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Fast Track School #2

Beyond State of the Art in Solar-driven Water production &
Treatment technologies and brine treatment processes
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DESAL+ LIVING LAB

Canary Islands (Spain)
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ARAARZ LIVING LAB

Fully-equipped public-private ecosystem

X & & M ks b
Managers Researchers Technicians Knowledge Industry Water
Institutions Bodies

Cooperation | Research | Development | Innovation |
Validation Water desalination solutions with renewable energies

A leading hub of skills and innovation in

Since

2 01 7 desalination and water-energy nexus

offering

‘ \ Equipment Hom, o

_ Space, facilities & infrastructure Universidad
R&D Projects deLa Laguna

ULPGC
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Infrastructure mainly in Gran Canaria and Tenerife, in

CIAGE the Canary Islands.
ULPGC

PCT Galdar

PLOCAN

MANCOMUNIDAD -
ITCDEL SURESTE
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LEGWEICHICH-PK 93
But also in Cape Verde_, Se!wgal, st -
Mauritania, etc. oV
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Chemical precipitation

GENERIC BRINE VALORISATION e
PROCESS DIAGRAM SR C o n tsaton )

Zero Liquid Discharge

SWRO
BRINE PRE-TREATMENT CONCENTRATION M

y

) By-products
-@ By-products QQ)) Fresh water * Energy

Bipolar Membrane Electrodialysis (BMED)
Membrane Cristallization (MCr)
Pressure Retarded Osmosis (PRO)

Reverse Electrodialysis (RED)
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Permeate
65-75% Water recovery

) . -
(L b SR
b ]
== Sy
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Pre-treatment

Water Intake
=3 |

Monovalent

Divalent Concentrated Brine
170-250 g/L



i SESKL UG LaB BRINE VALORISATION OPEN TESTBED
FACILITIES

Gran Canaria (Canary Islands, Spain)

Brine from Brine from Sureste — NF Divalent
. — Brine from DESALRO 2.0 — NF Monovalent
Mancomunidad Sureste SWRO — Brine from DESAL+

2-Stage - 55% recovery
- DESAL+ SWRO DEMONSTRATION PLOT for
brine concentration and brine

PLANT
_\’ . valorisation technologies
DESALRO 2.0
SWRO PLANT = \ N

Lm FORWARD OSMOSIS PLANT

5-10 mé/d

DESALRO 2.0 NANOFILTRATION
| 2500 m?/d SWRO , Separation between

40% recovery monovalent and divalent ions
SEC = 1.85 kWh/m? 140 mé/d (feed)

DESAL+
100 m3/d SWRO

40% recovery
SEC = 2.00 kWh/m?

éARO‘féchﬁdidgy
40 m3/d (feed)
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'y % O) =
Desalination brines Research area to locate pilots, including Simple and fast installations Authorised brine discharge permit
1-stage RO, 2-stage RO, NF, promising and disruptive technologies Plug & play, pre-installed plot and support for project execution
concentrated brine, FO
g& ‘2;[ %% [%@
Highly-qualified Variety of renewable energy Special tax deductions Support service for entrepreneurs
ITC technicians and researchers technologies available for R&D projects and innovative companies

___MAIN 0BJ

Qm  DESAL+

J>  DESALINATION

Boost R&D with a high level technical Engage companies Promote our testing site LIVING LAB
location focused on applied research with pre-market for International and
using actual desalination brines solutions private Project proposals DESAL+ LIVING LAB

POZ0 1ZQUIERDO
Gran Canaria (Canary Islands, Spain)
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FORWARD OSMOSIS

Pilot plant
Results



'FORWARD OSMOSIS

First pilot plant of Forward Osmosis in Macaronesia.

Two inlets:

- Draw solution: Real RO brine (1-stage or 2-stage R0)

- Feed solution: Effluent from the secondary treatment of a
wastewater treatment plant

Results:

- Increase in overall water recovery (20-30 %)

- Reduction in discharge volume (=73%)

- Integration of circular economy concept

- FO as pre-treatment of RO (less fouling and first barrier
against contaminants)

- Improved water quality for agriculture. Rejection values:
Ammonium = 50%, Nitrate = 88%, Sulphate > 90%, Boron > 90%

Concentrate
Q,=110L/h
C=9,700 pS/cm

Q;=200L/h
C= 85,000 pS/cm

Reverse Osmosis

Draw Solution: Reverse Osmosis Brine (60 g/L NaCl)

120-30%

:
\

Forward Osmosis

Secondary Effluent Diluted Brine
Q=400 L/h Q,=490L/h

C= 2,325 Ils/[:m ‘ = 37,800 us/cm

Water recovery= 73%
J,, (water flux) = 10.5 L/m*h

I_, Low salinity

brine




Promedio de Water recovery (%)

FORWARD OSMOSIS

This pilot plant increases the research infrastructure in the Canary Islands.

Researchers can carry out studies and tests seeking to increase existing knowledge on brine treatment

emerging technologies.

Sinergies with wastewater treatment plants and biotechnology.

Promedio de Draw dilution (%)

Water recovery and Draw dilution vs Date
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NANOFILTRATION

Pilot plant
Results



NANOFILTRATION

« Membrane technology which allows separation of monovalent and
divalent ions, applying less than 25 bar

o Pre-treatment of SWRO brines in brine valorisation processes,
reducing risk of scaling

« Purification of NaCl in the monovalent-rich stream and concentration g5 ALGR B &
of high-value Mg in the divalent-rich stream ME  Jim

« No residues generated

Permeate
40-55% Water recovery

Water Monovalent lons Multivalent lons

Ultrafiltration } } :
l | Nanofiltration
Rt —>— *
Sl aUI \Monovalent
* {1t Reverse Osmosis : | =‘ : =

Divalent



Possible configurations:
Feed flow =3 - 6 m3/h
Number of membranes:

3 membranes

4 membranes

1 membranes

“TORAY’

Innovation by Chemistry

TORAY/CSM
NE8040-40 MEMBRANES
High productivity NF element

Different brines as input:
1-stage RO (64,000 mg/L TDS)
2-stage RO (77,000 mg/L TDS)

Regulation:
Recovery (%)
Divalent recirculation (%)
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CHEMICAL COMPOSITION — NF FEED

Concentration minor elements (mg/L)

5000 -

4000

3000

2000 -

1000

60
Si02

4.0

F

4302

45 02 g

NO3 PO4 HCO3 S04

16

0.2
Ba

2382
705 801
135 I
-~ 5
Br Ca Me K Sr

Flow

Concentration

Conductivity

Temperature

pH

NO of membranes

Concentration major elements

(mg/L)

40000
35000
30000
25000
20000
15000
10000
5000
0

6.0 m¥/h
64-65 g/L
83-85 mS/cm
24-259C

1.1

1

36116

20106

Na Cl
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Pressure (bar)

RESULTS - NF

@ Feed
@ Monovalent

20 _ :::l [ ® Difaltiempratpt) |
18 E i
> 9%
16 E 90
14 £ 85
< 80
12 _E 75
10 Sn
8 ! ! 65 | i i
30 40 50 60 70 80 30 40 50 60 70 80
Recovery (%) Recnuery (0/)
@2
@2
T @
Robust system with replicable data and low = @
energy consumption § n
(Considering Feed pump + HPP without ERD) L .
E
= @
@1 ‘
@ l | .
ENERGY CONSUMPTION 50 55 60 65 70 15

N 076 Y
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% NaCl in monovalent stream
98
96
94
92
90
88
86
84
82
80

%NaCl

Results compared to other pilot plants:
v Higher purity of NaCl
v Increased rejection of divalent ions
v’ Better selectivity of monovalent and divalent ions

RESULTS - NF

Divalent ions rejection (%)

Calcium

Magnesium Sulphate
Selecﬁivity factor

10
10

18 bar

15 bar
13 bar

S - 100 — %Rmonov
100 — %Rdiv

~NooWWw

Selectivity factor
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Results



»

BRINE CONCENTRATION - OARO

« Membrane technology which allows high concentrations, applying less than 70 bar

« High concentration of SWRO brines to nearly saturated concentration in a system
of various stages using only one high pressure pump

« High system recovery (75-85%) increasing global fresh water production

« Lower energy consumption than conventional thermal systems

E et}
| Pre-treatment

Water Intake
<

Permeate
65-75% Water recovery

RO Brine

Divalent Concentrated Brine
170-250 g/L

Osmotic Pressure (Bar)

~——High Pressure Side Osmofic Pressure  —— Low Pressure Side Osmolic Pressure

e
| ’, ML w
rila

—— Operating Pressure

Stage n+4
W———ti——
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Tststage OARO 2ndstage OARO

.. kel . ke
- ~

Diluted Brine

3dstage OARO

Concentrated
Brine

Recycle
flow

Permeate

OARO PILOT PLANT

Description:

Feed flow = 1.3 - 24 m%/h
Membranes:
1-stage RO

3-stage OARO - hyrE:
TOYOBO FB10155S SERIES
Hollow fiber membranes
mmmmmm '_3] ]
m_ |

Different brines as input:
Depending on NF pilot plant
configuration and RO brine used

Regulation:
Pressure (bar)
Concentrated brine recirculation (%)



RESULTS - OARO TESTING CONDITIONS - OARD

e Flow 1.35 - 2.45 m¥/h
200000 Concentration 93-55¢/L
= Conductivity 13- 15 mS/cm
-7
E 150000 Temperature 24-25°C
[=]
= 100000 pH 12-13
NO of OARO stages 3
50000 /“"
0
0:00 1:12 2:24 3:36 4:48 6:00
90
) ” - 8 ,350g/L
Chemical composition of concentrated brine: 225,000 mg/L 3 o)L
2 25/l .7
0.50% > 215g/L-”
o Na+Cl & % ,zoegg/LL
97'8%——— 220% 1.15% i 50 180g#-----="""
>
14% 0 50 55 60 65
0.25% (4 4604 Pressure (bar)

Salt = Fresh water 1SO4 sMg mCa =K =mOthers
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Permeate
6575% Water recovery

Concentrated Brine
170250 g/L

8 - 13 kWh/m?

Divalent

0ARO

16
14

SEC (kWh/m3)
[o0]

SPECIFIC ENERGY CONSUMPTION

Permeate
6575% Water recovery

BRINE
CONGENTRATION
SYSTEM - 0ARO.

'M?.
I K]

Concentrated Brine.

Divalent

10 - 15 kWh/m®

NF+0ARO

®0OARO ®NF+OARO

©® GLOBAL SWRO+NF+OARO

GLOBAL
SWRO+NF+OARO

[ S—
6
® @
4
2
0
150 160 170 180 190 200 210 220 230 240

Brine concentration(g/L)

250
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SYSTEM TOWARDS
ZERO LIQUID DISCHARGE (ZLD)

FRESH WATER
15%
SEAWATER
V)
100% CONCENTRATED BRINE
1%

DIVALENT

18%

Increase water production compared
to traditional SWRO system

Production of high-concentrated
brine with high-purity NaCl

300
250 oo o,
ﬁncentrate‘
3200' Brine
) ° 170-250 g/t
5 150-
2 NF
£100- SWRO Divalent
5 Seawater Brine ® 90g/L
ESO . 38 g/L 650L o
(&) @ NF Monovalent
54 g/L
0 S
0
TDS = 240 g/L l?:+€| Li

Production of a concentrated product

Valorizing high-value
valuable for other industries

minerals from SWRO brine
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ROADMAP

Optimal output ‘
o

for next stage ==
NEW CONVERSION
TECHNOLOGY

(future ITC tender)
o-- Antiscalant
Long-term tests optimisation

Optimal RO design for
o
I ERD
[

variable brine
bl implementation

Solving high
temperature issue ——

compositions
NF divalent
valorisation

Optimal configuration
(minimising energy
consumption)

S  New membranes

Long-term tests )
Sureste RO brine
(2-stage) as feed I

Ext ificati
Different feeds s;(arz;purl cation -= @
== NN J
Mg and Ca
W in-line analysers

- HACH

0ARO GLOBAL
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