
   

 
 Vol. 15 | No. 3 |1876-1881| July - September | 2022 

       ISSN: 0974-1496 | e-ISSN: 0976-0083 | CODEN: RJCABP    
http://www.rasayanjournal.com 
http://www.rasayanjournal.co.in  

 

Rasayan J. Chem., 15(3), 1876-1881(2022) 
http://doi.org/10.31788/RJC.2022.1536955 

 
This work is licensed under a CC BY 4.0 license. 

 

EXPERIMENTAL STUDIES AND ANALYSIS ON THE 
TREATMENT OF GROUNDWATER USING SOLAR AND WIND 

ENERGY 
  

A. M. Saravanan1, Ganesh N. Patil1, 2,,  Z. H. Mohammed1, Santosh M. 
Walke1 and M. Achuthan1 

1Mechanical and Industrial Engineering Department, College of Engineering, National 
University of Science and Technology, Muscat, Oman. 

2School of Chemical Engineering, VIT University, Vellore, Tamilnadu 632014, India. 
Corresponding Author: ganeshpatil.nsk@gmail.com 

 

ABSTRACT 
Lack of safe water prevents 42 percent of the world's population from accessing sanitation. In 2021, the WHO 
estimated that there would be 784 million people without access to safe drinking water. With a well-planned system, 
the group aims to cut the number of people in need of drinkable water by half by 2015. These methods improve 
saltwater, which makes up 97 percent of the world's water. In this regard, a model that simulates the work of 
groundwater treatment firms using natural resources and renewable energy has been developed. There was a lack of 
continuous wind energy throughout most of Oman, where this model was put, and the necessity for a reverse osmosis 
system for constant maintenance because these projects rely on renewable energy everywhere. This article aims to 
create an autonomous desalination plant powered by solar and wind energy. A simulator model based on renewable 
energy groundwater purification systems was created for this aim. To treat subterranean water in distant areas of Oman 
using two renewable technologies to create enough electricity to run the reverse water purification and water 
purification system at the lowest cost. A turbine mounted vertically with a height of 1.5 meters and a diameter of 1 
meter will produce 2304 liters per day and 800000 liters per year. 
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INTRODUCTION 
One of the most prominent sources available in the Arabian Peninsula is the source of solar energy and 
wind energy. It is known that the Gulf countries are characterized by warm weather during most of the year 
and provide wind in some places. The operation of some of the new technologies for the purification of 
fresh water in the region (solar reverse or solar wind turbines) where studies have shown that the 
effectiveness of such technologies provided the world with greater opportunities to provide fresh water, 
where desalination plants provide more than 59.9 million cubic meters of water per day. The world faces a 
severe shortage of drinking water due to the increase in the world population and the emergence of some 
abnormal factors that have affected the climate in one way or another during the past few decades. As the 
United Nations defines, more than 25 countries globally have reached the level of poverty per capita of 
drinking water, including Oman and the other countries of the Arabian Gulf. This called for the need to find 
new sources and techniques by exploiting seawater, groundwater, or sewage and cleaning them with sources 
available in the surrounding environment. In simple terms, with the difficulty of obtaining conventional 
energy in remote areas and the high cost, it became necessary to have alternatives through access to 
renewable energy sources and exploitation in the operation of different technologies for the purification 
and treatment of groundwater. This paper is to create a logical model based on converting solar energy and 
wind power to electric power, which operates a domestic reverse-watering system to flush outwells. Zhang 
et al. studied the most recent advancements and applications of seven major solar desalination technologies, 
the solar photocatalysis process, and solar disinfection1. Saponaro et al. did a review of the tests and 
applications of significant barriers for groundwater treatment at various scales (laboratory, pilot, and full 
scale), which were analyzed according to the study's objective, operating conditions, filling material, 
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inoculation procedure, electron acceptor, and nutrient delivery systems.2 A risk assessment index system 
for hazardous waste dump groundwater contamination was investigated to simplify and humanize the risk 
assessment technique. The evaluation framework and indices were developed using five criteria: source 
term, subsurface media, leachate properties, risk receptors, and landfill management quality. A risk 
assessment indices system comprised of 38 cardinal indicators was produced.3 D Bahnemann published a 
review on advanced oxidation processes, outlining the fundamental principles of photocatalysis and 
emphasizing key mechanistic and kinetic features and specific prerequisites for successful photocatalysts. 
The primary section of this article describes various solar reactors for photocatalytic water treatment, 
including a comparison of their overall performance.4 Sharshir et al. conducted a brief assessment of a 
novel type of solar still known as the tubular sun (TSS), its operation, thermal analysis, performance, and 
enhancement method. The tremendous boost in productivity and efficiency is attributable to 
nanotechnology (ZnO nano-rod form).5 Fu et al. investigated recent advancements in zero-valent iron 
technology and progress in groundwater remediation and wastewater treatment using zero-valent iron 
(including nanoscale zero-valent iron) to remove chlorinated organic compounds and nitroaromatic 
compounds arsenic, heavy metals, nitrate, dyes, and phenol.6 Qu et al. built four quartz-sand columns for 
the treatment of groundwater containing iron (II), manganese (II), arsenic (III), and sulfide (Sb) (III). The 
possibility of using bioaugmentation in sand filters to treat groundwater with high Fe(II), Mn(II), and As/Sb 
was studied.7 Zurigat et al. investigated and evaluated the performance of a regenerative solar desalination 
unit. The unit comprises two basins (effects), with cooling water flowing in and out of the second effect. 
This arrangement has the advantages of increasing the temperature difference between the water and the 
glass cover in the first effect and utilizing the latent heat of water vapour condensing on the glass in the 
second effect to produce fresher water.8 Richards et al. investigated the performance fluctuations of battery-
less hybrid ultrafiltration – nanofiltration/reverse osmosis membrane desalination system powered by 
photovoltaics in outback Australia. The renewable energy-powered membrane (RE-membrane) system was 
intended to provide safe drinking water to a remote community of about fifty people.9 Kedar et al. 
conducted an analytical and experimental study of a hybrid solar desalination system employing an 
evacuated tube collector (ETC) and a compound parabolic concentrator (CPC) to obtain the maximum 
amount of soft water for drinking and industrial purposes. This paper investigates the thermal performance 
of a hybrid system with varying heights between ETC and CPC and flow rates using the single effect boiling 
method.10 Wijayanti conducted a preliminary study on the performance of solar desalination systems and 
identified barriers to implementation. The performance of a desalination system is determined by the 
amount of freshwater produced and the quality of feed water, distilled water, and brine compared to 
Indonesia's water quality standard. MICMAC (the Impact Matrix Cross-Reference Multiplication Applied 
to a Classification) software was used to evaluate the identification of implementation barriers in the 
structural analysis method.11 Theoretical investigation of the performance of two sequential desalination 
systems, multi-effect distillation, and mechanical vapour compression, was carried out by Ismail et al. A 
mathematical model was created and implemented in MATLAB, validated using results from the literature. 
The parametric analysis was then performed to produce distillate water and salt using renewable energy12. 
Ambiga et al. assessed groundwater susceptibility in ARC GIS, a well-known tool for determining 
groundwater's actual source and control using the RADICAL model. The RADICAL factors that control 
groundwater contamination are net recharge, aquifer media, water depth, the impact of the vadose zone, 
hydraulic conductivity, soil media, and topography.13 Datti et al. evaluated the quality using geospatial 
technology because it provides the required spatial and temporal frequency and synoptic coverage. The 
chlorophyll-a concentration in water bodies determines the water's physicochemical properties and trophic 
status. This study used spectral features extracted from Landsat Operational Land Imager (OLI) data over 
Kolavai Lake in Kattankulathur Block, Tamil Nadu State, India, to estimate Chlorophyll-a concentration.14 
Patil et al. reviewed various energy-saving investigation methods for EtAc production and demonstrated 
that decreasing pressure reduced the water requirement in the decanter.15 Irham et al. conducted a geological 
survey and mapping based on the interpretation of field outcrops, after which several groundwater quality 
parameters were measured and analyzed. The parameters nitrate, phosphate, total dissolved solids (TDS), 
temperature, pH, turbidity, chloride, manganese (Mn), iron (Fe), and electrical conductivity were used to 
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determine the quality of groundwater (E.C.). The National Sanitation Foundation Water Quality Index 
(NSFWQI) method weighed and calculated the groundwater quality parameters.16 According to Naresh 
Tanwer et al. the carcinogenic effect of drinking groundwater may be negligible, but the non-carcinogenic 
effect of chemical toxicity may be significant.17 This paper aims to obtain a clear and complete idea for the 
desalination plant by using solar energy and wind power to operate autonomously. This idea provides a 
suitable and affordable device to promote freshwater production at the lowest possible price, considering 
the provision of sufficient quantity and time while not harming the surrounding environment through the 
operation of this experience. For this purpose, an appropriate simulator model was created, like groundwater 
purification systems using renewable energy. This project work is expected to be used to purify 
underground water in the remote areas of the Sultanate of Oman by using two different technologies from 
renewable sources to generate sufficient electrical power to operate the reverse water purification and water 
purification system to be suitable for human use. Perhaps one of the main objectives is to achieve a certain 
level of water production and the low cost of the investment process. As studies on the properties of 
groundwater and various parameter like; P.H., Conductivity, TOC, COD, TDS, TSS, D.O., total hardness, 
turbine speed, and volume of potable water produced at a particular time are the most important things to 
be obtained after purification of water to ensure the effectiveness of the work of the model done. The main 
point of the experimental setup is to study and evaluate groundwater desalination using renewable energy 
by using reusable and environmentally friendly materials and developing new methods to meet the current 
demand for drinking water, considering the quantity and quality of water and the operational value of the 
project.                                                   

EXPERIMENTAL 
Water desalination is the backbone of the industrial sector because of the lack of safe drinking water 
worldwide. It is estimated that about 1.2 billion people do not have access to fresh water, according to a 
2003 UNESCO report. There is a clear development in water purification and a significant increase in water 
treatment companies, which led to enormous energy consumption at very high prices. Many researchers 
have studied alternative technologies by using renewable sources available in the environment to solve the 
problem of rising energy costs. In this logic, I have developed a model based on renewable hybrid energy 
from wind energy and solar power to operate the reverse osmosis system through an electric medium that 
aims to produce potable water at a low cost. Accessories are used for setting up the unit. The desalination 
model using hybrid renewable energy (wind and solar energy) is the experimental preparation of the 
desalination unit. The model consists of elements shown in Table-1. 
 

Table-1: Elements and Configurations of Desalination Model Using Hybrid Renewable Energy 
Subject Qty Type Size 

Oil barrel 1 Steel 1.5 m x 0.60 m 

Home R.O. system with all accessories 1 - - 

 (Body to support parts) G.I. pipe 2" 2 Steel 3 m 

Solar Panel 18v 1 - 0.30 m x 0.15 m 

Car dynamo 12v 1 Nissan 12 Volt 

Storage Tank 2.5g 1 Fiber 2.5 gallon 

(Base) Steel  5 Steel 1.5 mtr 

12V battery 1 Motorcycle 12 Volt 

Inverter 1 12v to 240v 500watts 

Bearings 2 F210 2" 

V Belt 1 Class A 59" 

Washing Machine Pulley 1 Aluminum 0.30 m 

Cables, Nuts & Bolts. Ls - Ls 
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Methodology 
The system created is based on a hybrid of renewable energy, where the model can use solar and wind 
power or one of them to charge the operating system (battery). The solar panel was installed at the top of 
the model, which receives the sunlight in the day and converts it to electrical energy up to 18 volts as a 
maximum to charge the battery. The model is also equipped with a vertical turbine that rotates the generator 
(car dynamo), which, in turn, charges the battery with electric power up to 12 volts. Two types of renewable 
energy have been used to ensure that the system is continuously supplied with the necessary power to 
operate the Reverse Osmosis Pump.  

 
(a)                                    (b) 

Fig. -1: (a)  Schematic Diagram of the Experimental Unit (b) The Real Setup of the Experimental Unit 
 

The inverter was plugged into the battery to increase the power from 12 volts to 240 volts and convert them 
from D.C. to A.C. because the home R.O. system has a 240-volt power adapter which will switch it after 
that back to A.C. with 24 volts to run the system pump. As for the water distillation technique, a hand-held 
water tank has been installed as a feeder for the distillation system, where groundwater is purified from the 
pump through the system through five consecutive sequencing stages to ensure the best possible quality of 
drinking water. 

 
Fig.-2 Mechanism of the Model 

 

Characteristics of Groundwater to be used 
Water is the most significant component of the earth and constitutes 71% of its components, making life 
more balanced. Water is 85-90% of an adult's entire body. The human kidney acts as a filter for fluids 
entering the body and converting it into valuable substances. Naturally, human intake of clean fluids is 
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directly proportional to the effectiveness of kidney function. Therefore, World Health Organization (WHO) 
has set standards and limits on drinking water that directly affect the organism in general and humans in 
particular. In this chapter, the characteristics of groundwater used in distillation are shown and compared 
to the standards of the World Health Organization. A total of five samples were collected from Al Thawara 
spring water in the state of Nakhl in the Sultanate of Oman. The average temperature of the water is 40 °C, 
which is used to irrigate crops in that area where it feeds more than 25 falls. In the College of Engineering 
laboratories, we studied some crucial characteristics of the water of that spring to compare it later with the 
drinking water standards according to the health organization after purifying it using the prepared setup. 
The dissolved oxygen (D.O.), total suspended solids (TSS), total dissolved solids (TDS), pH, COD, and 
total organic carbon (TOC) in water was studied using the following tools.  
 

Testing Dissolved Oxygen 
After examining the amount of dissolved oxygen in 4 samples, there was a slight discrepancy in the readings 
because the samples were required to be mixed with the air as the results were close to the drinking water 
standards. It was about 9.0 ppm. 
 

Testing P.H. of Groundwater 
The pH of the groundwater is between (6.5 - 8.5). If the pH of the sample increases or decreases from this 
level, this is evidence of the discharge of industrial waste into the water. 
 

Testing TSS 
This experiment is based on measuring the weight of the filter papers before and after the experiment. The 
following table shows the weight of the papers before and after the filtration and drying process. Through 
the experiment, I noticed that the ratio of the suspended materials was small. The average ratio of suspended 
materials is 21% of the five samples used for the examination. 
 

Total Dissolved Solids (TDS) 
Is the amount of solids per liter of water previously filtered in the TSS test? It is calculated by pooling the 
passing water through the TSS filter in a well-known container (180 °C) and then weighing the container 
again and calculating the difference that determines the TDS amount. In milligrams per liter, the process 
takes about two hours. We use TDS to identify solids that cannot remove precipitation, filtration, or 
precipitation. The readings were between 697–705 ppm.  

 

RESULTS AND DISCUSSION 
The study of the criteria and characteristics of a model is the most effective way to obtain the best results 
by comparing and presenting the desired data at the end. From this point of view came the idea of discussing 
the standards of the model before and after the setup operation. The last chapter reviewed the most important 
criteria before the operation. This chapter discusses the most important results we obtained when operating 
the model and compares it with the original standards as reported by the World Health Organization. 
 

Wind Speed of the System 
Wind energy is one of the sources in this project, which is based on producing electricity from renewable 
energies to operate a reverse osmosis system in groundwater treatment. The model was installed in a high 
place at the College of Engineering College to obtain the appropriate wind energy. The construction of the 
model was completed in October 2017 in the winter season, when all the parts were installed and ready for 
calibration. A barrel has been installed and equipped to form the turbine, 150 cm in height and 60 cm in 
diameter. The pulley diameter fixed at the bottom of the barrel is 30 cm, and the generator pulley diameter 
is 5 cm by 1:6, respectively. It is also known that to obtain maximum power from the dynamo, the dynamo 
pulley must be rotated at 2000 rpm, and 500 rpm of the pulley fixed at the bottom of the barrel. Using a 
Tachometer, a speed of 6003 rpm was obtained at the experiment for the top dynamo pulley and 1139 rpm 
for the same pulley. When checking the output power of the dynamo, it was observed that the speed is 
sufficient to produce enough volts (the power needed to charge the battery) at a speed of 6003 rpm. Thus 
we can conclude that wind energy is sufficient to operate the osmosis system used in the model in addition 
to solar energy, where solar panels can too. 
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CONCLUSION 
Renewable energy is obtained from inexhaustible sources and is often described as clean energy. It does 
not produce environmental pollution residues such as fossil coal, petroleum, carbon dioxide, or nuclear 
energy that emits toxic radiation, and thus is better for the environment. They are always available, not like 
the oil on its way. The world has been investing in renewable energy in industries and discoveries, and 
water is the most significant proportion of the globe. However, most of it is unfit for human use. It aims to 
benefit from renewable energy in water desalination to provide renewable energy in various forms. Because 
of the water scarcity in the Sultanate, the idea of creating a pilot model that simulates the reality of 
groundwater treatment is available to be drinkable and at the lowest possible prices. Through the operation 
of the model and experience in the conditions of its customers was obtained at 1.6 LPM, or 2304 liters per 
day, and 800000 liters per year at a speed of rotation of 3000 RPM for the turbine, the cost of the project 
estimated only 200 RO. Note that the turbine is vertical and has a height of 1.5 meters with a diameter of 
not more than one meter.  
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