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Dr. Guillermo Zaragoza is a senior scientist at the Plataforma Solar de Almeria
(PSA), which is the largest center for research, development, and testing of
concentrating solar technologies in Europe and a reference in solar energy for the last
30 years. PSA is a division of the Center for Energy, Environment and Technological
Research (CIEMAT), part of the Ministry of Science and Innovation that acts as

a public research agency for excellence in the areas of energy, environment, and
technology.

Dr. Zaragoza has a degree in astrophysics and a PhD in applied physics. He

has worked at the Instituto de Astrofisica de Andalucia of the Spanish Research
Council and the Atmospheric Physics department of the University of Oxford but
with the new millennium moved to sunnier climates to work on solar energy. He
has participated in several European R&D projects on solar thermal energy and
desalination. His lecturing activities include a master course on solar energy at the
University of Almeria and an international course on desalination with solar energy
organized by the European Desalination Society.

One of the projects he has been involved with is ProDes (Promotion of Renewable Energy for Water production through
Desalination), which brought together fourteen leading European organizations to support the market development of
renewable energy desalination in Southern Europe. The project started on October 1, 2008, and continued for two years,
facilitating collaboration between RE-desalination technology providers and SMEs on the local level. It also supported
communication between technology providers and investors. It developed courses and a road-map on RE-desalination,
and provided recommendations for improving the legislative and institutional conditions in each country. It also
provided training for students and professionals. Dr. Zaragoza is a founding member of the RE-desalination working
group, which aims to carry on the torch of ProDes project.

Relevant Paper: Roadmap for the Development of Desalination Powered by Renewable Energy (http://wrri.
nmsu.edu/conf/confl1/prodes_roadmap_online.pdf)

PowerPoint Presentation http://wrri.nmsu.edu/publish/watcon/proc56/Zaragoza.pdf
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Ciematl N

Public Research
Organism attached to
the Spanish Ministry
of Science and
Innovation.

R&D activities in the
fields of Energy,
Environment and
Technology, and also
in some specific areas
of Basic Investigation.
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1 - Centy -r‘ﬁé’i\kr

2 —-Parabolic-though collector tech

3 - DGS Direct steam generation

4 - Parabolic dish + Stirling

5 - Solar Furnace i
6 - Water detoxification/disinfection 4
7 - Water desalination y
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CIEMAT RESEARCH PROGRAM

ENVIRONMENTAL
APLICATIONS OF
SOLAR ENERGY
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PLATAFORMA SOLAR (PSA)

PSA is one of the biggest and most complete existing facilities for research,
evaluation and development of solar technologies and applications
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DETOXIFICATION OF CONTAMINATED WATER

PHOTONS —————— REACTION
L—  CATALYST

Use of the ultraviolet band of the solar
spectrum, not thermal processes.

» Solar photocatalytic detoxification Projects: SOLARDETOX, LAGAR,
ALBAIDA, CADOX, etc.
» Solar Disinfection Projects: SOLWATER, AQUACAT.....
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DESINFECCION SOLAR AQUASOL PROJECT m
AQUASOL project: MED
seawster desalination -

with solar thermal energy i
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PRODES PROCES
SEAWATER DESALINATION POWERSOL PROJECT ﬂ
Application of thermal solar energy for desalination
covering the most promising technologies with cost Project title:  Mechanical Power Generation Based on Solar Heat
reduction as common objective: Engines

Participants:  CIEMAT-PSA and ULL (Administrative and Scientific Co-
ordinators) + 11 partners from Spain, Portugal,
Switzerland, Argelia, Tunisia and Egypt.

Budget: 1.321 k€ [1.050 k€ contribution of the Commission
(FP VI - INCO-MED. Priority: B.1.5. Renewable Energy:
Cost-effective renewable energies for Mediterranean
specific needs) under contract signature process. Contract

Multi Effect Distillation
“AQUASOL project”

Thermal Engine + RO Membrane Distillation

. A No. 032344
“POWERSOL project” “MEDESOL project”
Duration: Three years (project starting: tentatively December 2006)
oncentrated Solar
Power generation
+ desalination
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AQUASOL PROJECT B POWERSOL PROJECT <
Main project objective: Technological development of a solar thermal-driven
Project title:  Enhanced Zero Discharge Seawater Desalination mechanical power generation based on 3 different a solar-heated
Using Hybrid Solar Technology thermodynamic cycles (operating temperatures around 80°C, 100°C-
Participants:  CIEMAT-PSA (Coordinator) + 8 partners from 150°C, and 200°C-250°C)
Spain, Portugal, Greece and France. Y #
- - v E’ )]
Budget: 3.250 k€ [1.500 k€ contribution of the Commission -‘:?,ﬁ:m -
(Energy, Environment and Sustainable
Development Programme)]. Contract No. EVK1-CT- Balar
2001-00102
Duration: Four years (project starting: March 2002) ki
1 : Stata of working fluid:
J (3) « Paint 1: Liquid
Rankine :4 u:.'f: 5 e
Organic Cycle  Fump § - Point 3: Salursted vapour
development + - Point 4; Liquid
RO desalination
. : = - cal R —
A e )| (R, Coemot ] 2L [ Clomot
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membrane-distillation system

Participants:  CIEMAT-PSA (Co-ordinators) + 10 partners from Spain,
Portugal, Sweden, Germany and Mexico.

Budget: 2.082 k€ [1.385 k€ contribution of the Commission
(FP VI — Priority: B.1.6. Sustainable development, global
change and ecosystems) under contract signature.
Contract No. 036986

Duration: Three years (project starting: 1t of October 2006)
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MEDESOL PROJECT m CSP+D TEST INSTALLATION
Project title: ~ Seawater desalination by innovative solar-powered PSA-CIEMAT is currently studying the possible configurations

for coupling of a MED plant with a solar thermal power plant.

Parabolic trough field

A specific CSP+D test bed is
being built with the elements:

Thermal oil storage tank
MED 14 effects plant

Double Effect Absorption
Heat Pump

Thermo-compressors

Vapor generation to simulate
extractions from turbines

f’. NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND
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MEDESOL PROJECT 3

Development of specific multi-effect air-gap membrane distillation concept for brine
reduction. 3 different experimental pilot plants will be constructed and tested
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POWERSOL PROJECT 7]

Main project objective: Technological developmant of a solar thermal-driven
machanical power generation based on 3 different a solar-heated
thermodynamic cycles (operating temperatures around 80°C, 100°C-
150°C, and 200°C-250°C)

e
e
k2 #‘:ﬂ

1 Stata of working fluid;:
(3 « Pint 1 Liguis
Rankine 7 m it d
Organic Cycle  Pums § - Point 3: Saturated vapour
- Point 4; Liquid

development +
RO desalination
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MEMBRANE DISTILLATION TEST FACILITY

Collaboration with Keppel-Seghers for the evaluation of their Membrane Distillation
modules (Memstill consortium) in our installations:

M33 module (1)
from Jan. 2009 till Aug. 2009

PT5 modules (3)
from Sept. 2009 till Dec. 2009

Conversations with Fraunhofer Institut for the evaluation of their modules

A World of Salt
Total Global Saltwater and Freshwater Estimates

— 03% Lakes and river storage
IM.U"B Groundwater, including
soll molsture, swamp water

5%
35000000 km? | gagy,  Glaciers and permanent
WNOW cover

Types of water according to salinity

- Freshwaters: up to 1,500 ppm;

- Brackish waters: 3,000-10,000 ppm;

- Seawater: from 10,000 ppm (Baltic Sea)
up to 45,000 ppm (Arabian Gulf). The
reference average salinity of seawater is
35,000 ppm.

Sourca: lgor A Shidomancy, Siata Hydrol
Cultaral Organcsaton (UNESCO, Pass), 1
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Sea-surface salinity [PSU]
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Water Stress Indicator
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3.6 million people die each year from water related disease
Approximately one in eight people lack access to safe water supplies
Half the world’s people do not have sanitation systems as good as in Ancient Rome
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Projections for 2025

500 1000 1700 4000 10000 m® percapita

United Nations report:
by 2025 1,8 billion people living in countries or regions with absolute water scarcity
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World population evolution
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Cumulative online capacity (m3/d)
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As of the beginning of 2008, more than 12,000 desalination plants are in operation throughout the world
producing about 40 million cublc meters (roughly 10 biflion US gallons) of water per day.
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Regional Percentages of Global Desalination Capacity

N, America Australia
17.2% 0.4%
S America

0.7% Middle East

47.8%
Europe
13.0%
Asia ) .
12.2% Affica C.America
3.5% 3.2%

As of the beginning of 2008, more than 12,000 desalination plants are in operation throughout the world
producing about 40 million cuble meters (roughly 10 biflion US gallons) of water per day.
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PRODES
THE DESALINATION PROCESS
Energy
(Thermal,
mechanic, electric
potential)
Feed water
(seawater or |:> Szzarston Uuit q W(a i
distillate or
i Thermal or membrane
b\:\’;iactlzrs)h ( ) permeate)
Rejected water
(brine)
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Top 15 desalination markets 2007-2016

HEA I
o B 20072011

UAE B 2012206
Australia
China
Huwait
Israel
Lioys
Spain
Algeria
Indig
Iran
Caribbean
Oman

Qatar

0 3 6 ] 12 18

$ billion Souros: GWI DesalData Desalination Markets 2010

The desalination market is predicted to grow by 12% per year to 2010. Capacity is expected to reach 84
million m3/day by 2015

Desalination plant sizes and designs range from mere than 1,000,000 m3/day te 20 to 100 m3/day.
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Energy consumption of RO desalination
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Energy Consumption Trends in Reverse Osmosis

Sourps: GWI Desallata Desalination Markets 2000
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GWI DesalData Market Forecast 2010
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iSOG Forecast
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Souroe: GWI DesalData Desalination Markets 2000
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THE ENERGY FACTOR

* Increment from 2005 to
2006 =041 TW — 410
GW = 410 Power Plants
of 1 GW producing the
whole year

* Incrament from 2006 to
2007 = 0,38 TW — 380
GW = 380 Power Plants
of 1 GW producing the
whole year

Tl
1

1973 2001 2002 2003 2004 2005 2006 2007 2008
Years

Data source: Key World Encrgy Statstics (IEA, 2003-2010)
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EXPECTED ENERGY GAP PRODES TV, (e

Expected future
required capacity

Present energy
consumption

» |EA estimation — 40-50 TW to the
year 2100

» From where we will obtain the
future primary energy?

Renewable in Global
Energy Supply. IEA 2004
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Targets and main steps

+ ProDes aims to support the market development for
RE-desalination, through the following strategy:

v Bring together the European players
and coordinating their activities
v Develop training tools

v Identify key players on the local
level and connect them with
technology providers

v Connecting with investors to facilitate product and project
development

v Working with policy makers to outline a support mechanism

v"Making the general public aware of the technology

<*"" NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND Ol o
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O Q U Promotion of
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PRODES through Desalination

Intelligent Energy Eurnpe

38
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+ Co-financed through the “Intelligent Energy for
Europe” programme

4 Intelligent Eneray | | Fur

» Contract number: 1EE/07/781/S12.499059
» Starting date: 1 October 2008
» Closing date: 30 September 2010

» 14 partners with a focus on Southern Europe

Expected results

+ A working group will be established within EDS
coordinating the RE-desalination community activities

+ Training courses will be established enriching the pool of
experts on a European level

+ The companies will build a network for promoting their
products to the niche markets of remote areas in
Southern Europe

+ The framework conditions
in each country will be
improved

The general public will
become familiar with the
technology

by ITC i Cenery Islands

www.prodes-project.org

Intelligent Energy Eurnpe

Intelligent Ensrgy Eurcps

56th Annual NM Water Conf., New Water New Energy: A Conference Linking Desalination and Renewable Energy
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PRODES

Specific objectives of PRODES

+ Develop & communicate a road-map on RE-desalination

+ Develop courses and provide training for students and
professionals

+ Facilitate collaboration between RE-desalination
technology providers & SMEs on the local level

+ Support communication and understanding between
technology providers & investors

+ Provide recommendations for the improvement of the
legislative & institutional conditions

oy=1~

PRODES PRODE!
Introducing RE-desal to higher education

RE-desalination introduced in the higher education system of relevant
countries in order to fill the knowledge gap and help produce the
missing specialists that will work with entrepreneurs active in this
fast emerging market.
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Workpackages of PRODES Introducing RE-desal to higher education
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PRODES PROCES
Transfer of research results to the market

Identify the research needs of the industry for developing competitive
products ready for the market.

Find know-how pools within the academic community or other research
performing entities.

A large number of relevant stakeholders consulted during that process

RE Desalination Roadmap

presented and discussed in a dedicated event within a conference
organised by the European Desalination Society (Baden Baden 2009).

RE Desalination Working Group which will operate independently
from the project to be established and integrated in the structures of
the European Desalination Society.

The main task of this group is to update the road-map and follow-up its
implementation after the completion of ProDes.

PRODES PRODES
Introducing RE-desal to higher education

PRACTICAL CONTENT (Memes are presented wih Ter reaive contibuton
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PRODES oo
Introducing RE-desal to higher education

RE-desalination introduced in the higher education system of relevant
countries in order to fill the knowledge gap and help produce the
missing specialists that will work with entrepreneurs active in this
fast emerging market.

Separate courses for professionals to deliver faster results by
training the people that are already active in the market.

The course adapted and offered as an e-learning course, which will
reach a much wider audience than the specific courses.

g _..- NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND
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PRODES oo
Introducing RE-desal to higher education

RE-desalination introduced in the higher education system of relevant
countries in order to fill the knowledge gap and help produce the
missing specialists that will work with entrepreneurs active in this
fast emerging market.

Separate courses for professionals to deliver faster results by
training the people that are already active in the market.

The course adapted and offered as an e-learning course, which will
reach a much wider audience than the specific courses.

A course on desalination with solar energy is offered yearly by EDS
(in collaboration with scientists from Plataforma Solar de Almeria).

g _..- NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND
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Introducing RE-desal to higher education

The course (http://agora cognosfera org/) is developed into 10 chapters (9 theoretical + 1

practical case) with several intermediate questionnaires for the evaluation

. Basic concepts on Desalination and Renewable Energies.
Desalination I. Membrane Processes (EDR, RO).
Desalination II. Distillation Processes (MED, MSF, H/D, MD).

. Solar thermal energy and MED.

Solar thermal energy coupled with H/D or MD.

Wind energy powered RO systems.

Other technologies

1

2

3

a,

5

6. Solar photovoltaic energy powered RO systems.
7

8.

9.

. Non-technical aspects.

10. Practical case (four different cases but only one is mandatery):

e-learning course

+  Case LPV-ROsystem
prodeslearningAcom e Case 2 Solar- MEH system
»  Case 3. Solar— MD system

®  Case 4. WIND —RO system

" NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND
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Introducing RE-desal to higher education

)

Desalination with Solar Energy

A J-day Intensive course

Other EDS Courses

The general purpose of this 3-day intensive course is to provide experts,
professionals and postgraduate students from al around the worid with
the latest knowledge of the different existing technologies involving the
use of solar energy to drive desalination techniques. More specifically, the:
L - - course willinstruct scientists and technicians on the basic principles of
Lecturers: Julidn Blanco, Diego-César Alarcon desalination using solar energy, the state of the art of the lgwsl ;romlsmg
Fadilla Guillermo Zaragoza technologies and the experiences acquired so far. Theory lessons will be

complemented with vists to the test facilties of Plataforma Solar de
April 18-20, 2012, Almeria, Spain A power producton e desavagian which @
L e JF

REGISTER HOW
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Introducing RE-desal to higher education

HOME VidesTutarials Course About Contact Testimonish Press Statistics

E-LEARNING COURSE ON
INTRODUCTION TO DESALINATION BY RENEWABLE ENERGIES
This
The
This
The

E-LEARNING COURSE ON INTRODUCTION TO
DESALINATION BY RENEWABLE ENERGIES

%" NEWWATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND e g, e r—
3 RENEWABLE ENERGY  ALAMOGORDO, NEW MEXICO 13-DEC-2011 = b
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Creating the link with the market

Facilitate collaboration between technology providers and key actors in
local markets (municipalities, utilities or small enterprises supplying
water treatment or renewable energy equipment and services).

- Municipalities or local utilities gain access to the new technology
enabling them to solve their water supply problems.

- Local entrepreneurs generate new business
- Technology providers find markets for their products

- Local companies develop partnerships with technology providers
promoting the products in the regions they are active, offering
installation, operation and maintenance services.

Networking events organized in each country to facilitate contacts
between local enterprises and international technology providers.

“*" NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND Ol o
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PRODES - RE Desalination Roadma -
Mobilizing investment P
Crucial for RE-desalination technology developers to improve their : A
products and compete equally with conventional water supply Objectlve.
solutions in isolated, water-scarce areas. Outline the vision, barriers and strategies to accelerate the
Support technology providers in plans to investors for raising capital by: development of RE desalination so that it can become a significant
part of the unconventional water supply market
- conducting a survey among technology developers to analyze the nature
and size of resources required and the methods they use to raise funds Structure:

- approaching potential investors to collect their feedback on the fund
raising methods followed by the companies and Research Institutes

- developing guidelines for technology developers with recommendations
on fund-raising strategies and instructions for developing a business plan

- identifying the most promising niche markets and concrete project
opportunities in the involved countries

- identifying opportunities for European companies to export innovative
desalination systems powered by renewable energies

"' NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND
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= Current status of the technology

= Perspectives of RE desalination

= Barriers that hinder the development of the technology
= Outline of the strategy to overcome the barriers

= Resources needed for the implementation of the technology

"' NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND
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PRODES
Legislative and Institutional Issues

Collaborate with key-decision makers to improve framework conditions for
promotion of water production by RE-desalination and ensure adequate
legal protection of the consumers and the environment.

An assessment on how the framework conditions in the target
countries can affect the implementation of RE-desalination.

Concrete recommendations for improvements developed and
communicated to key decision-makers like public authorities and policy
makers through an event in each country.

Realistic targets defined for the future regarding the share of water
produced by RE-desalination on the overall desalinated water produced.

Concrete suggestions made for local, regional or national schemes
to promote the more efficient use of current public spending to support
sustainable solutions in line with the social and environmental policies.

[or=1=
Current status of the RE-desalination technology |

il Technology combination of

the 131 RE-desalination
plants reviewed in 2009

3%

PV ED/EDR

% SOUAR MSE

9%  SOLAR MEH

9%  SOLAR MED

11% SOLAR MD

12% WIND RO

15% OTHERS

3% PVRO

The Roadmap for RE-desalination is one of the
main project results.

ROADMAP FOR

THE DEVELOPMENT OF
. DESALINATION + +*
POWERED  ° .
*BY RENEWABLE ENERGY

Developed with input from all target groups and
extensive review of existing work, carried out
by the ProDes consortium.

Final document widely distributed and a
working group established which will lead the
implementation of the strategy outlined in the
Roadmap.

www.prodes-project.org
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R e | (R et A I
53 56
[oy=1" [oy=1"
b — ROt
RE Desalination Roadmap Current status of the RE-desalination technology

N

Advanzad
R&D

Banie -
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WATER TECHNICAL (o]=1"
GENERATION COST DEVELOPMENT STAGE PRODES
e — - Main barriers of the RE-desalination technology
1-100 m'fd theemal: 100 kWh/m® 25 0/m applications/
electrical: 15 kWih/m’ advanced RED
w QUS-10mYd  thermal: 150-200 kiWh/m® 15 Um advanced RED
Desalination > Lack of
SOLAR/CSP >5,000 m'/d thermal: G0-70 kWhym' LE-2.1¢/m' addvanied RED e
MED electrical;1.5-2 KWh/m' [prospective cost) tfocuses | c
on ever larger systems | appropriate for small
<100 m'fd electrical: OW: 57 ¢/m' spplications/ scale desalination
BW: 05=1.5 kwh/m* W 8-12 Gfm" acvanced RED :
SW: 45 KWh/m! plants, typical of
many RE-D
<100 m'fd ehectrical: BW: B-5 &fm" advanced RAD i
“ oniy BYW: 34 KWhym® combinations
50-2,000 m'fd wlectrical: units under 100 m'/d applications/
BW: D515 KWh/m* BW: 3-5 €/ advanced RED
SW: =5 kwn/m’ W: 57 ¢fm?
showut 1,000 m'/d
1,54 &fm
<100 m'fa electrical; 4-6€fm' basic research
only SW: 11-14 kWh/m*
L000-3000mfd  pressurised water: LB-24 kWh/im'  05-1.08/m" Basic research | NEWWATER NEW ENERG\lr: A CONFERENCE LINKING DESALINATION AND fm
w wlectrical: 2.2-2.8 kiWh/m' |prospective cost] ﬂﬁ" RENEWABLE ENERGY  ALAMOGORDO, NEW MEXICO 13-DEC-2011 Ciomalt ===
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ASSUMPTIONS RO0ES DES

Off-grid wind powered- 107
seawater RO systems.

Nominal capacity: 1,000 m/d
Number of annual operation hours: 5,200 =
Specific energy consumption: 3.3 kWh/m?

Nominal capacity: 100 m*/d
Number of annual operation hours: 3,000
Specific energy consumption: 6 kWh/m*

Seawater PV-OR 1181

Nominal capacity: 100 m*/d
Number of annual operation hours: 3,000
Specific energy consumption: 1.6 kWh/m*

Brakish water PV-RO 829

Brakish water PV-EDR 847 Nominal capacity: 100 m*/d
Mumber of annual operation hours: 3,000

Energy consumption: 3.31-3.65 kWh/m* depending)

MED + solar pond 144 Nominal capacity: 6,000 m/d
Number of annual operation hours: 8,320"

Electric consumption: 2.25 kWh/m?

Nominal capacity: 6,000 m*/d
Number of annual operation hours: 8,320
Electric consumption: 2.25 kwh/m®

: NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND
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Main barriers of the RE-desalination technologyﬁm

Lack of comprehensive | = It is difficult to

assess the risk and
investors are

market analysis as to
the size, locations and
segments of the market [ reluctant to invest

RENEWABLE ENERGY  ALAMOGORDO, NEW MEXICO 13-DEC-2011
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Main barriers of the RE-desalination technologymm'

Most RE-D* are not
developed as a single
system but are
combinations of
components developed
independently

= Paor reliability

=2 Increased water
cost

RENEWABLE ENERGY  ALAMOGORDO, NEW MEXICO 13-DEC-2011
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Main barriers of the RE-desalination technologymm'

= Investment in RE-D
remains unprofitable
even where it offers
better value than the
current solutions

The pricing structures
and the subsidies of
water supply ereate
unfair competition

RENEWABLE ENERGY  ALAMOGORDO, NEW MEXICO 13-DEC-2011
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Main barriers of the RE-desalination technologypno

Barrier Effect Strategy
Institutional and Social
Negative perception | - Opposition of local
of desalination by the | communities to
population installation
R e e MRS, oot =2
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R&D priorities for the RE-desalination technologi’(m

= Components suitable for specific RE-D

— Adaptation of pumps and energy recovery systems for efficient operation
in small-scale plants

— Development of seawater-resistant materials (e.g. pumps)

— Automated and environmental friendly pre- and post- treatment
technologies

— Control systems that optimize performance and minimize maintenance
— Obtain certification for food proofed systems for materials that are in
contact with the water

= Components suitable for the smooth and efficient coupling of the existing
desalination with renewable energy technologies

f’. NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND e
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Main barriers of the RE-desalination technologypﬁo""

Institutional and Sacial
Bureaueratic FThecomamd effort |« Promote simpler and straightforward processes
struetures nat tenuired to desl with | to abeain & licenss for independent water
tallored for he bureaicracy does | production
E x f 1] A
"d:p"d"' il o + Lok for greater cooperation batween the
: i
£ :mlm' . ey power and water branches in governmental and
PARAAL T SLSTEY, ron-govemmental institutions
and water policies
Lack of training and ¥ Reduced alant = Suppart education and raining a1 all levels
infrastrutture Evaability
< Lack of persanned for
Operation and
mainténance
Cuitursl gao between | »Projects fnil for nen- | » Encourage adaquate consideration of sotic-
|project deveiopers ‘technolagical reasans | cultural factors and establishment of
#nd thee end-users. ke eonllict about Eommunication thannels with the end-users
control
f;- X 3 Ciomak &
A Al = =
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Targets for the RE-desalination technology a

New desalination plants to be constructed up to 2016 are expected to be
worth, in total, over $64 billion.

RE -desalination community is targeting a 3-5% share of that market,
worth $2-3 billion over the next 7 years.

This is a market large enough to attract the interest of major players who
will catalyse fast developments.

* Plants with capacities below 1,000 m*/day: 15 to 20% of the market share
aimed by RE -desalination, using existing technologies like wind-RO, wind-
MVC, solar MD, solar MEH and PV-RO.

= Larger plants: just below 2% of the market could be reached when in
addition to the very large wind powered RO systems, CSP-MED and wave-
RO plants start being implemented.

-~ NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND
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R&D priorities for the RE-desalination technolog?o

= Development of elements that will make RE -desalination robust for long
stand-alone operation in harsh environments

= Development of components and control systems that allow desalination
technologies to deal better with variable energy input

— Hybrid systems

— Energy storage

— Salinity gradient systems

= Development of co-generation systems that produce water and power

The fact that RE-Desalination belongs to both water and energy sectors, has
been a barrier for securing R&D funding since neither sector felt totally
responsible for this area

— reverse this situation and use it as an opportunity to include RE-D priorities
in both.

ﬁl—"" NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND
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PRODE:

Legislative and institutional issues

Greece:

Development of a specific framework for the desalination of brackish and
seawater

Priority should be given to implementation of small autonomous RE Desalination
units in remote areas (small islands).

— new RES Law 3851/2010, already provides priority on the licenses
authorization for the implementation of RE desalination projects.

Public or private projects and activities categorized according to their impacts on
the environment. Desalination units >100 m3/day: serious risks for the
environment, <100 m3/day: subject to general specifications, terms and
restrictions for reasons of environmental protection.

— proposed: <50 m%day to belong at Category C (insignificant risk or nuisance
or degradation to the environment).

<10 m¥day for Municipal Use, exempted from the licenses procedures

" NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND
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Spain:

sector.

[ tesa

Legislative and institutional issues

RE is a key and powerful industrial sector in Spain with a very significant
contribution to electricity generation: 24,7 % of electricity in 2009 and very promising
role for the next decade (42.3% in 2020).

The subsidy strategy (Feed-in tariffs) has allowed this high development of the RE

Initiatives on subsidies, as the one, focused on desalination in the Canary Islands,
addressed to reduce water prices in the region, which are higher than the average
price in the country.

— proposed: specific subsidy to desalinated water produced by RE resources.

Desalination included in the new Plan for Renewable Energy in Spain (2011-2020).

f—f”" NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND
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Activities of the RE-desalination Working Group

= Define the R&D priorities that will benefit the entire sector and
coordinate activities in this direction

— R&D worth more than 100 M€ in the period 2014 to 2020

= Support the wider establishment of RE-desalination education and
training activities

— 2,000 students and 500 professionals yearly within Europe by 2015

= Supervise and coordinate a comprehensive market analysis
= Develop and promote appropriate legal structures and policies

— both on a country by country basis

= Raise awareness about the technology and demonstrate its market
potential

-~ NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND
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RE-desalination Working Group

Working group on Renewable Energy Desalination to promote the use
of desalination powered by renewable energy as an environmentally
friendly and decentralized solution for sustainable water supply.

Work of the group guided from the Road Map.
Participation open to stakeholders — register in www.prodes-project.org

There are already more than 100 registered members that will be meeting
annually in events coordinated with the conferences organized by the
European Desalination Society.

Next meeting to take place parallel to the “Desalination for the
Environment, Clean Water and Energy” conference in 23-26 April 2012 in
Barcelona (Spain).
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RE-desalination Working Group

oow www.prodes-project.org
PRODES ook

orking Group Regisiration

The ProDies project [www prodas-projact org) has inated the
working group on Renévable Energy Desalnagon. The main
mission is bo help e markal devilopment of the technology and its
applhcsnon in difetert pars of the word The ProDes roadmap
OUlings 8 strategy for e Secior, whech |5 guading (hs ackwties of
ha warking group.

|" ROADMAP FOR
THE DEVELOPMENT OF
. DESALINATION « **
BE !

Yo o rmabid 1o bocome  mirniber of the group and contribute

1oits g 4111m the ferm and sub
becoms & momber and recene infoameton about th upcoming
MRetings

1. Please provide your contact information below so that
we can contact y up: 2 group *®

copyrgt FraOas - Fan
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The 3*.0smosis”
Membrane Summit

AEDuR

ARBCILZION ERRASSLL B
DABALACITN § AUTRIZACON

EDS"

Conference and Exhibition on
DESALINATION FOR THE ENVIRONMENT
CLEAN WATER AND ENERGY

April 23-26, 2012
Barcelona, Spain

DEADLINES

Mattfication of sccaptasce
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Papers 73 February 2002
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Renewable Energy

Renewable energy resource: illimitably available and not generate pollution

Light Conversion to electricity| Animal dung
by cells used for producing|
-

[ Frrr————
Light provides Forest fossilized
energy for | by phatosythesis ’-\ to coal

Direct use of heat. Marine animals

‘ Heat for heating and cooking
by using solar heaters
| and solar cookers

Heat Causes winds, llull_)llwm of wind

ocean waves and ocean energy

to
crude oll, gas

e ] |
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Renewable Energy Renewable Energy
Limitations: Power oriented RE technologies are based on three major resources:
. - h 1. Solar radiation;
Intermittent, difficult to predict and fluctuant 2. Wind:
Occupy large areas 3. Waves.
Adverse impact on the environment:
visual impact
noise

influence marine and aerial life
Size of RE power plants is limited (few MW)

— despite being one of the most used, hydropower is not considered
because it is associated to high availability of water (desalination not
necessary)
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Renewable Energy for Desalination Solar thermal energy
A number of different technologies allow the eXP'OitaﬁOn of renewable B et Main slamants of
energy resources, providing energy as heat, power or even a 4 i : a solar collector
combination of both energy forms | i - Cover (1
heat production RE technologies ' ::;:;::::'
m Optical ar il features

Solar thermal datermine th fficiency (1)
Biomass Solar Thermal Windlgoweq y-—
electricity 4.6
Geothermal Wave Power i
* [ usatul powear [W]
A, Gy avaiiable power [mé x Wim?|
Solar Photovoltaic + Ay Area of collector
* Gy Solar input power per m?

power production RE technologies
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Renewable Energy Solar thermal electricity
Heat oriented RE technologies are based on three major resources:
1. Solar radiation; Solar thermal collectors concentrate solar radiation into heat energy to
2. Biomass / Biogas; produce steam, which then turns a turbine to produce electricity.

3. Geothermal heat.

Solar based solutions are particularly suitable for desalination purposes,
given the resource availability in most of the hydric stressed areas

Solar thermal Geothermy
.

o

L

|

Ba e

Central Receiver Systems Uish-Sh!Ilng Systems Parabolic-Trough Collectors
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Solar photovoltaic energy

Salar PV energy is based on the electric conversion of solar radiation on
a solar cell, by means of the photovoltaic effect

PV modules

o =,
LY

SPECLULLY TREATED
SR COMEUCTOR
PaTERIAL
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PRODES
Wave energy

Examples
" | wind speed =10 m/s
Fetch length = 100 km
» wave height = 1.6 m
» wave period = 6 sec
+ wave power density = 7 kW/m

Wind speed =12 m/s

Fetch length = 1000 km

+» wave height =5.0 m

+ wave period = 12 sec

» wave power density = 135 kW/m

ﬁ-l" NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND

Wind turbine generators convert mechanical energy from the wind to
electrical energy.
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. PRODES PRODES
Wind energy Wave energy

Worldwide exploitable wave energy resource estimated to be 2 TW
Intermittent and variable

Geothermal Reservoir

" NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND
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Geothermal energy Tidal energy

Current best estimate for total
worldwide exploitable resource is
calculated to be 3 -4 TW

= 1,500 GW in the UK, Canada
and Alaska

= 1,600 GW in China and Japan
= 145 GW in Australia and New

Zealand
500
= e
[=2]
TE— 300
= E I
=2
=]
= 100
Dn 1 2 2 4 5 6 7 28 9 1011 12 13 14 15 16 17 12 19 20 21 22 22 24 25 26 27 28 20 30 31
March 2000
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PRODES

Tidal energy

Tidal stream Tidal barrage

-,

Portaferry, Northern Ireland

La Rance, France
ﬁ‘-" NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND
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Electro Dialysis

Salt water flows through channels made with ionic selective membranes.
An electric field forces ions to cross relevant selective membranes, thus
generating two streams:

« dilute stream;

* concentrate stream

Electrode
Stream

=
7 ol

e bk ke S— )
Concentrate
EE@’ Stream
-Excha
() mgg"' gemrane Dilute
Stream
e —l

Electrode

ﬁ Stream
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Renewable Energy for Desalination '

Depending on the desalination process in use, energy might be
required either as heat, power or even a combination of both energy
forms

heat-driven processes

Multiple Effect Evaporation

Thermal Vapour
Compression

Multi Stage Flash
Membrane Distillation

Humidif.-Dehumid.

Mechanical Vapour
Compression
Reverse Osmosis

Electro Dialysis

power-driven processes

ﬁl— #~ NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND %
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PRODES

Solar Stills

Basin-type solar still

5ASIC ELEMENTS IN A SOLAR STILL

1) Inoaming Radiation (Enegy)

2) Water Vapor Production from Saline Water
3) Candensation of Vialer Vapar (Candensate)
4 Collection of Condenszte (Fresn Water)

The Inside of the basin I usLally biack 1o
EMeiEntly 080T r3AIA00N 30 INsUlated
on e batiom ta resaln neat.

ey
T, T 1%
SR,

= e g T
r

Incoming
Solar
FRadiation

Diagram of a solar still USAID
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. PRODES] . PRODES]
Reverse Osmosis Solar Stills
Sea water pumped at pressures Meruins Wick-type solar still
higher than 60 70 bars. .
A semi-permeable membrane allow * s \.iii';,
the passage of water with a high POROUS FABRIC
rejection for salts CONDENSATE

GLASS COVER
WATER PROOF
SHEET

|t RENEWABLE ENERGY  ALAMOGORDO, NEW MEXICO 13-DEC-2011 m =, Clemat =

INSULATION
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o o
e oL PRODES PRODES
Humidification / Dehumidification Thermal processes
Multiple effect systems for latent heat recovery
Seawater p P p P
vy v— Y
Steam _I—b. an
ondensed distillate distillate distillate
steam
f—" NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND ﬁ.” Ci L Pty — f_" NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND ﬁm Cis £ Ep e
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" . gn - - gn " Pﬁo ES " - ] . Pﬁo ES
Humidification / Dehumidification Multi Effect Distillation
Preheated seawater
Humidifier Denumidifier
(diffusion i,
Bk
b, ]
-
E]?ln o B
A e et W e Cromrot = A e s e ST R | Cpmerot 7
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PRODES . ) PRODES
Thermal processes Multi Stage Flash Evaporation
Evaporation on Evaporation with
a hot surface flashing
T &u’;“g |(nni'ﬁarmm "Z-"'.‘:"
seawater B STAGE
Hot
Vaporised Steam Vaporised
Hot water water
Steam
— .
Rejected
seawater brine
ondensed
steam Condensed
Rejected brine steam
f—f“ NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND ﬁm Cl e f‘“ NEW ENERGY: A INATION AND ﬁm Cl £ Pempmp——
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Mechanical Vapour Compression
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Renewable Energy for Desalination

Renewable Energy sources

| Solar Energy ‘

Photovoltaic

Solar stills

!

| Wind & Tidal Energy |

| Geothermal Energy |

Reverse Electro
Osmosis Dialysis
T 3

MED: Multiple Effects Distillation
MSF: Multi Stage Flash

TVC: Thermal Vapour Compression
MVC: Mechanical Vap. Comp.

h 4
< 3 1 [mMED-TVC]
@ MSF| | Humid Membrane _—
Dehum. Distillation

I"’ NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND
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[@F=1%
. . . Pﬁo JES
Membrane Distillation

Microparous
Membrane

Raw Refrigeration
Feadstock Stream
Condensate | Distillate Cooling
Plate

_J". NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND e c 3 £ Pempmp——
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Renewable Energy for Desalination

Solar Thermsal
T

Drsalisation proceses used in conjunction wih e
ewable ceerpy

Energy souroes for desalination
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. . PROCES . . PROCES
Desalination demands Renewable Energy for Desalination
Mechanical processes
MVC RO BWind RO BSolar MSF
+ Mechanical power: 7 15 + Mechanical power 4 7 19% @ Solar MSF B Selar MED
kWh/m? produced water kWh/m? produced water 10%
+ Sea water intake from 3 to 5 + Sea water intake from 2 to 4 B Hybrid Systems Bs“':;:‘;m OWind MVC
times produced water times produced water 5% EOther
OWind MVC
Thermal processes o Opv-RO
MED MSF @PV-ED @Other BPV-ED
+ Low pressure steam (0.8 bar)in a + Low pressure steam (2 bar) at a 6% OPV-RO = ’
rate of 8 to 12 % of product water rate of 10 to 12 % of product water 32% -EW{"U
+ Electric power 1.5 3 kWh/m3 + Electric power 2.5 4kWh/m? E\'\:;:d :3
product water product water
+ Seawater intake from 5 to 6 times + Seawater intake from 3 to 9 times
product water product water
f‘._m“ N ENEWABLE ENERGY - ALAMOGORDO, NEW WENICO 15.0EC 201 ﬁ?. Clemak =55 A R e e e ﬁﬁ_ Ciemok =55
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Current status of the RE-desalination technologym

[ol=1"
0DES

Solar Dew International

Type: solar still Type: solar still Type: SolarDew One
Location: Yemen Location: Yemen Location: under tmllm:_&umh We:tlFrarH:!
Capacity: 1.51/d Capacity: 1.51/d Capacily 85 Capacity: 7-12.5 |/day
\"esn"o! Instlllll:n: 2007 Year of installa 007 Year of installation: 2010 expected Yr;'ﬂr:ﬂitﬂl::ﬁﬁ-::ﬂﬁ
till in operation: yes . . :
e oK PN e SR, Usage: drinking water production

" NEWWATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND i P | NEWWATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND 3 ]
&g;ﬂ RENEWABLE ENERGY ALAMOGORDO, NEW MEXICO 13-DEC-2011 mﬁ.m - ﬁ"’ ﬁ,ﬁ RENEWABLE ENERGY _ ALAMOGORDO, NEW MEXICO 13-DEC-2011 mgmm e
0@ 0@

Current status of the RE-desalination technologf/’“ o

RSD Solar Rosendahl Systems

Type: F8, 6 modules 1.25x 1.25 m*
Location: Cuba
Capacity: average ca. 40 1/d
Year of installation: 2006
Still in operation: yes
Usage: drinking water for a family

aypt
Capacity: average ca. 50-60 |/d
Year of installation: 2004
Still in operation: yes
Usage: drinking water for desert camp

Current status of the RE-desalination technolog);“ °

DES

Solar Dew International

Current status of the RE-desalination technolog{;ﬁ o

RSD Solar Rosendahl Systems

* ne’ at®
S 4% ngn
.40‘:‘ €s MELIE ,,;'
gt
' Ad,
7 5 e //C( 1
i//r M
3 i |
Y A

R e aeres o M. Cremot =] R e o i Cromot =]
[eT=1" [eT=1"

Current status of the RE-desalination technolog?

ODES]

21 Watercone 22RSD

154

quality of produced o o
water

3 Solar Dew
oYl ibary Dk unt: 10V oy
o i . Bovislable products range
between 4 and 5,000 Ieres/day
Distillate
threugha

pre-filter

; " NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND I Cie g,
ﬂ RENEWABLE ENERGY ~ ALAMOGORDO, NEW MEXICO 13-DEC-2011 £ | e p——

post treatment if ]
requirenvents m_' Ll
The brine reguires dipesal at
weeekly interval.
Cossing J of 3 years thi
WM requirements ““t:::‘m the coector surface, when mamibrans modules need
dunty replicersent - & dmphe task
requiring & minimal amoent of
time
fﬂf" NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND Cie o
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Current status of the RE-desalination tec:i'lnlczlcmg):‘rH o2

#Technology: Multi Effect Solar Basins
#Daily Capacity (nominal): 15-18 liter/m?
#Year of installation: 2005

»Location: Gran Canaria (Spair)
E'rlnstailed by: Solar-Institut Jiilich

P v e e ) (e R i e e M. oot =2
112 115
[of=1" [of=1"

[ol=1"

PRODES

Current status of the RE-desalination technology

MAGE WATER MANAGEMENT GmbH - MEH Systems

= 2
==
7
Solar thermal collector
Congenser

Evaporator
PV pump for raw wiler

Return line for brine I

Raw water supply

Current status of the RE-desalination technologf;“ o

IBEU, Solar Institut Juelich AQUASOL

Location: india
Capacity: 50-60 |/day
Year of installation: 2005

Current status of the RE-desalination technologf;“ o

TERRAWATER GmbH - Solar distillation

i

Tnppe' nidula TV

Year of installation:
5till In operation

Usape: wasle waler concentration, RO brine, Pilol Usage: wasle waler concentralion, RO brine, Pilol

Current status of the RE-desalination technology

MAGE WATER MANAGEMENT GmbH — MEH Systems

-

Type: Solar Thermal MiniSal™ 1000 Desalination

Type: Solar They
e Rl System

Location: Dubal, 160 m' fiat plate collactors
Year of installation: 2007

Still in operation:
Usage: For walsr

RENEWABLE ENERGY ~ ALAMOGORDO, NEW MEXICO 13-DEC-2011

fr"‘-" © NEWWATER NEW ENERGY: A CONFERENCE LINKING DESALINATIONAND 188 e " NEWWATER NEW ENERGY: A CONFERENCE LINKING DESALNATION AND 1388+ ST
2 RENEWABLE ENERGY Auuusuknlf), NEW MEXICO 13-DEC-2011 *ﬂmm Cloaat == fﬂf‘ RENEWABLE ENERGY  ALAMOGORDO, NEW MEXICO 13-DEC-2011 *ﬂmm Clomat ==
0@ 09
PRODES PRODES

fﬂf" NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND

Current status of the RE-desalination technology

SOLAR SPRING - Oryx 150

Year ol Inlnllllhn rl
Still in operstion:

ENERGY: A CONFERENCE LINKING DESALINATION AND e
RENEWABLE ENERGY AI.AMOGORDQ NEW MEXICO 13-DEC-2011 £ =

£
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ooy
Current status of the RE-desalination technolog? o

SOLAR SPRING - Oryx 150

'DESALINATION UNIT WITH MENBRANE
HEAT RECIVERY =%

PLsoDULE

'

FRESH WATER STORAGE

L e ————————
" NEWWATER NEW ENERGY: A CONFERENCE LINKING DESALINATIONAND Fe—
&g;ﬂ RENEWABLE ENERGY  ALAMOGORDO, NEW MEXICO 13-DEC-2011 ',‘&mm Ciomat =25
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Current status of the RE-desalination technolog? o

Canary Islands Institute of Technology (ITC) - DESSOL®

yo— |
(96 6}

Type: FV-RO for b
Location: Tun
Capacity:
‘Year of Inst.
Still in op:

z — ——————
" NEWWATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND s Ci -
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PEE
Current status of the RE-desalination technologym o

11 AGUASDL A4 Tesrawales

o Ak sy TV S Modudes 5p 10 G000 CompactStem: 1501
combining TWS modules spto Twa Laop Syrtem: B
spotem Megasal™ 10000 d S e
Modular up to Sm* Mantsal™ 50000 iid
Ounlate Dulate Ounate Daate
st of 3 sand fites if &0 2
ey, Syeee o <1mm clemant depending on raw
water qualey
post trRatmant e L
requirements ":“ the taste impiot the taste 10 improve the tase
o
P monthly) fwates tightness) Every 2 years scid sed
art o] " il
g yearty) ) ¥
steel hange material water source}
Lo v chieap. evey 1-2 yury) firweery S pear) Wiew WD Module try §
d .1 pear, Fump every 10 pears

fevery S yeans) quality

O ee - —
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Current status of the RE-desalination technologf;“ o

ENERCON GmbH - Wind RO

r Desalination System
ok

fﬂfﬁ NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND
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Current status of the RE-desalination technolog)';“ ’

Technology: solar MED

Energy Source: Solar thermal
(CPC collectors|

Daily Capacity (nominal): 72m*d

Year of installation: 2005

Type of installation: R&D

Location: Almeria, Spain

Installed by: Plataforma Solar de Aimeria; Aquasol Project

: " NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND 1 Cie - -
ﬂ RENEWABLE ENERGY ~ ALAMOGORDO, NEW MEXICO 13-DEC-2011 X 1 hirn E
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Current status of the RE-desalination technolog);“ ’

WME - Wind driven vapour compression

APOUT COmprVSSion
en Iskand, Germany
Capacity: 15 m /b
Year of installat 5 Year of installation: 2004
Still in operation: Still in operati
Usage: drinking water Usage: drinking water

; " NEWWATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND jor |
m RENEWABLE ENERGY ~ ALAMOGORDO, NEW MEXICO 13-DEC-2011 £ = Vi
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Current status of the RE-desalination technolog;‘?a o

DissOL
T
DS LTI LS AR -ty

<ty
o WO/ ety Aerareratuaton
Pl f reguared

peimiimest - PSSR S Lol ien:
Lo Sodm hpschores ™ .
By, Vel sepectios, Pustng the
mersbraney
Weelty Dnanng the 7V, chemasl
PN,
ety Cuvtbarcnieeiormat PR
iy
oonecton, batteressiate, Al CBM byEreron  re T ot 41N
[ R —
[
43 yeare changs of mavtraner

I"’ NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND
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PV energy

The current and power produced by a PV cell vary according to its voltage under given temperature
and irradiation conditions

Under Ir and 40
conditions we obtain the characteristic |-V G = 1000 Wim2, Teell = 25°C
curves 36— 70
The values under reference conditions are called 20 [ 1%
Peak or referance valuss. 326 =
g VE
Cells  inter-comparison are made upon E 20 4 40 'g'
charactaristic I-V curves. £ s Vd 08
, i /

Py = maximum (peak) power 1.0 / 20

I = current at peak power 05 10

Vo = voltage at peak power 0o 0

0 5 10 15 20 25
voltage [V]
) NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND = & arme
A TaTs RENEWABLE ENERGY  ALAMOGORDO, NEW MEXICO 13-DEC-2011 Fhamimen —

127

PV energy

Solar PV energy iz based on the electric conversion of solar radiation
©on a solar cell, by means of the photovoltaic effect.

Free electrons created by absorption
of photons are in excess in the N
layer of a semi-conductor, migrating
to P layer through an external circuit, §
thus creating an electric current.

E 1~ curment
b

PV modules are connected in
series or parallel to assemble
a Solar panel with the required
current and voltage.

Similar cells are connected
in series to form a FV
module.

f"" NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND
RENEWABLE ENERGY  ALAMOGORDO, NEW MEXICO 13-DEC-2011
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PV energy

The current and power produced by a PV cell vary according to its voltage under given
A nd Irradiath it

40 BO
-V curves for a PV generator at 35 | 70
different solar radiation levels. : | i
3.0 — 1000 Wint—— =
‘When connected to a 12 V battery At | it
= i .
the operating zone lles on the = 5 300 Wi’ g
gray band. I | ik =
g 20 T H
5 - @
3 qg| —O00Wim : g

= maximum (peak) power

0 & 10
valtage [V]

f"" NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND e
j‘* RENEWABLE ENERGY  ALAMOGORDO, NEW MEXICO 13-DEC-2011

128

PV energy

Functional principle of a silicon solar cell

Different types of conventional solar cells are available for
typical applications.

Thin film technologies are presently under strong research
effort, enabling higher efficiencies and applications on a high
diversity of substrates.

amorpheus silicen

multicrystalline silicon

menocrystalline silicon
5% 10% 15% 20%

" NEWWATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND
ﬂ RENEWABLE ENERGY ~ ALAMOGORDO, NEW MEXICO 13-DEC-2011

oe

PV energy

Two technologies currently dominate the PV market

Palng o Srgle Cryuat
Single Crystals: | gl Paoly (multi) crystaliine:
- highest efficiency. T - low cost.
- low process. H fast process.
- high costs. i

- lower afficiency.

Auxiliary equipment for PV systems

Storage units:

= Leadfliquid batteries.
- Alcaline batteries.

- Charge controliers.

- DCIAC inverters.

_‘_ NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND | e c 3 £ s np——
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Two configurations are possible:

= Stand alone PV-RO plants
= Grid connected PV-RO plants

Where the system is grid-connected the plant can operate continuously as
a conventional plant and the renewable energy source merely acts as a
fuel substitute. Stand alone plants need technological development
allowing for the intermittent energy source.

The main problem with stand alone plants are the effects of not constant
power input on the membrane operability and durability: it has to cope
with unpredictable phenomena due to start-stop cycles and partial load
operating.

e .
ﬁ‘ i . NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND im Ci £
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or=1" or=1"
i i o PRODES i . v PRODES
Coupling of PV with RO desalination Coupling of PV with RO desalination
Power requirements (with pressure exchanger)
Photovoltaic Reverse Osmosis is today one of the most promising _— - e
coupling between desalination and RES. = WY ey (SKWHP DO sy

= g

]
| e v

Overall power required = 132,5 kW
Dally energy consumption = 3203 kWh

Accumulator = 4271 kWh

Surface = 4617 m? a

T"‘- NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND e =T e
P TaTs RENEWABLE ENERGY  ALAMOGORDO, NEW MEXICO 13-DEC-2011 Vhammen Clemrak 7|
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Coupling of PV with RO desalination

Overall layout of a PV-RO plant (including electrical facilities)

e e ——
==
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Coupling of PV with RO desalination

——— W

OO g ok,
PRODES -

fit W
through Desnlinstion

Description of the case

+ Estimation of the basic design of a seawater to be
powered by a RE stand alone system consisting of a PV
with a backup (batteries) system.

+ Main input data:
~ Population: 250 inhabitants
— Per capita water consumption: 50 l/day
- Feed water type: seawater

-~ NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND
Jﬁ‘l RENEWABLE ENERGY  ALAMOGORDO, NEW MEXICO 13-DEC-2011
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Accumulator = 8432 kWh

Photovoltalc fleld  Surface = 9114 m?

or=1% or=1%
. . . . PRODES] . . . . PRODES]
Coupling of PV with RO desalination Coupling of PV with RO desalination
Power requil (ne h ) O O o i‘!: ':... 'E‘E:E“';L?:'EL
i o PRODES " through Ousalination
BOKW e qngs HEY [ =
BRI A e e s Calculation process
J IR e o = 1. Caloulation of RO unit data
—u 2. Calculation of demanded energy
N 3. Calculation of energy to be stored in batteries
4. Caleul of energy produced from the PV modules
fr o e
controller P
AC Overall power required = 283,5 kW — Faed pump
oc [ = . Dally snergy consumption = 6323 kWh = j:

143 A, G0 bl

ﬁl—'_"' NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND m_-
Ll T3
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Coupling of PV with RO desalination

oovEs B
PRODES . s
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Energy demanded by the system  Energy = Power x Time

Element | Operation time (h) | Power (W) | Energy (Wh)
Feed pump 7.5 1,167 8,752
HP pump 75 8,750 65,625
TOTAL 74,377

Energy storage calculation

The autonomous electric system has a set of energy losses, which include
the inefficiencies of the different components: batteries, inverter and others.

The energy that must be stored has to take into account these losses by a
global efficiency factor: R, A usual valug is 0.7, Therefore:

Energy from batteries = Energy demanded / R = 108,253 Wh

T" NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND 5 — Py
A TaTs RENEWABLE ENERGY  ALAMOGORDO, NEW MEXICO 13-DEC-2011 i v
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Coupling of PV with RO desalination

g

oed

PRODES
RO unit 1. Flows Data Value
Recovery ratic 40%

Average daily operation hours | 7.5h

* Water demand: 250 persons x 50| /pd =12,5001/d=125m?/d

* Product water flow [Qp]:
+ 125m¥d/75hd=17mi/h

or=1"
PRODES|

Coupling of PV with RO desalination
OQW E-nr =0 »

Capacity of batteries
Data Value 5 g B eI
Operation voltage (Vo) 48 Vde fl‘ [ I
Number of autonomy days (N) 1 day = -@." ”T_| :n-_} i
Discharge depth (Pd) 0% =|; A@EEE _l_
Unitary voltage of one vessel 2Vde e | o e |
*  Useful capacity:

Coupling of PV with RO desalination

o= .. e

PRODES -

RO unit 2. Power

Data Value

Operation pressure of RO pump 60 bar

P P{Pa]-Q(m’a‘s){n Operation pressure of feed pump 5 bar
Ul Pumps efficiency of RO pump B80%

Pumps efficiency of feed pump 50%

Pumps power calculation

- Feed pump: 4.2/ 3600 (m¥s) x SES (Pa)/0.5=1,16T W

- High pressure pump: 4.2 / 3600 (m?/s) x 60 E5 (Pa)/ 0.8 =8,750 W
— Total power: 1,167 W + 8750 W= 10211 W

Q, - Cy=Eb"N/Vo=106253Whx1/48V=2214 Ah
* Feed water flow [Qa]: r=—=x100 L )
), + Nominal capacity (manufacturer)
o= Cple A nI0s =4 ma th » Cn=Cy/P, =2214 Ah/0.6 = 3,689 Ah
= Number of vessels connected in serial: 48 /2= 24
R s i B Ctemot i R, R Ui, B Chemot
[oF=1" [oF=1"
PRODES PRODES

f._- New wArER e : — e
| At RENEWABLE ENERGY  ALAMOGORDO, NEW MEXICO 13-DEC-2011 !ﬂ'—"‘—. Clomat 75

Coupling of PV with RO desalination
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PV modules
Data Value
Efficiency of charge controller 0% E _ Ebateries
panels = ———
Solar peak hours (SPH) 38 09
Relation between maximum and real 0.9
igncy of the modules No= P
Power of one module (F) BW = 0oP(SPH)

Solar peak hours is a parameter that means the number of solar hours with a

radiation of 1,000 Wim? (maximum radiation that produces the maximum

power from the PV modules). This value changes each month, thus

calculation is made for the most unfavorable month (normally December).

+ Energy from the panels: Ep = Eb /0.9 = 106,253 / 0.9 = 118,059 Wh
Mumber of panels: Np = 118,059/ 0.9 x 125 x 3.9 = 269 modules —

ﬁ + Total installed PV power. Wp = 269 modules x 125 W / mod. = 33,635 W
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Coupling of PV with RO desalination Coupling of PV with RO desalination
Seawater PV desalination unit (since 1999) in Canary Islands PV-RO: CASES OF STUDY. KSAR GHILENE
X } . ign p: :
First autonomous PV-RO system, designed to satisfy a small water demand Design parameters .
(50-75 inhabitants) isolated from the electric grid. DESSOL® is an ITC patent. * Water consumption: 15 mé/day (summer)
= Average Global Horizontal radiation per day: 5.6 kWh/m?
= Ambient temperature: 0-60°C
= Salinity of brackish water: 3500 mg/I
= Temperature of brackish water : 28 -35°C

| Equipments of the installation:
J
i - PV field Battery back-up system = Photovoltaic field (10.5 kWp)
ROWNt400h (96 m3fg)  (+BKWp =35 1), (19 kWh) - Batteries (660 Ah C10 of capacity at 120Vpe, 79.2 KWh)
5.5 kWh/m? * Charger- Inverter (10 kW)

Also tested a battery-less
PV-RO system

Average operation 8 h/d (summer); 6 h/d (winter)

= Desalination plant 50 m¥/day (2.1 m3/h)

= Recovery: 70%

."’ NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND — £ = . ."’ NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND — Py
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Coupling of PV with RO desalination Coupling of PV with RO desalination

PV-RO: CASES OF STUDY. DESSOL® PV-RO: CASES OF STUDY. KSAR GHILENE

Integration of 3 PV systems with solar trackers from different manufacturers in

RO + PV for brackish and ter desalinati
a SWRO desalination plant including an Energy Recovery Device. S OrDIackish and seawater cesainaion

— Advantages:

« Easy to operate

+ Modularly RO can adapt to energy available
— Disadvantages:

« High investment cost due to photovoltaic
« Brackish water: 4.5 €/m?3 produced

RO unit 1.25 m%h (30 m¥d) Degertracker and Lorentz (2 kp

2.54 KWh/md. each), Traxle (1.6 kWp). Total power:
Average operation 8 h/d 5.6 kWp. Battery back-up system (41
kWh).
R e SR e PR oot =] Py ey, ——
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Coupling of PV with RO desalination Coupling of PV with RO desalination

PV-RO: CASES OF STUDY. KSAR GHILENE PV-RO: CASES OF STUDY. KSAR GHILENE
Cooperation project. Autonomous PV-RO unit in Tunisia (since 2006)

Off-grid desalination unit (stand-alone system): control strategies to adjust the
The village of Ksar Ghiléne 1¢ African location with 2 years operating PV-RO system. energy supply (RES) to the demand (desalination unit). Energy / water storage
300 inhabitants with no access to electric grid (nearest at 150 km) or fresh water.

DALY SYSTEM GPERATION
Building partially " DEGALINATION PLANT - P SYSTEM"
underground
(in summer T > 50 °C)
PV power 10.5 kWp
(~85m?).

Desalination
&t consumption

Phatow oftaic

production

£.l
<
]
Z2
g

Operating more than 3,100 h
\ producing 6,000 m?3 of drinking
e water in 27 months.

uu:_"‘*- _f_*"; Raw water salinity 3.5 g/l.

P o
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Coupling of PV with RO desalination

PV-RO: CASES OF STUDY. KSAR GHILENE Design & operational data

Water production (m?) Days of operation Hours of operation
TOTAL
Since June 06 4,565 483 2,370.6
1° year 2,537 281 1,356.5
2° year
(Until March, 2008) 2,028 202 1,014.1
Mean 1° year 6.9 m3/day 23.4 days/month 3.7 hiday
Mean 2° year 7.4 m3/day 22.4 days/month 3.7 hiday
Design Real
Water production (mé/year) 4,200-4,500 2,537 1° year: July 06-June 07
o .
Days of operation/year 320-350 281 2% year: July 07-March 08
Summer Winter
Design Real Design Real
Hours of operation/day 7 4.25 5 33
ﬁl-‘ NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND e
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Coupling of PV with RO desalination

CONCLUSIONS

LESSONS LEARNT:
PV - RO for brackish and seawater desalination (low water demands)

Advantages: 2 mature technologies, easy operation (power control system required),
modularly RO can adapt to available energy.

Disadvantages: high investment cost, relatively non competitive prices of water
produced (BW: from 5 to 9 €/m?, SW: from 9 to 12 €/m?3).

o Main recommendations for RE desalination projects:

Design simple and tough, adapted to the local conditions (tailor-made project).

Elaboration of a specific control system, programmed for each particular case
(reduces maintenance, maximizes water production and extends equipment life).

ﬁ-f"'. NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND

T Ciemak T
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Coupling of PV with RO desalination

PV-RO: CASES OF STUDY. MOROCCO

Cooperation project. Autonomous PV-RO units in Morocco (since 2008)_

Four PV-RO systems installed in 4 locations of Morocco.
Raw water is brackish water from inland wells (salinity 2.5 - 8.7 g/l).

S

£d
RO unit (24 m¥/d).

Co-funded by EU, MEDA-water programme.

PV field (4 kWp = 36 ).

3 _.._ NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND e c 3 £
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Coupling of PV and Wind with RO desalination
HYBRID WIND & PV- RO: CASES OF STUDY. MORENA

Hybrid wind & PV driven RO unit (since 2005)

MORENA system (energetically self-sufficient rural module) is a wind/PV/battery
hybrid system powering a SWRO desalination unit (552 W) and a DC load.
System mounted in & on a container of 15 m2divided into 3 zones: one for the
desalination unit and ERD, the battery bank and the electrical acquisition panels.

N e ——

RO unit 154 I/h, 3.74 kWh/m3. WT 890 W, PV array 600 Wp, battery 21 kWh.

Si=m - BN

" NEWWATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND
Jﬁ‘l RENEWABLE ENERGY  ALAMOGORDO, NEW MEXICO 13-DEC-2011
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Coupling of PV with RO desalination

PV-RO: CASES OF STUDY. MOROCCO

COSTS: Investment of one BWRO unit (1 m%h): 90.000 €

Total investment 360.000 €

Control and

monitor.6%. Total water cost: 5.3 €/m®

O&M: 3.5 €/m3
Transportand

Start-up
12%

ﬁl—' *7 NEWWATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND

iﬁﬁ o8 e
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Coupling of PV and Wind with RO desalination

HYBRID WIND & PV- RO: CASES OF STUDY. LAVRIO ISLAND
Lavrio island (Greece) — drinking water (2001)

SWRO hybrid autonomous system with photovoltaic solar energy and wind
energy (0.13 m%h — 4 kWp - 900 W); CRES

Installed equipment: -
= Photovoltaic field (36 modules; 4 kWp)
= Wind turbine (900 W)
= Batteries (capacity 1,800 Ah C100 24V;)
= 2 Regulator-Inverter of 1.5y 3.0 kW

RO desalination plant of 3.2 m¥/d (recovery rate 20%)

Source: ADU-RES

RENEWABLE ENERGY  ALAMOGORDO, NEW MEXICO 13-DEC-2011
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Coupling of PV and Wind with RO desalination o Coupling of Wind energy with RO desalination

HYBRID WIND & PV- RO: CASES OF STUDY. LAVRIO ISLAND In the recent years, few manufacturersisuppliers, in majority from the wind turbine industry,

provide to the market compact Wind-RO solutions for slectricity and water production.

1. Power and conbrol contaner
2. Desabinien/R eontaings

3 Waler gloraga containgt

4, Pretreatment contamer

Wind RO Market
Two German companies provide to the market compact WIT-RO
solutions for brackish and SW desalination, in the range of 175 to 2000
mYiday, fitted in containers, The systems can operate as stand-alone or
connected to an electricity grid.

A Danish company provides turnkey solutions for fresh water
production with the use of wind turbines. The RO units are designed as
-— containerized modules with production capacitias from 10 to 3800 lﬂ,l’ﬂd\l’.

—
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Coupling of PV and Wind with RO desalination o Coupling of Wind energy with RO desalination

HYBRID WIND & PV- RO: CASES OF STUDY. KERATEA

AEROGEDESA project. Pozo lzqui , 'Gran Canaria, tand-ak
Desalination: 19 m%d RO plant

Power Supply: 15 kW WIT, 190Ah battery bank

Year of installation/operation: 2003/4

CRES, Keratea, Greece, seawater, stand-alone
Desalination: 3 m3/day RO plant

Power Supply: 1 kW W/T, 4 kWp PV, 1850 Ah/100h
Year of installation/operation: 2001

Unit Water Cost: >10 €/m®

Unit Water Cost: 3-5 €/m®

"' NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND G Py "' NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND O Py
| tess RENEWABLE ENERGY  ALAMOGORDO, NEW MEXICO 13-DEC-2011 == T |ty RENEWABLE ENERGY  ALAMOGORDO, NEW MEXICO 13-DEC-2011 == i

155 158

ood ood
Coupling of Wind energy with RO desalination Coupling of Wind energy with RO desalination |

Location RO capacity (mh) Electricity supply Year of installation SDAWES project. Poze lzquierdo, Gran Canaria, seawater, stand-alone
Desalination: 8 x 26 m¥d RO units
Power Supply: 2 x 230 kW + 100 kVA synchronous machine

lle du Planier, France 0.5 4kW WIT, no batteries 1982

Island of Suderoog, Germany | 0.25.0.37 BKW WIT, no batteries 1983
Pozo lzquierdo, SDAWES 8x10 2x230 KW WIT, no batteries 1995 Year of installation/operation: 2001
Tenerife, Spain; JOULE 26-45 3J0KW WIT, no batterles 199718
Loughborough Univ.UK 0.5 2.5kW WIT, no batteries 200112
Delf Univ., The Netherlands 02-04 Windmill, no batteries 2007/2008
[ Therasia Island, APAS RENA | 0z | 16 KW WIT, 440Ah batteries | 1996/6 ]
Keratea, Greece PAVET Project 0.13 S00W WIT, 4 kWp PV, batteries = 2001/2
Foze lzquierdo, Spain, AEROGEDESA project | 0.80 15KW WIT, 190Ah batteries 200314
L Heraklia island, Greece OPC programme | 33 | 30 kW WIT off shore, batteries | 2007
Island of Helgoland,Germany 40 1.2MW WIT +diesel 1988
Fuerteventura, Spain 23 225 KW WIT + 160 KVA diesel 1995
I Syros island, Greece; JOULE T 25-375 T 500 kW WIT, grid connected T 1998
Milos island, Greece OPC programme 2x42 B850kW WIT, grid connected 2007
“*" NEWWATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND ] i =" NEWWATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND o] i
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Fusrtaventura island, ssawater £0SIS
Desalination: 56 m¥%d RO plant Technologi bination (water d di| op ion cost (€m?)* Rermarks
Power Supply: 225 kW WIT, 2x160KVA diesel, flywhesl <100 md
i f installation/ tion: 2003/4
M il SWRO - PV (low dsmand) 11.84 <6 kWh/m?
= 3,000 hr operation
<100 m¥dia
|EWRO - PV (low demand) 8.29 <12 g/L (1.6 KWhim?)
> 3,000 hr operation
<100 m¥id
|EDR - PV (low demand) 8.47 <4.5 gL (3.3 KWhim?)
> 3,000 hr oparation
< 1,000 mid
SWRO - Wind energy (medium demand) 2,00 < 3.3 KWhim?
> 3,500 hr-eq
*This costs include capital and running costs (0&M)
“*7. NEWWATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND e G| ﬁ!-f-'". NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND e i
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Coupling of Wind energy with RO desalination Membrane Distillation

Membrane Distillation

Herakila island, Greece, seawater, offshore, stand-alone

Desalination: 80 m¥d RO plant Membrane  Distillation is  an

evaporative process in which water
vapor, driven by a difference in vapor
pressure (e, temperature),
permeates through a hydrophobic
membrane, thus separating from the
salt water phase.

Power Supply: 30 kW WIT, battery bank
Year of installationoperation: 2007

Once the vapor has passed through
the membrane, it can be extracted or
directly condensed in the channel on
the other side of the membrane.
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Coupling of Wind energy with RO desalination Membrane Distillation

CREST, Loughborough University, UK., seawater (<35000 ppm TDS)

Desalination: 12 miday RO plant The MD technique holds important advantages with regard to the

Power Supply: 2.6 KW WIT, direct coupling implementation of solar driven stand-alone operating desalination systems.

Year of installation/operation: 2003

Unit Water Cost: 1.78€/m* The most important advantages are:

= The operating temperature of the MD process is in the range of 60 to 80°C.

This means that_the MD process can utilize alternative energy sources
such as freely available solar energy.

= The membranes used in MD are tested against fouling and scaling.

= Chemical feed water pre-treatment is not necessary.

= Intermittent operation of the module is possible. Contrary to RO, there is
no danger of membrane damage if the membrane falls dry.

" NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND T Ce - " NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND G -
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Membrane Distillation

Contrary to membranes for RO, which have a pore diameter in the range of 0.1
to 3.5 nm, membranes for MD have a pore diameter of about 0.2 mm.

The separation effect of these membranes is based on the hydrophobicity of
the polymer material constituting the membrane.

This means that up to a certain limiting pressure (bubble pressure) the
membrane cannot be wetted by liquid water.

Molecular water in the form of steam can pass through the membrane.

ﬁl-"' NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND
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Membrane Distillation Membrane Distillation
Heat Transport in MD
* 100% theoretical salt rejection. The heat flux is related to the passage of heat from the hot liquid to the cold
i . permeate, and is characterized by three resistances in series:
= Lower operating pressure than Reverse Osmosis process. . .
1. Resistance from the hot bulk to the membrane surface, due to convective
= Reduced vapor space compared to conventional thermal processes, transport;
thus reduced volumes. 2. Resistance across the membrane, related to the transport of latent heat due to
the vapor flux N, and the conductive transport due to the thermal conductivity of
= System efficiency and high product water quality are almost the membrane and the fluid filling the pores (k,);
i E ini ! . . .
independent from the salinity of the feed water 3. Resistance from the membrane surface to the cold bulk, due to convective
transport.
Q=hy-(Th-T1)
Qum =Qu+hev Ny :km (Tl _TZ)"'CTrn “Aey (Tl _TZ)
Q =he(2-T)
A e A | QR | Cpoemot A e e e S| U | Cpommot
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Membrane Distillation

Temperature Polarization in MD

T,-T¢ = Total temperature difference available;

P, - P, =f(T, -T,) = effective driving force available for
vapour crossing trough the membrane;

T,- T, (dT,) = “driving force losses” due to the
Temperature Polarization;

(T4 =T)/(T, -T¢) = Temperature polarization coefficient

Strictly related to the heat transfer coefficients from the bulk to the
membrane surface and that through the membrane itself

“*7. NEWWATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND
3 RENEWABLE ENERGY  ALAMOGORDO, NEW MEXICO 13-DEC-2011
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Membrane Distillation

Backing

Biaxial extended hydrophobic Membrane

Manufactures © GORE Material: Polypeogylons
Material: PTFE Thickness: 2s0ym
Average Poresize: 02y covered membrane aroa:  40%
Thickness & of membrane: 35pm

Watling pressure; A9 bar

Poreslty: L

[of=1%
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Membrane Distillation

Configurations of MD

Direct Contact MD Air gap MD

. 2 5 e
B 3 = 2
] =
H £ é =
& & g T
=]
5 2 3 o
I a T
Membrane bembrane Condengation

Parmeate  Surlace

RENEWABLE ENERGY  ALAMOGORDO, NEW MEXICO 13-DEC-2011
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Membrane Distillation Membrane Distillation
Configurations of MD
9 MD modules developed by the Fraunhofer Institute in Freiburg (Germany)
Sweeping gas MD Vacuum MD
et A possible design for a MD module is the formation of channels by spiral winding
Egmm of membrane and condenser foils to form a spiral-wound module.

spiral wound MEMBRANE DISTILLATION module

Hed Seawaler
Hal Seawaler
Water Vapor

P —
Msmbrmng hambrang Py S
Dt o
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Membrane Distillation Membrane Distillation

Solar Powered MD
Properties of MD-modules
For the design of a solar-powered desalination system, the question of energy
efficiency is very important since the investment costs mainly

depend on the area of solar collectors to be installed.

»  Dimensions; diameter 30-40 cm, height 85 em
distillate output 10-30 Ih

[BO*C evaprator inlet, 300 Uh feed flow)

thermal energy demand about 90 to 200 kWh per m?
Wide range of operation temperatures possible

Also the power consumption of the auxiliary equipment (for example, the

pump) has an important influence on total system costs. (50°C to 85°C)
= favourable behaviour under dynamic operation
Therefore, the system design to be developed has to focus on a very good conditions

* no pre-treatment of feed water
high quality of water becawse of gistillation

heat recovery to minimise the need of thermal energy required.

Heat recovery can be carried out by an external heat exchanger or by an [conaductivity of distilzte 5 to 50 pSicm) .

internal heat recovery function, where the cold feed water is directly used as : ""Ddd“l” sat up for systems from 100 1o 20000 fitres

coolant for the condenser channel. PeLEE),
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Membrane Distillation Membrane Distillation
MD with internal heat recovery Distillate mass flow depending on the svay
for different feed volume flows
40
£ 3
e p1=2340 pa ol
‘ T1=20°C %, L1
| 2 ‘__._ *-— — —{ ¥ Ji e .
LIS _'__'.?='1=';)‘—7L951-_—J,_—1— " i L ——— @
| o —gre ¥ o B 15T & & F £
T Ti=80°C Td=25*C o 1 — _:* < &
S
p3=47360 pa pd=3170 pa = =t
5
% (. 7 % £ &
Evaporator inlet temperature ['C|
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Membrane Distillation Solar Powered Membrane Distillation

Specific energy consumption per cubic meter distillate for a feed flow of 300 Ih Sketch of I sysiem

depending on the evap inlat P

LT 1 feed tank
W 2 deaerator

= Pty E 3 collectors

g : — & 4 MD module

a0 Ry 5 feed pump

£ 5% e B refilling pump

il 7PV panel

§ i & control box

o 1W05° E 9 floating switches
100 = 3 A distillate output

B feed overflow

B 3 70 75 80 & C sea water feed lin
Evaporator inlal lemparature ['C]

e .
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Solar Powered Membrane Distillation Solar Powered Membrane Distillation

MD Driven by Solar Energy

First compact system set up in December 2004 m

- pperating collector m 8 .
temperature up to 85°C AN g
| &

-y y q i

- 6 m? 2AR-collectors
- PV-module BOW =

- one membrane
distillation module

- daily capacity about 80
to 150 litres of distilled
water

" NEW WATER NEW ENERGY: A CONFERENCE LINKING DESALINATION AND
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Solar Powered Membrane Distillation Solar Powered Membrane Distillation

JUST University, Irbid (Jordan), Prof. Dr. Fawzi Banat
Two system designs )

- —
o = produstion rate up to
‘/ \““\ 120 litres per day
measured in
Compact system Two loop system September

this cormesponds to 20
lives per day per m? |8
collector area

conductivity of

distillate below
4 pSlem
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Solar Powered Membrane Distillation
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Alexandria University (Egypt), Prof. Dr. Hassan Fath

mstalled in July 2005
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Solar Powered Membrane Distillation

or=1"
PROD

Installation of Agaba system (Jordan) in December 2005
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Solar Powered Membrane Distillation
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Kelaa system, Morocco (50 km from Marrakech)

instalied in August
2005

in a village with

about 50 inhabitants

o desalinate water
from a brackish well
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Solar Powered Membrane Distillation

Installation of Aqaba system (Jordan)

thermal storage tank
im?

membrane expansion
vessels 8

i,
mixing valves for
storage control —_ -

Titanium heat
exchanger N

4 MD modules ——
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Solar Powered Membrane Distillation

PRODE

Larger two-loop system Aqaba (Jordan)

Thnier
4 Giorape  ®
$ Swap ©

L

P /! . E
y U

g
ver

Fead pump
o
« 72 m? flat-plate collectors
« 12 m? PV modules
* 3 m? thermal storage tank

+ Titanium heal exchanger
+ 4 MD-modules in parallel
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Solar Powered Membrane Distillation

PRODE

Installation of Agaba system (Jordan)
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