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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-
iInactivation

o0 Solid waste treatment (removal of toxic heavy metals) A sludge to
fertiliser

Photocatalysis and solar cell

0 Porphyrin T POM hybrid films

o Porphyrin based organic solar cell.

Nanotechnology

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

o Graphene from petroleum waste 3
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C Increasing energy demand and population growth

v

A 4.95 % yearly energy demand growth

vd

A 2.26 % population growth

7z

A 10 % annual growth in waste discharge

C Depleting natural resources

C Increasing Wastewater treatment cost



C Energyof 10 minutes of sunshine on the planet Earth is equal to the
total yearly human energy consumption

C 1 nv areais sufficient to power a:

but world is facing
¢ Energygap

!

¢ Energy cost

¢ Waste treatment
cost.

The real exist in application of technology
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SOLUTION :

Solar nanotechnologies for energy and water applications

Alternative energy production
Pure water recovery
Precious metal recovery
waste to energy

> I I I

Optimum route
Zero energy input = Zero waste out
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UAE Desalination Share In the World 2010

U About 98% of water in the world
cannotbe usedirectly due to the water

salinity OTHERS
27%

QATAR
3%

KUWAIT
7%

BAHRIN
1% 1%
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Treated Groundwater

wast::zater 11.60%

Treated wastewater

/ 9.70%

% Sourcing of non-potable water

from desalinated and groundwater

Groundwater
79%

Desalination
78.70%%

Sources of water consumed

Sources of water consumed in UAE in Abu Dhabi
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U UNITED ARAB EMIRATE
DESALINATION CAPACITY & POPULATION

90

Deslaination Capacity (MGD)

g8 8 8 B

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Desalination Capacity by Year
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Unitedarab Emirate
M1 1 | 1= | Desalinatiorcapacity
b1 1 A 1 | ] ] -population
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Year

United Arab Emirates
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Challenges

(C Energy cost

C Operational cost
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Process Total Energy Capital Cost Unit Water
(kW-h/m3) ($/m3/d) ($/m3)

Multi Stage Flash/MSF (without waste heat) 55-57

MSF (with waste heat) 10-16 1000 - 1500 0.8-1.0
Multi Effect Distillation/MED (w/o waste heat) 40-43

MED (with waste heat) 6-9 900 - 1200 0.6-0.8
Sea Water Reverse Osmosis/SWRO 3-6 800 - 1000 0.5-08

2-3 <800 0.45-0.6

SWRO (with energy recovery)
Innovative Technologies/Hybridization

* Thermodynamically minimum energy requirement for desalination 0.75 kWhin3: <2.0 kWihim3 attained by improving efficiancyhybridization

Energy Requirements
* Conventional technologies: minimize energy requirements by waste heat, energy recovery

* Thermal desalination energy reduction by co-location with power plant

Thermal > SWRO > Innovative processes

12
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Relative size of some water contaminants

Y. cholerae bacteria H. pylori bacteria Giardia cysts
1-5 microns 0.5 3 microns 510 X B-14 microns

o { " r
Ty 2 B g s
Salmonella, including :

S, fyphi hacteria E. coli hacteria Cryptosporidia cysts
04-06 X 2-3 micrans 1-1.52 X 2-6B microns 4_B microns
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Sub-micron filters 104 to 200 pores are Relative pore size of some common filtration media
can be fpund n the lower limit for m_':'St Fore size is often measured in microns (appreviated y).

ceramic and whale house filtration There are 1,000,000 1 in 1 meter

carbon block systerms ' ' ’

filtration systems The scale of the diagram above is 4 pixels = 1 micron

Although a good sub-micron filker will remove most bacteria from drinking water, it is a good idea not ta rely on them
for wour primary disinfection method. A crack in the filter medium will allows pathogens to flowr unfiltered into the output
strearn. They are best employved in emergencies and when other disinfection methods are not available.

Ions Ivlolec ule =
This scale is ok for showing the relative size of "fairly large" mici
At this scale, howewver, a virus would be about 10 times smaller
n the scale of this diagram, Reverse Osmosis filter membrane 3
the period at the end of this sentence (0.00025 1), This ultra-filt TNtrafil tra
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Pretreatment to Sea water reverse osmosis (S Maigﬁ!

Multi Anodes and Cathodes (AC-C-A)  gET UP Cylindrical

VTo reduce biofouling
(microbiological, phosphorus
content)andinorganic fouling
(Ca,Mg, SO,

VTo minimize energy
consumption in  SWRO
desalinatiorplant

B

54f236670be371d9f4548ca2e2ded518.mp4

I.Ahmed et al.Desalination 2015 (submitted)
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Electrochemical inhibition of biofouling

% REMOVAL OF TOTAL BACTERIA COUNT (TBC)

Before EC treatment After EC treatment

20000

16000

12000

8000

CFU/mL

4000

[.Ahmed et al.Desalination 2015
(submitted) 15



SWRO - INORGANIC FOULING Masdar

% REMOVAL AT DIFFERENT CURRENT DENSITY
FOR CYLINDRICAL

U 91% removal oMg*?

100 - U 44% removal of C&

90 - U 7% removalof SO,

80 -

70 -

60 - ® Avg. % removal at
CD=0.05mA/cm2

50 - = Avg. % removal at
CD=0.1mA/cm2

40 - = Avg. % removal at

30 - CD=0.200mA/cm2

20 -

10 -

O |

Magnesium Calcium sulfate

|.LAhmed et al.Desalination 2015 (submitted) 16
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Forward vs Reverse
Osmosis

Hydraulic Pressure driven technology

(Reverse osmosis)

Forward Osmosis

Reverse Osmosis

Force
(AP)

Pute Pure
T Water er g Water
\ Sami-parmeatle /
Membeans

Figute 1. Watet flows for FO and RO

Function of RO Membrane

Pure
Water

Pressure —’ .

l = Biine

Discharge
Memhrane
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Forward osmosis and NF/RO/MD

Dilutate (feed) |FO Concentrate (feed)
> >
Dilutate (draw) JConcentrate (draw)

DRAW TANK

Feed Reject

Permeate
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SELECTION OF FORWARD OSMOS

o Efficient Process

Technology time line

T T T d T T T 2200
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Forward Osmosis vs. Reverse Osmosis

14—
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FORWARD OSMOSIS :

STRUCTURE AND WORKING:

Organics, Minerals, Pollutants
Water

Membrane

Concentrate
75,000 mg/L 200,000 mg/L
—— ———
y = . t
Draw Solution Concentrated
l + Water Draw Solution t

Heat § ¢ {

Masdar
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Forward Osmosis mimics
water transport by plants,

when fresh water is drawn by
osmotic pressure into the
plant through its roots in the
soil.

20



Optimization of forward osmosis (FO)

membranes

C Byvaryingseveraloperatingconditions
Feed/drawwater flow rate,
Temperature,
Membraneorientation,
Draw/feed solution concentrations
C Parametersof concern
water flux (J,,),
salt flux (J9),

salt rejection (R).

Masdar
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Membrane fabrication Masdar

1) Increasemembrane hydrophilicty

o Membrane functionalization 2) Improve membrane strength and

o Forward Osmosis)

C Enhanced
Hydrophilic FO
membranes

C Nanocomposites of
SiO, and
functionalized CNT,
Graphene with PBI

durability

3) Homogenous membranes with
relatively even distribution of
silica nanoparticles

PBID 21wt. %PBI(in DMAC)
0 wt. %silica

PBIS0.5 21wt. %PBI(in DMAC)
0.5 wt. %silica

PBI3 21wt. %PBI(in DMAC)
3 wt. %silica

22



Optimization of forward osmosis (FC Masdar
membranes INSTITUTE

1) Increasemembrane hydrophilicty

2) Improve  membrane strength  and Membrane | Contact angle

60.7 6.9

durability
3) Homogenous membranes with relatively 43.7 9.3
evendistribution of silica nanoparticles

SEM images of cross section at high magnification (apP®Bb) PB$0.5 (c) PBE3

23



Membrane fabrication Masdar

INSTITUTE

88.8666666
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7
S1 SO
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o For (FO and MD)

C Enhanced Hydrophilic FO membranes

C Nanocomposites of SiO, and
functionalized CNT, Functionalized
Graphene with PBI

Salt Rejection (%)

Support layer

-

Active layer

Figure: SO SEM cross sectional images
24
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Water Flux ((LMH)
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Lsec: 3000 Cnts 0.000 keV Det: Apollo X-SDD Det 2 5



Wastewater
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Electrochemistry for water technolog Maignﬁr §Z§

MEBR Pilot scale plant @Masdar

Fig. Solar photovoltaic response systems (left) SMEBR installed at Masdar (RHS) 27
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Electro kinetic Mechanism:

At anode:

A Electromigration AL> AP+ 3
A EIeCtrOIySIS At cathode:
A Electro Osmosis 3H,0 + 3¢~ = 3/2H, + 30H"

Electro flocculation:

co-aggelomerateinto millimeter size 2 °“'k /?c""”ﬁ HZQ W
particles (floccs) can be filtered out by common ) U

filtration.

ations Jcolloids

A Electrocoagulation
A Aggregation
Flocculation

High removaland shorttime of the

processHeavy metalsremovedor

reclaimed by, eg., adsorption, _

pumping , precipitation or ion- |. Ahmed et ald. of Environment ManagemeBg015

selectivemembrane
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Quality of product water :

50
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Me@e free (EBR ) ElectroBioreactor :

Water and fertilizer recovery from biosolids slurry.

Sewage sludgérom wastewatertreatment plants

containsnutrients essentialfor plant growth such as

Nitrogen,

Phosphorus

potassium

calcium, microelements 1. Chemical extraction

0

©O O OO

2. Bioleachingtreatment
C Canbe reused in agricultureas fertilizer or soil
conditioner without treatment , after composting or  3.Biosorption
after intensive aerobic bioconversion
4. Electro kinetic

30
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120000 @ Year 2010
BIOSOLID GENERATION IN . m Year 2030
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INTERNATIONAL PRACTICES

A Many countries do not make beneficial use of biosolids

.dzi F ANRPGAY3I ydzYoSNI 2F O2dzy iNASEA R23 ¥F3
USA Japan Norway Netherlands Australia
by Water Board Rijn & by Sydney Water only

ljssel

I beneficial reuse

32



Heavy metal removal from slurry Masdar
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Heavy metal removal from sludge

Zn removal

N N

o o)

o o

o o
| |

1500 -

1000 -

Concentration (ppm)

500 -

s I Ahmed et al. Env.Sci & Tech 2015 Q)GP‘

(submitted) AO®
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Microbial methane cell :
Microbial electro -stimulation

organic waste to bioenergy :
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GO dispersion GO suspension

Centrifugation
[————1
@,
‘\'N\ "'\0‘\ -
‘3\506\0 — e
s =
S

GO powder T "/\:r < o

= p* Diluted GO
3 suspension
SLGO flake . &

5
<N
GO coating

PES supported GO
membrane

Small graphene oxide (GO) flakes are

laid on a polyamide fibre substrate.

Reduce Energy cost
Brackish =80%
Seawater = 97%

Masdar
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Hydroxylated
generated

nanopores

- g o
R S

Polydopami
N

Bl O NG

A

%

Hu et al. (2013)
Polyamide + 15nm of graphene oxide

Figure : (a, c) Graphene oxide (GO) is coated on a polyamide fiber substrate by pi-pi interaction
between the flakes and fibers .b).water is trapped in hydrophilic inter plan and intra plan pores which
further reduces the required permeation porosity. Water form pockets inside the structure, which serve
as a repulsive support for oil droplets. The oil is released from the super oleophobic (168 degree
contact angle) GO membrane surface and floats on top of the oil/water mixture.
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Graphene oxide functionalization of membr: Masdar

Water flux enhanced by GO coating on PVDF Membrane

100U 7
~&—pure PVDF

1250 =& 1nm GO on PVDF
= =&=2nm GO on PVDF
& 1000
= ~~5nm GO on PVDF
£ .
o 750
£
3 50
E
T 250

0 1 1 1 1 L 1 1 | I () S N | YR N, (R | 1 L 1 ] |

0 120 240 360 480 600 720 @840 960 1080 1200 1320 144D

Ry
ey Abu dhabi National Oil refinery

S 979 research center (TAKREER )Award
ave o ehergy for best Research presentation 12-Feb.2016

as compared to RO
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State of the art and market :

Graphene synthesis and application

Projected production of graphene by 2017
Is 573 Tonnes Compared to 28 tonnes in
2010 .

A projected market growth upto $ 675.1
till 2020 at an Annual Growth Rate
(CAGR) of 58.7% within next 3years
period of 5 years.

38



Photocatalytic hanotubes on steel, Cu, Tetc
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