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1. Introduction

DESRES is an Internéiased, multiparametric electronic platform fothe optimal design of
desalination plantspower-supplied by Renewable Energy Sources (RES). The platform relies
upon: 1) a solar, wind and wave energy potential database, 2) statistical algorithms for
processing energielated data, 3) information regarding the intannualpotable water needs,

3) a datbase with the technical characteristics of desalination plant units and the RES
components, and 4) algorithms for cost effective design, optimal sizing and location selection of
desalination plants.

The target of theDESRE$latform is to derive, among list of commercially available system
devices, the optimal types of RES%. PhotoVoltaic (PV) generators, WigGednerators(W/Gs)
and/or WaveEnergy ConversiofWEC)units, respectively] which should be combined for
power-supplying the desalination pié, the optimal number, type and structure of both the RES
and the desalination units comprising the target REAaSed desalination plantas well as the
optimal location of the RERased desalination plansuch that the total system cost is minimized
and simultaneously the desiretvater demand is completely coveredhe current version of
DESIRES supports the design of RE&sed desalination systems in two regions: Crete (Greece)
and Tunisia.

A diagram of the overall REB&sed desalination system is illustrated in Fig. 1. The desalination
system under design is powsupplied by RES and its target is to produce enough potable water
in order to satisfy the needs of a community or an individemaisumer The REBased power
supply system comprises multiple PV arrays, multiple W/Gs and multiple WECs in order to
produce theelectricenergy needed for the desalination units to operate. A battery bank is also
used in order to store any energy surplifie PV modules are distributed in multiple PV arrays,
each containing PV modules connected in series and parallel. One PV battery charger is
connected to the output of each PV array. Also, battery chargers are incorporated ing&ch
and eachWECQ respetively. Multiple DC/AC inverters are used to provide the AC power required
to the desalination units. The desalination system also comprises a Water Tank in order to store
the excess water produced when it is not needed by the consumer. Moreover, the SAGE the
RESased power supply system is interconnected with the electric grid which can provide the
system withelectricenergy if all the other REf&neratorscannot provide it, or else it can absorb

any excess energy produceg the RE&ndprovideit to the general electricity supply. TMEECs
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are connected through AC/DC converters to theEBS in order to be able to provide energy to

the battery bank too.

Energy Water
Electric |
grid
Input
S — »-ﬂ— Battery Seawater
2 8 T bank
~ battery | | |
4 = charger | |= pciac Desal.
FIEY "V inverter unit #1
Power generation blocks

P Potable
o y battery 7 DC/AC Desal. water

= charger v inverter unit #2 to the

consumers
. .
| 7 DC/AC Desal.
" inverter unit #Npy
AC Bus Water Tank
Wave || batter DC Bus
Energy 4 Y
Converter _Z charger
Optimal exploitation of the available Uninterruptible water
renewable energy supply

Targets: & Reliable water supply
a Minimum cost
Fig. 1. A general diagram of the RiZ8ed desalination system desighby the DETRES

platform.

The target of the optimization process for a given location is to minimize the total lifetime cost
of the RE®ased desalination systemwhich is calculated as the sum of the following
components

- Thetotal installation and lifetime maintenance cost of PVs, W/Gs, WECs, BatteNes,

battery dhargers, DC/AC Inverters, Desalination Units and Water Tank, respectively

- Thereplacement costs of Batterief?V battery bargers and DC/AC invertetkie to

malfunctions during the lifetime period of the desalination plant,

R
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Thepresent value othe lifetime cost of purchasing electric energy from the electric grid
(if the RES®ased power supply system of the desalination plant has been selected to be
interconnectedwith the electric grid, else this value is equal to zero),

The cost of connecting the desalination plant water production to the general water
distribution network

The cost of the electric network which transfers the RigBerated energy to the
desalinaion units,

The total cost of the pipelines transporting seawater to the desalination system
installation point and brine disposal back to the sewl

Thecost of the electric line used to transfer the power produced byWieCgo the RES

basedpower sumply system

The target of the design optimization process performedh®syDESRES platfornis to calculate

the optimal values of the following design parameters:

location of the REBased desalination plant,
typedmodels of devices (PV modules, PV battery chargers, batteries, W/Gs etc.)
comprising the desalination plant powsupplied byRES,
number of PV modules connected in series and parallel,
number of PV arrayand PV battery chargers

tilt angle of the PV modules,

number of bateries connected in series and parallel,
number of W/Gs,

installation height of the W/Gs,

number of WECs,

number of DC/AC inverters,

number of desalination units and

volume (in liters) of the water storage tank.

The optimal values of the aforementioned pameters are calculated such that

(i) the total lifetime cost of the RHS$ased desalination system is minimized and,

simultaneously,

(i) the desired water demand is completely covered.

The present value dhe lifetime revenuesobtainedby selling excessnergy to the electric grid

(if the RE®ased power supply system of the desalination plant has been selected to be

R

S



DESRES '3 SNDa DdzA

interconnected with the electric grid, else this value is equal to zasoglso calculated and
displayel to the userof the DESRESlatform together with the resulting optimal value of the
total lifetime cost of the REBased desalination system, but it is not included in the lifetime
system cost subject to minimization.
The user specifies, through the webpage of PESRES platfan (Fig. 2) the values othe

requiredinput parameters as described in the following paragraptich are then transmitted

to the design optimization algorithm of the RB&ed desalination system in order to calculate
the optimal design solution. Afteahe optimization process has been finished, a report is sent to

the user by theDESRES platfornviaan emailcontainingthe optimal design results.

::::::

Fig. 2.Theweb-GIS interfacef the DESRES platfornthat is used by the user for specifying the
requiredoperational parameters of the RIB8sed desalination system.

2. How touse the DESRES platform

Initially, the emailaddressof the user where the design results of tRESREDlatform will
be sent to, is provided in the field shown within thed box in Fig3. If an email address is not
provided, then the design optimization process is not executed byDEB&RE $latform.

The water consumption to be satisfidy the RE®ased desalination system under design
selected in the field shown in Fig.. The user may select the predefined water consumption of a
single household orthe predefined water consumptiorof a community of houses. The
corresponding values are depicted in the diagrams of Figlternativel, the user is able to
import a .txt file containing the hourly values of the desired water consumption (in liters per

hour) during each hour of the entire year (i.e. 8760 values) to be considered in the design

R
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optimization process. An example of suchl@ i presented in Fig. Each value should be placed
in a separate line of the .txt. filéf a water consumption profile is not specified by the user, then
GKS RSTFlLdz G aSidAay3d ac¢éLAWRES pladdnd dung yha Hdsigné

optimization process.
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Fig.3.The form where the email address for sending the design optimization results, is provided

by the user.
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Fig.4.The form for defining the water demand to be covered by thellaB&J desalination
system under design.
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Fig.5. Diagrams of the predefined water consumption profiles: (a) single household and (b)
community of houses.
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Fig.6. An example of the water consumption input file provided by the user.

3. Specifying the configuration of th&EShaseddesalination system

The desalination units and the RES/battery units can be considered to be installed either at
the same location or at different locations, as described next. Wi sare installed at the 8
(offshore) point defined by the user throughe web-GIS interfacef the DESRES platformas
also described in the following

The structure of the RH&sed desalination system may take one of the following forms,
which can be defined by the user through theb-GIS interface:
1. Interms of thedesalination system:

a. Desalination of brackish water by selecting a desalination unit type which is suitable for

brackish water or

11
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b. Desalination of seawater by selecting a desalination unit type which is suitable for
seawater.
2. In terms of the energy produan/storage units:
a. Only with PVs
Only with W/Gs

=3

. Only with Wave Energy Converters

c
d. Hybrid system comprising more than one of the above RES types

)

. Configurations (ajd) with or without a battery bank

f. Configurations (aje) with or without connection to the ettric grid for buying additional
energy or selling the excess energy

g. Without any RES source and battery bank, but only a connection to the electric grid for

buying additional energy or selling the excess energy.

The categories of the devices comprisititie RE$ased desalination system are the

following:

() Renewable Energy Sources:

PV modules

PV battery chargers
- Wind-Generators with integrated battery chargers
- Wave Energy Converters with integrated battery chargers
(i) Balance of System devices:
- Batteries
- DC/AC inverters
(iii) Water production devices
- Desalination units
- Water Tank
As shown in Figd. and 8, the user may select to design a desalination plant which is power
supplied by either a standlone RES system (i.e. without any interconnection with the electric
grid), or by a grigonnected RES system which is interconnected with the electric grid for selling
any excess energy produced by the RES sources, or buying additional electric energy. In both of
these cases, the values of the following parameters shoealdrbvided:
(i) desalination plant lifetiméin number of years)

(i) inflation rate(in %)

12
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(i) interest rate(in %)
(iv) the cost of connecting the desalination plant water production to the general water

distribution network per liter of water transferred hour(g, .., in€/l),

net?
(v) the costper Wattof the electric network which transfers the Rg&herated energy to the

desalination unitgc,, ., in€/W),

net’
(vi) the installation cost of the water transportation system per meter of horizontal distance

and perm® of daily nominal water production of the desalination unit selected, in

€
m&n®

)
(vi) the installation cost of the water transportation system per meter of elevation andnper

of daily nominal water production of the desalination unit selected, in W)'
m

(viii) the power of the water pumping system per meter of horizontal distance andnpeof

. , , L . . Watt
daily nominal water production of the desalination unit selec(&, in W)’
m

(iX) the power of the water pumping system per meter of elevation and pe&r of daily

Watt

nominal water production of the desalination unit selectd®, in o
m

) and
(¥ the cost per meter and per Watt of nominal powarthe electrical line used to transfer the

power produced by the Wave Energy Converters to the desalinatior{(@pjt, in

Wém)'

and c

enet

The values ot

wnet

should be defined by the designer taking into account the distances

of the desalination plant and installation point of the RES generators from the water distribution

network and the electric grid, respectively.

In case that the RES system is interconeéatith the electric grid, the values of the following
parameters should additionally be provided:

(i) present value of th@rice of electric energy sold to the electric gfcl, in € / kWh) and

(i) presentvalue of thebuying price of electric energy from the electric i, in € / kWh).

If the value of any of the above parameters is not provided by the user, then its value is

considered to be equal to zero.

13
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=N = o -
Fig.7. The form for providing the required data for a desalination plant pesugplied by a

v

stand-alone RE®ased system.

[T S )
Fig.8. The form for providing the required data for a desalination plant pesugplied by a

grid-connected RERased system.

Next, as shown in Fi@, the user can select if the desalination process will be performed for
brackish water or seawater, respectively. The model of desalination plant selected must be
suitable for operation with the selected type of water, else an emassage is displayed by the

DESRES interface.

Also, the configuration of the powesupply system of the desalination placan be selected

among the following alternatives) only PVsand batteries 2) only WGsand batteries 3) only
14
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WECsndbatteries 4)hybrid RESystemwith PVs WGsandbatteries 5) hybrid RESystemwith

PVs WECsand batteries 6) hybrid RESsystemwith W/ Gs WECsand batteries 7) hybrid RES
systemwith PVs WGs WECsand batteries 8) only PVswithout batteries 9)only W Gswithout
batteries, 10) only WECs without batteriesl1) hybrid RES systewith PVs and WGand
without batteries,12) hybrid RES systemith PVs and WGand without batteries,13) hybrid RES
systemwith PVs and WGand without batteries, 14)hybrid RES syem with PVs W/Gs and
WECsand without batteries, 15without any RES or battery and omgth connection with the
electric grid. Configuration no. 15 can be used as a reference in order to compare the

desalination cost of RH#aised desalination systermgth conventional configurations.

\\\\\

,,,,,

Fig.9. The forms where the type of feén water andthe REShased system configuraticare

selected.

4. Selecting the desired types of RES and desalination devices and importing new
device types

In order to perform the design optimization of the Ri#3ed desalination system, a database
has been formed, containing the operational characteristics and cost of commesoiailable
devices(i.e. PV modules, W/Gs, desalination units etc.), which lmarused to synthesize a
RESased desalination plantMultiple alternative devices by different manufacturers, with
different operational characteristics (e.g. power rating, voltage range etc.) have been included in
the database of each device categoryglsuhat the most suitable device tygenodel) of each
category can be derived during the design optimization progésg. 10). The operational

characteristics and cost of these devices are presenteithenAppendix.Through theweb-GIS
15
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interface of theDESRESlatform, the user is able to select one or matiferent devices types
of each category to be considered in the design optimization proCessn,the optimization
algorithm calculates the optimal models of devices among the alternative deyes tselected
by the user. Before using the operational characteristics of the devices selected by the user to be
considered in the optimization process, it is checked that:
- The nominal operating output voltage of tH&Vbattery charger, which is also equ@
the nominal voltage of the DBusin Fig. 1is within the operating DC input voltage range
of the DC/AC inverter.
- The output voltage and frequency of the DC/AC invégleis compatible with the
corresponding operatonal characteristics of the desahation units which are

power-suppliedby the DC/AC inverter(s)

P p— e (A
[+ S osterreich S AIEIE Hew B3 . 3ancf. Overall System Configuratio
22 Hagyaiorszg
a2

[ e
¢

(@)
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Fig. 10. The selection of the desired models of devices inDIB&IRES interfacamong the

available types: (a) Photovoltaic modules, (b) Photovoltaic battery chargers, (cQaliredators,

(¢))

Overall System Configuration

Energy pr

vduction & storage units

Overall System Configuration

EE=S

Desalination Syste:

E==

Energy production & storage units

(d) Wave Energy Converters, (e) Batteries, (f) DC/AC inverters and (g) Desalination units.

As shown in Fidll, the data required for the watelty { |
andtheannualY Ay G4 Syl yoS 02ail
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mmmmm

=a
Fig. 11 The form for poviding the data required for the water tank.

Also, the user is able to define new types of system devices, which are not includiee in

devices databasé 1 KS4S RSOA0Sa I-RETNBPERANBR GKSI RS & dlzA §
to the user by the DERRES platform as described?n i &ubh a case, the desired operational
characteristics of the system devices can be inputhie form of .txt filesaccording tothe

following format:

4.1 PV module data

An example of the input file for the PV modules is shown inl2igrhe data contained in this
file in order of appearance are the following: serial number, installation cost (n= Y Ay G4 Sy |
O2aid LISNJ & S-kinuit vokage uadér>Stand&d Jest Conditions (@it)y shortcircuit
current under Standard Test Conditions (imgere), Maximum Power Point (MPP) voltage under
Standard Test Conditions (irof), MPPcurrent under Standard Test Conditions (imgere),
MPP power under Standard Test Conditions (iatt)y, NCOT (irfC), opencircuit voltage
temperature coefficient i6 Volt/ °C), shortcircuit current temperature coefficient (n

Ampere/° C), number of solar cells in series per PV module, number of solar cell strings in

parallel per PV module.
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" 1.PvData - Notepad

File Edit Format View Help
[1 67 0.67 21.6 3.24 17.44 2.8B 50 43 0.0032 0.0005 36 1 -

Ln1, Col 56

Fig.12. An example of the data inside the file for ¢modules.

4.2 PV battery charger data

An example of the PV battery charger input file is shown in1Bigrhe data contained in this
FAES Ay 2NRSNJ 2F [LIISIENIYOS NS GKS F2ftt20Ay3
O2ai0 LISNJ @8SIFNJOAY €03 OHWnvNEidhcylaRthe S1akmin2 Bowed N& A 2
Point Tracking (MPPT) process%), nominal power rating of the charger (Watt), Mean Time
Between Failures (ihours), nominal output voltage of the battery chargevhich is also equal to
the nominal Débus voltage (inVolt), minimum MPP voltage of the PV array that the charger can
operate with (in \lt), maximum MPP voltage of the PV array that the charger can operate with
(in \olt). If the PV battery charger does not include an MPPT function, then the vaM@RT

efficiencyis set equal t&0 %

File Edit Format View Help
1 305 3.05 98 99.9 700 40000 12 12 100 -

Ln2 Coll

Fig.13. An example of the data inside the file for ®\&battery chargers.
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In case that the MPP voltage (undstandard Test Conditionsf the PV modules selected by the
designeris higher than the upper limit of the PV battery charger MPP voltage range, then the

optimization process is not executed and an error messadsjgayedo the user.

4.3 Wind -Generator Data

An example of th&V/G input file is shown in Fid4. The datecontained in this file in order of
F LILISE NI yOS INB GKS F2fft26Ay3Y aASNAIT ydzYo SNE
OAY €0 Ayaulttlraazy Oz2ad 2F GKS 2kD G426SNJ LIS
tower per meter height andlJS NJ & S I NJ ¢ rofinakoktpuk pbviel dtihe W/G battery
charger output (in Vétt) and nominal DC output voltage of the W/G battery charger Volt)

The battery charger is incorporated in the Wi@@nerator structure.

Il File Edit Format View Help
i1 3460 34.60 70 0.7 600 12

Ln1, Col 27

Fig.14. An example of thdata inside the file for the WinGenerator.

4.4 Wind zGenerator output power vs. wind speed look -up table

An example of th&V/G output power vs. wind speed loelkp table input file is shown in Fig.
15. There are two columns in the file: the first corresps to the wind speed (im/seg and the
second one to the power that will be produced (iraiy at that wind speed. The battery charger
is incorporated in thaV/G structure, thus the output power provided by the loaip table is the

power provided by th&V/G to the DC bus of the desalination systesedFig. 1).
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File Edit Format View Help

B 5
3 15
4 80
5 105
o 190
7 250
& 350
9 430
10 500
11 550
12 600
12 830
14 @50
15 630
16 810
17 8l5
18 620
19 830
20 640

Fig.15. An example of the data inside the file for the Wibenerator output power vs. wind

speed lookup table.

4.5 Wave Energy Converter data

An example of thaVECdata input file is shown in Fig61The data contained in this file in
2NRSNJ 2F | LIISENFryOS INB GKS F2ft2gAy3aY ASNRI
LISNJ @8SFNJ OAY €0 |YyR GKS y2YAyYyLlt &nVolg Sirdiladgzi @2 f
to the W/Gs abattery charger is incorporated eachWEC.

" 9 WEGData - Notepac

File Edit Format View Help
1 4700000 352500 12

Ln1, Col 20

Fig. B. An example of the data inside the file for the Wave Energy Converter.
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4.6 Wave Energy Converter output power look -up table

An example of the file for th®/ECoutput power lookup table is shown in Fig.71The first

line in the file corresponds to the wave period values (in seconds) and the first column

corresponds to the wave height values (in meters). The battery charger is incorporated in the

WECstructure, thus the output power provided by the loelkp table is the power provided by
the WEQto the DC bus of the desalination system (Fig. 1).

File

Edit

0456
180 166 153 171 125 BY 72 65 BS 85 37 29 16

223 192 157 148 261 192 223 139 155 155 74 67 46
214 227 396 335 237 235 172 138 115 105 70

*J:j‘um:.nmf#l_..uwrdhll_—‘l—‘
(e ) e O N Q) [ I N W e P |
Lo e Y e e I e Y e e e e R

Lo e e e e Y e e e e

Format View Help
/891011 12 13 14 15 16

0 440 598 514 379 342 204 169 142 128 95

681 801 735 594 486 199 174 151 134 121

0 904 1035 949 7BE 617 239 209 183 164 146
1131 1269 1163 982 743 285 248 216 192 175

0 1358 1488 1374 1187 B89 330 287 250 225 201
1585 1712 1585 1392 988 380 334 285 263 226

0 1812 1937 1798 2138 1107 429 381 323 301 261
2040 2162 2010 2884 1234 439 416 361 336 295

0 2267 2386 2221 3143 1360 449 450 406 372 329
2494 2611 2433 3619 1483 506 464 451 408 363

Fig. I7. An example of the data inside the file fobe Wave Energy Coester output power

4.7 Batter y data

look-up table.

An example of the battery input file is shown in Hi§. The data contained in this file in order

27

@8SIFENJ 0AYy €03 oF GdGSNE vy 2nomiyal dperalnig hbltaya Greok), o A y
maximum Depth of Discharge permitted (in %), number of lifetime charging/discharging cycles
with the permitted % DOD.
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' ‘- _B - Motepad = a

File Edit Format Wiew Help
1 794 7.49 185 12 80 1400

Ln1, Col 26

Fig.18. An example of the data inside the file for the batteries.

4.8 DC/AC inverter data

An example of the DC/AC inverter input file is shown inIEgThe data contained in this file
AY 2NRSNJ 2F | LIISFENIYyOS INB GKS F2fft2Ay3aY &SN
LISNJ @SFNJ 0OAY €03 I8 HFIACLOWS ool tReTDC/AK iBverteny(igd)NIi S NJ 6
Mean Time BetweenFailures (in hours), minimum permissible DC input voltage of the DC/AC
inverter (in Volt) and maximum permissible DC input voltage of the DC/AC invértevolt)
RootMean-Square RMS value ofthe nominal AC output voltagen(Vol}) and nominal output
voltage frequency i Hz). For threephase DC/AC inverters, the nominal AC output voltage
parameter corresponds to theline-to-line voltage while for singlephase DC/AC inverters it

corresponds to thdine-to-neutral voltage

File Edit Format View Help
1 560.2 56.02 85 6000 40000 10.5 15 230 50 -

Ln1, Col43

=

Fig.19. An example of the data inside the file for the DC/AC inverters.
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4.9 Desalination unit data

An example of the desalination unit input file is shown in Ei).The data contained in this
file in order of appearance are the following: serial number, installation c@st,(A Y € 0 X
YFEAYGSYFyOS O2aid LISNI @8SFN 0AYy € btcs/dag)2fodey S 2 F
needed duringoperation |, in Watt), volume of water needed for the flushing process of
reverseosmosis desalination units (ititers), power needed for the flushing process of
reverseosmosis desalination units (inattd) > T SSR ¢ FFi2S\NJ aiS L84S (16SciNw € Yy R
water), RMS value of the nominal AC operating input voltage/¢l) and nominal operating
input voltage frequencyirf Hz). For threephase desalination units, the nominal AC operating
input voltage parameter corresponds tohé line-to-line voltage, while for singkphase

desalination units it corresponds to the lie-neutral voltage. The value ofR; includes the

power required for pumping seawater to the desalination system installation point and brine

disposal back to the sea when the desalination system is installed next to th@tseaalue of
G,y also includes:

(i) the cogs of internal constructions related to the desalination units, such as the seawater
filters, the holding tanks for water pre&nd posttreatment, equipment for water and solids
handling, instrumentation equipment etc. and

(i) the total cost of the pipefies (running in parallel) transporting seawater to the desalination
system installation point and brine disposal back to the sea (brine outfall pipeline), when the
desalination system is installed next to the sea.

In case that a flushing process is nogyjueed for a desalination unit under consideration, then

the corresponding fields of power and water required for flushing should be set equal to zero.

[ File Edit Format View Help
|1 4667.97 466.8 18925 5219 126.5 730.2 1 230 50

Ln1, Col48

Fig.20. An example of the data inside the file for the desalination unit.
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In case that multipldines are provided in the .txt. input files described94.1-4.9, only the
first line (i.e. device) is considered in the optimization proc&sgn if a new device type is
imported as described above, the user is also able to select additional devices from those already
available in the DEMRES platform and the optimal type among them will finally be

recommended to the user in the design result

5. Meteorologicaldata

In order to perform the design optimization of the RESed desalination system,
meteorological data for various parametesse used These parameters for every location
chosen includembienttemperature (nc / 0 X & A i R/s)Asbl8 Br&diance on horizontal
plane {n Watt/m?), significant wave heightn(meters), and the corresponding wave perioih (
secondy, and their combinations for hybrid scenarios. Thuslatabase has been formed, based
on ground stationgshown with the red dots on the GIS map ofsFigand 21 and reanalysis
data. That database is used in combination with geostatistical algorittfmisich also perform
spatial interpolationwhen the user does not supply data for thdesiredlocations.Additionally,
as shown in Fig. 2xhe user is able to imporhew meteorological data for 1 to 4lifferent
stationsthrough the webGIS interface of the DERES platform, whicborrespond toambient
temperature, wind speed, and solar irradiance, plus (gidkl) significant wave height and wave
period datafor 1 offshore locationThe data imported must follow the predefined specifications
(see?5.1 ¢ 5.7), else an error message will be s¢a the user by the DEIRES platformas

described next

\\\\\\

.....

-

Fig. 21 The form for providing the uséefined meteorological data.
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Next, as shown in Fig. 22, the user can select if the data analysis will be performed with the more
complex, but more robusiStochastic Local Interactio(SL) algorithm, which is more time
demanding, or if the analysis will be performed with the linear interpolation algorithm. Linear
interpolation based on neighboring stations is the default algorithm for the estimation of either
missing values (time instanta) a single location, or for the generation of an entire tigexies at

one or multiple locations based on the database data. Linear interpolation estimates the value at
each time from the available data on the same time slice. The more robust SLI |atenpo
method is based on the stochastic local interaction model, which uses kernel functions to
estimate the neighborhood that is required for the estimation of the missing vallies. SLI
method is only used to estimate missing values at a single lotdfia data analysis method is
y2i aSftSOGSR o6& (KS dzaSNE (KSy (KIRESREformdzt (&

during the design optimization process.

Fig. 22. The form for providing the desired method used for the data analysis (optional)

The user defined meteorological data should be separate .txt, fidgch should follow the

format described below:

5.1 Location data
An example of the input file for the location data is shown in Fig. 23. The input file should be a
xt file, with comma separatedvalues The first line in the file defines the names of the
geographic coordinatel & & f 2y AAGdzRSZf I GAGdzRSETX HKAES (KS
values measured in degrees. The data contained in this file in order of appeasamdbe
following: longitude(degrees), latitudédegrees).
28
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File Edit Format View Help

longitude,latitude "
25.971,35.87

Fig. 23. An example of the data inside the file for the station location.

5.2 Time period data

An example of the input file for thime-period data is shown in Fig. 24. The input file should
be a .txt file, with values comma separated. The first line in the file defines the starting date and
the starting time referring to the provided data (dd/mm/yyyy, HH:MM:SS), while the second line

defines tre ending dateas well as the ending time (with tledorementioned format).

| tirne_test1 - Motepad — O =

File Edit Format View Help
tZS,-’BleBlS, 19:80:80
B6,/82/2018, 18:00:80

Fig. 24. An example of the data inside the file for the time pefitke imported data

5.3 Ambient t emperature data

An example of the input file for the temperature data own in Fig. 25. The input file should
6S I ®GEG FTALS ¢A0GK K2dzNI & QFtdzSa 2F GSYLISNI &
GKS FANBOG fAYyS IAGAY3I GKS yIFYS 2F (GKS @F NAI of
different line. Theminimum entries should be 8760, which translates to a whole calendar year of
hourly values (from 01/01/YY¥¥1/12/YYYY, calendar year). Note that the length of the data
should meet the length of the hours that are included into the time period defiedase of
missing values addNaNe as shown in Fig. 25, although the missing values should natdre
than 5% of the total data, and the missing contiguous values should nlainigerthan 2 weeks
(i.e. 336 hours). Temperature values lower thann toy/R IANB I 0 SNJ 4Ky c¢cn c/

automatically from the datasesincethey are consideredsmeasurement errors.
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Mj temperature_test] - Mote...

File Edit
Temperature

13.8
13.5
13.6
MNal

13.9
14.1
MNal

14.3
14.4
MNal

15.8
14.6

View Help

— O >

Fig. 25. An example of the data inside the file for the temperature data.

5.4 Wind speed data

An example of the input file for the wil speed data is shown in Fig. 26. The input file should

be a .txt filewith the hourly meanvalues of wind speefineasured in ratersgsecond at a height

of 10metersabove ground levelfor as many years as desired, with the first line giving the name

2T GKS JFNAIFof S

G2 AYRE ® ¢ K Se teipérature@@aetakdept A y (i &

of the limits for the lower (0O neters'second and higher (50 eterssecond acceptablevalues.

Wind speed values outside the range of acceptable measurements are automategatyged

gA0K &bl bthe ddfdsdt, dnscd theliry consideredserrors.

o B o B v I T v R I

File
Wind
MNal
MNal
MNal
MNal
MNal
1.

Sgee
. 3888
. 9888
. 5888
. 2888
. 4888
. 4888
. 4888

Edit

mj windSpeed_test] - Motepad

Format  View Help

— O x

Fig. 26. An example of the data inside the file for the wind speed.
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5.5 Solar irradiance d ata

An example of the input file for thglobalsolar irradiance on horizontal plane data is shown in
Fig. 27. The input file should be a .txt file with hourly valueglobal solar irradiance on
horizontal planemeasured inWatt/m?, for as many years as desired, with the first line giving the
YEYS 2F GKS GFENRFO6ES a{ 2t NE dthettdnBeraiite dataetO2 y a G |
except of the boundaries for the lower (0at/m?) and higher (1500 \att/m?) values. Solar
irradiance values outside the range of acceptable measurements are automatealiaced with
Gbl bé¢ @hefdalzBet, sihcg they are considered as errors.

_| solar_test1 - Motepad — | Py

File Edit Format Wiew Help

Solar M
780

216.5

141.5

181

134.5

188.
1%96.8
288
6.9

[aw]

& 32 W0
fax Bl wv o LN

Fig. 27. An example of the data inside the file forgludal solar irradiance on horizontal plane

5.6 Wave height data

An example of the input file for the significant wave height data is shown in Fig. 28. The input
file should be a .txt file with hourly values of wave height measureddters for as many years
as desired, with the first line givingKS y I YS 2F (KS @GFNAIFo6tS a2l @S|
are the same as ithe temperature datset, except of the boundaries for the lowed (neters)
and higher 10 meters) values. Wave height values outside the range of acceptable
measurements are damatically NS LJX  OSR 4 A ( K thé Hatabet singd thegiz&réa Ay

considered as errors.
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| waveheight_test1 - Notepad - O x

File Edit Format View Help

WaveHeight ~
L1

.54

.89

.28

.13

L34

.74

.14

.96

.55

.AB

.18 v

[ v I v I S B v B S Y R SOy R Y

Fig. 28. An example of the data inside the file for the wave height.

5.7 Wave period data

An example of the input file for the wave period data is shown inZ9igThe input file should
be a .txt file with hourly values of wave period measured esaosnds for as many years as
RSAANBRX gA0K GKS FANRG fAYS 3IAQGAY3A (GKS yIFYS
are the same as in temperature data, excgptthe boundaries for the lowerQ(secondsyand
higher Q0 second)values. Wave period values outside the range of acceptable measurements

are automaticallNB LI I OS R ¢ A U Khe dababeh sincedthey ateansidengd as errors.

| waveperiod_test! - Notepad =~ — O *

File Edit Format View Help

WavePeriod )
.75

.26

1

.81

.11

.34

.81

A1

.56

.42

.89

A1 w

e I I B e I e I It I T 4 T i A

Fig. 29. Arexample of the data inside the file for the wave period.
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All the meteorological parameters described $b.3-5.7 should be accompanied with the
location and the time period. Also for each location, all the variables should have the same
length which correponds to the start and end date/time with a otheur sampling frequency
(i.e. timestep) After the submissiorof the design queryan internal validabn processwill
evaluate the compliance of the files imported with the guidelines giveanyfnconsstencies are

present, the platform will send error messages viaail to the user.

6. Selection of the installation points

The user is able to select on the map of the filESnterface, up to 4 alternative installation
points of the desalination plant which should be located on the land, as well as an addftienal
5™ point in the sea where th&Vave Energy Converters will be installed (Figs30 and 31). The
DESRElatform will calculate which of théup to) 4 points selected by the user on the land is
the optimal one in terms of lifetime system cosfpr installing the REBased desalination
system.The installation points selected by the uskr notneed b coincide with thelocations of
the meteorological stations of the DHSES database (shown with the red dots on the GIS map of
Fig. 2), since the geostatistical analysis algorithms, which have beerinbitie DESRES
platform, calculate (offline) the meteorological dataquired for the design of the Rb&sed
desalination system at any point selected by the user away from the meteorological stations
available.In case ofdesalinationplants comprising WECSs, the user should setew point
located in the sea and at least one pbiocated on the landfor installing the desalation units

DC/AC inverters etc.)

Insert a configuration file
.=. ® e=m
,
o
Ayt
==

Fig.30. An example of definition in the GIS map of alternative installation points of the

desalination plant on the land.
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1
O otéTomog 147.27.31.219 Aéal

Ayia Mapiva
Kt Trakéc

Fig 31. An example of definition in the GIS maphef WEQnstallation point in the sea.

The mappig tools and the layerganel (fkgs. 2-49) are responsible for the interaicin between
the user and the backnd software of the platform before the subrssion of thedesignquery.

The mapping tools arthe following

Pointtook2 A U K PEIXKYWO & (22t GKS dza SNJ Jorithelmad. Bveriitine A y & S
that the user selects a location, the coordinates of each paiatautomatically processed by the
DESRES platformh y 2NRSNJ (12 RA&lLff 26 GKS dnpielofithe2y AT
following three constraints:

1 The locatim must be imaterrestrial area ofCrete(Greece) or Tunisja

1 Alocation withground surface slophigher than70 % cannot be selectedh the area of

Crete(Greece)
1 Alocation in shade zone.€. near in areas witlground surface slopabove 70%)cannot

be selectedn the area of Cret¢Greece)

A

Marinetool:2 AG K Mi KBy &¢ (22t GKS dzaSNI A& |6fS (2 a:
the Wave Energy Converters. When the user selesta location on the map, its coordinates are
automatically processed by the DHEES platformh y 2 NRSNJ (2 RA&lFff26 (K¢
conform withanyone of the following two constraints:

1 Theselected location must b&ithe seaareg

1 Alocation further than 5 km from the coastline @frete (Greece) or Tunisiaannot be

selected
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Removetool2 A | K RERBGHE G22f GKS dzaSNI Oy NBY2Q

on the map before the subrssion of the design query

Get info tool: 2 A (il K DiIKIS Aay Ht éuserlii® &bte to retrieve information for the
GaSUS2NRt23A0LtE {GFGdA2yae f1e8SN)oe GKS DL{ &af¢
022t O66AGK GKS ahyé odziGz2yo FyR OfAO1 | TSt id
a i I O myRryAitér thdt, tle system displays a pagp window with the related information.

Helptab:2 A (1 K S KIS aii | o dirdctedto thmm@hphge &f the DESW 9 {  dza SNDa I

Download a file:2 A G K DR E$t & R | FTAE Sé 0 dzi G 2i with ElIShe dzd S NJ
parameters that have been insertad the webGIS interfaceThe user is able taipload the
downloaded file when the platfornwill be usedagainin order to avoid redefining in the

web-GIS interface the values of all operational parametef the RESased desalination system

when a new design is desiredo succeed thatthe user hasto upload the file from the
correspondingorm of theweb-GIS interfacand seleciti KS & f 2+ R¢ o0 dRigB2Yy X I &

Timisoara

Cesactonone,

aaaaa

\\\\\\

Malra

.......

Fig.32. The form that the user is able tploada previouslydownloaded filawith the desired

input parameters
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=n ' ' u
Fig.33. The mapping tools (at the top of the map) and the layers panel button (at the right side of

the map) through which the user is able to expand a form for the activation of layers

ﬂcmg“mpu : verall System Configuration
\
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Fig 34. Information fromthed a SG S2 NP f 2 3A OF f { Gdnifeat@esa ¢ I & SN

2 A0K GKS afl@8SNAR LI ySté¢ (GKS dzaSNI A& lotS G2 |

Ge¢dzyAaAl Y 5 SaTHishager prasengs theJiodaybisiot désalination plants for the

region of Tunisia.

GecdzyAaAil Y . Whis lager depicis 2hé dotavions of BRW stations for the region of

Tunisia.

G¢dzy A aAil Y :9Hs$geipkkedts thehelcFia lines for the area of Tunisia.
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G ¢dzy A aAl Y : Thidday@encontaiks2hééations ofelectricalgrid substationsfor the area

of Tunisia.
a ¢ dzy' A a A t THis lay8rdlgpiats the towns of Tunisia.

GaSiS2 { this layie pfesaent¥ the available meteorological stations for the regibn

Crete and Tunisjaespectively

G/ NBGSY ThsNaydr displ&/shevifagesof Crete.

G/ NBGSY CIKASNIGY NNBAIESY | ANLIR2 NI a¢ 1 @SNJ LINBaSyda GF
G/ NBUGSY b RheddDt dadeNIné ¥nnné € &SN RSLIAOGA GKS N
Fa Gbl GdzNF ¢ NBIA2ya F2N) GKS NBIA2Y 2F / NBlGSo
G/ NBVBYB s o0fS 9YSNHARS LAWSHR LNPRLaHE YE I @ SN LINSASY
recommended by the Region of Crete administration to host lagge RES systems
investments.

Ge¢dzy AaAl Y | HNil-shatiig isReStechfilgueldised to visualizerdm as shaded relief,

illuminating it with a hypothetical light source. i§ltayer covers the region of Tunisia.
G/ NBGSY | A THe daihé 48 Sboyt thdéregion of Crete.

GTunisia: Slope map Yhis layer is a slope map for the region of Tunigiaich depicts the
ground surfaceslopein shades of graygrayscale). The areas with a color closer to white have

high slopewhile the areas with a color closer to black have low slope.

G/ NBGSY {2 LISSlopélmap (dinark) ysl-aNkarye map the region of Cretefhe
areas witha ground surface slope less than 70% are presented with white color, while the areas

with aground surface slophkigher than70% are shown in black.

oCrete: Slope map Yhis layer is a slope map for the region of Cretkich depicts theground
surfaceslope inshades of graygrayscale). The areas with a color closer to white have high,slope

while the areas with a color closer to black have low slope.
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Fig 36. BRWstations layer
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Fig 38. Tunisia: Substations layer
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Fig 39. Tunisia: Towns layer
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Fig.40. Meteorological stations layer.
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Fig 41. Crete: Villages layer

Fig.42. Crete:Airports layer.
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Fig 43. Crete:Natura2000 layer

Fig.44. Crete:Renewable Energy Zones layer.
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Fig. 45. Tunisia: Hillshade map

Fig 46. Crete: Hillshade map
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Fig. 47 Tunisia: Slope map

Fig. 8. Crete:Hope map(binary)
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