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Introduction
SAARC Energy Centre, Islamabad under its approved programme activity for the year 2019
had successfully conducted a SAARC Webinar on “Use of Solar Energy in Water Desalination” on

Tuesday, April 30, 2019. Webinar Agenda is available at Annexure I.

2. The Webinar educated the energy and water sector professionals from SAARC region
about the technology options, opportunities and challenges linked with the use of solar thermal
desalination/purification. Moreover, the webinar shared available knowledge and experience of
different organizations involved in the thermal desalination of sea water. As solar thermal
desalination is in its early stages, with a few projects recently established, therefore the webinar
not only shared theoretical knowledge, but also highlighted the important learnings from those

recent projects.

Participation

3. The Webinar was attended by a total of 52 professionals that included delegates from
Member States, Representatives of Regional/International organizations, Academia and private
sector. The Resource Persons from SAARC Energy Center gave detailed presentations on their
theoretical knowledge, successful programmes, case studies, and initiatives undertaken in the

field of desalination through solar energy. The participants list is available at Annexure II.

Webinar Opening and Welcome
4, Mr. Muhammad Umar Mukhtar, the programme coordinator for this webinar welcomed

all the delegates and participants for attending the webinar and showing keen interest. He also
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acknowledged the commitment and contribution of SEC experts in materializing the conduct of

webinar.

5. He thanked the SEC expert, Mr. Bilal Hussain, for playing key role in realizing this webinar.
He remarked that this webinar is just a first step, and the centre shall continue conducting such
knowledge sharing webinars. At the end, he again thanked all the participants for taking out time

to attend the webinar.

Technical Proceedings
6. All the presentations delivered during the webinar are available at SEC’s website

www.saarcenergy.org. The Experts list is available at Annexure Ill and Presentations at Annexure

IV. A brief information on the content of the delivered presentations is as follows:

Presentation 1 — Solar Desalination in Island States
Expert: Mr. Bilal Hussain, Research Fellow (Power), SAARC Energy Center, Pakistan

7. Mr. Hussain provided an island context to solar desalination by giving an overview of the
need for fresh water in islands as well as the market and the economics of solar desalination in
islands. He also provided an overview of different desalination technologies and their

characteristics.

8. He mentioned that due to limited freshwater resources in islands, those islands face the
options of either expensive water import or the use of fossil fuels for water desalination. He
pointed out that in this context, use of solar energy for water desalination has economic benefits

in the form of reduced fuel usage and security of water supply.

9. Mr. Durrani explained the currently, the desalination market is dominated by fossil
powered plants, majority of which are Reverse Osmosis (RO) plants. He also explained

technologically viable combinations of solar energy for water desalination.

10. At the end, he discussed economics of multiple renewable energy desalination options by
comparing their levelized cost of water desalination, and pointed out that PV based RO system
had the least cost among other RE options, and this cost was comparable to fossil based RO plants

if the RO plant size is bigger and if it operates on low temperature waste heat.

Presentation 2 — An overview of Current solar Desalination Technologies
Expert: Mr. Muhammad Umar Mukhtar, Research Fellow (Energy, Transport & Environment,

SAARC Energy Center, Pakistan

11. Mr. Mukhtar started his presentation by highlighting the worldwide water crisis and
mentioning the world regions that are deeply affected by lack of freshwater. He stated that
around 770 million people in the world lack access to fresh water, and pointed out that this

problem could be solved by desalination of brackish and saline water. He stressed the importance
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of brackish water as it is significantly cheaper and easier to desalinate due to its smaller

concentrations of TDS (total dissolved solids).

12. He then explained the current global status of desalination, and stated that out of the total
desalination capacity of 92.5 million cubic meters per day, the MENA (Middle East and North

Africa) region accounts for 44% of global desalination.

13. Mr. Mukhtar then explained the small-scale desalination solutions for single and multi-
family rural households. These solutions mostly consisted of different variations of solar stills. He
then explained large scale solar desalination methods in great detail, and reviewed each

technology, its technical process, pros and cons one by one.

14. He then discussed the implementation of solar energy in desalination and analyzed the
comparative cost for each solar desalination technology. He presented the result of that analysis
by stating that the production cost varies between 1-2 USD/m?3, and that solar powered MSF has
higher capital cost, while solar powered RO technology has higher operations and maintenance

cost.

15. Finally, Mr. Mukhtar highlighted technical challenges to solar desalination and presented
a case study solar water desalination in Al-Khafji, Saudi Arabia, which is one of the largest solar

desalination plants in the world with a capacity of 3 million cubic meters per day.

Conclusion and Closing of Webinar

Mr. Muhammad Umar Mukhtar, Research Fellow (Energy, Transport & Environment), SAARC
Energy Centre

16. Mr. Muhammad Umar Mukhtar, Research Fellow (ETE) informed all the participants that

the presentations will be available on SAARC Energy Centre’s website (www.saarcenergy.org). He

requested the participants to submit suggestions and comments to SEC for any further
improvement, plus they may suggest and submit any topics of their interest to SEC for arranging
future webinars. The webinar was closed with a thank you note to everyone attending the
Webinar
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Annexure-l
Agenda

SAARC Webinar on “Use of Solar Energy in Water Desalination”

Tuesday, April 30, 2019; 1100-1300 hrs Pakistan Standard time (PKT)

Welcome and Introduction
1100-1110 Mr. Muhammad Umar Mukhtar, Research Fellow (Energy, Transport &
Environment), SAARC Energy Centre

Topic: Solar Desalination in Island States

11101145 Presenter: Mr. Bilal Hussain, (Research Fellow — Power, SAARC Energy Center)

1145 - 1155 | Q&A Session

Topic: An overview of Current solar Desalination Technologies
1200 -1245  Presenter: Mr. Muhammad Umar Mukhtar (Research Fellow — Energy,
Transport & Environment, SAARC Energy Center)

1245 -1250 | Q&A Session

Conclusions, Recommendations and Closing of Webinar

12501300 1 Muhammad Umar Mukhtar

Information for the participants:

1. Alltimes mentioned in agenda are according to Pakistan Standard Time (PKT). The participants from
other Member States of SAARC and Australia may attend Webinar by following their own national

time. The time conversion for all countries is given below for reference:

Country Afghanistan | Bangladesh Bhutan India Maldives Nepal Sri Lanka Australia

Conversion
Time (PKT-00:30) | (PKT+01:00) | (PKT+01:00) | (PKT+00:30) PKT (PKT+00:45) | (PKT+00:30) | (PKT+06:00)
2. The participants can ask questions to presenters by typing questions or clicking to the raised hand
option into the Attendees pane of the main window of GotoWebinar software. You may send in your
guestions at any time during the presentations; we will collect these and address them during the Q
& A session at the end of each presentation. You may also discuss your queries during the knowledge

sharing session of webinar.

3. All participants can also submit comments/views and/or observations on the webinar to SAARC
Energy Centre through email to Mr. Muhammad Umar Mukhtar, Research Fellow (ETE)
(rfete@saarcenergy.org) by 3" May, 20109.
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List of Participants
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Sr. No. First Name Last Name Email address
1 Nabeel Salamat nabeelsalamat45@hotmail.com
2 Wagas Khalid wagas.khalid@kics.edu.pk
3 Ahsan Javed ahsan@saarcenergy.org
4 Shah Kamal Qureshi alternateenergi@yahoo.com
5 Muhammad Ali Afzal ali.afzal@omsltd.net
6 Iftikhar Ahmed expert.un@gmail.com
7 Syed Zohaib Ahmed engrzohaibahmed63@gmail.com
8 Muhammad Chaudhry riaz.chaudhry@be2c2.com.pk
9 Jahanzeb Hussain adminofficer@saarcenergy.org
10 Faisal Nawab fnawabl7@gmail.com
11 Zainab Siraj alishverish.ent@gmail.com
12 Kamran Khan kamran@joulekonsult.com
13 Zaryab Ali alizaryab6@gmail.com
14 Arshad Munir arshad.munir@saarcec.onmicrosoft.co
m
15 Bilal Hussain rfpower@saarcenergy.org
16 Bhaskar Pradhan plet@saarcenergy.org
17 Tahir Junaid tahirjunaid1990@gmail.com
18 Muhammad Tayyab wahab.saarc@gmail.com
19 Shoaib Ahmad ddcoord@saarcenergy.org
20 Abdul Wahab deo@saarcenergy.org
21 Muhammad Akmal drmaa@outlook.com
22 Nabeel Salamat nabeelsalamat45@gmail.com
23 Iman Meer Imanmeerl3@gmail.com
24 Muhammad Hamza hamzakayani694@gmail.com
25 Ubaid Ullah Anwaar ubaid7744@gmail.com
26 Zeeshan Ahmed zeeshanahmed44@outlook.com
27 Muhammad Khalid Awan khalidawan608@gmail.com
28 Muhammad Ageel engr.mageel@yahoo.com
29 Manzoor Ellahi engr.manzoorellahi@hotmail.com
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Sr. No. First Name Last Name Email address
30 Amenah mehak Ali amenah.mehak@gmail.com
31 Engr Saeed Ullah saeedrahil21104@gmail.com
32 Yasir Abbas yasirabbas5050@gmail.com
33 Kamal Ahmad kamalahmad@ieee.org
34 Sabeela Ameen sabilaameen@gmail.com
35 Anila Fatima fatimaanila@gmail.com
36 Jehangir Mustafa iehangermustafa@gmail.com
37 Muhammad Shoaib shoaibutk@yahoo.com
38 Muhammad Atiq ur Rehman | Arain rehman9337@yahoo.com
39 Muhammad Naeem Ashraf naeemchawdhry@yahoo.com
40 Ejaz Gul ejazenla@gmail.com
41 Azhar Abbas azhar abbas@yahoo.com
42 Ateeq ur Rehman ateeq9895@gmail.com
43 Muhammad Nawaz Khan nawaz dawood@hotmail.com
44 lutf ur Rahman engr.lutfii@yahoo.com
45 Ubaid Safi ubaidsafi45@yahoo.com
46 Muhammad Irfan irfankhawaja62 @gmail.com
47 Muhammad Usman usmi0051@gmail.com
48 Munib Ahmad munibahmad313@gmail.com
49 Abdul Haseeb abdulhaseeb22 @hotmail.com
50 Syed Faizan Ali faizan alishah@hotmail.com
51 Muhammad Khayyam Ilyas khayyam.ilyas@gmail.com
52 Engr. Majid Ali engr.majidali.baig@gmail.com
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List of Experts
Sr. No. Name Designation
1. Mr. Bilal Hussain | Research Fellow (Power)

Mr. Muhammad
Umar Mukhtar

Research Fellow (Energy,
Transport & Environment)

Organization

SEC

SEC

Annexure-lll

Email address

rfpower@saarcenergy.org

rfete@saarcenergy.org
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Annexure-lV

Presentations Delivered During the Webinar

Presentation on “Solar Desalination in Island States” by Mr. Bilal Hussain

Solar Desalination in Island States

BILAL HUSSAIN

RESEARCH FELLOW POWER
SAARC ENERGY CENTER
30-04-2019

Dl mE O

L

n

Contents

~Island Context

» Desalination Technologies and Characteristics
»Renewable Desalination Market
»Economics of RE Desalination

»Qutlook and Take aways
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Island Context

Annexure-lV

s | Limited natural
freshwater resources
| (lenses, lakes)

Isolation from larger
inhabited areas

7

» Main Drivers for Renewable Energy Based Desalination

Sensitive to natural
disasters (cyclones,
| erosion, climate

| change)

Supply demand
mismatches (dry or
#ourist seasons)

Limited surface area
for water collection or
retention possibilities

v Expensive Water Imports

v Fossil Fuel Imports for Water Desalination

Island Context

Benefits of Renewable Energy Based Desalination

~ 2 ) . omic Dev :
Fuel costs: reducing the cost Economic Development
. facilitates the growth and
) burden of a clean and reliable deployment of conomic
——
It \ e
— waler supply activities
P ——
Reduced imports: reduces the Security of Supply:
| need for fuel or water imports increases independence
| S—
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Desalination Technologies and Characteristics
Thermal Driven

» Multi Stage Flash (MSF)

v'Motive Steam for Brine Heater

¥Top brine temperature around 112°C

v'Qualifies for CSP steam feed

» Multi Effect Desalination (MED)

v'Motive steam for evaporator tube

=

v'Requires medium operating temperatures of

around 70 °C

v Qualifies for low grade waste heat from CSP |

i

Desalination Technologies and Characteristics

Electricity Driven
RO-membrane module LP
permeate
» Reverse Osmosis (RO) o
v 80% electricity consumed for pumping
v Pressure requirements proportional to water salinity
v Sensitive to fluctuations
u-
 Towader
Anode (+) Membiare
r Electrodialysis (ED) A
m Concentrate m
v Operates on DC supply eo_:% 6 0 o
o : n | 0.0 0 0 0 :
v Limited to small scale brackish water applications T N N
Cathode )
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Desalination Technologies and Characteristics
Other Solutions

»Mechanical or Thermal Vapor Compression (MVC / TVC)
»Membrane Distillation(MD)
»Open Cycle OTEC Desalination

» Freezing

Desalination Market

Desalination capacity shares by technology World-wide (leff) and for

selected SIDS (right)

» Mostly Fossil powered MED

—

8% _ MED
6%
MsF
~ _MSF 9%
23%
RO -0
66% 5%
-ED
%

Total; 75 342 624 m*per day Total: 681178 m’per day

»200-20,000 Cubic Meter/Day

» RO Plants are most dominant
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Renewable Desalination
Potential Combinations

Maturity Level Versus Capacity Range of Specific Renewable Energy
Desalination Technologlies

>

Application

Demonstration

0
o
&
Capacity Range
Very Small Scale Small Scale Medium Scale
<10 m*/day <100 m*/day <1,000m’* /day

Renewable Desalination
Technologically Viable Combinations

~Photovoltaic Reverse Osmosis ~CSP Reverse Osmosis
v'Low cost of water v'More Efficient that CSP-MED
v'Commercial plants & pilots already running v'More suitable for large RO plants
v/Storage required to avoid supply fluctuations v'In R&D and demonstration phase
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Economics of Renewable Desalination
IRENA assessment reporton SIDs 2015

~Report compared RE desalination solutions with fossil powered desalination

»Comparison was done for levelized cost of water (LWC) for 250-2,000 Cubic Meter/Day plant size range
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.20 B a0 35 4D A5 .50 100 110 120 130 140 150 160 170 180 190 200
Cost of electricity supply [USD/kWh] Diesal fuel ost [USD per litre]
WACCS%  WWACT 10% BLWC with 5% WACC 1 LWC with 10% WAACC

Economics of RE Desalination
IRENA assessment reporton SIDs 2015

Comparison of Grid Connected PV-Reverse Osmosis

prsnlsn Waoter Cost for RO Bants Producing 250:2 000 m/dary

. 5 ! .. :..:.. .
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Economics of RE Desalination
IRENA assessment reporton SIDs 2015

Comparison of CSP-Reverse Osmosis

Annexure-lV

5.00
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Economics of RE Desalination
IRENA assessment reporton SIDs 2015

Comparison of CSP-Multi Effect Distillation (MED)
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Economics of RE Desalination
IRENA assessment reporton SIDs 2015

Summaﬁ' RESU"S Levelisad Cost of Water for Different Renewable Desalination
lechnologies on lslands®
10
9 !
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R
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Outlook & Take Aways

»Declining energy storage costs will favor RE desalination in Future

#In Future, flexible RO desalination plants will attract more investors and energy companies

Refilling the overexploited ground water lenses/aquifers with desalinated water is an interesting area to
explore favorability of commercial RE desalination solutions

~Bigger size RE desalination plants are cost effective especially when operating on low temperature waste heat

~Asides the maturing technology options, expansion of RE desalination solutions requires better training and
education facilities, information sharing on best practices and functioning supply chains
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Thank you...
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Presentation on “An overview of Current Solar Desalination Technologies” by Mr.
Muhammad Umar Mukhtar

AN OVERVIEW OF CURRENT SOLAR
DESALINATION TECHNOLOGIES

PRESENTED BY: MUHAMMAD UMAR MUKHTAR
RESEARCH FELLOW — ENERGY, TRANSPORT & ENVIRONMENT

SAARC ENERGY CENTER

TABLE OF CONTENTS

General Information
= Worldwide Water Crisis
*  World Regions Deeply Affected

= Finding a solution

#  Comparison of Brackish and Saline Water
s Status of Desalination

Small Scale Desalination efforts

= Solar Stills

Large Scale Desalination Efforts

= Reverse Osmosis

Electro-Diaylsis (ED)

» Multiple Effect Distillation (MED)

Multi Stage Flash (MSF)
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TABLE OF CONTENTS (coNTINUED)

Solar Energy Sources for Desalination

®* |mplementation of Solar Energy in Desalination
»  Comparative cost analysis

= Technical Challenges

» Solar Ponds

= Case Study

= Conclusion

WORLDWIDE WATER CRISIS

| out of I people lack access to clean water

2/3 of the worlds population = water stressed
conditions (by 2025)

4.0

35

|.8 billion people - absolute water scarcity (by 202 3.0

Unsustainable rate of withdrawal

Costly water drilling and poor quality water near
surface

Poor quality water health impacts

* 3.4 million people die every year form water
related diseases.

Increased population = increase in water scarcity

Global warming

2.5

2.0

15

1.0

05

Annexure-lV

54 Countries
48 Countries
31 Countries I
1995 2025 2050
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WORLD REGIONS DEEPLY AFFECTED

358 million people in Africa

* |80 million people in South,
West and Central Asia

® |86 million people in South
East, East Asia and Oceania

* Overallaround 770 million
people lack fresh water
access

teshwater availability,
cublc metres per person and per year, 2007,

Searally
Source:FAO, Natons nes, Stress
PP NS -_______— - Data non available
ol 0 1000 1700 2500 6000 15000 70000 684000

ADDRESSING THE PROBLEM AND FINDING A SOLUTION:

= Definition:Removal of salts and dissolved solids from water in order to produce water suitable either
for human consumption or agricultural purposes and industrial processes

= Varying degrees of salinity in water. Desalination used for both sea water and brackish water

= Solar desalination
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A COMPARISON OF DESALINATION FOR SEAWATER AND BRACKISH

WATER

' . P : T “brine” brine pools
» The concentration of total dissolved  Salinity Values: : 50+ ppt
solids (TDS) in Seawater is 3.5 to 35 Brine
times greater than concentration in to a
brackish water Fresh Water 8 ssaline”  Seamater,
(parts per thousand £ It lak
® Brackish water: 1,000 -10,000 mglL el L 30-50 ppt
TDS Red Sea 40 ppt
. ol Mediterranean Sea 38 ppt
Salt/ Crfl:_alt:;esr from the ocean: ~35,000 Adsrige seins 47 ok B0 ) o
mg brackish mangrove
® Brackish water is significantly st
cheaper and easier to desalinate due Black Sea 18 ppt 0.5 - 30 ppt
to its smaller concentrations of TDS
Brackish water is readily available S
® Brackish water is readily available in , =
many nations ' AN TP I “fresh”  rivers, lakes,
Y streams, aquifers
Drinking water 0.1 ppt 0-0.5 ppt

STATUS OF DESALINATION

18,436 desalination plants

Total Desalination capacity 2 92.5 million m3/day
MENA Region - 44% of global desalination

Gulf region average water availability = less than 300m3 per capita per year

® Desalination more practical in seas because of lower salinity than the oceans, leading to lower energy
consumption requirement.
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SMALL SCALE DESALINATION SOLUTIONS

= Solar Still technologies — Recommended for small scale desalination in both single and multifamily rural
households

#  Used where demand for fresh water is small and land is inexpensive
= Inexpensive and require less technical knowledge to design and construct

#  Helps promote self reliance and enable communities to develop further

SOLAR STILLS

‘%;
X2\
PO
/ ’Vl\l\‘

/ Solar Irradiation
7

Heat lost by
Convection + Radiation
Transmitted solar energy
x\ Trapped radiation convection &
and evaporation heat

\

ZZZAN\\\

- e o

N\

Heat lost through the basin

Desalinated watec
Condensing surface
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SOLAR STILLS — PROS AND CONS

Advantages: Disadvantages
* Low Cost * Low productionyield 2 - 7 L/M2/day
= Easy to build * Not economically viable for large-scale

= No additional chemicals needed to treat water applications

* Largeland requirements to scale up size of
operation

SOLAR STILL VARIATIONS

Wy,
. . . SEE P
® Active or passive solar still NS R
3
* Geometry:single slope, double slope, vertical,conica %%
etc. Seawater-in

—_—

» Cover:glass or other transparent materials, with

/ B 5 Battery
different glosses // Lo

L =

/ @

Vaccuum pump

» Additives: brine or another substance to aid in water .
absorption -

Heat Transfer Fluid

* Spout run-off:Putting solar still output through a
variety of run-off for further cleaning. Example:slow
sand filter

Heat Exchanger

Desalinated Brine
Water
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AQUAMATE SOLAR STILL

= Portable variation used for seawater

# Clean water falls into the donut of the buoy and can
be sucked through drinking tube

# Used by U.S. military and life-raft survival kits

ELIODOMESTICO

® Ceramic pot that utilizes basic concept
of boiling

® Sun heats black boiler on top, turningit
into steam which is forced down an
expansion nozzle where it condenses
against the lid

* Yields 5 Uday

» Estimated cost $50
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SOLAR CONCENTRATOR

= Depending on the need, 3 types of concentrators exist (least efficient to most efficient):flat (stationary),
parabolic (tracking),and dish (tracking)

® Desalination application:(|) the concentrated solar energy can either directly heat the water to
temperatures adequate enough to remove impurities,or (2) can focus the energy ontoa plane of solar
thermal collectors or photovoltaic panels that then power desalination plants

Flat Parabolic 5 Dish

Flat solar collector merely absorbs and does not reflect rays, so it can be stationary,whereas the
other two collectors must move in order to concentrate rays to a plane or point.

CONCENTRATING COLLECTOR STILL

7%
%
= Combines the concept of solar collectors and solar “/// ’/o’

stills. evaporator

" Solar heatis concentrated into a container of impure

water, creating vapor that then runs througha tube reflector
where it is condensed. Example of heating water source
directly.
o
= t
condenser

Concentrating Solar Still Diagram
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LARGE SCALE SOLAR DESALINATION METHODS

Two Major types of Distillation processes that can be supplemented with solar are:
" Membrane:
= Reverse Osmosis (RO) (~ 60% of global desalination capacity)
® Electro-dialysis (ED)
® Multi-Effect Distillation (MED)
® Multi-Stage Flash (MSF) (~26.8% of global capacity)

REVIEW OF MEMBRANE METHODS: REVERSE OSMOSIS (RO)

Diffusion
° 0.0 e o o
\ : 2% o © o
o © o © o
e ©° o

g — fusio o _
Osmosis -2 U of diffusion Process of diffusion over time

* Two solutions with different concentrations are separated by a

semi-permeable membrane , Osmosis
Semipermeable membi

= Solvent from low concentration side moves to high
concentration side through the membrane.

Salt
molecules

i

= Osmotic pressure when equilibrium is achieved Wt — |,

Movement of water Equal "concentration”
molecules of water
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SOLAR POWERED RO PROCESS EXPLAINED

Reverse Osmosis

Raw water side Direction of Product water Reverse
Water Flow Feed High Osmosis
salt  Water Pressure Membrane Fresh
PVAmay  Water Pump Pump Water [ post-
Intake Pre- " | treatment
treatment
Tracking System
N Control Energy
Electroni Recovery
Batteries Brine

REVERSE OSMOSIS — KEY FEATURES

Reverse Osmosis Membrane Element inside a Pressure Vessel
* Most common method

® Easy to use,even for small scale applications

" Produces 55-65 liters of fresh water for 100 liters of
seawater through multiple stages

* Low Energy Consumption 3.5-5.0 kWh of electricity / m3

* Use of ultrafiltration membranes and renewable energy is
making this technology more suitable

= Suitable for seawater of 35,000 ppm.

» Consistent water quality is required to increase the
lifespan of the membranes therefore pretreatment of the
salt water is required
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REVIEW OF MEMBRANE METHODS:

ELECTRO-DIALYSIS (ED)

Feed Low
Salt  Water Pressure oy
PVAMay  Water Pump Pump i
Intake Pre-
reaiment Concentrate
Tracking System ’ ‘ )
o Convol ] Salt Solution
Electronics (NaCl)
l
Batteries
KO
® A series of ionic and anionic c‘."‘“‘ I 2
membranesare lined up between two W
electrodes and a low DC voltage is
applied causing the ions in the brackish
water to migrate to the electrodes.
[Soda (NaOH) ¥ CAddtich |

Diluate
(Sodium
Chioride)

REVIEW OF THERMAL METHODS:

MULTI STAGE FLASH (MSF)

= Seawater or brackish water is heated between 90-110 degrees
Celsius and the tanks decrease in pressureat each stage

= The decreasesin pressure allow water to flash (quickly
vaporize)

= The MSF process can be powered by waste heat making it
commonly used in the MENA area due to the large resources
of readily available, cheap fossil fuels

" MSF process accounts for 26.8% of global desalination capacity

= Energy Consumption: ~80.6kWh of heat plus 2.5-3.5 kWH of
electricity per m3 of water
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REVIEW OF THERMAL METHODS:

MULTIPLE EFFECT DISTILLATION (MED)

= MED accounts for 8.0% of

global desalination capacity — ,_‘..,..:"""""'l‘.“—'_"f."'.'.\.‘... [ T Vacum

L

* Consists of multiple stages
("effects”) where the feed
water is heated by steam in
tubes.Some of the water
evaporates,and the
remaining steam flows into
the tubes of the next stage,

Hot Thermic Fluid

‘ Condense

=h

heating and evaporating 4. Sed W Fem—
more water. Each stage =t
H L J
reuses the energy from the H  — |
A i | J L | ' Distiliare Tank
preVIous Stage' | s § e | | e | H Saline Water
- H [ S ) SN S i Saline Water Tank
*  Where the energy is used: e
heating/pressurizing the "

water into steam

PROS AND CONS OF MED

" Operates at lower temperatures of approximately 70 °C which helps reduce tube corrosionand
scaling

® Low pre-treatment and operational costs because the quality of the feed water is not as essential as is
the case in the RO process

" Less Power consumption of MED as compared to MSF process

® Higher performance efficiency of MED plants as compared to MSF in regards to heat transfer and
fresh water production cost
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SOLAR ENERGY POTENTIAL IN DESALINATION EFFORTS

IMPLEMENTATION OF SOLAR ENERGY IN DESALINATION

* Solar energy makes desalination process more sustainable
® Forecast of increase in Fossil fuel prices and decline in solar technologies cost
* Two major ways of utilizing solar energy in desalination

* Distillation processes driven by heat produced directly from the solar energy system

* Membraneand distillation processes driven by electricity produced by the Solar PV system

Solar energy sources that could be utilized in desalination efforts include:
* Solar thermal
* Solar Photovoltaics (PV)

* Concentrating Solar Power (CSP)

Solar energy can be used on a case to case basis depending on the sources of energy available in a
given area
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COMPARATIVE COST ANALYSIS OF COMMON METHODS OF

DESALINATION USING RENEWABLE ENERGY SOURCES

Technical iatid
Capacit Demand
PACY 1 (kwi/mY

® Solar desalination still expensive Solar stils <0imid  Solarpassive
i ; . Solar-Multple Effect thermal: 100
® |nstallation in remote areas is cost effective  Humdsication 1-100mid a1
» MSF (higher capital cost) vs RO (higher ok omO@® 0 15-10m'd  thema: 150-200
operation & maintenance cost) Solar/CSP-Multiple g  thermal:60-70
EfectDisblaton > 0% ™ electrical: 1.5-2
* Production cost USD |-2 per m3 BW.
P PR - decrcal B
e ) R Osmosi <100 m'/d 05-15
* Desalination is economically affordable only SW: 45
for middle to high income countries i electricalonly

Bectodalyss ~ <t00mig  “Cpie'Y
= Cost of solar desalination likely to reduce in
future

Water Cost Development
(USD/m*) Stage

13-65 Application

R&D
Application
R&D
R&D
R&D
Application
R&D

26-65

104-19.5

23-29
(possible cost)

BW:6.5-0.1
SW: 11.7-156

BW:10.4-11.7

TECHNICAL CHALLENGES TO SOLAR DESALINATION

= Needto tailor solar power technologies to powering desalination
= Needto avoid hyperbole and face the challenge

= Needfor better determination of saline and brackish water reserves

Page 30 of 33



Annexure-lV

® Solar energy from the sun is absorbed by saltwater
causing the pond to heat off

" Ambientair causes the top layer of water to cool off
causing convective circulation (war water rises from the

bottom and cooler water sinks from the top) /ﬁ\‘
" Asolar pondis designed in a way so that the top layer is \ | s [ 0t/
less dense and therefore less saline while the bottom ﬁ g\ Gt /
N i Gradint '\ and Temperature
layer is more dense and therefore more saline
07 /) 1]/
= This design inhibits convective circulation enabling thermal energy / m w@ﬁ f‘ IA/]]/ /

to be stored in the bottom layer of the pond

Solar Pond

® Thermal energy can be extracted by piping the bottom
layer through a heat exchanger

CASE STUDY: SOLAR WATER DESALINATION IN AL-KHAF]I, SAUDI ARABIA

Existing Thermal Desalination Plant
= Plant utilizes a Ultra High Concentrator o %) cesanation Fant
Photovoltaic (UHCPV) system propobed Sita
For Solar farm
® Three phase plan
. - Arabian
= Phase |: Construction of solar-powered desalination plant Gulf

at Khafji (30,000,0001/day)

= Phase ll: Construction of a second solar-powered
desalination plant (3,000,000,000 I/day)

= Phase lll: Construction of additional solar-powered L
desalination plants across Saudi Arabi Al-Khafji
City

= All three phases are projected to be completed by
2020
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CONCLUSIONS

® Solar Thermal can either be direct or indirect

= Direct with solar condensers and collectors
integrated into one unit

= |ndirect with condensers connected externally to
collectors

* Direct systems are relatively low cost and
simply to construct (i.e.solar stills) but
require large areas of land and have low fresh
water production

* Indirect Systems (MED, MSF) are able to
produce greater quantities of fresh water but
have a higher capital cost

Suitability for solar thermal power plants
m excellent good suttable wunsutable

CONCLUSIONS

® Solar panels can be used to generate
electrical energy which can then be used
in the RO process

* Fluctuationsin power generation is to be
expected as the input of solar energy can
change with weather

* Power fluctuations would decrease the
efficiency of the RO process
= Battery storage would be required for times

where there is little or no solar energy (night
time and cloudy days)

Photovoltaic Solar Array
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THANK YOU
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