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1. Overview of water needs
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1. Overview of water needs

Sources: Smakhtin, Revenga and Daoll, 2004.
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1. Overview of water needs

Water Stress by Country: 2040

ratio of withdrawals
to supply
Low (< 10%)
Low to medium (10-20%)
Medium to high (20-40%)
M High (40-80%)
B Extremely high (>80%)

NOTE: Projections are based on a business-as-usual scenario using SSP2 and RCP8.5.

For more: ow.ly/RiWop WORLD RESOURCES INSTITUTE
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1.1. Some facts about MENA by the WB

MENA is a global hotspot of unsustainable water use, especially of groundwater. In some countries,
more than half of current water withdrawals exceed what is naturally available;

82% of wastewater is not recycled, presenting a massive opportunity to meet water demands;

The region has the greatest expected economic losses from climate-related water scarcity,
estimated at 6-14 percent of GDP by 2050;

Despite its scarcity, the region has the world’s lowest water tariffs and the highest proportion of
GDP (2 percent) spent on public water subsidies;

Flood and drought risks are increasing and are likely to harm the poor disproportionately;
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1.1. Some facts about MENA by the WB
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To avoid the crisis, some countries have lined-up technologies with
incentives to value water and prosper beyond scarcity. Other countries

have not managed to move beyond scarcity and are now faced
with the consequences in terms of compromised economic
development and major political and social problems.

© 2017.Infographic: Lynn Saghir / World Bank

Source: World Bank (Aug 2017)
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WATER USE EXCEEDS
SUSTAINABLE LIMITS

More water is being withdrawn than what is being
naturally replenished. This is equivalent to withdrawing
money from a bank account much faster than it is

being deposited.

EERL
23 60%

of the region’s population lives in
areas with high or very high surface

water stress, compared to a global
average of about 35 percent

MENA
60%
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Clobal
Average
35%

of the region’s GDP is generated in
areas with high to very high surface
water stress, compared to a global
average of some 22 percent

GClobal
MENA Average
: 22%

Source: World Bank (Aug 2017)
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1.2. Some facts about Algeria

Population density Daily water endowment
Year of 2008 , : ‘ /hab/day

B 2190000 o : , W 182

600 000 - - O 149

O 470000 ) : ~ H 140

B 310000 , St 3 O 132

@ 190000 - H oo

B 50000

kilometres
Scale: 1:14 710 000

kilometres
Scale: 1:14 710 000

Source: S.E. Ali Rahman, C. Brahim, Water Supply Prediction for the Next 10 Years in Algeria: Risks and
Challenges, Irrigat Drainage Sys Eng 2017, 6:3
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1.2. Some facts about Algeria

Ratio Offer/demand
RNR

W75
Population density Hs2

Year of 2008 . 245
O 1,41
W 1,12
[ 0,78
W 0,31

kilometres

Scale: 1:14 710 000

kilometres
Scale: 1:14 710 000

Source: S.E. Ali Rahman, C. Brahim, Water Supply Prediction for the Next 10 Years in Algeria: Risks and
Challenges, Irrigat Drainage Sys Eng 2017, 6:3
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1.2. Some facts about Algeria

Large communities
Higher water stress
Access to grid

Large-scale desalination
powered by the grid

Ratio Offer/demand
RNR

H7s5
M52

H 245
1,41
B 1,12
0 0,78
W 0,31

Small communities 4...
Low water stress
No access to grid

kilometres %
Scale: 1:14710000

Small-scale, off-grid desalination
driven by renewable energy
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1.3. Case study: Ksar Ghilene, Tunisia

300 inhabitants
150 km from closest grid
60 km from closest fresh water well
Water supply formerly with trucks
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1.3. Case study: Ksar Ghilene, Tunisia

PV-driven Reverse
Osmosis (RO)
desalination plant
(Brackish water)

Courtesy: Canary Islands Institute of Technology

10,5 KWp PV facility
50 m3/day
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2. BE driven desalination- SoA

* Wind-driven RO desalination: commercially available and cost effective (<2.5 €/m3)*
- PV-driven RO desalination: commercially available, higher costs inherent to discontinuous solar energy
resources (3-3.5 €/ms3 for 2000 hours/year @full load)

Sea Water Reverse Osmosis

Pure Water Applied Pressure Pure Water
(SWRO)
Salt Posmotic \|I:Vre8h
= ater
Water Fresh Salt
Water Water
O
Contaminants o O Contaminants o
O
Water Flow Water Flow
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2. BE driven desalination- SoA

* Wind-driven RO desalination: commercially available and cost effective (<2.5 €/m3)*

- PV-driven RO desalination: commercially available, higher costs inherent to discontinuous solar energy
resources (3-3.5 €/ms3 for 2000 hours/year @full load)

- Wave energy-driven RO desalination in development. No technical bottlenecks

- CSP-driven desalination unfeasible due to costs and auxiliary power consumption

Sea Water Reverse Osmosis Series of membrane elements
(SWRO) assembled within Pressure Vessels (PV)

High Pressure Pump (90%)

Permeate

Boost

Pum e{“<

I Feed (seawater)

Energy recovery device (98%)

Concentrate (brine)
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2.1. Commercially available technologies

- PV-driven or Wind-driven SWRO with storage systems:

- Wind-driven RO: enables operation overnight (if wind available)
- Wind/PV-driven RO: large batteries to enable operation in a standard on/off mode

- Wind/PV-driven RO: multiple SWRO plants of the same capacity running in parallel

- Wind/PV-driven RO: modular approach with multiple, disimilar units in parallel

Permeats

watoer flow (1) 40%

20/40/60/80/100%

( \.—- Reverse Osmosis

4
[ o vahe
P
F INTAKE PUMPS 1 <, water reject (H)
T ! A
Rack 1: 200 m¥/d
Fead l' £ @ ] — 200/
“‘ ] "\ - e PY—— °
\’/ unuuuu BOOSTER PUMP water flow (1)
A ine

' ” Batteries Pretreatment

)
Standard approach (_
Source: B. Penate, F. Castellano, A. Bello, L. Garcia-Rodriguez, Assessment of a stand-
alone gradual capacity reverse osmosis desalination plant to adapt to wind power S
availability: A case study, Energy 36 (2011) 4372-4384 QA0 e fow () 40%,
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2.1. Commercially available technologies

Division de Investigacion y Desarrollo Tecnolégico

DSBHpRAD

Planta desaladora de agua de mar o
salobre por 6smosis inversa accionada
directamente por un aerogenerador

AGERNSE)

Abastecimiento de agua potable, a partir de
agua de mar o salobre, en zonas aisladas,
para uso doméstico o agricola

Caracte.licas

- Aerogenerador

- Planta desaladora de 6smosis inversa
de capacidad variable

- Bateria estacionaria

- Sistema de control automatizado
(automatas)

Prodiicgiones

Desde 5 m¥dia hasta 250 m®dia de
produccién nominal

Para una velocidad media anual de
viento de 7 m/s y una planta de
capacidad nominal de 15 m¥dia, la
produccién anual superalos 4.100 m*

B _ 5
Inversion en equipos: Entre 8.000 a 10.000 €/m?dia =

instalado (sin obra civil)

Costes de produccion: Entre 3,10 a 5,00 €/m?producido

Low-cost PV SWRO DESSOL+ (2017)

narias, S.A
y Desarrollo Tecnologico

almas) - Espafia

Wind SWRO: 8000 €/ms3/day
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Obsgivaciones

- Disefio para que el sistema sea compacto

- Funcionamiento totalmente automatizado

- Incluye manuales de operacién y
mantenimiento

. better?

Source:. Garcia-Rodriguez, Renewable energy applications in desalination: state of
the art, Solar Energy 75 (2003) 381-393
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2.2. lechnologies under development

A
o e
Reverse Water
Osmosis Storage
Unit
- Seawater

Beach == Djluted brine
Well = Fresh water

Wave Energy
Converter

Desalination

_— N
— R Resolute Marine Energy
~—\/ Clean Power from Ocean Waves

WWWw.resolutemarine.com

Desalination based on micro gas turbines Flexible, robust, economical... better? 25104,
N )

L. Garcia-Rodriguez; D. Alarcon-Padilla; D. Sanchez, A. Buenaventura S A
2nd European Micro Gas Turbine Forum, June 26-27, Madrid ug K /\,73(3 ABE NGOA


http://www.resolutemarine.com

3. Interest of solar desalination

- gt

ratio of withdrawals
to supply
Low (< 10%)
Low to medium (10-20%)
Medium to high (20-40%)
W High (40-80%)
W Extremely high (>80%)

W

- Remember water stress levels projected for
20407

-+ The region subjected to the most severe
stress is very similar to the sun-belt

Global Horizontal Irradiance

| | |
175 200 225 W/m?

Map developed by 3TIER | www.3tier.com | © 2011 3TIER Inc.
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3. Interest of solar desalination

ratio of withdrawals
to supply

Low (< 10%)

Low to medium (10-20%)
1 Medium to high (20-40%)
W High (40-80%)
W Extremely high (>80%)

- Remember water stress levels projected for
20407

-+ The region subjected to the most severe
stress is very similar to the sun-belt

+ But this is not the case for wind

5km Wind Map
Mean Wind Speed at 80m

'|7 1I3 ZID mph

Map developed by 3TIER | www.3tier.com | © 2011 3TIER Inc.
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3.1. Solar desalination: Overview -RO-

Reverse Osmosis (RO): Electricity, (2+1) kWh/m3
(Club Lanzarote Playa Blanca, Lanzarote)

Pure Water
Salt Posmotic B
Water Fresh
o o Water
. L, ° Semi-Permeable
o 9 Membrane
(@) (@) J
O 00 5 0 i .
o Contaminants @ = © O Applied Pressure Pure Water
0050 090 | o)
Water Flow Fresh
Salt Water
Forward osmosis Water
00 Semi-Permeable
o© 80 Membrane
°% OOO O P ’ o
o Contaminants QO - o
000 O 9950311
Water Flow
Reverse osmosis
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3.2. Solar distillation: Overview -MED-

,,,,,,

[ : Multi-effect distillation (MED)

e 2 A —PSA- CIEMAT -

= % £ 3 A | Heat source, 70°C 230 MJ/m3

» Flectricity, 2.2 KWh/m3 due to
cooling flow (seawater)

Feed Seawater

‘200 KW

MED Plant

!

l 200 kW |

35 65
Temperature [°C]

STEAM JET EJECTOR
Non-Condensable

Gases

. Cooling Seawater

ry, Ty

DEMISTER

Heating Steam
mSI TS

Water production:

3 m3/h

s

m cwr Tf

Intake Seawater
n'1f+ mcw, Tf

END CONDENSER

Large cooling flow

(electric power)

v _Distillate

my
DISTILLATE FLASHING BOXES

Condensate Y
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3.2. Solar distillation: Overview -MED-

s CPCs
e —— _— 1
it X X i . 3 X y \
i - -
—{e—
(9'<: [}  \ A i . A f |
|
[ Y . A A 2 A A

Cold Hot @ @L
Tank Tank
S MED

) ) S e
Gas DEAHP _ L. . & .. | i
Boiler | i (<) @I_] B 1
------ > Steam —— (Cold water
e HOt Water » Seawater

Source: A. de la Calle, J. Bonilla, L. Roca, P. Palenzuela, Dynamic modeling and
simulation of a solar-assisted multi-effect distillation plant, Desalination 357 (2015) 65-76

Desalination based on micro gas turbines Flexible, robust, economical... better?
L. Garcia-Rodriguez; D. Alarcon-Padilla; D. Sanchez, A. Buenaventura
2nd European Micro Gas Turbine Forum, June 26-27, Madrid

CONCEPT: MED & DEAHP
Heat source, 180°C 115 MJ/m3
Electricity, 1 kWh/m3

Water production: 3 m3/h

lQOkW

Double Effect LiBr-H;O absorption

heat pump

i A

110 KW lzoo kW

MED Plant

90 KW
Y :
H 2 ’

35 65 180

Temperature [°C]

No cooling flow needed
Specific energy halved




4. Proposed mGT application OMSBP

Air Solar )

Ambient T irradiance

- Unit output 10-30kWe | o mmmmmo oo m oo ~.
B Air T= 800°C

- Conventional SWRO: 3.3-10 m3/h per SMGT /

+ Possible (parallel) array of SMGTs

- 24/7 operation if backed up by fossil fuel

Compressor Turbine

First prototype

— ENEA-ltaly
Air | (2017)
T= 250-300°C | -
\ Recuperator
\\ /
TomTmTmmmoes Sl 7 A: Solar Concentrator
B: Receiver and micro gas turbine D
/ - - - - - -=-=-== - \
- |
Electric input, 10-30 kWe +> Advanced :

Seawater/brackish water desalination/ e HUMAN consumption

Conventional ——f—pp  [Tigation
water treatments | sedep INdustrial uses

>
wastewater >

Treated wastewater o
>

Industrial effluents —_—

N\ 7/

C: Desalination/Water treatment system
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4. Proposed mGT application

Air Solar

Ambient T irradiance

- Unit output 10-30 kWe g s e g g
- Conventional SWRO: 3.3-10 m8/h per SMGT

~

+ Possible (parallel) array of SMGTs

Turbine

I
|
I
|
. 24/7 operation if backed up by fossil fuel | [ )
|
|

C: Desalination/Water treatment system
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4. Proposed mGT application

30
55 B South Africa Morocco N China

- Unit output 10-30 kW z

- Conventional SWRO: 3.3-10 m3/h per SMGT S s

- Possible (parallel) array of SMGTs 210

. 24/7 operation if backed up by fossil fuel S . I I I

Source: G. Gavagnin, D. Sanchez, J.M. Rodriguez, A. Murioz, G.S. 0

Martinez, Economic Competitiveness of Dish-MGT Solar Power SR-II ICR-II ICRR-.  Commercial PV Dish-Stirling
Genearators, Presented at ASME Turbo expo 2017, Charlotte, NC

____________________________________________________________________

! { Power | I : :

|  Fover {16 | | : T1

| T l | | T2

| 5 4 l : 8 | 9 |6

! Lo b s : sa| \Rh[ 10 | i N
CINM by e R : o™ [

! Re\| | " Y : ! Re | Re yo2

| i D | s E R (— Iy

L3 2 5h 4 : T S L

| / c \ l | L / @2\ s !
| SR-SO Lo | ICR-SO T i 7] ICRR-S0O Tail

INCREASING COMPLEXITY
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4. Proposed mGT application OMSBP

Air Solar BN

Ambient T irradiance

- Unit output 10-30 kWe | oo oo mm oo m oo ~.
B Air T= 800°C

- Conventional SWRO: 3.3-10 m3/h per SMGT /

+ Possible (parallel) array of SMGTs

Compressor Turbine

- 24/7 operation if backed up by fossil fuel First prototype

—  ENEA-Italy
T=250-300°C | 3%
B
@\ Recuperator
\
Not used ikl -’ A: Solar Concentrator
B: Receiver and micro gas turbine B

o / \\Non—conventional water resources:
Electric input, 10-30 kWe —> Advanced I » Human consumption
l
b
!

Seawater/brackish water me——p-| » Irrigation

WaSTEWATE! s} | » Industrial uses
Treated wastewate! m——p |

INndustrial efflUeNtS — | MED _> Close to ambient T
' , OO~ e :
Heat input, 35-90 kW, \ > +} Brine (subproduct or waste)

Air T= 250-300°C

desalination/
Conventional |sesss
water treatments -

C: Enhanced Desalination/Water treatment system
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4.1. Desalination driven by SMGT (hybrid)

e — — — — — — — — — — — —

/
PARABOLIC
DISH MULTI-EFFECT

DISTILLATION UNIT
(MED)

\\ Hot

SEAWATER REVERSE
OsMmosIs UNIT
(SWRO)

[
I
I
I
I
I
I
I
I
I
I
I
I
I
|

Availability of thermal energy enables:
- Concentration of effluent for Zero Liquid Discharge (ZLD) - solid waste
- Complementary distillation system to blend product of two desalination systems (higher production and
lower specific electric power consumption)
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4.2. Economic assessment (I)

Feed: seawater SWRO MED
MED SWRO SWRO - 2
(40686 ppm & 25°C) + FWH +SWRO
Variable O&M Costs - Cost of Electricity [€/m3]
South Africa (LCoE=0.078 kWh) 0.19 0.23 0.24 0.17 0.23
Morocco (LCoE=0.104 kWh) 0.25 0.31 0.32 0.23 0.31
China (LCoE=0.183 kWh) 0.44 0.54 0.56 0.40 0.54
Fixed O&M Costs [€/m3]
0.17 0.33 0.33 0.33 0.33
Capital cost [€]

MED (1200 €/m3/d)) 31710 0 0 31710 0
SWRO (1000 €/m3/d) 0 26424 26424 26424 52848
Total 31710 26424 26424 58134 52848

Case 1 - LCoE=0.078 €/kWh
Amortisation [€/year] 14215 11846 11846 26061 23692
Annual expenditures - 50% CF [€] 15913 14547 14592 30880 29094
Annual production - 50% CF [m?3] 5822 4822 4822 9645 9645
Estimated water cost [€/m3] 3.30 3.02 3.03 3.20 3.02
Case 2 - LCoE=0.183 €/kWh

Amortisation [€/year] 14215 11846 11846 26061 23692
Annual expenditures - 50% CF [€] 15913 14547 14592 30880 29094
Annual production - 50% CF [m3] 5822 4822 4822 9645 9645
Estimated water cost [€/m3] 3.55 3.33 3.35 3.43 3.33

Source: D. Sanchez, M. Rollan, L. Garcia-Rodriguez, G.S. Martinez, Solar Desalination Based on Micro Gas Turbines Driven by Parabolic
Dish Collectors, Submitted to ASME Turbo Expo 2019, Phoenix, AZ
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4.2. Economic assessment (ll)

A hybrid SMGT can produce water at a cost ranging from 3.0 to 3.5 €/ms3;

Exploiting the waste heat from the engine in a MED plant is not worth cost-wise;

The system is thus reduced to SMGT-RO;

The unit can be sized according to a variable demand of electricity, fresh water and heat;
Some references:

On-grid SWRO: ~0.5 €/m3 (Tawelaah RO IWP Saudi Arabia: 908400 m3/d 0.43 €/m3 0.076 €/kWh)

Off-grid Wind+SWRO (+batteries): 1 / {é)}
Off-grid PV+SWRO (+batteries) 2. N Y T N
e  PARABOLIC \
- | DISH mGT | Exhaust
I | Gases
| =
| |
| |
Market opportunity ™ F”e'¢>: | . SE‘B‘Q’SLETSRJ‘;IE:SE
Worth of flexibility? | = \ (SWRO)
Worth of reliability? ‘\ Ry
Worth of 24/77? oo
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4.3. Thermodynamic background
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5. Conclusions

- Desalination based on micro gas turbines feature:
- Cost-effective water costs: 3-3.5 €/m3
- Higher reliability
- Maintenance driven by RO plant
- Maintenance-free prime mover (oil-free, long TBO)

- No need for auxiliary systems (batteries, diesel gensets)

. [\
24/7 operation q@g
- Fuel flexibility foaraaone —G—T - \\l Ex:zz )
- No NOx (NG-driven) PSR — T | Gases

[
I
|
- High grade, clean heat (225°C) |
|
I
I

SEAWATER REVERSE
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6. Ongoing research

MSCA - RISE programme - REMIND (2018-2022)
Coordinated by University of Callabria

8 partners: ltaly, Spain, Chile, Ecuador
Budget 1.4 M€

REMIND - Renewable Energies for
Water Treatment and Reuse in

o o . CLEAN WATER
Mining Industries .

p

Interreg-Atlantic programme - EERES4WATER (2019-2021)

Title: ‘Promoting the Energy-Water Nexus through Renewable Energy and Energy Efficiency’
Coordinated by Technical Corporation of Andalusia CTA

18 partners: Spain, United Kingdom, Ireland, Portugal, France
Budget 3.1 M€
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