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Introduction: Salinity & Desalination Process  

 Desalination refers to the process by 

which pure water is recovered from 

saline water using different forms of 

energy.  

 The two main commercial desalination 

technologies are those based on thermal 

and membrane processes. 

 
Fresh water Brackish water Saline water Brine  

Less than 0.5 g/l 

Desalinated Water 

0.5-30 g/l 

Underground Water 

30-50 g/l 

Sea Water 

More than 50 g/l 

Desalination Plants 

Rejection 

 Concentration of salt in water measured 

in grams per liter (g/l) or parts per 

thousand.   



Desalination Technologies 

Separation 
Processes 

Thermal 

Multi Stage Flash 
Multiple Effect 
Evaporation 

Freezing 
Humidification-

Dehumidification 

Membrane 

Reverse Osmosis Electro-Dialysis 



Thermal Desalination 

 Saline water is heated, producing water vapor that in turn condenses to form 

distilled water.  

 These processes include multistage flash (MSF), multiple-effect distillation 

(MED).  

 

Water Vapor Water Steam 

Gas phase of water. Water  vapor at high pressure and temperature. 

Sensible Heat Latent Heat 

Heat added or removed and causes change in 

temperature. 

Heat added or removed and causes change in phase. 

Specific Heat Capacity 

Heat required to raise a unit mass by a unit temperature at constant volume or pressure (J/kg.°C). 



Thermal Desalination  

 The basic principle involved in the MSF 
process is to heat the sea water to 
about 90– 120°C using the heat of 
condensation of the vapor produced 
and supplementing with external 
steam. The heated sea water is 
subsequently flashed in successive 
stages maintained at decreasing levels 
of pressure. The vapor produced is 
condensed and recovered as pure 
water.  

Multi Stage Flash Process (MSF) 



Thermal Desalination   

 MED plant has two or more effects. Each 
effect operates at a successively lower 
temperature and pressure. The first effect is 
heated by low pressure steam, about 0.3 
bar. Vapors are generated from the feed sea 
water in the first effect and directed to the 
second effect. Thus vapors from the 
previous effect serve as the heat source to 
the succeeding effect for evaporating the 
brine. Vapor from the last effect is 
condensed in the final condenser where sea 
water is used as the coolant. The vapor 
produced in each effect is passed through 
the demisters to next effect. It is condensed 
inside the tubes transferring the latent heat 
to the brine falling outside the tube enabling 
a portion of the brine to evaporate. 

Multi Effect Distillation (MED) 



Membrane Desalination (Reverse Osmosis) 

Osmosis (Natural Osmosis) 

Water movement through a membrane from low salinity side to the high salinity side. 



Membrane Desalination 

 A typical RO desalting plant consists of three 
sections, namely pretreatment section, membrane 
section and post treatment section. Conventional 
pretreatment section typically consists of 
particulate filtration, micron filtration and 
chemicals additions. Membrane section consists of 
membrane elements housed in pressure vessels 
through which pretreated saline water is passed 
under pressure in excess of its osmotic pressure 
with the help of a high pressure pump coupled 
with energy recovery device. The post treatment 
section consists of lime treatment for pH 
correction and chlorination for disinfection as 
required to meet public health standards and to 
make the water noncorrosive to the water 
distribution systems. 

Reverse Osmosis (RO) 



Membrane Desalination 

Reverse Osmosis (RO) 



Membrane Desalination 

Reverse Osmosis (RO) 

Tampa Bay RO Desalination Plant, Florida, US, 2007 



Desalination Barriers 

 

 Energy Consumption 

 Cost 

 Scaling 

 Environment Impact 

These barriers must be overcame for commercialization 

of Desalination 



Desalination barriers: Energy Consumption 

Multi Stage Flash & Multiple Effect Evaporation 

(Thermal) 
Reverse Osmosis (Membrane) 

10 – 200 kWh/m³ 1 – 10 kWh/m³ 

Steam Turbines Gas Turbines 
Steam and Gas 

Turbines 

Power (MW) to Water 

(MGD) Ratio 
5 : 1 10 : 1 15 : 1 

Integrated system 

between MSF and RO 



Desalination barriers:  Cost 

Electrical 

Energy 

44% 

Chemicals 

5% 

Maintenance 

16% 

Initial 

Capital 

Cost  

37% 

Cost Analysis of RO Membrane 

Desalination Process 

Enrgy 

60% 

Chemical 

3% 

Maintenance 

6% 

Initial 

Capital Cost 

31% 

Cost Analysis for MED Thermal 

Desalination Process 



Desalination barrier:  Scaling 

 

 What is scaling? 

  The accumulation of salt particles on the desalination plant components. 

 

 How to minimize scaling?  

 Addition of chemicals, like Polyphosphate. 



Desalination barrier:  Environmental Impact 

 

 Energy consumption and carbon footprint. 

 

 

 Rejection of brine back into sea. 

Before the start of desalination plant, Environmental Impact Assessment  (EIA) Study 

must be achieved  



Solar Powered MSF Desalination System 

This desalination is applied in 

Abu Dhabi since 2008. 

Egypt study to apply it in the 

near future but more economic 

investigations are tested. 



Desalination using Nuclear Energy 

 Production of potable water in a facility in which 
nuclear reactor is used as the source of energy for 
the desalination process is termed as nuclear 
desalination. Electrical or thermal energy from the 
reactor is directly used by the desalination plants. 
An isolation loop is provided between the nuclear 
reactor and the desalination plant for ensuring no 
radioactive contamination and high protection of 
desalinated water. Co-location of desalination and 
power plants has benefits of sharing the 
infrastructural facilities as in the case of hybrid 
plants. Dual purpose plants generating power & 
water have inherent design strategies for better 
thermodynamic efficiency besides economic 
optimization.  



 Desalination using nuclear 

energy cannot be applied on lab 

scale. 

 Its application needs a 

statements from the political 

leadership. 

 Its design is possible using 

softwares. 

Desalination using Nuclear Energy 



Desalination 

Desalination using Microalgae: New Approach 



Desalination using Microalgae 

 Solar desalination becomes an attractive alternative for remote and rural areas where, 
grid electricity is not available.  

 It is reported that, there are thousands of Indian villages which cannot be connected 
to the grid power network, due to their remoteness. Also, power production utilizing 
environment friendly renewable energy sources is the solution for the issue of climate 
change.  

 The most widely used renewable energy source is the sun. The source of solar energy 
is inexhaustible and it is free. No harmful gases are emitted such as nitrogen oxide, 
mercury, carbon dioxide, or sulphur dioxide. In addition, there are various financial 
incentives that are offered by the government for the production of solar power. 
Electricity is locally produced from sunlight with the help of photovoltaic, PV, panels. 
Solar PV powered desalination systems are suited for small community level plants 
considering the techno-economic viability. 

 However, Spain is NOT rich in solar energy. 



Is Algae a Desalination Tool?! 

 Microalgae are microscopic aquatic plants. 

 Process: Microalgae convert sunlight, water 

and carbon dioxide into biomass and oxygen.  

Biomass contains lipid oils/TAGs. 

Open Ponds Photobioreactors  

Algae cultivation systems 

Biomass Harvesting  

http://s9.photobucket.com/albums/a70/axel000/?action=view&current=aglae-biofuels-tt001.jpg


 Desalination based on the use of algae in the removal of salts from saline water, and 

water production for use in different purposes is a new concept, where using the 

algae reduced the cost to the minimum while maintained the efficiency with no 

reduction as expected. It is required to reach the desalination efficiency using 

microalgae up to 95% till the rates are relatively affordable for possible use in 

different purposes, opening the door to a new direction may succeed in solving the 

problem of water desalination with cost reduction to the minimum possible. 

 The need for more efficient salinity reduction methods has been met with more 

technologically advanced, energy intensive engineered desalination systems that 

require major capital investments and substantial ongoing operations and 

maintenance costs. Low-energy input systems that utilize microalgae and the natural 

biological process of photosynthesis can drive efficient water desalination systems. 

Is Algae a Desalination Tool?! 



Experimental Work Plan 

Materials  Set Up 

1. Microalgae strains 

 Green microalgae strains: Dunaliella 

Spp., Chlorella spp. and Scendesmus spp.  

 Blue green microalgae strains:     

    Spriulina spp. and Nostoc spp.  

2. Saline water 

 Synthetic Seawater. 

 Industrial Saline Water. 

Saline Water 

Tank 

Basin 1 

Basin 2 

Basin 3 

Sampling for 

analysis 

Sampling for 

analysis 

Sampling for 

analysis 

Algal strains 

Algal strains 

Algal strains 



Project time plan 
Samples analysis and results 

representation 

 The system was operated from November 
2017 till January 2018 to obtain the system 
suitability. It consisted of three runs, each 
with three different TDS concentrations 
for the three parts of each basin. Several 
concentrations of saline water 2000, 4000, 
10000, 15000, 20000, 25000, 30000, 35000 
& 45000 ppm will be applied three in each 
run. The feeding media for algae BG-11 
solution (or any media) will be added to 
give algae enough nutrition with rate 
0.1mg/lit/path/run.  

 Samples will be taken each day from 
each part of each basin, as well as the 
effluent tank. Assume the sample 
volume is 50 ml. Water samples will 
routinely collected at specific time (say, 
01:00 pm each afternoon) and analyze 
to investigate water quality during the 
examination period. Parameters like 
Total Dissolved Solids (TDS), Air 
Temperature, Humidity, Sunlight period 
& Algae growth rate should be 
measured as shown in Table 1 and Table 
2. 

Experimental Work Plan 



Experimental Work Plan 

Basin Date Air Climatic Conditions TDS mg/l 

Temperature oC Humidity % Sun Light 

Period (h) 

1st Basin 2nd Basin 3rd Basin 

Day Night 

Basin 1 01/11/2017 

02/11/2017 

03/11/2017 

04/11/2017 

05/11/2017 

06/11/2017 

07/11/2017 

08/11/2017 

Basin 2 09/11/2017 

10/11/2017 

11/11/2017 

12/11/2017 

13/11/2017 

14/11/2017 

15/11/2017 

16/11/2017 

17/11/2017 

Basin 3 18/11/2017 

19/11/2017 

20/11/2017 

21/11/2017 

22/11/2017 

23/11/2017 

24/11/2017 

25/11/2017 

Table 1 Measured parameters during 1st, 2nd or 3rd run 



Experimental Work Plan 

Time (days) Average removal efficiency % 

Inlet TDS above 20000 

ppm 

Inlet TDS between 

20000 and 5000 ppm 

Inlet TDS below 

5000 ppm 

1 

2 

3 

4 

5 

6 

7 

Table 2 TDS removal% 





Open Ponds Photobioreactors  
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