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Membrane Technology. 

o Water treatment:  FO, RO and MD desalination 

o Wastewater treatment: MBRs, SMEBR 

o Membrane fabrication (RO, FO and MD). 

Electrokinetics. 

o Electrochemical bacterial stimulation and/or disinfection-

inactivation 

o Solid waste treatment (removal of toxic heavy metals) 

sludge to fertiliser 

Photocatalysis and solar cell  

o Porphyrin –POM hybrid films  

o Porphyrin based organic solar cell. 

Nanotechnology 

o Catalytic nanotubes on  (Steel , Iron, Titanium surfaces)  

o  Graphene from petroleum waste  

 

 

 

Our Research group Themes 



Sources of water consumed in UAE  

 

Source: Environmental Agency Abu Dhabi, 

2014 
 

INTRODUCTION 

Sources of water consumed 
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Source: WaterWorld, 2014 
 

Introduction 



Water in  believes and superstitions. 

 

 

  

Water in  art  & culture   
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  Quraan announces   :  
 "We have created every living thing from water“. 

 
 

 
God is called "the fountain of living waters“ ( Judaeo-Christian culture)  

Roman Catholic. "Holy water", specially blessed by the priest, 

was provided at the doors of churches for the worshippers to 

sprinkle on themselves before entering. 



 Water in  art  & culture  

   Myth and mystery:   
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    Assyro-Babylonian mythology, first the gods and subsequently all beings 
arose from the fusion of salt water (Tiamat) and sweet water (Apsu). 

 
    Aphrodite - the ancient Greek goddess of love, was born of the sea. 
 
  India, the sacred River Ganges embodies for Hindus the water of life. 
 
 cosmogony of Mesopotamian peoples, the abyss of water was regarded as a 

symbol of the unfathomable, impersonal Wisdom 
 



Ancient history  
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Ancient Egypt the name for water 

was uat, which also means the 

colour green. In early mystical lore, 

water and green were considered 

synonymous because water was 

believed to typify the earliest form of 

soul or generative essence. 

The sign for water was a horizontal 

zigzag line; the small sharp crests 

appear to represent wavelets or ripples 

on the water's surface. 

Cattle Fording a River  

Tomb of Ti, Saqqara, c. 2450 BCE 
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Leonardo, de Vinci  

  “Old Man with Water Studies”, c. 

1513 
Leonardo described water as "the 

vehicle of nature" ("vetturale di natura"), 

believing water to be the world what 

blood is to our bodies Leonardo, c. 1513 

 Old Man with Water Studies,  

Ancient history  

 In China, the water of the fountain at Pon Lai was believed to 
confer a "thousand lives on those who drink it,“ according to 
Wang Chia, writing in the Chin Dynasty (265-420 CE) 



Zam zam water 
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ZamZam water level  = 10.6 feet below the surface. 
It is  pumped continuously for more than 24 hours with 
a pumping rate of 8,000 liters per second, water level 
dropped to almost 44 feet below the surface, BUT 
WHEN THE PUMPING WAS STOPPED, the level 
immediately elevated again to 13 feet after 11 minutes. 

The Miraculous facts about  Zam Zam water well 
 Zam zam Well, except for a fewer periods when it 
became buried under sand, has been in use for 
around 4000 years.  

Dr. Masaru Emoto from university of tokyo  
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Water Quality Monitoring 
 Zamzam water is filtered through a series of sand 
filters and cartridge filters, and then sterilized by 
ultraviolet (UV) irradiation at these treatment plants 
before distribution to consumers. 

480,000 liters per minutes  that 480,000 x 60 = 28.8 
Million liters per hour 
means that 28,800,000 x 24 = 691.2 Million liters per 
day. So they pumped 690 Millions liters of Zam zam 
in 24 hours, but it was re-supplied in 11 minutes only. 

Zam Zam studies and research centre  
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  Hydraulis, or Water Organ, 
 was a musical instrument that produced 
sound using pressure generated by falling 
water as the energy source. 

 Water Drums:  
Drum beat through water filled drums  

Water Music  



 
Water in  Science & technology. 
  Magic  molecule and solvent 
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 Ninety-seven percent of the water on the planet is in the 

form of salt water. Only 3 percent is fresh, and two-

thirds of that is ice. 

 Chemically, water is a compound of hydrogen and oxygen, 
its molecule consists of two atoms of hydrogen and one 
atom of oxygen - H2O    

 Water falls from the sky as rain and issues from the ground in 
springs 

 Unlike other liquids, water expands in freezing. 
  Water is less dense as ice than as a liquid at 4°C. 
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 structure is one of the important key features of a 
substance. 
 Just as shape of a key determines its function - which 
doors it can and cannot open. 
chemistry which creates water from its elements, 
hydrogen and oxygen. Hydro-generation  = Water 
producing  

Water a Universal solvent dissolved in water 

Water is one of the best known solvents 

water molecule maintains a bent shape (bent at 107.5 
degrees actually 

Tetrahedral means "four-sided". The most 
stable geometric shap in universe . Such as 
Pyramids . 3D-triangle /tetrahederon  Most 
stable in Universe .  
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The importance of the bent structure of water 
is that it provides water with two distinct 
"sides": One side of the water molecule has 
two negative lone pairs, while the other side 
presents the two hydrogens 

Water is also highly polar - the two sides of 
water have very different charge. 

 electronegativity, the electrons in the 
covalent bonds between oxygen and 
hydrogen get pulled slightly toward the 
oxygen. Hydrogen bonding .  
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It boils at an extremely high 
temperature for its size. Why? 
Because of the extensive network 
of Hydrogen bonds 

Ice Floats.  

The crystal Structure of Ice 

How am I affected by these 

temperature - phase 

relationships? 

If water were "normal", it 

would be a gas at room 

temperature. No lakes, no 

rain, no body fluids! 

Due to Hydrogen bonding: high Specific 
Heat. like the baked potato effect. Once 
heated, water takes a very long time to 
cool off. Or in reverse, So water act as to 
keep the  thermo state of earth 
survivable.    



3/7/2016 17 

 

Irreplaceable material  in nature:  
  

Water is colorless in small amounts, but exhibits 
a bluish tinge in large quantities. 

 
  Water is linked with the moon through the 
movement of tides and by its moon-like flowing, 

shape-changing quality 

Certain water is called "hard“ “soft” and “ heavy” and holy water    
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No car can drive on water, except in Pakistan  

 So called  "water kit“         vs             “Hydrogen Kit “ 

But How  

Water wheel Car ?? Hydrogen fuel cell  ?? 
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 Challenger Accident 1998  

 If uncontrolled energy of the 

combustion can explode such as  the 

NASA Space Shuttle Challenger 

disaster occurred on January 28, 

1986 

Water splitting technology or  Artificial photosynthesis :  
Could we use such a catalyst for  
converting Water and Sunlight into Fuel? 

California institute of technology 
 ( NASA)  
 failed once  
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NOT “Water kit”  but  “Hydrogen Kit” a New Clean 
Fuel –The ultimate end of the energy crisis  

2H2 + O2 = 2H2O + ENERGY  572 

kJ  
This is an example of an exothermic and  

combustion reaction. 

 

Can we create Hydrogen from Water? 

Oh Yes! It's the same chemical 

reaction, but run in reverse: 
2H2O + ENERGY = 2H2 + O2 

Is there a catalyst for converting Water and Sunlight into Fuel  ? 
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 Catalyst of water splitting : 
  
it's a ruthenium ion) and an attached 
system of organic rings (in chlorophyll 
its a porphyrin derivative, in rubippy 
its a pyridine derivative). 

Hydrogen fuel cell :  
If Scientists were able to get 
Rubippy to work, or created a 
viable alternative, what would 
we do about the explosion 
potential of using Hydrogen 
Fuel? 
Steam H2O  as exhaust gases 
instead of CO2 .  

rubippy 
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Till today car runs on $ that leave foot prints on earth  

Carbon foot prints  

Fossil  fuel    
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Saline water :  
the contamination of salt in water, as expressed in 
"parts per million" (ppm) 
Fresh water - Less than 1,000 ppm 
Slightly saline water - From 1,000 ppm to 3,000 ppm 
Moderately saline water - From 3,000 ppm to 10,000 
ppm 
Highly saline water - From 10,000 ppm to 35,000 ppm 
ocean water   contains about 35,000 ppm of salt 

Mono Lake in California 

Hard Soft   water :  
The amount of dissolved calcium and magnesium in the water. 
 classification of waters are: 0 to 60 mg/L (milligrams per liter) 
as calcium carbonate is classified as soft; 61 to 120 mg/L as 
moderately hard; 121 to 180 mg/L as hard; and more than 180 
mg/L as very hard. 

Heavy water   (deuterium oxide) was discovered by Harold C. Urey 
Holy water :     All religions  linked to holy water   

  
 

Special water types  



• water wheels 
• were in use in ancient Greece several centuries 

BC . The Roman Empire, used it for  for the 
pumping of water from mines. In ancient China, 
where they are known from the first century AD. 

• used throughout Europe during the Middle Ages, 
as a main source of power for driving large 
machines. (Other sources of power were 
windmills and, animal and human power).  
 

• Water wheels drove the mills that ground grain 
into flour, and were also used in metal foundries. 
 

•  was also major source of power before the 
Industrial Revolution. Until  steam power made 
water power less necessary.  
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Water in  Science & technology. 
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Water in  Science & technology. 
 

Water – The Essential Fluid- a medicine  

  approximately 70% of a human’s body weight . 
  Approximately 80% of your brain tissue is made of water. 
  The average amount of water you need per day is about 3 liters (13 cups) for 

men and 2.2 liters (9 cups) for women. 
  Being  thirsty feel , your body has lost more than 1 percent of its total water 

– so let’s not feel thirst. 
  The average person could live without food for nearly a month, but we could 

only survive about one week without water .  
hydration can prevent arthritis. With plenty of water in your body, there is 
less friction in your joints. 
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 H.H. Mitchell, Journal of Biological 
Chemistry 158, the brain and heart are 
composed of 73% water, and the lungs are 
about 83% water. The skin contains 64% 
water, muscles and kidneys are 79%, and 
even the bones are watery: 31%. 

 Dr. Jeffrey Utz, Neuroscience, pediatrics, 
Babies have the most, being born at about 
78%. By one year of age, that amount drops 
to about 65%. In adult men, about 60% of 
their bodies are water. 

Water  Facts  



 

   Water resources : 
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 The 3 %  of earth's total 

water is considered fresh. 

  water.  2.997 %   trapped 

in polar ice caps and deep 
within earth surface. 

 

 The 0.003 %  of earth's 

total available water by 
volume is available. 

Salty water, 71 %  of the earth's surface. Oceans contain 97 %  by volume, which 

is too salty for drinking, irrigation or industrial use. 



 
Water resources : 

  available vs unavailable 
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 If entire worlds water was contained in 100 liters or 26 gallons, then  readily 

available water is  one-half teaspoon. 
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• Water, water, everywhere, 
And all the boards did shrink; 

Water, water, everywhere, 
Nor any drop to drink. 

(Coleridge, The Rime of the Ancient 
Mariner, 1798) 

2/3  of Earth's surface is covered by water ; less than 1/3  is taken up 
by land. 
 
.Today, around 7 billion people on the planet, there are limits of 
resources . Surface /under surface waters are being "squeezed" by 
human activities  

Unavailable  water  
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Projected water availability  

Pakistan = < 500 m3 

Extreme scarcity  



 
Water use :  
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UN World water development report  
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 USA  consumes   

03 times    more  

water  a day than  an  
average EU country. 
 

10  times more 

water than  most 
developing countries .  

World average total water withdrawal: ~506 m³/inhabitant/year ( 506,000 liters each 
person ) 



 
 

Water scarcity 
:  
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UN Water development  report  
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 Global and Local 



 Geographical 
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Water scarcity :  
 



 
Water management :  
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 Natural  water cycle. 

The available fresh water is 
constantly being recycled and 
purified in a system called the 
hydrological cycle. 



 
Natural  water cycle:  
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  Rainfall in Pakistan decreasing:   

Solution :  
 Scientific Water distribution management . 

 
 Artificial Rainfall enhancement cloud seeding . 
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“warm rain” by “hygroscopic” flares 
(e.g., calcium chloride. NaCl ). When 
burned they produce  micro particles of 
the salt which attract water vapor, 
forming cloud droplets in addition to 
those already present in the cloud.  

“cold rain” cloud seeding projects are silver iodide and dry ice (frozen carbon 
dioxide). liquid nitrogen can be used to seed clouds. Silver iodide dissolved in acetone 
and are dispensed via combustion from devices called silver iodide (ice nuclei or aerosol) 
generators.  These generators attached to the wings of an aircraft.  

UAE = research grant  
20M$ /year 

Artificial rain Enhancement: Cloud seeding  



Recycling /reuse : water recovery from sewage .  
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Unusual water sourcing: Artificial water cycle : 

Water recovery  from sewage waste water :  

Bill gate foundation initiative  
for water from Sewage wastewater  

Over 2.5 billion people 
around the world do not 
have access to safe sanitation 

The Omni Processor  is created by Sedro-Woolley 

The machine turns sewer sludge into clean drinking water, electricity and pathogen-free ash 
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Reservoir is covered in an 
ocean of black spheres to 
stop 300 million gallons of 
water evaporating. 
 

 96  MILLION polyethylene 
balls, around the size of an 
apple, are black to help 
deflect the UV rays. 

floating and block the sun's rays to prevent water from evaporating.  
prevent the chemical reaction that creates the carcinogenic compound 
bromate. 
protective barrier across the surface that helps keep birds, animals and 
other contaminants out away.  

Plastic balls  cover the water reservoir in  Los angelus .   
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 About 98% of water in the  world 
cannot be use directly due to the 
water salinity 

UAE 

17% 

KSA 

18% 

USA 

18% 

OMAN 

1% 

BAHRIN 

1% 

SPAIN 

8% 

KUWAIT 

7% 

QATAR 

3% 

OTHERS 

27% 

UAE Desalination Share  In the World 2010 



Overview of Desalination technologies 

Water purification by filtration membranes   



  

    

AOP  

Solar  

electrochemcial  

Bioelectromembrane  

Bioelectrochemcial  

Greener water treatment  

Catalytic nanotubes  

Introduction 



I. Ahmed  et al. J. of Environment Management 2015  

Electro osmosis   
Electroremediation 
Electromigration 
Electrocoagulation  

Aluminum  anodes (+)  =  Steel cathode (-)   

Unusual water sourcing  

Chemical free Electrokinetic wastewater  treatment  

1. Irrigation water.  
 2. Fertilizer / soil conditioners:   

US aid  Sourcing water for food program  



Wastewater  

Gravity Separation  
Flocs / filteration      

Settled 
 bio-solids   

Anaerobic digestion  

Methane    
Methanogens    

 Solar 
Energy /  
Pure 
water 

Al anode 
Steal 
cathode    

Electrocoagulatio
n /flocculation of  
 Inorganics    

Solar nanotechnology 
/ photocatalysis   

A D 

B 

Strategy block diagram :  

 I. Ahmed et Applied catalysis 2012 ( D )   

 I. Ahmed  et al. Journal of environment management 2015 (A,C ) 

  I. Ahmed  et al. Electrochimica acta 2015 (B ) 

 I.Ahmed et al. Env.Sci & Tech 2015 (submitted)   (A)  

Fertilizer / 
 ICBA 

C 

Unusual water sourcing  



Oil/water mixtures  
Oil Water 

 Separation 

membranes 

Oil/water separation Graphene Oxide  membranes 

Water recovery from oily water  

Molecu
lar  
rearran
gemen
t   

Electroch
emical 
rearrang
ement   Porosity  

Graphene 

High selectivity  High flux 

Gravity fed/ 
 efficiency 

Reusability 

Performance Materials 
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Introduction 

Water purification cost by filtration method    



  Energy cost     

 
 Operational cost  
 
 

Challenges  

Optimizing  water purification  economic cost  



 Mind the    gap   
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Economical  water sourcing  : 

technology 

 This  economic cost   gap 
              May be  
 
     due to technology  gap  
                       ?    
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