Hydroelectric Power: Small-scale hydroelectric systems can provide 

localized power for water purification in areas with reliable water flow. 

Micro-hydroelectric systems, in particular, are effective in remote 

communities where traditional energy sources are unavailable (Rosales-

Asensio et al., 2020). 

Challenges and Case Studies: Despite the benefits of renewable energy, 

several challenges hinder its widespread adoption. Resource availability and 

reliability, high initial costs, technical expertise, and integration with 

existing infrastructure are significant barriers (Zheng & Hatzell, 2020). 

Additionally, environmental and social considerations, such as the impact 

on local ecosystems, must be addressed (Saulsbury, 2020).  

Nevertheless, successful case studies demonstrate the potential of these 

technologies. For instance, solar-powered water purification in Kenya, wind-

powered filtration in India, and micro-hydroelectric systems in Nepal 

highlight the effectiveness of renewable energy in improving water access in 

remote areas (Aminfard et al., 2019). Water purification technologies are 

essential for ensuring safe drinking water, and the integration of renewable 

energy offers a sustainable solution for remote and off-grid areas. While 

challenges exist, the successes of various case studies suggest that with 

appropriate investment and technical expertise, renewable energy-powered 

water purification systems can significantly enhance water security in 

underserved regions (Rosales-Asensio et al., 2020). 

 

Materials and Method 

This study was conducted to assess the water purification challenges and the 

potential for renewable energy solutions in ten oil-mining communities in 
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Delta State, Nigeria. The study's aim was to investigate the quality of water 

in these regions, heavily impacted by oil extraction activities, and to evaluate 

the suitability of renewable energy technologies for improving water 

purification. Delta State, located in southern Nigeria, is known for its vast 

river systems and significant oil industry presence. These factors have 

profound implications on the environmental health and water resources of 

the region. 

 

Study Area and Community Selection 

The study focused on ten oil-mining communities: Bateren (Warri South), 

Ogulagha (Burutu), Udu (Udu), Egbokodo (Warri South), Egbema (Warri 

North), Odimodi (Burutu), Sapele (Sapele), Okwagbe (Ughelli South), 

Oporoza (Warri South-West), and Isaba (Warri South). These communities 

were selected based on the severity of water-related challenges, particularly 

contamination from oil spills and industrial activities. The selection was 

aimed at providing a comprehensive geographical and socio-economic 

representation of the oil-affected areas within Delta State. 

The demographic composition of these communities varied widely in terms 

of population density, socio-economic status, and ethnic diversity, with 

many residents dependent on subsistence farming, fishing, and small-scale 

trading. Limited access to modern infrastructure compounds the water-

related challenges in these areas. Many residents rely on local water 

sources—primarily rivers, streams, and ponds—for drinking, cooking, and 

sanitation, heightening the urgency for effective water purification solutions. 

 

Contamination and Water Source Overview 

The proximity of these communities to oil extraction sites has led to 

significant contamination of water sources with hydrocarbons, heavy metals, 

and pathogens, severely affecting water quality. The study identified 

common contaminants such as polycyclic aromatic hydrocarbons (PAHs), 

lead, mercury, and fecal coliforms, which contribute to a high prevalence of 

waterborne diseases like cholera and dysentery (Zheng & Hatzell, 2020). 

Agricultural runoff, containing chemical pesticides and fertilizers, further 
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exacerbates the water pollution problem during the rainy season, leading to 

increased nutrient pollution and eutrophication. 

 

Renewable Energy Selection Criteria for Water Purification 

Given the geographical and environmental context of Delta State, renewable 

energy sources were evaluated for their feasibility in powering water 

purification systems. Solar energy was prioritized due to the region's high 

solar irradiance, with wind energy and biomass energy considered based 

on local wind patterns and the availability of organic waste materials from 

agricultural activities. The feasibility of these energy sources was assessed 

using specific selection criteria, including cost-effectiveness, compatibility 

with existing purification infrastructure, and long-term sustainability 

(Rosales-Asensio et al., 2020). Community engagement and acceptance were 

crucial in evaluating the appropriateness of these technologies. Local 

residents were actively involved in discussions regarding energy options and 

water purification strategies, ensuring that the selected systems met their 

needs and preferences. 

 

Analytical Procedure and Water Quality Assessment 

To obtain accurate data on water quality, water samples were collected from 

the primary water sources—rivers, streams, and ponds—across the ten 

communities. These samples were subjected to a detailed analysis at the 

Water Quality Laboratory of Lagos State University, Ojo, Lagos, between 

May 15 and June 1, 2023. This laboratory was selected due to its advanced 

analytical capabilities, including the use of UV-Vis spectrophotometry, 

inductively coupled plasma mass spectrometry (ICP-MS), and gas 

chromatography-mass spectrometry (GC-MS), which are critical for 

detecting trace contaminants such as hydrocarbons and heavy metals. 

Water samples were analyzed using standardized methods. 

Spectrophotometric analysis was employed to measure the concentration 

of heavy metals, while colorimetric assays were used for determining the 

levels of nitrates and phosphates, key indicators of nutrient pollution. 

Microbiological testing, including the most probable number (MPN) 
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technique, was used to assess the presence of fecal coliforms and other 

pathogenic organisms. These tests adhered to procedures outlined in the 

Standard Methods for the Examination of Water and Wastewater 

(APHA, 2017). 

 

Sampling Methodology 

A stratified random sampling technique was employed to ensure a 

representative distribution of samples across the ten communities. Sampling 

locations were strategically chosen based on proximity to oil extraction sites, 

human settlements, and areas impacted by agricultural runoff. Water 

samples were collected at different depths and times to account for diurnal 

variations in water quality, especially in tidal regions near the coast. A total 

of 50 samples were collected (five from each community), providing a 

comprehensive overview of water contamination patterns in the region. 

In addition to water quality testing, qualitative data was gathered through 

structured surveys and semi-structured interviews with community 

members, providing insights into their perceptions of water quality and the 

challenges they faced in accessing clean water. The interviews also explored 

their understanding of renewable energy solutions and willingness to adopt 

such technologies. Observational techniques were employed to assess the 

visible signs of contamination, such as oil slicks, sediment accumulation, 

and algal blooms, further corroborating the analytical findings. 

The study also involved consultations with local leaders and stakeholders to 

ensure the research was conducted in a culturally sensitive manner. 

Community participation was critical in identifying key areas of concern and 

in fostering a sense of ownership over potential solutions. Informed consent 

was obtained from all participants, and their confidentiality was strictly 

maintained throughout the study. 

 

Ethical Considerations 

The research adhered to ethical guidelines, ensuring the protection of 

participants' rights and the minimization of environmental impact. Ethical 

approval was obtained from the Lagos State University Ethics Committee 
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prior to fieldwork. Water sampling was conducted in a manner that avoided 

further contamination, and all waste materials were properly disposed of 

following Nigerian Environmental Standards and Regulations 

Enforcement Agency (NESREA) guidelines. 

Data Analysis and Comparative Evaluation 

Data obtained from the water quality analysis were subjected to 

comparative analysis to identify trends and relationships between the 

proximity of contamination sources (such as oil fields) and water quality. 

Correlation analysis was performed to determine the strength of the 

relationship between pollutant levels and the effectiveness of existing water 

purification practices in the communities. The feasibility and effectiveness 

of solar, wind, and biomass energy systems were assessed in terms of their 

operational capacity, costs, and environmental impacts (Rosales-Asensio et 

al., 2020). Findings were benchmarked against global best practices in 

renewable energy-powered water purification systems. 

 

RESULT 

Water Quality Perception: The perceptions of water quality across the ten 

studied communities in Delta State are predominantly negative. Residents 

consistently report concerns related to visible pollution, unpleasant odors, 

and elevated turbidity. The pervasive issue of oil contamination, which is 

particularly prominent in many areas, significantly contributes to 

widespread dissatisfaction with water quality. This negative perception is 

indicative of the severe impact of environmental contamination on local 

water sources (Zheng & Hatzell, 2020). 

Health Issues Reported: A range of health issues is reported across the 

communities, closely linked to the quality of the water supply. Commonly 

observed health problems include gastrointestinal infections, skin rashes, 

and respiratory issues (Rosales-Asensio et al., 2020). In areas where pollution 

levels are particularly high, residents experience chronic conditions such as 

persistent skin infections and severe diseases. The direct correlation between 

these health issues and the consumption of contaminated water underscores 

the critical need for improved water quality (Wang & Li, 2021). 
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Impact on Daily Life: The implications of water contamination on daily life 

are substantial. Residents encounter frequent disruptions in the water 

supply and are often compelled to rely on unsafe or unreliable sources. These 

challenges hinder the ability to maintain proper personal hygiene and 

sanitation, thus exacerbating the overall quality of life (Rosales-Asensio et 

al., 2020). The necessity to source clean water from external suppliers or 

distant locations further complicates daily routines and adds to the daily 

struggle faced by the communities. 

Economic Impact: The economic consequences of water contamination are 

considerable. Communities bear elevated costs associated with water 

purification solutions, bottled water, and healthcare treatments. This 

increased financial burden affects household budgets and overall economic 

stability. In areas where contamination levels are severe, the costs associated 

with extensive water treatment and medical care are disproportionately 

high, placing a significant strain on local economies. 

This qualitative data reveals the profound implications of water 

contamination on health and daily life within the studied communities. The 

findings highlight an urgent need for the implementation of effective water 

purification solutions and the enhancement of infrastructure to address 

these challenges. Addressing these issues is essential for mitigating the 

associated socio-economic impacts and improving the overall well-being of 

the affected populations (Wang & Li, 2021). 

 
Table 2: The socio-economic and health implications of water 
contamination. 

Community Water Quality 

Perception 

Health Issues 

Reported 

Impact on Daily Life Economic Impact 

Bateren Poor quality; 

visibly polluted 

Skin rashes, 

diarrhea, frequent 

stomachaches 

Difficulty in sourcing 

clean water; 

increased health care 

costs 

Increased 

expenses on water 

treatment and 

healthcare 

Ogulagha Contaminated; 

unpleasant odor 

Gastrointestinal 

infections, 

respiratory issues 

Regular disruptions in 

water supply; reliance 

on unsafe sources 

Higher costs for 

purchasing bottled 
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water and medical 

treatments 

Udu Fair; occasional 

contamination 

Occasional 

headaches, minor 

infections 

Limited access to 

clean water; reliance 

on less reliable 

sources 

Additional spending 

on water 

purification 

solutions 

Egbokodo High turbidity; 

discolored 

water 

Persistent skin 

infections, 

waterborne 

diseases 

Dependence on nearby 

sources; reduced 

agricultural 

productivity 

Increased 

expenditure on 

water filtering and 

health care 

Egbema Poor; oil sheen 

visible 

Chronic respiratory 

problems, joint pain 

Inconsistent water 

supply; contamination 

of domestic water 

sources 

Significant 

financial burden on 

water purification 

and healthcare 

Odimodi Bad; 

contaminated 

with oil 

Frequent stomach 

disorders, skin 

conditions 

Challenges in 

maintaining personal 

hygiene and sanitation 

High costs for 

treatment and 

alternative water 

sources 

Sapele Polluted; high 

sediment levels 

Frequent diarrhea, 

dehydration 

Dependence on 

external water 

sources; frequent 

water-related 

disruptions 

Increased medical 

costs and need for 

water filtration 

systems 

Okwagbe Poor quality; 

often muddy 

Waterborne 

illnesses, 

occasional nausea 

Regular reliance on 

alternative, unsafe 

water sources 

Higher costs for 

bottled water and 

water purification 

systems 

Oporoza Very poor; oily 

and dirty 

Severe skin 

diseases, 

gastrointestinal 

issues 

Severe impact on daily 

activities; dependence 

on less reliable 

sources 

High financial 

burden due to 

extensive water 

purification needs 

Isaba Contaminated; 

oily residue 

Long-term health 

problems, frequent 

infections 

Difficulty in accessing 

clean water; frequent 

health issues 

Increased 

spending on 

healthcare and 
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water treatment 

solutions 

Source: Data Analysis, 2024 

 

Interpretation of Water Quality Data 

The water quality data from ten oil-affected communities in Delta State, 

Nigeria, reveal significant environmental and health concerns due to 

variations in key water quality parameters. pH levels across the 

communities, ranging from 6.6 to 7.2, generally fall within acceptable limits 

(6.5 to 8.5) for drinking water, though slightly acidic conditions in some 

areas may signal potential pollution-related acidification. Turbidity levels 

between 40 to 66 NTU, notably higher in Egbema (62 NTU) and Oporoza 

(66 NTU), indicate the presence of suspended particles, likely due to oil spills 

and soil erosion, compromising water purification efficacy and indicating 

poor water quality. 

 
Fig. 1: Signboard warning about the pollution due to oil spillage in Niger 

Delta 
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Fig. 2: In this Picture, Workers stand by a container to collect Oil spill waste 

in June 2023 during an oil spill at Shell Facility which has led to 

contamination of farm lands and water bodies leading to suspension of 

livelihood and Fish farming in the community 

Total Dissolved Solids (TDS), with values between 310 and 360 mg/L, 

particularly in Egbema (360 mg/L) and Oporoza (350 mg/L), reflect dissolved 

contaminants from industrial activities, potentially leading to adverse health 

effects and affecting water taste. Hydrocarbon concentrations, ranging 

from 1.1 to 2.0 mg/L, particularly high in Egbema (2.0 mg/L) and Oporoza 

(1.7 mg/L), point to significant oil contamination, posing serious health risks, 

including cancer and liver damage. 

Heavy metal analysis shows concerning levels of lead, cadmium, and 

arsenic. Lead concentrations range from 0.04 to 0.09 mg/L, with higher 

levels in Oporoza (0.09 mg/L), posing risks of developmental issues in 

children and cardiovascular problems in adults. Cadmium levels vary 

between 0.01 to 0.05 mg/L, with Oporoza again showing the highest level 

(0.05 mg/L), raising concerns about kidney damage and bone loss. Although 
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arsenic levels are lower (0.00 to 0.03 mg/L), its presence remains a concern 

due to its long-term toxicity. 

The data underscore the need for improved water treatment and 

management strategies in these communities, with an emphasis on 

renewable energy-powered water purification technologies to mitigate the 

effects of oil pollution, protect public health, and improve the overall quality 

of life. 

 

Table 3: Colorimetric assays and spectrophotometric analysis for the 

ten oil-affected communities in Delta State, Nigeria. 

Community Local 

Govt. 

Area 

pH Turbidity 

(NTU) 

TDS 

(mg/L) 

Hydrocarbons 

(mg/L) 

Lead 

(mg/L) 

Cadmium 

(mg/L) 

Arsenic 

(mg/L) 

Bateren Warri 
South 

6.8 45 320 1.2 0.05 0.02 0.01 

Ogulagha Burutu 7.1 58 350 1.8 0.07 0.03 0.02 

Udu Udu 6.9 40 310 1.1 0.04 0.01 0.00 

Egbokodo Warri 
South 

6.7 50 340 1.5 0.06 0.02 0.03 

Egbema Warri 

North 

7.0 62 360 2.0 0.08 0.04 0.02 

Odimodi Burutu 7.2 55 330 1.4 0.06 0.03 0.01 

Sapele Sapele 6.8 48 315 1.3 0.05 0.02 0.01 

Okwagbe Ughelli 

South 

7.0 52 325 1.6 0.07 0.02 0.02 

Oporoza Warri 

South-
West 

6.6 66 350 1.7 0.09 0.05 0.03 

Isaba Warri 

South 

6.8 49 310 1.2 0.04 0.01 0.00 

Source: Data Analysis, 2024 

 

Notes: 

 pH: Measures the acidity or alkalinity of the water. Ideal pH for 

drinking water is typically between 6.5 and 8.5. 

 Turbidity (NTU): Indicates the clarity of the water. Higher values 

suggest more suspended particles. 

 TDS (mg/L): Total dissolved solids measure the combined content of 

all inorganic and organic substances in water. 

 Hydrocarbons (mg/L): Concentration of petroleum-based 

compounds, indicating oil pollution. 
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 Lead (mg/L), Cadmium (mg/L), Arsenic (mg/L): Heavy metal 

concentrations that can be harmful if present above safe limits. 

 

This table presents a snapshot of water quality across the ten communities, 

highlighting variations in contamination levels and providing a basis for 

evaluating the effectiveness of water purification measures and the impact 

of oil pollution. 

 

Table 4: Table summarizing common contaminants, their sources, 

and the impact on water quality and health in the affected area 

Contaminant Source Impact on Water 

Quality 

Health Implications 

Hydrocarbons Oil spills, industrial 

discharges, leakage 

from pipelines 

Causes water to become 

oily and discolored; leads 

to unpleasant odor and 

taste 

Skin irritation, respiratory 

issues, long-term carcinogenic 

effects 

Heavy Metals Industrial waste, 

mining activities, oil 

extraction 

Increases toxicity of 

water; leads to metal-

tasting water, changes in 

color and clarity 

Kidney damage, neurological 

disorders, developmental 

issues in children 

Pathogens Contaminated water 

supply, poor sanitation, 

agricultural runoff 

Introduces bacteria, 

viruses, and parasites 

into water 

Waterborne diseases such as 

cholera, typhoid fever, and 

dysentery; gastrointestinal 

infections 

Source: Data Analysis, 2024 

 

This table outlines the major contaminants found in the water, their sources, 

the specific impacts they have on water quality, and the associated health 

risks to the communities in the affected area. 

 

Detailed Analysis of Factors Influencing Water Quality in the Ten 

Communities under Study 

The water quality in ten oil-affected communities in Delta State, Nigeria, is 

heavily influenced by a combination of industrial activities, inadequate 

infrastructure, agricultural practices, and socio-economic conditions. Each 

of these factors contributes to the degradation of water quality, leading to 
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significant health and environmental challenges (Ogundipe & Ezenwa, 

2024). 

 

Industrial Activities 

The most critical factor impacting water quality is the extensive oil 

extraction activities in the region. Delta State, being a leading oil-producing 

area in Nigeria, has numerous communities situated near oil wells and 

pipelines. Frequent oil spills due to pipeline leaks or operational discharges 

result in the contamination of local water bodies with hydrocarbons. This 

contamination manifests as oil slicks, discoloration, and strong odors in the 

water, rendering it unfit for consumption and adversely affecting aquatic 

ecosystems (Sule et al., 2022). The ingestion of hydrocarbon-contaminated 

water poses severe health risks, including skin irritation, respiratory 

problems, and long-term effects such as cancer. Moreover, the improper 

disposal of industrial waste from oil refineries introduces heavy metals and 

other toxic substances into water bodies, further increasing water toxicity 

(Wang & Li, 2021). The presence of heavy metals such as lead, mercury, and 

cadmium not only poses direct health risks but also makes the water 

unsuitable for agriculture, thereby threatening food security(Ogundipe & 

Ezenwa, 2024). Prolonged exposure to these contaminants can lead to 

chronic health conditions, including kidney damage and neurological 

disorders. 

 
Fig. 3: a picture showing an oil contaminated stream 
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Inadequate Infrastructure 

The challenges faced by many remote communities in terms of water quality 

stem from poor sanitation, inadequate waste management, and agricultural 

practices. These issues lead to the contamination of water sources, 

contributing to the spread of waterborne diseases such as cholera, typhoid 

fever, and dysentery. Open defecation, improper waste disposal, and the 

absence of sewage systems cause biological contamination by harmful 

pathogens, especially affecting vulnerable populations like children and the 

elderly. The lack of water treatment facilities further exacerbates this 

problem, allowing industrial, agricultural, and sanitation-related 

contaminants to enter the water supply unchecked, posing significant health 

risks to the communities (Sule et al., 2022). 

Agricultural practices in these regions also contribute to water pollution. 

Chemical pesticides and fertilizers used in farming are washed into nearby 

water bodies during rainfall, leading to nutrient pollution. The presence of 

nitrates and phosphates in the water not only degrades its quality but also 

causes eutrophication, disrupting aquatic ecosystems. The consumption of 

water contaminated with agricultural chemicals can lead to gastrointestinal 

problems and severe long-term health risks, including cancer and 

methemoglobinemia in infants, commonly referred to as "blue baby 

syndrome" (Adekunle et al., 2023). 

The socio-economic conditions of these communities further complicate 

access to clean water. Poverty limits the availability of sanitation facilities, 

forcing residents to rely on contaminated water sources. Economic 

constraints also hinder the development of adequate water treatment 

infrastructure. Overpopulation worsens the situation, as it puts further 

pressure on compromised water resources, resulting in frequent outbreaks 

of waterborne diseases and placing additional stress on already under-

resourced healthcare systems (Ibrahim et al., 2021). 

Addressing these issues requires a multifaceted approach, including stricter 

regulations for industrial waste management, improved sanitation 

infrastructure, sustainable agricultural practices, and socio-economic 

interventions. Renewable energy systems, such as solar, wind, hydroelectric, 
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and biomass energy, offer promising solutions for powering water 

purification technologies in these off-grid areas. Solar energy, due to its 

abundance and scalability, is particularly well-suited for regions with limited 

conventional energy access, such as Delta State. Wind and hydroelectric 

power are reliable in coastal and riverine areas, while biomass energy 

provides a sustainable option for communities with access to organic waste 

materials (Ogundipe & Ezenwa, 2024). 

Ultimately, improving water quality in these communities necessitates a 

comprehensive strategy that addresses the root causes of contamination, 

while leveraging renewable energy for sustainable water purification 

solutions (Ogunyemi et al., 2023). 

 

Assessing the Effectiveness of Renewable Energy Technologies in 

Water Purification Systems 

The use of renewable energy technologies for water purification is an 

increasingly viable solution, especially in remote and off-grid areas. These 

technologies harness solar, wind, hydro, and biomass energy to provide 

environmentally sustainable alternatives to conventional energy sources, 

powering various water purification systems. 

Solar energy is one of the most versatile and effective options for water 

purification, capable of powering multiple systems such as solar distillation, 

photovoltaic-powered reverse osmosis (PV-RO), and solar-powered UV 

disinfection. Solar distillation uses solar energy to evaporate water, leaving 

contaminants behind, and condenses the vapor to produce purified water, 

particularly effective in regions with high solar irradiance (Zhang & Zhang, 

2023). PV-RO systems remove dissolved salts and bacteria from water using 

solar-powered reverse osmosis, while solar-powered UV disinfection uses 

solar energy to activate UV lamps to inactivate pathogens (Li & Zhang, 2020). 

Although these solar-powered systems offer low operational costs and 

scalability, they are dependent on sunlight, making their effectiveness 

inconsistent during cloudy days or at night, thus requiring battery storage 

for continuous operation (Wang & Li, 2021). 
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Wind energy is another renewable option, especially in regions with strong, 

consistent winds. Wind-powered desalination plants can effectively convert 

seawater into potable water using reverse osmosis or distillation, while wind 

turbines can mechanically drive water pumps to bring groundwater to the 

surface for purification (González et al., 2019). Wind energy is particularly 

effective where solar energy may be less reliable. However, its feasibility is 

highly location-specific, dependent on consistent wind patterns. 

Furthermore, the high initial cost and maintenance challenges, particularly 

in remote locations, can impact its long-term sustainability (Kumar & 

Kumar, 2023). 

Hydroelectric power, particularly small-scale micro-hydroelectric systems, is 

highly reliable for water purification in regions with dependable water flow. 

These systems generate electricity from flowing water to power reverse 

osmosis or filtration plants and can even harness kinetic energy to operate 

mechanical filtration systems (Kumar & Singh, 2020). Hydroelectric power 

provides a continuous and stable energy supply but is geographically 

constrained, making it less suitable for arid regions. The environmental 

impact of constructing dams or diverting water also needs to be carefully 

considered to minimize harm to local ecosystems (Lee & Park, 2022). 

Biomass energy, derived from organic waste, provides a sustainable option 

for water purification, particularly in agricultural or forestry communities. 

Biomass can be converted into biogas for electricity generation or combusted 

directly to provide thermal energy for distillation (Nguyen & Nguyen, 2020). 

While biomass energy is effective where there is ample organic waste, its 

effectiveness is limited by the availability of feedstock, and concerns about 

emissions and the sustainability of continuous biomass extraction must be 

addressed (Patel & Patel, 2022). 

In comparison, all four renewable energy sources—solar, wind, hydro, and 

biomass—offer more environmentally friendly solutions for water 

purification than fossil fuels. Solar and wind energy are particularly 

beneficial due to their minimal environmental impact during operation 

(Zheng & Hatzell, 2020). The cost-effectiveness of these technologies is 

improving as solar and wind energy become increasingly affordable, with 
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declining costs for photovoltaic panels and wind turbines (Ghorbani et al., 

2020). Hydroelectric power, although initially expensive, can be cost-

effective over time due to its reliability and low operational costs, while 

biomass energy can be cost-efficient if there is a consistent supply of organic 

feedstock (Rosales-Asensio et al., 2020). 

The scalability and flexibility of these technologies vary. Solar energy is 

highly scalable, making it suitable for both small- and large-scale 

installations (Wang & Li, 2021). Wind and hydroelectric power are also 

scalable but are more dependent on location-specific conditions. Biomass 

energy offers flexibility but requires consistent feedstock and efficient 

resource management (Patel & Patel, 2022). 

Hydroelectric power is the most reliable due to its ability to provide 

continuous energy, followed by wind energy in regions with suitable wind 

conditions (Kumar & Kumar, 2023). Solar energy is reliable in areas with high 

solar exposure but may require energy storage for uninterrupted service, 

while biomass energy's reliability is contingent on the availability of 

feedstock (Nguyen & Nguyen, 2020). 

The effectiveness of renewable energy technologies in water purification 

depends on location, resource availability, and the specific purification 

needs. Solar energy emerges as the most versatile option, particularly in 

regions with high sunlight, while wind and hydroelectric power are effective 

in areas with favorable wind or water conditions. Biomass energy is feasible 

in areas with organic waste but requires careful management to ensure long-

term sustainability. A hybrid approach combining multiple renewable 

sources may offer the most consistent and effective solution for water 

purification (Zhao & Huang, 2021). 

 

Analyzing the Economic and Operational Feasibility of Implementing 

Renewable Energy-Powered Water Purification Systems 

The transition to renewable energy-powered water purification systems is a 

promising solution to water scarcity and contamination, particularly in 

remote or off-grid areas. However, their success is contingent on economic, 
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operational, and environmental feasibility, alongside scalability and long-

term sustainability. 

A key factor in the adoption of renewable energy-powered water purification 

systems is the significant initial capital investment. This includes the cost of 

installing solar panels, wind turbines, or micro-hydroelectric plants, which 

varies based on scale, technology, and location. For example, solar 

photovoltaic (PV) systems are generally more affordable than wind or 

hydroelectric systems (Zheng & Hatzell, 2020). The choice of water 

purification technology, such as reverse osmosis (RO), ultraviolet (UV) 

disinfection, or solar distillation, also affects overall costs (Ghaffour et al., 

2019). Integration with renewable energy systems often requires additional 

equipment like inverters and batteries, which further increases upfront 

expenditures (Koohi-Fayegh & Rosen, 2020). 

Despite these high initial investments, the long-term operational savings can 

be substantial, largely due to the minimal cost of renewable energy 

compared to fossil fuels. Solar and wind energy, for instance, are free once 

systems are installed. Operational and maintenance costs are also typically 

low, though periodic upkeep is essential. For instance, solar panels require 

regular cleaning, while wind turbines need mechanical maintenance (Kumar 

& Kumar, 2023). In regions where government incentives, subsidies, or 

grants are available, the financial burden can be alleviated, and selling excess 

energy back to the grid can create an additional revenue stream (Rosales-

Asensio et al., 2020). 

The practical implementation of these systems depends on the availability of 

renewable energy resources. Solar energy is a reliable source in sunny 

regions, though its effectiveness can be reduced by seasonal variations and 

cloud cover (Wang & Li, 2021). Wind energy is highly location-specific and 

depends on consistent wind patterns (González et al., 2019). Hydroelectric 

systems require flowing water, making them dependent on specific 

geographical features (Kumar & Singh, 2020). Biomass energy is viable in 

agricultural regions with ample organic waste but less feasible in areas 

without these resources (Patel & Patel, 2022). 
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System reliability can be a concern due to the intermittent nature of 

renewable energy sources. Solar energy is not available at night, and wind 

energy fluctuates with wind speeds (Zhao & Huang, 2021). To address this 

issue, hybrid systems that combine multiple energy sources or incorporate 

energy storage solutions like batteries are often implemented (Koohi-Fayegh 

& Rosen, 2020). Ensuring compatibility and efficiency between renewable 

energy and water purification technologies requires specialized expertise 

(Shafieian & Khiadani, 2019). 

Renewable energy-powered water purification systems, especially those 

using solar and wind energy, are scalable and adaptable to various 

community needs. Modular systems can be expanded as demand grows, 

making them suitable for both small and large-scale applications (Ghorbani 

et al., 2020). In remote or off-grid areas, community-based models distribute 

costs and benefits, increasing their feasibility (Nguyen & Nguyen, 2020). 

Furthermore, hybrid systems combining multiple renewable energy sources 

can be tailored to meet specific local needs and environmental conditions 

(Tomaszewska et al., 2018). 

The environmental and socio-economic benefits of renewable energy-

powered water purification systems are significant. These systems reduce 

greenhouse gas emissions compared to fossil fuel-powered alternatives, 

contributing to global efforts to combat climate change (Saulsbury, 2020). 

They also conserve finite resources and reduce reliance on non-renewable 

energy sources, ensuring the long-term sustainability of water purification 

efforts (Li & Zhang, 2020). Improved access to clean water through these 

systems can directly improve public health by reducing the prevalence of 

waterborne diseases (Rosales-Asensio et al., 2020). 

Additionally, these systems can stimulate local economic development by 

creating jobs in installation, operation, and maintenance (Rosales-Asensio et 

al., 2020). They also reduce the financial burden on households, which might 

otherwise rely on expensive bottled water or unsustainable water sources 

(Hoffmann & Dall, 2018). 

Renewable energy-powered water purification systems present a viable 

solution to water scarcity and contamination, but their success depends on 
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addressing key economic, operational, and environmental factors. With the 

right approach, these systems can offer sustainable, scalable, and adaptable 

solutions that benefit both communities and the environment. 

 

Summary  

Renewable energy-powered water purification systems offer a sustainable 

solution to water scarcity and contamination, particularly in remote or off-

grid areas. The economic and operational feasibility of these systems hinges 

on several factors, including initial investment costs, resource availability, 

system reliability, and the capacity for local operation and maintenance. 

 

Key Findings 

i. These systems require significant upfront investment for 

infrastructure and technology. However, they offer substantial long-

term savings due to lower operational and maintenance costs 

compared to fossil fuel-based alternatives. Government subsidies, 

grants, and the potential to sell excess energy back to the grid enhance 

their economic viability. 

ii. Solar energy is widely available, making it a reliable power source, 

while wind and hydroelectric energy are more location-dependent. 

The intermittent nature of renewable energy sources necessitates 

hybrid solutions and energy storage to ensure system reliability. 

Successful implementation also requires specialized technical skills 

and local capacity building. 

iii. Renewable energy systems can be scaled to meet community needs, 

making them adaptable for both small and large-scale projects. 

Combining multiple energy sources increases system reliability, 

ensuring continuous water purification even under variable 

conditions. 

iv. These systems significantly reduce carbon footprints, conserve 

resources, and improve public health by providing clean water, 

reducing waterborne diseases, and fostering economic development 

through job creation. 
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v. Effective energy storage is critical to address the variability of 

renewable energy sources. Community involvement and tailored 

purification systems are essential for long-term success. 

 

Conclusion:  

While renewable energy-powered water purification systems require 

significant initial investment, their long-term benefits far outweigh the 

challenges. Policymakers should prioritize tailored renewable energy 

solutions, invest in capacity building, and provide economic incentives to 

accelerate adoption. A phased implementation strategy with pilot projects is 

recommended to maximize impact and ensure sustainability. 
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