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ABSTRACT

Theincreasing need for sustainable water resource management in island regions,
combined with the high availability of solar energy, makes the use of renewable en-
ergy sources for potable water production through reverse osmosis particularly at-
tractive. The an of this study is the analysis and design of a reverse osmosis system
directly coupled with photovoltaic panels, without the use of electrical energy storage.
The system is examined for covering the water demands of the island of Sifnos, with
an annual denand of 360,000 m3. For the purposes of this study, a simulation model
was developed, linking the photovoltaic power generation to the operation of the re-
verse 0osmosis unit on an hourly basis. The system was dimensioned considering a var-
iable daily operatig time of the unit (410 hours), while a water storage tank was
incorporated to ensure demand coverage. Two consumption scenarios were investi-
gated, namely constant and variable demand, in order to evaluate the impact of de-
mand patterns on the overall Sgsn cost and design characteristics. The results were
assessed using the levelized cost of water (LCOW) indicator. The results showed that
the variable demand scenario leads to a significant reduction in both the required in-
stalled photovoltaic capacity a@nthe volume of the storage tank, compared to the
constant demand scenario. The minimum water cost was calculate@@e2< Y w ¥ 2 NJ
GFNAFO6fS RSYFYR YR HOPPpd ekYw F2N O2yadl yi
the improved matching between solar engr@vailability and water demand. The
study demonstrates that the direct coupling of photovoltaic systems with reverse os-
mosis units, combined with appropriate demand management and the use of water
storage, constitutes a technically feasible and econonyicefficient solution for
meeting water needs in island regions, contributing to reduced energy costs and en-
hanced energy and water autonomy.
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Random Motion (no net flux)
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(A) Molecular simulations box. A polyamide membrane (purple) with a thickness of 10 nm is placed between two graphene sheet pistons
(orange). Water molecules are visualized as a light blue transparent surface. Hydraulic pressure (Py) is applied to the left graphene sheet during the
simulation, and a standard atmospheric pressure (P;) is applied on the right graphene sheet. (B) Water flux through the polyamide membrane as a
function of applied pressure. The dash red line is calculated based on the SD model. Number of water molecules (C) and pressure (D) along x-direction
through the polyamide membrane under two pressure differences (300 and 600 bar). (E) Probability distribution of water molecules in the feed reservoir,
inside the polyamide membrane, and in the permeate reservoir obtained when a steady state condition is reached under 300 bar. Data taken from
reference Wang et al. (ref. 36).
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Type of membrane element
TFC polyamide spiral- HFF—cellulose
wound triacetate
Brackish Brackish
Parameter Unit Seawater | water Seawater witer
Feed pressure, pp max. bar ~83* ~&] ~067 to ~39
~82°
Static product backpressure, bar PE=Pe Pemax < 0305 | pe = Ppl Poma < 2
pPpmax
Differential pressure, max.
» Of element 0.7-1.5" At max. Ap = 1.0 bar,
» Of pressure vessel bar 2.0-4.0° chemical cleaning to be
started
Pressurization rate bar/min | 30-35 20
Temperature max. °C 45 40 | 35
py range from . ... to ...
max.
* During operation - 3-10.5: 2-11; 1-12° 3-8
* During cleaning (short - 2-11; 1-11.5; 1-12; 1- | 3-8
term) 12.5; 2-13; 1-13¢
Chlorine contact mg/l Not detectable to <(.1 <1t
concentration, max.
Silt density index, SDI SDIs 5 4

“Dependent on membrane manufacturer and feed temperature
"'Dcpendenl on membrane manufacturer
“Dependent on membrane manufacturer and feed temperature
‘iDependenl on membrane manufacturer, cleaning temperature, and type of membrane
“Dependent on feed temperature
"Dependent on the quality and temperature of feed water
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SDI <1 Several years without colloidal fouling
SDI<3 Several months between cleaning
SDI3-5 Particular fouling likely a problem, frequent cleaning
SDl=5 Unacceptable, additional pre-treatment is needed
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Cleaning start—up
Operation parameter Unit criterion Note
Normalized product flow | m*/day: Loss of 10-15% Of initial capacity or after last
m"/h cleaning
Normalized differential bar Increase of 10-20%
pressure
Normalized salt passage | % Increase of 5—10%
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Temperature pu range limits during cleaning

SW membranes BW membranes

“C Manufacturer A Manufacturer B Manufacturer A Manufacturer B

<25 1-13 1-12 1-13

<35 1-12 1-11 1-12

<45 2-11 1-10.5 2-10.5 1-10.5
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Salt passage Salt rejection
SPJ'ISIJ R.«'{s::
Component % T
Cations
Calcium Ca™ 0.05 99.95
Magnesium Mg™* 0.05 99.95
Sodium Na* 0.23 99.77
Potassium K* 0.30 99.70
Barium Ba®™ 0.05 99.95
Strontium Sr** 0.05 99.95
Anions
Chloride C1™ 0.23 9077
Sulphate SO, 0.06 90.94
Nitrate” NO;~ 0.35 99.65
Bicarbonate® HCO;~ 0.35 99.65
Carbonate® CO5%~ 0.05 099,95
Fluoride® F~ 0.35 99.65
Bromide Br™ 0.27 99.74
Boron™” 5.00 95.00
Carbon dioxide CO, 100.00 0
TDS 0.20 99,80
“Rejection is py dependent
"Atpy =8
n'< ' Ah nNdHYY 1 . A_B8<8> " h=- 77 A LA
AT o dp 6
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i --B(OH)4 S=20
----- B(OH)4 S=30
0.7 -~ -B(OH)4 S=40
- — .B(OH)4 S=50
——B(OH)4 S =60, 70, 80
05 — B(OH)3 $=20
04 -~--—B(OH)3 $=30
- - -B(OH)3 S=40
0.3 '~ —BIOH)3 S=50
a5 N ——B(OH)3 S=60,70,80
Sy Temperature = 25 °C
0.1 S
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Standard test conditions
Tempe- Element
Salt content Pressure | rature recovery
CSLNaClLF.E PsiF.E IsirE Youe
Membrane element type and | mg/l mg/l B at
category NaCl Pu Bar °C %
Seawater RO elements
Spiral-wound composite 32,000 S5at8 55.2 25 8-10
elements
* Normal
» High rejection
* High flux/low energy
* Low fouling
Hollow-fiber CTA 35,000 - 53.9 30
elements
Brackish water elements
Spiral-wound composite 1500~ 5at 810 |15.5 25 15
elements 2000
* Normal
* High rejection
* Higher flux/lower 10.3
rejection
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Nitto &% YDRANAUTICS
Innovation for Customers
SWC4-LD
Specified Performance*
Parmeate Flow: 6,500 gpd (24.6 mid)
Salt Rejection: ‘99.8% [99.7% minimurn}
Test Conditions: 32000 ppm MNaCl salution
BO0 psig (5.5 MPa) Applied Pressure
TT°F (25 °C) Operating Temperature
10% Permeate Recovery
6.5 - 7.0 pH Range
“The Specified Performance = besed on data teken &fter & minimum of 10 minutes of operation. Actual testng of elements may be done &t
conditions which wary from these exact values: in which case, the performance |s normalized back to these standard conditons. Permeats flow
for indiwvidual elements may vary +15 percent from the value specified.
General Product Description**
Configuration: Low Fouling Spiral Wound
Membrana Paolymer: Composite Polyamide
Membrane Active Area”™: 400 f2(37.1 m?)
Fead Spacer: 34 mil (0.86 mmj
Packaging: All mambrane elements are supplied with a bring seal, interconnector, &and O-fings. Elements are enclosed in & sealed
polyethylene bag containing less than 1.0% sodum mete-bizulfite salution, and then packaged in a cardboand Do
- A o
Fp—— c— O -
...... 2 [ g
B FEED ¥ PERMEATE
e J220R E ietieiete 4
COMNCENTRATE
Element Details®*
Inches {mim [ B. inches {mrm} [ . inches (mm
400 (10161 | 7HI (2001 [ 1135 (RE)
““Walues lisied are indicalive, nol specfied. For more detelled specilications, see our Technical Serdice Bulletn documents or contact
Hydranaubes Technical Depadment.
Product Use and Restrictions®
Mamimum Applied Pressurs: 1200 psig (B.27 MPa)
Maximum Chlorine Concentration: < 0.1 ppm
Maximum Operating Temperatura: 113 °F (45 °C)
pH Range, Continuous (Cleaning): 2-11 {1-13)
Mamimum Feedwater Turbidity: 1.0NMTU
Maximum Feedwater SDI {15 mins): 50
Maximum Feed Flow: 85 gpm (17.0 m*/h)
Minimum Brine Flow: 12 gpm [2.7.0 m*h)
Maximum Prassure Drop for Each Element: 15 psi (0,10 MPa)
# The limtations shown here are for general use. For specified projects, operstion at more congervative values mey ensure the best
performance and longest Me of the membrane.  See Hydraneutics Techmcal Bulleting tor more detalls.
Disclaimer: The inrformaticn and data are preserted in good faith and in ieu of all warranties. Al axpress or implisd warramiies, includng the warranties al
maerchamakbilsy and fitness far a P:I’.ICLIII' PUrpose, are ﬂ!l’!ﬂs‘ diclaimed and excludsd. Conditions and methads af use of our pfﬂdlllﬂ: ara DE!.'J"E our congrod.
Hyoranaulics assumes no lability for results cbilained or damages moured through the applicason of the presented sormation and data. s the user's
raspansitilty to determine the aporopriteness of Hydranawsics' products for the usar's specific and uses. Saziag
Hydranautles Corporate office
401 Jones Rosd, Oceenside, CA 82058, USA  Toll Free: +1-800-CPA-FURE  Tel: +1-T60-901-2500 Fax: +1-7E0-001-2576
Web: www. membranas.com  Emall: hy-infa@nitto.com
n*¢ ' Ah p®oHY [B.A"Ch _h - hc ot tCh

AT AT T ‘Hyd?aha_utit:$4.é]*5 ohe
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Item Item
No. System No. System
| Seawater screening and 5a Lime water production and
pumping dosing
2 | Open gravity filters b Carpun dioxide storage and
dosing
2a | Pretreatment dosing 6 Drinking water storage tank
Filtered water pumps Drinking water pumping
3 i} 7 X
and cartridge filters station
Reverse osmosis hall
4 (st pass and 2nd pass) 8 ‘Wastewater treatment plant
4a | Reverse osmosis dosing | 8a | Wastewater storage basin
Product water interme-
4b diate tanks 9 | Workshop and warchouse
5 | Potabilization 10 Adlll]ll]s:trd!luﬂ and control
room building
T ! - v N n
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Open intake channel
or lagoon type r
| Active screening
" system
Surface water (direct) Submerged pipe +" r .
intakes ftunnel intake A -
. Passive screening
o 4 system
Floating ( barge, buoy) | J
intake
[ Seawater intakes
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to SWRO
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RO feed parameter Symbol Unit Target Max.
Operation parameters
Silt density index SDI 5 Yo/min 2-3 3-5
Modified fouling index MFIj 45 s/1° <1 4
Turbidity NTU <0.3 0.5-1
Free chlorine Cl, mg/l <0.05 0.1
Oil and grease (hydrocarbons) mg/l <0.02 0.1
Ferric iron Fe’* mg/l 0.05
Manganese Mn mg/l 0.05
Aluminium Al mg/1 0.05
Total organic carbon TOC mg C/ 3
Chemical oxygen demand COD mg O,/1 10
Advanced and scientific parameters to identify biological fouling potential
Assimilable organic carbon AOC pg/l Ac-C* <5 10
Biofilm formation rate BFR pg/cm”,day ATP® <1 5
*Ac-C acetate C—equivalents
blPicograrm’cmz,d adenosine triphosphate
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1. Raw water inlet 7. Clarified water

2. Treated water outlet 8. Sludge recirculation
3. Drive unit 9. Sludge concentrator
4. Turbine 10. Excess sludge

5. Primary mixing zone 11. Drainage pipe

6. Secondary mixing zone
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1. Raw water inlet
2. Sludge recycling

6. Excess sludge
7. Treated water outlet

3. Floc ripening 8. Raw water-recycled sludge mixer impeller
4. Settling zone 9. Reagent injection
5. Scrapers 10. Scum removal if applicable
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1. Mixing basin 4. Settling tank
2. Flocculation system 5. Lamella system
3. Sedimentation feeding 6. Contact sludge return
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@ Raw water feed @ Backwash water @ Backwash air feed
discharge
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