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ABSTRACT 
 
Desalination is one of the oldest technologies 
used by people for water purification in the world. 
Desalination uses a large amount of energy to 
remove a portion of pure water from a saltwater 
source. Saltwater is fed into the process, and the 
result is one output stream of pure water and 
another of wastewater with a high salt 
concentration. Solar energy can directly or 
indirectly be harnessed for desalination. 
Collection systems that use solar energy to 
produce distillate directly in the solar collector are 
called direct collection systems.  
 
The study was done with 30 liters of water 
producing average of 2.79 liters per day. The 
production of distillate was not steady at the 
period of the experiment due to fluctuating nature 
of solar radiation. The distillate yield from the 
results indicated that the higher the temperature 
the higher the distillate produced each day, for 
example the maximum atmospheric temperature 
during the experiment was at day 2 and day 3, 
respectively, which corresponded to the 
maximum distillate yield of 3.4 liters and 3.3 liters, 
respectively. The atmospheric temperature during 
the experiment varied from 26 – 31⁰C. 

 
(Keywords: desalination, river water, purification, solar 

energy, distillate) 

 
 
INTRODUCTION 
 
Many human diseases are due to polluted or non-
purified water resources. Even today, 
underdeveloped and developing countries alike 
face a huge water scarcity problem because of 
unplanned mechanisms and pollution created by 
man-made activities [1]. Desalination is one of the 
oldest technologies used by people for water 

purification in the world. In this context, many 
conventional and non-conventional techniques 
have been developed for purification of saline 
water [2].  
 
The main problems with the use of solar thermal 
energy in large scale desalination plants are the 
relatively low productivity rate, the low thermal 
efficiency, and the considerable land area 
required. Since solar desalination plants are 
characterized by free energy and insignificant 
operation cost, this technology is suitable for 
small-scale production, especially in remote arid 
areas and islands, where the supply of 
conventional energy is scarce [3,4].  
 
Desalination uses a large amount of energy to 
remove a portion of pure water from a saltwater 
source. Saltwater is fed into the process, and the 
result is one output stream of pure water and 
another of wastewater with a high salt 
concentration. Solar energy can directly or 
indirectly be harnessed for desalination.  
 
Collection systems that use solar energy to 
produce distillate directly in the solar collector are 
called direct collection systems whereas systems 
that combine solar energy collection systems with 
conventional desalination systems are called 
indirect systems [1]. In indirect systems, solar 
energy is used either to generate the heat 
required for desalination and/or to generate 
electricity that is used to provide the required 
electric power for conventional desalination plants 
such as multi-effect (ME), multi-stage flash (MSF) 
or reverse osmosis (RO) systems [5]. 
 
Desalination is increasingly being used to provide 
drinking-water under conditions of freshwater 
scarcity [6]. Water scarcity is estimated to affect 
one in three people on every continent of the 
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globe, and almost one fifth of the world’s 
population live in areas where water is physically 
scarce. This situation is expected to worsen as 
competing needs for water intensify along with 
population growth, urbanization, climate change 
impacts and increases in household and 
industrial uses. Desalination of available brackish 
water has been considered as an alternative 
approach [7]. 
 
Desalination may be applied to waters of varying 
levels of salinity, such as brackish groundwater, 
estuarine water, or seawater; in some regions, it 
forms the primary source of drinking-water. At its 
origins, desalination technology was primarily 
thermal, by flash distillation, but as a result of 
technological advances, membranes have 
become a more cost-effective alternative that is 
increasingly being selected for new systems. 
Many thermal plants remain in use. 
 
Saline sources are different from freshwater 
sources in that they always require a substantive 
treatment step [6]. However, while the 
desalination process usually provides a 
significant barrier to both pathogens and chemical 
contaminants, this barrier is not necessarily 
absolute, and a number of issues could 
potentially have an impact on public health. Some 
of these are similar to the challenges 
encountered in most piped water systems, but 
others, such as those related to stabilizing and 
remineralizing the water to prevent it from being 
excessively aggressive, are different and 
therefore must be addressed within the context of 
a site-specific health risk management plan. 
 
 
Source Water and Potential Hazards 
 
Source water for desalination can be marine or 
brackish surface water or highly mineralized 
groundwater. By definition, this water has a 
significant content of naturally occurring inorganic 
ions, and the objective of treatment is to reduce 
the concentration of, or remove, these 
substances [6]. These naturally occurring 
substances include some that would be of 
potential concern if present in sufficient 
concentrations after treatment. Like all surface 
water sources and some groundwater sources, 
there can be contamination by pathogenic 
viruses, bacteria and parasites and by a variety of 
chemical contaminants from human activities. 
 
There are notable differences between freshwater 
sources and brackish or saline sources. In 
particular, the survival of many microbial 
pathogens is significantly reduced in saline 

waters, especially in combination with a high level 
of solar radiation. However, some pathogens, 
such as Vibrio cholerae, do survive well in saline 
waters. There are also many marine algae that 
can produce toxins of concern to human health. 
These issues are covered in detail in Desalination 
technology: health and environmental impacts [8]. 
Chemical constituents of interest include boron 
(borate), bromide, iodide, sodium and potassium; 
they may require additional actions for removal 
(boron) or are present in such concentrations as 
to leave significant residues. 
 
While natural organic matter (NOM) varies 
significantly, there are a number of organic 
substances, coming from both natural and 
anthropogenic sources, which are of particular 
interest. Individual and groups of chemicals that 
are of concern for desalination processes are 
considered in more detail in a large-scale 
desalination process. 
 
Understanding the hazards that are likely to be 
present in the source water is a critical condition 
for the proper design of the desalination process; 
it highlights the need for pre-treatment steps and 
the removal of contaminants in treatment or the 
need for additional treatment barriers. In the case 
of potential problems from contaminants, either 
chemical or microbial, the first step in reducing 
the associated risks is to try to prevent or reduce 
inputs at source. In some cases, this may be 
possible; in other cases, siting of the raw water 
intake may help to minimize the intake of 
contaminants into the desalination plant. 
However, thermal plants, in particular, are often 
co-located with power plants, and there may be 
limited options in terms of suitable locations for 
the intake [6].  
 
Where source water quality is highly variable, 
some form of monitoring will help to provide 
information in managing water abstraction to 
minimize the intake of constituents or 
contaminants. For example, some estuarine-
based desalination plants abstract water only at a 
particular tide level to reduce the salinity in the 
source water and the concentrations of possible 
anthropogenic contaminants. In addition, 
knowledge of potential contaminants is important 
in preparing emergency plans to protect source 
water quality (e.g., to deal with oil spills in oil-
producing regions). 
 
 
Overseas Use of Desalination Technologies 
 
In predominantly arid regions of the world, and 
especially in the Middle East, where conventional 
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sources of fresh water (e.g., rivers, lakes, 
reservoirs or groundwater) are not readily 
available, seawater desalination will continue to 
supply drinking water [9]. In some countries, 
desalinated water may also be used for 
government subsidized agricultural operations 
where self-sufficiency and national security are 
primary objectives. However, desalinating 
irrigation water for traditional open-field 
agriculture will probably not be economically 
competitive in the foreseeable future anywhere in 
the world. In the absence of free market 
constraints (e.g., government subsidies), it is 
usually more cost-effective to import crops from 
water-rich agricultural regions [9].  
 
In most lower-tier developing countries the vast 
majority of water will continue to come from 
essentially salt-free surface and groundwater 
supplies. It is estimated that about half of the 
people in these countries do not have adequate 
(e.g., disinfected) drinking water supplies; about 
70 percent have inadequate sanitation facilities.  
 
Water treatment, if there is any, generally 
involves the use of more conventional 
technologies, such as sedimentation, filtration, 
and disinfection. However, relatively small 
desalination plants may be of particular value for 
tourist hotels, construction sites, and certain 
isolated communities that have no other readily 
available sources of freshwater. In very remote 
areas small solar stills or solar-powered desalting 
units may be an appropriate desalting alternative. 
The majority of industrialized countries are 
located in temperate zones where supplies of 
freshwater are adequate. Therefore, desalination 
technologies will be used in these countries 
primarily for industrial purposes, and secondarily 
for treating drinking water. 
 
 
Solar-Powered Water Desalination 
 
Solar energy is the oldest energy source used by 
human beings [10]. The first known practical 
application was in drying for food preservation. 
Scientists have long looked at solar radiation as a 
source of energy, trying to convert it into a useful 
form for direct utilization. Archimedes, the Greek 
mathematician and philosopher (287–212 BC), 
used the sun’s reflected heat to burn the Roman 
fleet in the Bay of Syracuse [11]. During the 
eighteenth century, the French naturalist Boufon 
experimented with various solar energy devices 
which he called ‘hot mirrors burning at long 
distance’ [12].  
 

Most forms of energy are solar in origin. Oil, coal, 
natural gas and wood were originally produced by 
photosynthetic processes [13]. Even wind and 
tide energy have a solar origin, since they are 
caused by differences in temperature in various 
regions of the earth. The great advantages of 
solar energy, compared with other forms of 
energy, are that it is clean, sustainable and can 
be used without any environmental pollution.  
 
Solar energy is used to heat and cool buildings, 
to heat water for domestic and industrial uses, to 
heat swimming pools, to power refrigerators, to 
operate engines and pumps, to desalinate water 
for drinking purposes, to generate electricity, in 
chemistry applications and for many more 
functions. The decision about which source of 
energy to use should be made on the basis of 
economic, environmental and safety 
considerations. Because of its desirable 
environmental and safety advantages, it is widely 
believed that, where possible, solar energy 
should be utilized instead of energy derived from 
fossil fuels, even when the costs involved are 
slightly higher [14]. This section focuses on the 
desalination of saline water by using solar 
energy. 
 
 
Water Desalination using Solar Power 
 
Solar water desalination has a long history. The 
first documented use of solar stills was in the 
sixteenth century and, in 1872, the Swedish 
engineer, Carlos Wilson, built a large-scale solar 
still to supply a mining community in Chile with 
drinking water [15]. Solar desalination using 
humidification and dehumidification is a promising 
technique for producing fresh water, especially in 
remote and sunny regions. It has the potential to 
make a significant contribution to providing 
humans with fresh water using a renewable, free 
and environmentally friendly energy source [16].  
 
Solar energy can be used to convert saline water 
into fresh water with simple, low cost and 
economical technology and thus it is suitable for 
small communities, rural areas and areas where 
the income level is very low [17]. Recent 
developments have demonstrated that solar 
powered desalination processes are better than 
the alternatives, including ED, RO and freezing, 
for freshwater provision in remote rural areas 
[18]. Solar-powered desalination processes are 
generally divided into two categories, direct and 
indirect systems. 
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Direct systems: The direct systems are those 
where the heat gaining and desalination 
processes take place naturally in the same 
device. The basin solar still represents its 
simplest application, the still working as a trap for 
solar radiation that passes through a transparent 
cover. 
 
Solar Still: Solar still distillation represents a 
natural hydrologic cycle on a small scale. The 
basic design of a solar still, which is similar to a 
greenhouse, is shown in Figure 1. Solar energy 
enters the device through a sloping transparent 
glass or plastic panel and heats a basin of 
saltwater [10]. The basin is generally black to 
absorb energy more efficiently. The heated water 
evaporates and then condenses on the cooler 
glass panels. The condensed droplets run down 
the panels and are collected for use as fresh 
water. Experience proves that 1 m2 of ground will 
produce 3–4 l/day of freshwater. Because of this 
low production, it is important to minimize capital 
costs by using very inexpensive construction 
materials. Efforts have been made by various 
researchers to increase the efficiency of solar 
stills by changing the design, by using additional 
effects such as multistage evacuated stills and by 

adding wicking material, etc. And these 
modifications have increased production per unit 
area [19]. In the simple solar still shown in Figure 
1, the latent heat of condensation is dissipated to 
the environment. However, the latent heat of 
condensation can be used to preheat the feed 
water, and this obviously leads to an 
improvement in the still efficiency. 
 
Advantages and disadvantages of the solar still: 
Solar still technology requires a large area for 
solar collection, so it is not viable for large-scale 
production, especially near a city where land is 
scarce and expensive. The comparative 
installation costs tend to be considerably higher 
than those for other systems. 
 
They are also vulnerable to damage by weather. 
Labor costs are likely to be high for routine 
maintenance to prevent scale formation and to 
repair vapor leaks and damage to the still’s glass 
[19, 20]. However, they can be economically 
viable for small-scale production for households 
and small communities, especially where solar 
energy and low-cost labor are abundant [19, 21]. 
 

 
 
 
 

 
 

Figure 1: Solar Still Unit [20]. 
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Figure 2: Schematic Diagram of a Simple Solar Still [22, 23] 
 
 

 
MATERIALS AND METHODS 
 
Collection of Water 
 
The water used in this experiment was collected 
from the River Niger close to Onitsha Anambra 
State, Nigeria. The water was tested and found 
out that it is contained salt and some mineral 
element such as calcium, sodium and other 
minute element. Some of the mineral element 
causes hardness of water. They require some 
treatment before it will be used for drinking and 
domestic purposes. 
 
 
Apparatus  
 
The solar still is possibly the oldest method of 
desalination of water. Its principle of operation is 
the greenhouse effect; the radiation from the sun 
evaporates water inside a closed glass covered 
chamber at a temperature higher than the 
ambient [22]. A schematic diagram of typical 
basin type solar still is shown in Figure 2. 
 
 
Experimental Method 
 
The 30 liters of saline water was fed on a black 
plate in the lower portion of the solar distiller. The 
heat of the sun caused the water to evaporate 
and water vapor condensed to form purely 
distilled droplets of water when it reaches the cool 

transparent leaning surface made of glass or 
plastic. The droplets slide down along the leaning 
surface and are collected through special 
channels located under the leaning surface. 
 
 
Determination of Chemical Properties of the 
Water  
 
Color of Water: The method adopted by Ofili and 
Ugwuoke, et al. [7] was used. The water color 
was determined by measurement of optical 
density (absorbance) on a spectrometer which 
has various wavelength of light passage. This 
works with the principle that the wavelength that 
was maximally absorbed by water is the 
characteristic of its colors. The water that was 
used for the investigation was first filtered to 
eliminate possible turbidity. The value of the 
optical density is a measure of color intensity. In 
this experiment the 575-590 wavelength was 
maximally absorbed by the water.  
 
pH Determination: The method adopted by Ofili 
and Ugwuoke et al. [7] was also used. Water 
reaction is usually expressed as concentration of 
hydrogen ion. When pH =7, water reaction is 
neutral; if pH is > or < 7 then the reaction change 
in the alkaline or acid direction, respectively. In 
natural waters, the concentration of hydrogen 
ions depends on the dissociation and hydrolysis 
of the combination occurring in it. The pH meter 
was used for the determination of hydrogen ion 
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and the value of pH of the water obtained was 
6.9. 
 
RESULT AND DISCUSSION 
 
The result obtained indicated that the 
desalination of 30 liters of water from River Niger 
collected from Onitsha, Anambra State gave a 
maximum yield of 3.4 liters at day 3. This was as 
result of high solar radiation during the day which 
resulted to evaporation of the clean water from 

the basin of the solar still and consequently 
collection of the distillate. The fresh water 
collected was not steady for the 10 days period of 
the experiment. This was as a result of unsteady 
nature of solar intensity. Also, poor weather 
condition such as high humidity also affects the 
desalination of the brackish water. The minimum 
yield of 1.8 liters was recorded on the 9th day.  
The range of the distillate water produced was 
1.8 -3.4 liters. 

 
 

Table 1: Volume of the Distillate Produced. 
 

Time 
(Days) 

 

1 2 3 4 5 6 7 8 9 10 

Vol.(Litres)  
 

1.9 3.1 3.4 2.7 2.9 3.3 2.5 3.1 1.8 3.2 

 
 

 
 

Figure 3: Volume of Distillate Produced (Liters) versus Time (Days). 

 

 
Table 2: Maximum Atmospheric Temperature. 

 
Time 
(Days)  

 

1 2 3 4 5 6 7 8 9 10 

Max. Atm 
temp(°C)  

 

27 29 30 28 29 31 26 29 27 30 
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Figure 4: Atmospheric Temperature versus Time (Days). 
 
 

The atmospheric temperature during the 
experiment varied from 26 – 31⁰C. The variation 
of the temperature of the atmosphere has a very 
important effect on the result of the experiment 
especially the distillate output. The increase in 
temperature of the atmosphere will increase the 
basin temperature thereby making more clean 
water to escape to the roof of the solar still, which 
will later trickle down to the collection trough. 
 
The average Insolation at the place of the 
experiment was 450w/m2. The distillate yield from 
the tables indicated that the more the temperature 
the higher the distillate produced each day, for 
example the maximum atmospheric temperature 
during the experiment was at day 2 and day 3, 
respectively, which correspond to the maximum 
distillate yield of 3.4 liters and 3.3 liters, 
respectively. 
  
 
CONCLUSION 
 
Solar energy may be employed to produce fresh 
water from the sea. This may be accomplished in 
a large system or in a simple basin type 
desalination unit. Energy transfer from basin to 
cover occurs by evaporation and condensation, in 
addition to convection and radiation. The 
processes of energy transfer will consequently 
give rise to distillate water. The losses from the 
back of the still are to the ground. The depth of 
the water in the still is usually such that its 
capacitance must be taken into account.  

The maximum distillate produced during the 
experiment was 3.4 liters which correspond to 
maximum atmospheric temperature of 30⁰C. The 
average distillate produced for the period of the 
study was 2.79 liters. 
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