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Beyond State of the Art in Solar-driven Water production &
Treatment technologies and brine treatment processes
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Characteristics of the solar PV-R0 installations:

Pressures

RO desalination plant o Bt s

S bar

[0 Constant electric charge.

[1 Damageable equipment with low quality net (tension

and frequency): electric damages in pumps, data te
equipment, control system..

09/19 00:00 09/19 12:00 09/20 00:00 09/2@ 12:00
Name

== |nlet pressure

== High pressure (right y-axis)

[1 Damageable equipment with shuts downs:
mechanical damages in pumps, pipes, membranes...

Solar irradiance and temperature
30°C

25°C

20°C

15 °C

Solar PV power supply

5°C

[I  Non-constant supply. 00190000 09191200  09/200000  09/2012:00

Name

== |nlet temperature

[0 Unstable supply within the period that is available. Soler fraalancs (right -

09/21 00:00

09/21 00:00

=
—]
|
|
|
I
\
|
b |
| (|
09/2112:00
Min Max
O bar 2.88 bar
1har 57.0 bar
09/2112:00
Min Max
0°C 65484 °C
4 W/m? 1001 W/m?

Mean
1.68 bar
431 bar

1200 W/m?
1000 W/m?*
800 W/m?
600 W/m?*
400 W/m?
200 W/m?
0 W/m?

Mean
50480 °C
288 W/m?
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Needs Of the Sﬂlal' Pv'Ro [0 Control system to adapt the water production (RO operating point) to the
insta"ations: solar PV power available at each moment.

[ Grid connexion or microgddioneakedesalination: RES supplies a percentage of the energy

PV-RO key (lilFF-l!iRI_D P\ll-Rl)_ desa:?n;thioR:Egll the energy required by the required per year (30-60% depending on the type of RES). Surplus
equipment, esalination plant is supplied by RES. energy can be sold back to the grid in some cases.

Electric power grid
sche_l“es a“d Optional backup generator -
pOSSIhle 2T = Power meter
configurations DCIAC inberter L~ r188}-

DC/AC inverter
Solar PV system . ﬂ " j :
= - Charge controller : : o J:
‘: _ﬁ: 1 : 1
,-~ 3 : Desalination plant
—-*I
LT 1
Battery storage bank
Use of RES isolated from a power grid (off-grid / micro-grid): RES connected to a power grid (self-consumption or net balance)
Small/medium desalination plant capacities. = Medium and large production capacities.
Storage of water/energy to overcome the variability of the energy resource. = Water storage to meet demand.
High investments depending on the m® produced. - ltrequires a control system to manage the load.

It requires a control system to optimize the use of the energy resource. Sale of energy. Economic viability due to the sale of the resource.

. ; T Existing regulatory constraints.
Source: Photovoltaic Solar Energy Hoﬁ\?el}s%%c rl!t()jlluzgqgs,a ﬂ(ﬁ%tﬁ%@a‘%‘? Erﬂli%lntl;l]eﬂ!gﬁ?r!bacts. Chapter 8 - Applications of solar PV systems in desalination technologies, S. Gorjian et altres. 2020, Pages 237-274.
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OFF-GRID PV-RO desalination:
Dessol 2.0 PV-RO - ITC Pozo lzquierdo

RO 5501/h — 2.200 I/4h — 4.4001/8h - 13.200 1/24h (13,2 m3/24h) — PV 3,74 kW

A depésito de niicleo urbano,
zona de cultivo, etc.

A

EDAM
o : Vertido salmuera
Instalacion fotovoltaica 3740 W BAP 2 kW (por gravedad)
(VDF 1,5 kW) >
Otros consumos
Baterias de Litio 4000 Wh
Red / Grupo electrégenc 0.75 kW /50 Hz

Bomba Sistema de captacion
captacion directamente o
(VDF 1,5 kW) por bomba
(opcional)
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OFF-GRID PV-RO desalination:

Dessol 2.0 PV-R0
ITC Pozo lzquierdo

]
Abornerode  Abernero de
VDF de BAP VCF de B.Fozc

uz2| vz w2

uz| vz |w2

niterrey n ‘ ‘ ‘
MAC20M2020 i ABarbade A Bonca ce
sior

dispero

Borrero

FN+T 23

utviwit

o analégices v digita

legicos y digits

@

de conlre
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MICRO-GRID PV-RO desalination:

Dessol — Ribera Dom Joao — Cape Vert
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MICRO-GRID PV-RO desalination:

Dessol — Ribera Dom Joao — Cape Vert

40 kVA 40 kVA

Cuadro paralelo
Grupos

A

A Entrada Cuadro BT PDA

Cuadro General de BT Generacion

Ly

* AC_out

ACin | TV 6 15 KW

6 linees
menofasicasa
ACin decada

inversor de

bateria (5)
Dimensionada
cadalinea 1F

para15kW

F

= |(2fase)

?
-

Cuadro Proteccionesy
control Baterias

8 baterias
paralelo
48VDC
1344
kWh/unidad

2x 50kw

Instalncin FV 34 4 KWp

Saterins. 108,480 Wh (C100) |

Grupo dsel 60 KVA

Nibcleo urbane Ribera Dom Jono
Coorenadas,

Lattad: 15°08739.4°N

Longiud: 23 0T 15.0W
Cota: 13manm

1,000 m (sobne plana)

Dapit de sgun desalads
Coordenadas:
Lasitud: 15°00°02.8°N
Leaghsd, 23°0743.7W
Cota: 62 manm.

1,400 m {sobre plana)

Lattud 15°08°20 3N
Longtod: 23°0T27 W

Cota: 14 ms.nm

7= Bomba agua producta
\12 22000

Ajoe

f‘-‘\ B
TeW

55kW

© W

)
@ Bomba booster

70 m (sckee plana)

Capaciasd 12 m'

T0m {sobée panc)

Va0 60 SBIMUHY (D07 RN}
Conx (s
Lannsy 15°08'18. "N
Longiiad: 2307728 BW
Cota: 6 ms.nm
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MICRO-GRID PV-RO desalination:

Dessol
Ribera Dom Joao
Cape Vert

@ DESAL+

1LC
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ON-GRID PV-RO desalination:

Al Khafji - Saudi Arabia the world's largest PV-R0

RO 60.000 m3/24h - PV 20MW

Iy

|
w1
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Dessol 2.0 PV-RO - ITC Pozo lzquierdo

Data analysis 1

60 bar 4 kWh 1200 W/m?* 600 L/h

1 1
1 1
1 Tz~
1 | V4
3.5kWhj 1 :
50 bar | I I 1000 W/m? 500 L/h
3 kwh! 1 i
1 1 |
40 bar I 1 800 W/m* 400 L/h
25kwh! T — — _ _ /
1 s SO e
1 1
30bar  2kWh, I 600 W/m? 300 L/h
1 1 PR
1.5 kWhi 1
20 bar | I 400 W/m* 200L/h
1 kWh: :
10 bar | 1 \ 200 W/m* 100 L/h
500 Wh, i /
1

)
u
A

1
0 bar 0 kWhj e e 0 W/m?* oL/h

1 1 1 1 1
-500 Whi 1 1 1 1 1 1

-10 bar 1 1 ] 1 t 1 1 -200 W/m* -100 L/h
kwh! 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1

20 bar 1 1 1 1 1 1 1 1 1 1 1 -400 W/m? -200 L/h
~LEkiWhy 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1

-30bar -2kWhi i i i i i i i i i i i -600 W/m* -300 L/h
1 1 1 1 1 1 1 1 1 1 1 1
-2.5 kWh! 1 1 1 1 1 1 1 1 1 1 1

-40 bar 1 I 1 I I I I I i I I I -800 W/m* -400 L/h
— 1 1 1 1 1 1 1 1 1 1 1

09/19/00:00  09/19.04:00 | 09/1908:00  09/19)12:00 09/1916:00 | 09/19.20:00 09/20/00:00 09/20 04:00 | 09/20 08:00 09/20/12:00 09/2016:00 | 09/2020:00 09/2100:00 09/2104:00 | 09/2108:00 09/2{12:00  09/2116:00 | 09/2120:00
== Battery to plant energy Mean: 364 Wh Total: 26.2 kWh == External source to battery energy Mean: 320 Wh Total: 23.0 kWh == External source fo plant energy Mean) 804 Wh Total: 57.9 kWh == PV array to battery energy Mean: 149 Wh Total: 10.7 kWh,
== PV array to plélnt energy Mean: 406 ‘INh Total: 29.3 kWh JI- Plant energy Meadl: 1.57 kWh Total: 13 l!IWh == Battery level :Mean: 64.4 % Total: %635 % == HPP omIJII pressure Mean: 43:|:bar Total: 3.10 kbar JI-- Recovery rate Me%n: 52.3 % Total: 3031'/.

Inverter temperature alarm

Low battery voltage

HPP on

External source relay false false false false false false false

External source injecting (£l false false false false fais fals false

09/1900:00 09/1904:00 09/1908:00 09/1912:00  09/1916:00 09/1920:00  09/2000:00 09/2004:00 09/2008:00 09/2012:00 09/2016:00 09/2020:00 09/2100:00  09/2104:00 09/2108:00  09/2112:00 ~ 09/2116:00 ~ 09/2120:00
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60bar 4 kWh,
1

3.5 kWh)

50 bar i
3 KkWh!

1

40 bar 1
25 kWhI

1
15kWhl — — — _
20 bar I

1 kWh:

10 bar

[}

[}

[}

}

[}

1

1

1

1 [}
30bar  2kWh; 1 /

[}

1

I

1

1

1 1

500 Wh; |

|

1
Obar  0kWh| MEEEREREENE NI

1

-500 Wh'
-10 bar i
“1KWh|
=20 bar

1
-30bar  -2kWh!
1

2.5 kW,

[}

[}

|

1

1

1 ]

-1.5 kWh, ]
[}

L}

[}

1

-40 bar !
1

1
-3kWh,

1 1
09/22 00:00 09/22,06:00 09/22/12:00

09/2218:00

09/23,00:00

ey

U
09/23,06:00

U
09/23,12:00

Dessol 2.0 PV-RO -

Data analysis 2

ITC Pozo Izquierdo

1200 W/m? 600 L/h
1000 W/m? 500 L/h
T T —800W/m? 400 L/h

600 W/m? 300 L/h

!
{f
I

— e

400 W/m* 200 L/h

200 W/m* 100 L/h

B il

1
1
1
1
1
=
’ 1
1
1
1
1
1
1
1
1
1
1
|

=== = = = = = = = = Janre oL/h

-200 W/m* =100 L/h
-400 W/m* -200 L/h
-600 W/m* -300 L/h

-800 W/m* -400 L/h

09/2318:00 09/24,00:00 09/24,06:00 09/24,12:00 09/24,18:00

== Battery to plant energy Mean: 118 Wh Total: 8.34 HWh == External source to battery énergy Mean: 0 kWh Total: 0 kWh k== External sourde to plant energy /Mean: 0 kWh Total: 0 kWh == PVlarray to battery efergy Mean: 1773 Wh Total: 12.5 kWh
1 1 [} [} [}
== PV array to plqn energy Mean: 290 Wh Total: 20$kWh == Plant gnergy Mean: 406;Wh Total: 29.2 kWh == Battery Ieyel Mean: 41.8 % Total: 3011 % —| HPP outlet pressprve Mean: 9.85 bar Total: 709 bar |

== Recovery rate Mean 51.4 % To{al 719 %

Inverter temperature alarm
Low battery voltage

HPP on

External source relay

External source injecting

09/22 00:00 09/22 06:00 09/2212:00

09/2218:00

09/23 00:00

09/23 06:00

09/2312:00

09/2318:00

1 1 1 1
Solar irradiarice Mean: 205 W/m? Total: 14735 W/m? == Permeate flow Mean: 79.6 L/h Total: 5728 L/h
1 1 1 1

false

09/24100:00 09/24106:00 09/2412:00 09/2418:00

12



