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1. Introduction  

DES2iRES is an Internet-based, multi-parametric electronic platform for the optimal design of 

desalination plants, power-supplied by Renewable Energy Sources (RES). The platform relies 

upon: 1) a solar, wind and wave energy potential database, 2) statistical algorithms for 

processing energy-related data, 3) information regarding the inter-annual potable water needs, 

3) a database 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 the DES2iRES platform is to derive, among a list of commercially available system 

devices, the optimal types of RES [i.e. PhotoVoltaic (PV) generators, Wind-Generators (W/Gs) 

and/or Wave-Energy Conversion (WEC) units, respectively], which should be combined for 

power-supplying the desalination plant, the optimal number, type and structure of both the RES 

and the desalination units comprising the target RES-based desalination plant, as well as the 

optimal location of the RES-based desalination plant, such that the total system cost is minimized 

and simultaneously the desired water demand is completely covered. The current version of 

DES2iRES supports the design of RES-based desalination systems in two regions: Crete (Greece) 

and Tunisia. 

A diagram of the overall RES-based desalination system is illustrated in Fig. 1. The desalination 

system under design is power-supplied by RES and its target is to produce enough potable water 

in order to satisfy the needs of a community or an individual consumer. The RES-based power-

supply system comprises multiple PV arrays, multiple W/Gs and multiple WECs in order to 

produce the electric energy needed for the desalination units to operate. A battery bank is also 

used in order to store any energy surplus. The 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 in each W/G 

and each WEC, respectively. 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 AC bus of the 

RES-based power supply system is interconnected with the electric grid which can provide the 

system with electric energy if all the other RES generators cannot provide it, or else it can absorb 

any excess energy produced by the RES and provide it to the general electricity supply. The WECs 
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are connected through AC/DC converters to the DC-Bus in order to be able to provide energy to 

the battery bank too. 

 

Fig. 1. A general diagram of the RES-based desalination system designed by the DES2iRES 

platform. 

 

The target of the optimization process for a given location is to minimize the total lifetime cost 

of the RES-based desalination system, which is calculated as the sum of the following 

components: 

- The total installation and lifetime maintenance cost of PVs, W/Gs, WECs, Batteries, PV 

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

- The replacement costs of Batteries, PV battery chargers and DC/AC inverters due to 

malfunctions during the lifetime period of the desalination plant, 
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- The present value of the lifetime cost of purchasing electric energy from the electric grid 

(if the RES-based power supply system of the desalination plant has been selected to be 

interconnected with 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 RES-generated energy to the 

desalination units,  

- The total cost of the pipelines transporting seawater to the desalination system 

installation point and brine disposal back to the sea and 

- The cost of the electric line used to transfer the power produced by the WECs to the RES-

based power supply system.  

The target of the design optimization process performed by the DES2iRES platform is to calculate 

the optimal values of the following design parameters: 

- location of the RES-based desalination plant, 

- types/models of devices (PV modules, PV battery chargers, batteries, W/Gs etc.) 

comprising the desalination plant power-supplied by RES, 

- number of PV modules connected in series and parallel, 

- number of PV arrays and PV battery chargers 

- tilt angle of the PV modules, 

- number of batteries 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 parameters are calculated such that: 

(i) the total lifetime cost of the RES-based desalination system is minimized and, 

simultaneously, 

(ii) the desired water demand is completely covered. 

The present value of the lifetime revenues obtained by selling excess energy to the electric grid 

(if the RES-based power supply system of the desalination plant has been selected to be 
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interconnected with the electric grid, else this value is equal to zero), is also calculated and 

displayed to the user of the DES2iRES platform together with the resulting optimal value of the 

total lifetime cost of the RES-based desalination system, but it is not included in the lifetime 

system cost subject to minimization. 

The user specifies, through the webpage of the DES2iRES platform (Fig. 2), the values of the 

required input parameters, as described in the following paragraphs, which are then transmitted 

to the design optimization algorithm of the RES-based desalination system in order to calculate 

the optimal design solution. After the optimization process has been finished, a report is sent to 

the user by the DES2iRES platform via an email containing the optimal design results. 

 

Fig. 2. The web-GIS interface of the DES2iRES platform that is used by the user for specifying the 

required operational parameters of the RES-based desalination system. 

2. How to use the DES2iRES platform 

Initially, the email address of the user where the design results of the DES2iRES platform will 

be sent to, is provided in the field shown within the red box in Fig. 3. If an email address is not 

provided, then the design optimization process is not executed by the DES2iRES platform.  

The water consumption to be satisfied by the RES-based desalination system under design is 

selected in the field shown in Fig. 4. The user may select the predefined water consumption of a 

single household or the predefined water consumption of a community of houses. The 

corresponding values are depicted in the diagrams of Fig. 5. Alternatively, 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 
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optimization process. An example of such a file is presented in Fig. 6. Each value should be placed 

in a separate line of the .txt. file. If a water consumption profile is not specified by the user, then 

ǘƘŜ ŘŜŦŀǳƭǘ ǎŜǘǘƛƴƎ ά¢ȅǇƛŎŀƭ ǊŜǎƛŘŜƴǘƛŀƭέ ƛǎ ǳǎŜŘ ōȅ ǘƘŜ 59{2iRES platform during the design 

optimization process. 

 

 

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

by the user. 

  

 

Fig. 4.The form for defining the water demand to be covered by the RES-based desalination 

system under design. 
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(a) 

 

(b) 

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 the RES-based desalination 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. The WECs are installed at the 5th 

(offshore) point defined by the user through the web-GIS interface of the DES2iRES platform, as 

also described in the following.  

The structure of the RES-based desalination system may take one of the following forms, 

which can be defined by the user through the web-GIS interface: 

1. In terms of the desalination system: 

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

brackish water or 
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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 production/storage units: 

a. Only with PVs 

b. Only with W/Gs 

c. Only with Wave Energy Converters 

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

e. Configurations (a)-(d) with or without a battery bank 

f. Configurations (a)-(e) with or without connection to the electric 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 comprising the RES-based desalination system are the 

following: 

(i) Renewable Energy Sources: 

- PV modules 

- PV battery chargers 

- Wind-Generators with integrated battery chargers 

- Wave Energy Converters with integrated battery chargers 

(ii) Balance of System devices: 

- Batteries 

- DC/AC inverters 

(iii) Water production devices 

- Desalination units 

- Water Tank 

As shown in Figs. 7 and 8, the user may select to design a desalination plant which is power-

supplied by either a stand-alone RES system (i.e. without any interconnection with the electric 

grid), or by a grid-connected 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 should be provided:  

(i) desalination plant lifetime (in number of years),  

(ii) inflation rate (in %),  
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(iii) interest rate (in %),  

(iv) the cost of connecting the desalination plant water production to the general water 

distribution network per liter of water transferred hourly ( wnetc , in ϵ/ l),  

(v) the cost per Watt of the electric network which transfers the RES-generated energy to the 

desalination units ( enetc , in ϵ/W),  

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

and per 3m  of daily nominal water production of the desalination unit selected ( Hc , in 

Ö 3m m

ϵ
),  

(vii) the installation cost of the water transportation system per meter of elevation and per 3m  

of daily nominal water production of the desalination unit selected ( Ec , in 
Ö 3m m

ϵ
),  

(viii) the power of the water pumping system per meter of horizontal distance and per 3m  of 

daily nominal water production of the desalination unit selected ( HP , in 
Ö 3

Watt

m m
),  

(ix) the power of the water pumping system per meter of elevation and per 3m  of daily 

nominal water production of the desalination unit selected ( EP , in 
Ö 3

Watt

m m
) and  

(x) the cost per meter and per Watt of nominal power of the electrical line used to transfer the 

power produced by the Wave Energy Converters to the desalination unit ( w / lC , in 
Ö

ϵ

W m
).  

The values of 
wnet

c  and 
enet

c  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 interconnected with the electric grid, the values of the following 

parameters should additionally be provided:  

(i) present value of the price of electric energy sold to the electric grid ( cc , in / kWhϵ ) and  

(ii) present value of the buying price of electric energy from the electric grid ( pc , in / kWhϵ ). 

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. 
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Fig. 7. The form for providing the required data for a desalination plant power-supplied by a 

stand-alone RES-based system. 

 

Fig. 8. The form for providing the required data for a desalination plant power-supplied by a 

grid-connected RES-based system. 

Next, as shown in Fig. 9, 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 error message is displayed by the 

DES2iRES interface. 

Also, the configuration of the power-supply system of the desalination plant can be selected 

among the following alternatives: 1) only PVs and batteries, 2) only WGs and batteries, 3) only 
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WECs and batteries, 4) hybrid RES system with PVs, WGs and batteries, 5) hybrid RES system with 

PVs, WECs and batteries, 6) hybrid RES system with W/Gs, WECs and batteries, 7) hybrid RES 

system with PVs, WGs, WECs and batteries, 8) only PVs without batteries, 9) only W/Gs without 

batteries, 10) only WECs without batteries, 11) hybrid RES system with PVs and WGs and  

without batteries, 12) hybrid RES system with PVs and WGs and without batteries, 13) hybrid RES 

system with PVs and WGs and without batteries, 14) hybrid RES system with PVs, W/Gs and 

WECs and without batteries, 15) without any RES or battery and only with connection with the 

electric grid. Configuration no. 15 can be used as a reference in order to compare the 

desalination cost of RES-based desalination systems with conventional configurations. 

 

Fig. 9. The forms where the type of feed-in water and the RES-based system configuration are 

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 RES-based desalination system, a database 

has been formed, containing the operational characteristics and cost of commercially-available 

devices (i.e. PV modules, W/Gs, desalination units etc.), which can be used to synthesize a 

RES-based desalination plant. Multiple 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 category, such that the most suitable device type (model) of each 

category can be derived during the design optimization process (Fig. 10). The operational 

characteristics and cost of these devices are presented in the Appendix. Through the web-GIS 
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interface of the DES2iRES platform, the user is able to select one or more different devices types 

of each category to be considered in the design optimization process. Then, the optimization 

algorithm calculates the optimal models of devices among the alternative device types selected 

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 the PV battery charger, which is also equal to 

the nominal voltage of the DC-bus in Fig. 1, is within the operating DC input voltage range 

of the DC/AC inverter.  

- The output voltage and frequency of the DC/AC inverter(s) is compatible with the 

corresponding operational characteristics of the desalination units which are 

power-supplied by the DC/AC inverter(s). 

 

 

 

(a) 
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(b) 

 

 

(c) 
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(d) 

 

 

(e) 
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(f) 

 

 

(g) 

Fig. 10. The selection of the desired models of devices in the DES2iRES interface among the 

available types: (a) Photovoltaic modules, (b) Photovoltaic battery chargers, (c) Wind-Generators, 

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

 

As shown in Fig. 11, the data required for the water tŀƴƪ ŀǊŜ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ Ŏƻǎǘ ƛƴ ϵ ǇŜǊ ƭƛǘŜǊ 

and the annual ƳŀƛƴǘŜƴŀƴŎŜ Ŏƻǎǘ ƛƴ ϵ ǇŜǊ ƭƛǘŜǊΦ 
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Fig. 11. The form for providing the data required for the water tank. 

 

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

devices database όǘƘŜǎŜ ŘŜǾƛŎŜǎ ŀǊŜ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άǳǎŜǊ-ŘŜŦƛƴŜŘέ ƛƴ ǘƘŜ ŘŜǎƛƎƴ ǊŜǎǳƭǘǎ ŘƛǎǇƭŀȅŜŘ 

to the user by the DES2iRES platform as described in Ϡ тύΦ In such a case, the desired operational 

characteristics of the system devices can be input in the form of .txt files according to the 

following format: 

4.1 PV module data 

An example of the input file for the PV modules is shown in Fig. 12. The data contained in this 

file in order of appearance are the following: serial number, installation cost (in ϵύΣ ƳŀƛƴǘŜƴŀƴŎŜ 

Ŏƻǎǘ ǇŜǊ ȅŜŀǊ όƛƴ ϵύΣ  ƻǇŜƴ-circuit voltage under Standard Test Conditions (in Volt), short-circuit 

current under Standard Test Conditions (in Ampere), Maximum Power Point (MPP) voltage under 

Standard Test Conditions (in Volt), MPP current under Standard Test Conditions (in Ampere), 

MPP power under Standard Test Conditions (in Watt) , NCOT (in oC), open-circuit voltage 

temperature coefficient (in oVolt / C), short-circuit current temperature coefficient (in 

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

parallel per PV module.  
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Fig. 12. An example of the data inside the file for the PV modules. 

4.2 PV battery charger data  

An example of the PV battery charger input file is shown in Fig. 13. The data contained in this 

ŦƛƭŜ ƛƴ ƻǊŘŜǊ ƻŦ ŀǇǇŜŀǊŀƴŎŜ ŀǊŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ ǎŜǊƛŀƭ ƴǳƳōŜǊΣ ƛƴǎǘŀƭƭŀǘƛƻƴ Ŏƻǎǘ όƛƴ ϵύΣ ƳŀƛƴǘŜƴŀƴŎŜ 

Ŏƻǎǘ ǇŜǊ ȅŜŀǊ όƛƴ ϵύΣ ŎƘŀǊƎŜǊ ǇƻǿŜǊ ŎƻƴǾŜǊǎƛƻƴ ŜŦŦƛŎƛŜƴŎȅ (in %), efficiency of the Maximum Power 

Point Tracking (MPPT) process (in %), nominal power rating of the charger (in Watt), Mean Time 

Between Failures (in hours), nominal output voltage of the battery charger, which is also equal to 

the nominal DC-bus voltage (in Volt), minimum MPP voltage of the PV array that the charger can 

operate with (in Volt), maximum MPP voltage of the PV array that the charger can operate with 

(in Volt). If the PV battery charger does not include an MPPT function, then the value of MPPT 

efficiency is set equal to 70 %. 

 

Fig. 13. An example of the data inside the file for the PV battery chargers. 
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In case that the MPP voltage (under Standard Test Conditions) of the PV modules selected by the 

designer is higher than the upper limit of the PV battery charger MPP voltage range, then the 

optimization process is not executed and an error message is displayed to the user. 

4.3 Wind -Generator Data  

An example of the W/G input file is shown in Fig. 14. The data contained in this file in order of 

ŀǇǇŜŀǊŀƴŎŜ ŀǊŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ ǎŜǊƛŀƭ ƴǳƳōŜǊΣ ƛƴǎǘŀƭƭŀǘƛƻƴ Ŏƻǎǘ όƛƴ ϵύΣ ƳŀƛƴǘŜƴŀƴŎŜ Ŏƻǎǘ ǇŜǊ ȅŜŀǊ 

όƛƴ ϵύΣ ƛƴǎǘŀƭƭŀǘƛƻƴ Ŏƻǎǘ ƻŦ ǘƘŜ ²κD ǘƻǿŜǊ ǇŜǊ ƳŜǘŜǊ ƘŜƛƎƘǘ όƛƴ ϵκƳύΣ ƳŀƛƴǘŜƴŀƴŎŜ Ŏƻǎǘ ƻŦ ǘƘŜ ²κD 

tower per meter height and ǇŜǊ ȅŜŀǊ όƛƴ ϵκƳκȅŜŀǊύ, nominal output power at the W/G battery 

charger output (in Watt) and nominal DC output voltage of the W/G battery charger (in Volt).  

The battery charger is incorporated in the Wind-Generator structure. 

 

Fig. 14. An example of the data inside the file for the Wind-Generator. 

4.4 WindɀGenerator output power vs. wind speed look -up table  

An example of the W/G output power vs. wind speed look-up table input file is shown in Fig. 

15. There are two columns in the file: the first corresponds to the wind speed (in m/sec) and the 

second one to the power that will be produced (in Watt) at that wind speed. The battery charger 

is incorporated in the W/G structure, thus the output power provided by the look-up table is the 

power provided by the W/G to the DC bus of the desalination system (see Fig. 1). 
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Fig. 15. An example of the data inside the file for the Wind-Generator output power vs. wind 

speed look-up table. 

4.5 Wave Energy Converter data  

An example of the WEC data input file is shown in Fig. 16. The data contained in this file in 

ƻǊŘŜǊ ƻŦ ŀǇǇŜŀǊŀƴŎŜ ŀǊŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ ǎŜǊƛŀƭ ƴǳƳōŜǊΣ ƛƴǎǘŀƭƭŀǘƛƻƴ Ŏƻǎǘ όƛƴ ϵύΣ ƳŀƛƴǘŜƴŀƴŎŜ Ŏƻǎǘ 

ǇŜǊ ȅŜŀǊ όƛƴ ϵύ ŀƴŘ ǘƘŜ ƴƻƳƛƴŀƭ 5/ ƻǳǘǇǳǘ ǾƻƭǘŀƎŜ ƻŦ ǘƘŜ ²9/ ōŀǘǘŜǊȅ ŎƘŀǊƎŜǊ (in Volt). Similarly 

to the W/Gs, a battery charger is incorporated in each WEC. 

 

Fig. 16. 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 the WEC output power look-up table is shown in Fig. 17. The 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 

WEC structure, thus the output power provided by the look-up table is the power provided by 

the WEC to the DC bus of the desalination system (Fig. 1). 

 

 

Fig. 17. An example of the data inside the file for the Wave Energy Converter output power 

look-up table. 

4.7 Batter y data 

An example of the battery input file is shown in Fig. 18. The data contained in this file in order 

ƻŦ ŀǇǇŜŀǊŀƴŎŜ ŀǊŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ ǎŜǊƛŀƭ ƴǳƳōŜǊΣ ƛƴǎǘŀƭƭŀǘƛƻƴ Ŏƻǎǘ όƛƴ ϵύΣ ƳŀƛƴǘŜƴŀƴŎŜ Ŏƻǎǘ ǇŜǊ 

ȅŜŀǊ όƛƴ ϵύΣ ōŀǘǘŜǊȅ ƴƻƳƛƴŀƭ ŎŀǇŀŎƛǘȅ όƛƴ !ƘύΣ ōŀǘǘŜǊȅ nominal operating voltage (in Volt), 

maximum Depth of Discharge permitted (in %), number of lifetime charging/discharging cycles 

with the permitted % DOD. 
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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 in Fig. 19. The data contained in this file 

ƛƴ ƻǊŘŜǊ ƻŦ ŀǇǇŜŀǊŀƴŎŜ ŀǊŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ ǎŜǊƛŀƭ ƴǳƳōŜǊΣ ƛƴǎǘŀƭƭŀǘƛƻƴ Ŏƻǎǘ όƛƴ ϵύΣ ƳŀƛƴǘŜƴŀƴŎŜ Ŏƻǎǘ 

ǇŜǊ ȅŜŀǊ όƛƴ ϵύΣ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ǘƘŜ ƛƴǾŜǊǘŜǊ όin %), AC power rating of the DC/AC inverter (in Watt), 

Mean Time Between Failures (in hours), minimum permissible DC input voltage of the DC/AC 

inverter (in Volt) and maximum permissible DC input voltage of the DC/AC inverter (in Volt), 

Root-Mean-Square (RMS) value of the nominal AC output voltage (in Volt) and nominal output 

voltage frequency (in Hz). For three-phase DC/AC inverters, the nominal AC output voltage 

parameter corresponds to the line-to-line voltage, while for single-phase DC/AC inverters it 

corresponds to the line-to-neutral voltage. 

 

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 Fig. 20. The data contained in this 

file in order of appearance are the following: serial number, installation cost (DUC , ƛƴ ϵύΣ 

ƳŀƛƴǘŜƴŀƴŎŜ Ŏƻǎǘ ǇŜǊ ȅŜŀǊ όƛƴ ϵύΣ ǾƻƭǳƳŜ ƻŦ ǿŀǘŜǊ ǇǊƻŘǳŎŜŘ ǇŜǊ Řŀȅ όƛƴ liters/day), power 

needed during operation ( UP , in Watt), volume of water needed for the flushing process of 

reverse-osmosis desalination units (in liters), power needed for the flushing process of 

reverse-osmosis desalination units (in WattύΣ ŦŜŜŘ ǿŀǘŜǊ ǘȅǇŜ όάмέ ŦƻǊ ǎŜŀǿŀǘŜǊ ŀƴŘ άлέ ōǊŀŎƪƛǎƘ 

water), RMS value of the nominal AC operating input voltage (in Volt) and nominal operating 

input voltage frequency (in Hz). For three-phase desalination units, the nominal AC operating 

input voltage parameter corresponds to the line-to-line voltage, while for single-phase 

desalination units it corresponds to the line-to-neutral voltage. The value of UP  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 the sea. The value of 

DUC  also includes: 

(i) the costs of internal constructions related to the desalination units, such as the seawater 

filters, the holding tanks for water pre- and post-treatment, equipment for water and solids 

handling, instrumentation equipment etc. and 

(ii) the total cost of the pipelines (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 not required for a desalination unit under consideration, then 

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

 
Fig. 20. An example of the data inside the file for the desalination units. 
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In case that multiple lines are provided in the .txt. input files described in Ϡ 4.1-4.9, only the 

first line (i.e. device) is considered in the optimization process. Even 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 DES2iRES platform and the optimal type among them will finally be 

recommended to the user in the design results. 

5. Meteorological data  

In order to perform the design optimization of the RES-based desalination system, 

meteorological data for various parameters are used. These parameters for every location 

chosen include ambient temperature (in ϲ/ύΣ ǿƛƴŘ ǎǇŜŜŘ όin m/s), solar irradiance on horizontal 

plane (in Watt/m2), significant wave height (in meters), and the corresponding wave period (in 

seconds), and their combinations for hybrid scenarios. Thus, a database has been formed, based 

on ground stations (shown with the red dots on the GIS map of Figs. 2 and 21) and reanalysis 

data. That database is used in combination with geostatistical algorithms (which also perform 

spatial interpolation) when the user does not supply data for the desired locations. Additionally, 

as shown in Fig. 21, the user is able to import new meteorological data for 1 to 4 different 

stations through the web-GIS interface of the DES2iRES platform, which correspond to ambient 

temperature, wind speed, and solar irradiance, plus (if desired) significant wave height and wave 

period data for 1 offshore location. The data imported must follow the predefined specifications 

(see Ϡ 5.1 ς 5.7), else an error message will be sent to the user by the DES2iRES platform as 

described next. 

 

Fig. 21. The form for providing the user-defined 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 robust Stochastic Local Interaction (SLI) 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 instants) at a single location, or for the generation of an entire time-series 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 interpolation 

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 values. The SLI 

method is only used to estimate missing values at a single location. If a data analysis method is 

ƴƻǘ ǎŜƭŜŎǘŜŘ ōȅ ǘƘŜ ǳǎŜǊΣ ǘƘŜƴ ǘƘŜ ŘŜŦŀǳƭǘ ǎŜǘǘƛƴƎ ά¢ȅǇƛŎŀƭέ ƛǎ ǳǎŜŘ ōȅ ǘƘŜ 59{2iRES platform 

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 files, which 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 

.txt file, with comma separated values. The first line in the file defines the names of the 

geographic coordinates ŀǎ άƭƻƴƎƛǘǳŘŜΣƭŀǘƛǘǳŘŜέΣ ǿƘƛƭŜ ǘƘŜ ǎŜŎƻƴŘ ƭƛƴŜ ƛƴŎƭǳŘŜǎ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ 

values measured in degrees. The data contained in this file in order of appearance are the 

following: longitude (degrees), latitude (degrees). 
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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 the time-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 the ending date, as well as the ending time (with the aforementioned format).  

 

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

5.3 Ambient t emperature data  

An example of the input file for the temperature data is shown in Fig. 25. The input file should 

ōŜ ŀ ΦǘȄǘ ŦƛƭŜ ǿƛǘƘ ƘƻǳǊƭȅ ǾŀƭǳŜǎ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ƳŜŀǎǳǊŜŘ ƛƴ ϲ/Σ ŦƻǊ ŀǎ Ƴŀƴȅ ȅŜŀǊǎ ŀǎ ŘŜǎƛǊŜŘΣ ǿƛǘƘ 

ǘƘŜ ŦƛǊǎǘ ƭƛƴŜ ƎƛǾƛƴƎ ǘƘŜ ƴŀƳŜ ƻŦ ǘƘŜ ǾŀǊƛŀōƭŜ ά¢ŜƳǇŜǊŀǘǳǊŜέΦ 9ǾŜǊȅ ƘƻǳǊƭȅ ǾŀƭǳŜ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ŀ 

different line. The minimum entries should be 8760, which translates to a whole calendar year of 

hourly values (from 01/01/YYYY - 31/12/YYYY, calendar year). Note that the length of the data 

should meet the length of the hours that are included into the time period defined. In case of 

missing values add άNaNέ as shown in Fig. 25, although the missing values should not be more 

than 5% of the total data, and the missing contiguous values should not be longer than 2 weeks 

(i.e. 336 hours). Temperature values lower than -пл ϲ/ ŀƴŘ ƎǊŜŀǘŜǊ ǘƘŀƴ сл ϲ/ ǿƛƭƭ ōŜ ǊŜƳƻǾŜŘ 

automatically from the dataset, since they are considered as measurement errors.  
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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 wind speed data is shown in Fig. 26. The input file should 

be a .txt file with the hourly mean values of wind speed (measured in meters/second) at a height 

of 10 meters above ground level, for as many years as desired, with the first line giving the name 

ƻŦ ǘƘŜ ǾŀǊƛŀōƭŜ ά²ƛƴŘέΦ ¢ƘŜ Řŀǘŀ ŎƻƴǎǘǊŀƛƴǘǎ ŀǊŜ ǘƘŜ ǎŀƳŜ ŀǎ ƛƴ the temperature dataset, except 

of the limits for the lower (0 meters/second) and higher (50 meters/second) acceptable values. 

Wind speed values outside the range of acceptable measurements are automatically replaced 

ǿƛǘƘ άbŀbέ ǾŀƭǳŜǎ ƛƴ the dataset, since they are considered as errors. 

 

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 the global solar irradiance on horizontal plane data is shown in 

Fig. 27. The input file should be a .txt file with hourly values of global solar irradiance on 

horizontal plane measured in Watt/m2, for as many years as desired, with the first line giving the 

ƴŀƳŜ ƻŦ ǘƘŜ ǾŀǊƛŀōƭŜ ά{ƻƭŀǊέΦ ¢ƘŜ Řŀǘŀ ŎƻƴǎǘǊŀƛƴǘǎ ŀǊŜ ǘƘŜ ǎŀƳŜ ŀǎ ƛƴ the temperature dataset, 

except of the boundaries for the lower (0 Watt/m2) and higher (1500 Watt/m2) values. Solar 

irradiance values outside the range of acceptable measurements are automatically replaced with 

άbŀbέ ǾŀƭǳŜǎ ƛƴ the dataset, since they are considered as errors. 

 

Fig. 27. An example of the data inside the file for the global 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 measured in meters, for as many years 

as desired, with the first line giving ǘƘŜ ƴŀƳŜ ƻŦ ǘƘŜ ǾŀǊƛŀōƭŜ ά²ŀǾŜIŜƛƎƘǘέΦ ¢ƘŜ Řŀǘŀ ŎƻƴǎǘǊŀƛƴǘǎ 

are the same as in the temperature dataset, except of the boundaries for the lower (0 meters) 

and higher (10 meters) values. Wave height values outside the range of acceptable 

measurements are automatically ǊŜǇƭŀŎŜŘ ǿƛǘƘ άbŀbέ ǾŀƭǳŜǎ ƛƴ the dataset, since they are 

considered as errors. 
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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 in Fig. 29. The input file should 

be a .txt file with hourly values of wave period measured in seconds, for as many years as 

ŘŜǎƛǊŜŘΣ ǿƛǘƘ ǘƘŜ ŦƛǊǎǘ ƭƛƴŜ ƎƛǾƛƴƎ ǘƘŜ ƴŀƳŜ ƻŦ ǘƘŜ ǾŀǊƛŀōƭŜ ά²ŀǾŜtŜǊƛƻŘέΦ ¢ƘŜ Řŀǘŀ ŎƻƴǎǘǊŀƛƴǘǎ 

are the same as in temperature data, except of the boundaries for the lower (0 seconds) and 

higher (20 second) values. Wave period values outside the range of acceptable measurements 

are automatically ǊŜǇƭŀŎŜŘ ǿƛǘƘ άbŀbέ ǾŀƭǳŜǎ ƛƴ the dataset, since they are considered as errors. 

 

Fig. 29. An example of the data inside the file for the wave period. 
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All the meteorological parameters described in Ϡ 5.3-5.7 should be accompanied with the 

location and the time period. Also for each location, all the variables should have the same 

length which corresponds to the start and end date/time with a one-hour sampling frequency 

(i.e. time-step). After the submission of the design query, an internal validation process will 

evaluate the compliance of the files imported with the guidelines given. If any inconsistencies are 

present, the platform will send error messages via e-mail to the user.  

6. Selection of the installation points  

The user is able to select on the map of the DES2iRES interface, up to 4 alternative installation 

points of the desalination plant which should be located on the land, as well as an additional (i.e. 

5th) point in the sea where the Wave Energy Converters will be installed (Figs. 30 and 31). The 

DES2iRES platform will calculate which of the (up to) 4 points selected by the user on the land is 

the optimal one, in terms of lifetime system cost, for installing the RES-based desalination 

system. The installation points selected by the user do not need to coincide with the locations of 

the meteorological stations of the DES2iRES database (shown with the red dots on the GIS map of 

Fig. 2), since the geostatistical analysis algorithms, which have been built-in the DES2iRES 

platform, calculate (offline) the meteorological data required for the design of the RES-based 

desalination system at any point selected by the user away from the meteorological stations 

available. In case of desalination plants comprising WECs, the user should select one point 

located in the sea and at least one point located on the land (for installing the desalination units, 

DC/AC inverters etc.). 

 

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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Fig. 31. An example of definition in the GIS map of the WEC installation point in the sea. 

 

The mapping tools and the layers panel (Figs. 32-49) are responsible for the interaction between 

the user and the back-end software of the platform before the submission of the design query. 

The mapping tools are the following: 

Point tool: ²ƛǘƘ ǘƘŜ άPƻƛƴǘέ ǘƻƻƭ ǘƘŜ ǳǎŜǊ ƛǎ ŀōƭŜ ǘƻ ƛƴǎŜǊǘ ŦƻǳǊ ƭƻŎŀǘƛƻƴǎ on the map. Every time 

that the user selects a location, the coordinates of each point are automatically processed by the 

DES2iRES platform ƛƴ ƻǊŘŜǊ ǘƻ Řƛǎŀƭƭƻǿ ǘƘŜ ƭƻŎŀǘƛƻƴ ƛŦ ƛǘ ŘƻŜǎƴΩǘ ŎƻƴŦƻǊƳ ǿƛǘƘ anyone of the 

following three constraints: 

¶ The location must be in a terrestrial area of Crete (Greece) or Tunisia,  

¶ A location with ground surface slope higher than 70 % cannot be selected in the area of 

Crete (Greece), 

¶ A location in shade zone (i.e. near in areas with ground surface slope above 70 %) cannot 

be selected in the area of Crete (Greece). 

Marine tool: ²ƛǘƘ ǘƘŜ άMŀǊƛƴŜέ ǘƻƻƭΣ ǘƘŜ ǳǎŜǊ ƛǎ ŀōƭŜ ǘƻ ǎŜƭŜŎǘ ƻƴŜ ƭƻŎŀǘƛƻƴ ŦƻǊ ǘƘŜ ƛƴǎǘŀƭƭŀǘƛƻƴ ƻŦ 

the Wave Energy Converters. When the user selects a location on the map, its coordinates are 

automatically processed by the DES2iRES platform ƛƴ ƻǊŘŜǊ ǘƻ Řƛǎŀƭƭƻǿ ǘƘŜ ƭƻŎŀǘƛƻƴ ƛŦ ƛǘ ŘƻŜǎƴΩǘ 

conform with anyone of the following two constraints: 

¶ The selected location must be in the sea area, 

¶ A location further than 5 km from the coastline of Crete (Greece) or Tunisia cannot be 

selected. 
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Remove tool: ²ƛǘƘ ǘƘŜ άRŜƳƻǾŜέ ǘƻƻƭ ǘƘŜ ǳǎŜǊ Ŏŀƴ ǊŜƳƻǾŜ ŀƭƭ ǘƘŜ Ǉƻƛƴǘǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ǎŜƭŜŎǘŜŘ 

on the map before the submission of the design query. 

Get info tool: ²ƛǘƘ ǘƘŜ άDŜǘ ƛƴŦƻέ ǘƻƻƭ the user is able to retrieve information for the 

άaŜǘŜƻǊƻƭƻƎƛŎŀƭ {ǘŀǘƛƻƴǎέ ƭŀȅŜǊ ōȅ ǘƘŜ DL{ ǎŜǊǾŜǊΦ ¢ƻ ǎǳŎŎŜŜŘ ǘƘŀǘΣ ǘƘŜ ǳǎŜǊ Ƙŀǎ ǘƻ ŀŎǘƛǾŀǘŜ ǘƘŜ 

ǘƻƻƭ όǿƛǘƘ ǘƘŜ άhƴέ ōǳǘǘƻƴύ ŀƴŘ ŎƭƛŎƪ ŀ ŦŜŀǘǳǊŜ όaŜǘŜƻǊƻƭƻƎƛŎŀƭ ǎǘŀǘƛƻƴύ ŦǊƻƳ ǘƘŜ άaŜǘŜƻǊƻƭƻƎƛŎŀƭ 

ǎǘŀǘƛƻƴǎέ ƭayer. After that, the system displays a pop-up window with the related information. 

Help tab: ²ƛǘƘ ǘƘŜ άIŜƭǇέ ǘŀō ǘƘŜ ǳǎŜǊ ƛǎ directed to the webpage of the DES2ƛw9{ ǳǎŜǊΩǎ ƎǳƛŘŜΦ 

Download a file: ²ƛǘƘ ǘƘŜ άDƻǿƴƭƻŀŘ ŀ ŦƛƭŜέ ōǳǘǘƻƴ ǘƘŜ ǳǎŜǊ Ŏŀƴ ŘƻǿƴƭƻŀŘ ŀ Ŧile with all the 

parameters that have been inserted in the web-GIS interface. The user is able to upload the 

downloaded file when the platform will be used again in order to avoid re-defining in the 

web-GIS interface the values of all operational parameters of the RES-based desalination system 

when a new design is desired. To succeed that, the user has to upload the file from the 

corresponding form of the web-GIS interface and select ǘƘŜ άƭƻŀŘέ ōǳǘǘƻƴΣ ŀǎ ǎƘƻǿƴ ƛƴ Fig. 32. 

 

 

Fig. 32. The form that the user is able to upload a previously downloaded file with the desired 

input parameters. 
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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. 

 

Fig. 34. Information from the άaŜǘŜƻǊƻƭƻƎƛŎŀƭ {ǘŀǘƛƻƴǎέ ƭŀȅŜǊ ǿƛǘƘ ŀ ŎƭƛŎƪ on features. 

²ƛǘƘ ǘƘŜ άƭŀȅŜǊǎ ǇŀƴŜƭέ ǘƘŜ ǳǎŜǊ ƛǎ ŀōƭŜ ǘƻ ŀŎǘƛǾŀǘŜ ƻǊ ŘŜŀŎǘƛǾŀǘŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƭŀȅŜǊǎΥ 

ά¢ǳƴƛǎƛŀΥ 5Ŝǎŀƭƛƴŀǘƛƻƴ ǇƭŀƴǘǎέΥ This layer presents the locations of desalination plants for the 

region of Tunisia. 

ά¢ǳƴƛǎƛŀΥ .w² ǎǘŀǘƛƻƴǎέΥ This layer depicts the locations of BRW stations for the region of 

Tunisia. 

ά¢ǳƴƛǎƛŀΥ 9ƭŜŎǘǊƛŎ ƭƛƴŜǎέ: This layer presents the electric lines for the area of Tunisia. 
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ά¢ǳƴƛǎƛŀΥ {ǳōǎǘŀǘƛƻƴǎέ: This layer contains the locations of electrical grid substations for the area 

of Tunisia. 

ά¢ǳƴƛǎƛŀΥ ¢ƻǿƴǎέ: This layer depicts the towns of Tunisia. 

άaŜǘŜƻ {ǘŀǘƛƻƴǎέΥ This layer presents the available meteorological stations for the regions of 

Crete and Tunisia, respectively. 

ά/ǊŜǘŜΥ ±ƛƭƭŀƎŜǎέΥ This layer displays the villages of Crete. 

ά/ǊŜǘŜΥ !ƛǊǇƻǊǘǎέΥ ¢ƘŜ ά/ǊŜǘŜ !ƛǊǇƻǊǘǎέ ƭŀȅŜǊ ǇǊŜǎŜƴǘǎ ǘƘŜ ŀƛǊǇƻǊǘǎ ŦƻǊ ǘƘŜ ǊŜƎƛƻƴ ƻŦ /ǊŜǘŜΦ 

ά/ǊŜǘŜΥ bŀǘǳǊŀнлллέΥ The άbŀǘǳǊŀ нлллέ ƭŀȅŜǊ ŘŜǇƛŎǘǎ ǘƘŜ ŀǊŜŀǎ ǿƘƛŎƘ ƘŀǾŜ ōŜŜƴ ŎƘŀǊŀŎǘŜǊƛȊŜŘ 

ŀǎ άbŀǘǳǊŀέ ǊŜƎƛƻƴǎ ŦƻǊ ǘƘŜ ǊŜƎƛƻƴ ƻŦ /ǊŜǘŜΦ 

ά/ǊŜǘŜΥ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ ½ƻƴŜǎ όw9½ύέΥ ǘƘŜ άw9½ ȊƻƴŜǎέ ƭŀȅŜǊ ǇǊŜǎŜƴǘǎ ǘƘŜ ƎŜƻƎǊŀǇƘƛŎŀƭ ŀǊŜŀǎ 

recommended by the Region of Crete administration to host large-scale RES systems 

investments.  

ά¢ǳƴƛǎƛŀΥ IƛƭƭǎƘŀŘŜ ƳŀǇέΥ Hill-shading is a technique used to visualize terrain as shaded relief, 

illuminating it with a hypothetical light source. This layer covers the region of Tunisia. 

ά/ǊŜǘŜΥ IƛƭƭǎƘŀŘŜ ƳŀǇέΥ The same as above, for the region of Crete. 

άTunisia: Slope mapέΥ This layer is a slope map for the region of Tunisia, which depicts the 

ground surface slope in shades of gray (grayscale).  The areas with a color closer to white have 

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

ά/ǊŜǘŜΥ {ƭƻǇŜ ƳŀǇ όōƛƴŀǊȅύέ: Slope map (binary) is a binary map for the region of Crete. ʆhe 

areas with a ground surface slope less than 70% are presented with white color, while the areas 

with a ground surface slope higher than 70% are shown in black. 

άCrete: Slope mapέΥ This layer is a slope map for the region of Crete, which depicts the ground 

surface slope in shades of gray (grayscale). 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. 35. Tunisia: Desalination plants layer. 

 

Fig. 36. BRW stations layer. 
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Fig. 37. Tunisia: Electric lines layer. 

 

 

Fig. 38. Tunisia: Substations layer. 
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Fig. 39. Tunisia: Towns layer. 

 

 

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: Natura 2000 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. 48. Crete: Slope map (binary). 

 






































