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Introduction:

There is an important need for clean, pure drinking water in many developing countries. Often water sources are brackish (i.e. contain dissolved salts) and/or contain harmful bacteria and therefore cannot be used for drinking.

Desalination is the process of removing salt from brackish water. Desalination finds its application for providing drinking water in areas that are short of potable water, but have brackish water in abundance. Different methods of desalination currently applied are: (1) distillation, (2) reverse osmosis, (3) electro dialysis, and (4) ion exchange.

Distillation is one of the processes that can be used for water purification. This requires an energy input, as heat, solar radiation can be the source of energy. In this process, water is evaporated, thus separating water vapour from dissolved matter, which is condensed as pure water.

Energy Requirements: 

The energy required to evaporate water is the latent heat of vaporization of water. This has a value of 2260 kilojoules per kilogram (kJ/kg). This means that to produce 1 litre (i.e. 1kg since the density of water is 1kg/litre) of pure water by distilling brackish water requires a heat input of 2260kJ. This does not allow for the efficiency of the heating method, which will be less than 100%, or for any recovery of latent heat that is rejected when the water vapour is condensed.

It should be noted that, although 2260kJ/kg is required to evaporate water, to pump a kg of water through 20m head requires only 0.2kJ/kg. Distillation is therefore normally considered only where there is no local source of fresh water that can be easily pumped or lifted.
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A simple solar still:

Following is the diagram of single-basin still. The main features of operation are the same for all solar stills. The incident solar radiation is transmitted through the glass cover and is absorbed as heat by a black surface in contact with the water to be distilled. The water is thus heated and gives off water vapour. The vapour condenses on the glass cover, which is at a lower temperature because it is in contact with the ambient air, and runs down into a gutter from where it is fed to a storage tank.
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Figure 5. Section of a typical solar still
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Multi-Stage Solar Distillation:

The unit described in this paper is different from the conventional single-basin solar still in making repeated use of the solar energy to evaporate successive batches of water and desalinate them, thus increasing the yield of the still several fold.
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Construction:

Multi-Stage Solar System consists of following major components:

· A reflector:
A reflector can be made up of parabolic mirror. Or we can use mirror plates pasted in a parabolic manner on curve wood.
· A distillation unit:
The distillation unit is made up of transparent glass with Aluminum sheets and rubber pipes.

· Brackish water supply:
Brackish water or sea-water is supplied by rubber pipe in-let.

· Fresh water take-out:
Fresh water or distillate is taken out by rubber pipe out-let.
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Size:

The distillation unit is made up of glass which is 20 inches long, 10 inches wide and 8 inches broad. The Aluminum sheets are 18 inches wide. 10 inches of sheet is in parabolic manner the rest is bent to work as fresh water out-let. Two Aluminum sheets are used in the model.
Working:
The heat from the Sun is reflected by a reflector. This heat is absorbed by the sea-water, which is supplied through a pipeline, and sea-water evaporates. These vapours condense on the cool surface above. The cool surface is in a slanting position with collectors at the end so the condensed vapours flow with surface and are collected in the the basin, this is fresh water. 

The heat lost by the vapours is used again to evaporate another batch of water which goes through the same process. So we can successfully get four times more water than a simple solar system.

Data:
After construction of our model we did an experiment. We placed the model in East-West alignment at 10:00 am and we recorded the readings till 14:00 pm. Following is the table of our readings:

	Sr. no.
	Time (hrs)
	Water (liter)

	1.
	10:00 am
	0 liter

	2.
	10:30 am
	0.2 liter

	3.
	11:00 am
	0.4 liter

	4.
	11:30 am
	0.7 liter

	5.
	12:00 pm
	1.1 liter

	6.
	12:30 pm
	1.5 liter

	7.
	13:00 pm
	1.9 liter

	8.
	13:30 pm
	2.3 liter

	9.
	14:00 pm
	2.8 liter
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Time required for distillation of 1 kg at specific temperature 28°C
	S .No
	Time(hr)
	Water Output

	1.    
	2 hr 
	1 kg

	2.
	1.25 hr
	1 kg

	3.
	1.11 hr
	1 kg


               With each hour, the time required for evaporation decreases.
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Amount of water in 1 hour time at specific temperature 28°C 
	S .No
	Time(hr)
	Water Output(liter)

	1.
	1 hr 
	0.4 liter

	2.
	2 hr
	1.1 liter 

	3.
	3 hr
	1.9 liter


Temperature throughout day
	S .No
	Time(hr)
	Temperature(°C)

	1.
	10:00 am
	28°C

	2.
	10:30 am
	28°C

	3.
	11:00 am 
	28°C

	4.
	11:30 am
	28°C

	5.
	12:00 pm
	28°C

	6.
	12:30 pm
	28°C
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Comparison Table:

	Other Organics
	S
	S
	

	Other Inorganic
	R
	R
	S

	Nitrates
	R
	R
	

	Lead
	R
	R
	R

	Mercury
	R
	R
	

	Iron and/or Manganese
	R
	R
	R

	Fluoride
	R
	R
	

	Copper
	R
	R
	R

	Chlorine
	R
	S
	R

	Asbestos
	R
	R
	

	Arsenic
	R
	R
	R

	Hard water, Calcium and Magnesium
	R
	R
	

	Bacteria
	R
	R
	

	
	Distillation
	Reverse Osmosis
	KDF filter


S = Some removal
R = Removal
                                                                                                                                         10

Explanation by PI-Charts:
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Different Methods

According to 1998 IDA Worldwide Desalinating Plants research, the ratio of usage of different desalinating methods are given above in the graph. It is clear that Multi-Stage Flash and Reverse Osmosis are the most widely used methods through out the world.
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Sea-Water Composition:

Basically sea-water composes of six major salts (as shown in the graph). To make the water drinkable these salts must be removed.





Graph # 2
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Comparison of Different Desalinating Methods:

There are five major methods of desalination. But here we only consider three mostly used methods.

KDF Filters:
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KDF filters are mostly used in Pakistan. It is clear from the figure that KDF filter is able to remove Lead, Copper, and Chlorine. But the rest of harmful elements are left in the water. Nowadays, new developed filters are used which are effective but costly.
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Reverse Osmosis:

Reverse Osmosis on the other hand is able to remove most of the harmful elements in the water, but Chlorine is an exception. The cost of installment of an RO Plant is also very high. And it requires time to time maintenance. Even a very small hole in the membrane will result in the decrease of water quality and purification. 
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Distillation:

Distillation is able to remove every harmful element but still it removes all the minerals, just like an RO system, so we have to add minerals. But the installation cost and maintenance of a Distillation Unit is much easier. Solar Distillation Plant decreases the working cost of the system. And it can be handled by a single person with no experience.
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Discussion:

Distillation is a very effective way of desalinating and purifying water. Reverse Osmosis (RO) is also effective but costly method of purification. Even a very small hole in the membrane will result in the decrease of water quality and purification. Distillation when combined with Solar Energy becomes a feasible way of purifying and desalinating water. And when it is made Multi-Stage Solar Distillation/Desalination, more purified water is gained in less time. This model is easy to handle and can be moved easily. It can be used according to its requirement. For example, it can be used in offices, colleges, homes, organizations, industries, villages, schools, exhibitions etc. It can also be used, after some catastrophic natural disaster, to provide people with clean and purified water. All in all, it will act as a great resource in the development of a country.
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Residue:

As sea-water evaporates, salt and other minerals are left inside the model. This residue can be taken out, after the sun-set, and can be utilized in industries. Many of these residues are really important industrially as well as for human life, for example salt. As we all know that salt is a very industrially important compound. Some of the important uses of salt are given below:

· Salt + water solution is known as “Brine”. Most of the brine is used in industry for the production of sodium carbonate and sodium hydroxide.

· It is also used as a table salt, after treatment.

· In chemical industry, it is used in the manufacture of sodium metal, chlorine gas, sodium hydroxide, sodium carbonate, sodium hypochlorite (I), sodium chlorate (V), etc.

· Other chemical uses of sodium chloride are in glazing earthen ware, regeneration of water softeners and in salting out of sodium soap.
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Advantages:

· Distillation is the most effective method of water purification.

· This method is very cheap and feasible.

· It is much effective as compared to Reverse Osmosis and other Desalination method.

· It can be commercialized, either by providing models to houses or by making this model on larger scale.

· The salt left after the evaporation of sea-water can be taken out after sun-set. This salt (NaCl) can be utilized in Industries.

· This model is easy to handle. Even one man can easily handle it without any problems.
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Future Scope of Work:

Instead of using a mirror, Solar Panels can be used which can act as heat suppliers. Half energy (electricity) from the Solar Panels will be given to the system and the rest of the energy (electricity) can be stored in the batteries, which will be utilized after sun-set. In this way the model can work 24 hrs a day.

[image: image7.emf]
Commercial Use:

This model can be used in homes as well as in offices, colleges, homes, organizations, industries, villages, schools, exhibitions etc. This model can be developed at a commercial level for a town or for a building. The effectiveness can be increased by placing many models in one line or by increasing the size of the parabolic mirror and distillation unit.
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Conclusion:

It is clear from our readings and data that Multi-Stage Solar Desalination System can produce 8.4 liters per day in winter. So, in summer its effectiveness will be increased. It is also clear from comparison tables and flowcharts that Multi-Stage Solar Desalination System is the most effective and less costly way of getting pure drinking water.
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