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Classification of water according to salinity 

Fresh Brackish Saline 

<1000 mg/l 1000-10,000 mg/l > 10,000 mg/l 

Mediterranean Sea 30,000 – 35,000 mg/l 

Red sea  42,000 mg/l 



Water Shortage in the world. 



Water Shortage in Egypt 



Resources of Drinking water in Egypt 

 With the increase in Egypt’s population to over 100 million, Egypt's water 

consumption has reached between 105 to 110 billion m3 /year. 

 The annual flow from the Nile has been stable at 55.5 billion m3 for many years; 

Egypt is therefore classified as a country in water poverty. 

 It currently has only 80 billion m3 , of which 55.5 billion m3 come from the Nile. 



Why Desalination? 
Desalination is the process of removing salt and other dissolved solids from water in order to 

produce water suitable either for human consumption or agricultural purposes and industrial 

processes. 

Desalination can play a large role in increasing the supply of fresh water in both 

developing and developed nations. 

Desalination not only pertains to sea and ocean water but also to 

brackish water such as agricultural and industrial waters. 



Desalination by the numbers: Worldwide  

The total number of desalination plants worldwide   18,426 

Capacity of desalination plants 86.8 million 

m3/day 

The number of countries where desalination is 

practiced 

150 

The number of people around the world who rely 

on desalinated water for some or all their daily 

needs 

300 million 

International Desalination Association (IDA) report 30 June 2015 



Current state of desalination plants in Egypt 



Desalination techniques 



Thermal techniques 

Multiple-Effect Distillation(MED) 

 



Thermal techniques 

Multi-Stages Flash (MSF) 



Types of membrane filtration 

Membrane process 



Membrane  

process 

Forward 

osmosis 

Reverse 

osmosis 

Membrane 

distillation 
Electrodialysis 



osmosis phenomena  



Forward osmosis 



Membrane distillation 



Electrodaialysis 



Reverse osmosis phenomena  



How to calculate osmotic pressure 

posm = ι[c]Rτ 
assuming the following :  

• ι is the van’t Hoff index (also called the number of osmotically active particles), given by the 

relation ι = 1 + e(ν − 1), where e is the degree of dissociation representing the ratio of how 

many original solute molecules are dissociated, and ν is the number of ions formed by the 

molecule dissociation (the stoichiometric coefficient of dissociation reaction). As an example, 

in the case of sodium chloride (NaCl), e ≈ 1, ν = 2, consequently ι = 2.  

• [c] is the molar concentration of the solute.  

• R is the ideal gas constant equal to 8.31441 J K−1mol−1 .  

• τ is the absolute temperature of the solution. 



Important definitions 

Salt Passage (Sp) it is ratio of salts in the permeate (TDSp) to the salts in the 

feed (TDSf): 

Sp= TDSp / TDSf x100 

Salt rejection (Sr ) it is a relative measure of  how much  of salt  that was 

initially  in feed water was retained by membrane: 

Sr= 1-(TDSp/TDSf )x100 



Important definitions 

Net driving pressure (NDP) the difference between applied feed pressure 

minus all other forces that counter the movement of permeate through 

membrane: 

NDP= Fp – (Opfc + Pp + 0.5 Pd) 

Permeate flux (Fp) is defined as the permeate flow divided by the unit area of 

membrane it is also can calculated by dividing the flow rate (Qp)of membrane 

element by unit area of element 

Fp= Qp/S 

Specific membrane permeability (SMP) is defined as the resistance of 

membrane to water flow 

SMP= Fp/NDP 



Important definitions 

Permeate recovery (Pr) is ratio of flow rate of permeate to the flow rate of 

saline feed : 

Pr= Qp/Qf x100 

TDS of concentrate(TDSc) it depend on the permeate recovery , it the 

actual concentration of feed and permeate 

TDSc= [TDSf – (Pr/100 x TDSp_)]/(1 - Pr/100) 



Important definitions 

Water transport rate(Qw) is proportional to water transfer coefficient which 

related to membrane material, membrane surface area and net driving 

pressure 

Qw=A X S X NDP 

Salt transport rate (Qs) is proportional to salt transfer coefficient which 

related to membrane material, membrane surface area and concentration 

gradient 

Qs=B X S X ∆C 



Effect of salinity on RO performance 



Effect of temperature on RO performance 



Effect of pressure on RO performance 



Effect of temperature on RO performance 



Effect of recovery on RO performance 



Effect of temperature on RO performance 



Energy consumption of seawater desalination methods 

Total equivalent 

electrical energy 

(kWh/m3)   

Desalination Method  

13.5–25.5 Multi-stage Flash MSF 

6.5–11 Multi-Effect Distillation MED 

3–5.5 Reverse Osmosis RO 



Question  

Calculate the brine TDS , salt passage, salt rejection , feed 

flow rate for groundwater desalination plant with the 

following  

 Permeate recovery 60% 

 Feed TDS 7000 ppm 

 Permeate TDS 150 ppm  

 Plant Capacity 20 m3/day 




