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GOSTEAM Hands-on Activity Template (Inquiry-based)

Title:

Ride like the wind: selecting an Offshore Wind Farm sites

Short Description (Max 500 words):

Spatial Multi-Criteria Decision-Making (MCDM) is used for decisions with a geographical
element, most often in site-prospecting and risk assessment processes where multiple factors
need to be considered. Some examples incorporate:

* Location-allocation problems

* Marine Spatial Planning

*  Proximity to human infrastructures
* Environmentally sensitive areas

Keywords (Up to 5):

Multi-criteria analysis, Spatial Modelling, Renewable Energy Resources, Offshore Wind Farms

Information about the Implementation
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Age and language of the students:
Language: Greek Age:

Number of Lessons — Duration (per lesson):
2-3 45’

Number of Lessons: Duration per Lesson:

Subjects:

For which subject(s) the activity is usable, is it an interdisciplinary activity?
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Information about the Scenario

Curriculum and country:

Link of the current activity to the curriculum:

Country: | Greece | Class: |Secondary Grade: |10-12

Topic: Spatial Modelling, Multi-Criteria Analysis,

Overlay, Renewable Energy, Offshore Wind Farms

Objectives (Max 100 words):

Description of the learning objectives

During this activity, students will get familiar with some of the procedures described
in order to

e identify suitable areas for Offshore Wind Farms using different criteria,
e reclassification rules and

e overlay operations.

Materials (Max 100 words):

Which resources and materials (software, hardware) are needed?

Material: Search Engines, Satellite Images

Software: QGIS

Spatial concepts, skills, and abilities:

Which spatial concepts and skills are covered by the activity?

Spatial concepts:

Primitives: Identity/Name [_] Location M Space/Time []

Simple: Distance [_] Direction|:| Connectivity|:| l\/Iovement|:|
Boundary Ol Shape/Area[™ Adjacency []

Difficult: OverlayM BufferM  Topology[] Coordinate[]

Map M Scale [] Shortest Path [] Navigation ]

Surface[M  Slope/Gradient[ ]  Aspect[ ]  Contour[]
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Spatial skills:

[] Map literacy

O Navigation/orientation

] Estimating distances and directions

[] Recognizing and understanding patterns/Understand and identify models of
spatial organization

M Select an ideal location based on the given spatial features

M Visualization

M Understand and identify spatial correlations/ dependencies

[] Categorize spatial entities/ geographic features and identify hierarchies

[] Compare spatial entities and draw analogies among them

[] Identify/determine connections/relations

[J Understanding scale in space and time

M Delineation of spatial regions/ zones based on given features/ properties

Short Description

Navigation/orientation: Finding one’s way in unfamiliar environments, interpreting and
giving walking and driving directions.

Estimating distances and directions: Measure paths, weighted distances, angles.

Map literacy: Using, interpreting/understanding, learning from, and communicating
acquired spatial knowledge from maps, comprehension of geographic features
represented as points, lines, or polygons.

Recognizing and understanding patterns/Understand and identify models of spatial
organization. Delineation of spatial regions/zones based on given features/properties:
Regionalization processes, pattern recognition and clustering identification in the 2d
and/or the 3d world.

Select an ideal location based on the given spatial features: Single or multi-criteria siting
and optimal areas identification.

Visualization: Visualizing spatial entities from written/oral verbal descriptions, from
their 2d or graphical representations or through mental transformations; such as axis
rotation or perspective taking.

Understand and identify spatial correlations/ dependencies: The ability to realize,
identify and explain patterns, clusters and relevant spatial dependencies.

Categorize spatial entities/geographic features and identify hierarchies: Identify the
hierarchical form of data and gradients between spatial entities.

Compare spatial entities and draw analogies among them: Calculate and compare
different geometric objects’ shapes, area and boundaries.

Identify/determine connections/relations: The ability to identify links and common
characteristics among spatial entities and between humans and spatial entities.
Understanding scale in space and time: The understanding of changes/transitions
through space and time for different spatio-temporal scales.

Geospatial concepts and spatial abilities documentation (see Section 3.2):
http://www.gosteam.eu/wp-content/uploads/2021/05/GOSTEAM 101 A1l final.pdf

GOSTEAM Hands-on Activity Template

The European Commission's support for the production of this publication does not constitute an endorsement of the contents, which reflect the views only of the authors,
and the Commission cannot be held responsible for any use which may be made of the information contained therein.


http://www.gosteam.eu/wp-content/uploads/2021/05/GOSTEAM_IO1_A1_final.pdf

Cross-cutting geospatial and environmental STEAM instruments
for the new generation (GOSTEAM)
Project No: 2020-1-SE01-KA201-077972

Description of the activity in detail

Question Eliciting Activities
Provoke curiosity

Describe ways and materials that teachers will present to their students to attract their
attention to the topic investigated.

% Usually, the most effective way to provoke students’ curiosity is by presenting an exciting video
or a series of photos

You can introduce the subject to your students using the following video

Offshore Wind Farms characteristics:

https://www.youtube.com/watch?v=HqCVgRbPQcg

After the video, you can show to students the following image (you can find the
pictures in the activity’s material folder). Alternatively, you can select any offshore
area you prefer to run the activity. The area below is an indicative example.

Ask students where do they think is the optimal site to place an offshore wind farm
and why?

If they can’t find any place, explain to
them that this is normal! Why?

Because they haven’t seen any criteria
or prerequisites yet!

To do that, we need to find many
different types of spatial information, to
analyze and combine this information, in
order to succeed in selecting optimal

areas.

Propose preliminary explanations or hypotheses

Formulate the scientifically oriented questions that teachers will present to the students to
trigger their engagement in thinking about the topic investigated based on their existing
knowledge. Make these questions digitally available and easily usable, e.g., by integrating them
in the materials described in the previous step.

© 1t is best to ask these questions in the context of a relative discussion.
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Based on the questions below, you can start the first cycle of discussion with the
students.

Have you ever seen wind turbines at the sea?
Why we select the marine environment instead of onshore sites?

How many criteria are needed to be converged in order to allocate suitable areas for
RES deployment?

What spatial data are needed and how can spatial modelling improve site-selection
procedures at the preliminary assessment steps?

Active Investigation

Plan and conduct simple investigation

Provide the teachers with a specific plan of the investigation that will take place. Offer
instructions about the activities they students will need to perform and what kind of materials
they may need. Describe ways that the teachers can use to facilitate the students to focus on
evidence.

© This is the phase in which students are being prepared for the subsequent phase of evidence
gathering during observation.

What criteria are considered as the most important?
What type of data are needed? How can we analyze these data?
What tools are used during spatial analysis procedures?

Which are the expected outcomes?

Need to Learn:

What Geographic Information Systems (GIS) are?

A spatial system that creates, manages, analyzes, and maps all types of datal
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https://www.youtube.com/watch?v=-ZFmAAHBfOU (What GIS is?)
https://www.youtube.com/watch?v=LHDCRjAxpl0 (What GIS is?)

GIS and Spatial data needed - Vector and Raster data:

One key concept that the students must deeply understand is how we “translate” and
represent spatial information to spatial data

raster data
urban area

river

vector data

Figure 1: Vector and Raster data differences

Support Material for Vector and Raster data: https://gisgeography.com/spatial-data-types-
vector-raster/

WHY THIS IS IMPORTANT?

In order to understand spatial data structures, models’ data inputs, data volume, spatial
resolution, scale, computational efficiency and spatial data, big data manipulation-processing-
visualization etc.

Multi-criteria decision making using GIS data and tools:

Input
(Geographical data)

Eooﬁomic data OUt_p,Ut
(Decision)

// Social
/ Technical data
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e

Figure 2: Spatial Multi-criteria decision making (Source: Rikalovic and Cocic 2014)
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Many of the problems we are facing today are complicated, with a lot of conflicting
interests and solutions. However, groups need to be able to work together and
compromise to find a solution that is the most feasible. There is often a spatial or
geographic nature to these problems, and thus, by using GIS with different frameworks
or analyses, can aid the decision-making process.

Multi-criteria decision making (MCDC) is one approach used to facilitate the
consideration of multiple criteria by decision makers. MCDA is used to logically evaluate
and compare multiple criteria that are often conflicting to make the best possible
decision.

Using a GIS-MCDA can is a process that transforms and combines geographical data
and value judgments to solve spatial problems. To do this it considers geographical data
models, the spatial dimension of the evaluation criteria and decision alternatives in
evaluating the criteria

(Source: https://storymaps.arcgis.com/stories/b60b7399f6944bca86d1be6616c178cf)

How we select our criteria that are defining the problem?

See below some Models and Digital Apps that are used as also, the logical steps to be
followed in order to solve multi-criteria site-prospecting problems.

FRAMEWORK FOR CRITERIA SELECTION

1 . Create a mind map of the idea
-1 Lol Ul 2 | Brainstorm criteria ideas that have impact on the alternatives

1 . Conduct literature review on the idea and discover related studies
2 . Confirm or reject ideas from the previous ste
2. PERFORM A LITERATURE REVIEW § ] P P
3 . Discover new criteria and gaps in literature
1 . Discuss ideas with experts

2 . Discuss aims and future work
3 . Ask experts' opinions and/or data

CRITERIA

SELECTION Identify strengths and weaknesses of the work and criteria

2 . Make sure the criteria are clear and precise

.Make sure the criteria do not overlap with each other
Decide the final list of criteria
Create a clear description for the criteria

4. PRELIMINARY ASSESSMENT §

b WON -

1 . Create a decision matrix (criteria vs alternatives)
5 CALCULATE OR ASSIGN VALUES Sl =S i EICRG R CHENTET IS

1 . Which method is best for the study?
2 . How are the criteria presented?
3 . What are the expectations for the results?

6. DECIDE THE METHOD

Figure 3: Spatial Multi-criteria decision making (Source: Mytilinou et al. 2018)

GIS, Multi-Criteria analysis and Offshore Wind Farm site prospecting
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Identifying relevant criteria and spatial data for Offshore Wind Farm Planning! What
criteria do we need? See the following examples!
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Figure 4: Some important criteria for allocating suitable areas of potential offshore wind farms.
a) Wind, b) Depth, c) Protected areas, d) Seismic hazard zones (Source: Spyridonidou et al.
2020)

Keep in mind that:

1. Increased wind speeds lead to maximized produced energy.
2. Asthe depth increases, the foundation cost increases (you can see the foundation
types here)
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3. We cannot place offshore wind turbines inside marine protected areas.
We prefer areas close to the onshore transmission network, near to ports and
harbours as also, areas that are not too far from the shore (cost increase
considering the cables, installation and operation and maintenance procedures!).

What we want to do?

1. Define our problem, goal or objective. Try to understand and define the problem
as comprehensively as possible (Find the most suitable areas for Offshore Wind

Farms).

2. Determine the criteria and the constraints. Using a combination of experts'
opinions and information from various sources. This could be acquired from
discussions with experts of relevant fields, surveying of literature and analysis of
historical data (What data do we need? Can we find such data?).

3. Transform the values onto a relative scale. This allows for comparison between
each of the criteria, and for us to represent the judgments and expert knowledge
with meaningful numbers (Most of the criteria that we select are expressed at
different scales, i.e. wind = m/s, depth = meters, protected areas = binary/suitable-
not-suitable). Thus, we have to create a common scale!

4. Weight the importance of each criterion in regards to the objective, and in respect
to each other (Wind is most important than depth or the opposite? Are they equal?
Based on these questions we set a weight score to each criterion).

5. Combine, synthesise and aggregate the layers/criteria together (How? Using GIS
platforms, i.e. QGIS).

6. Analyse and then validate your results (You can create maps, tables, graphs using
GIS platforms in order to visualized and support your findings!)

Considering of the maps illustrated in Figure 4, imagine that you are trying to
combine all these criteria and find the most suitable areas with the maximum wind
speed, the minimum depth, outside protected areas and with minimum seismic
hazard risk!

Using some of the aforementioned criteria, let’s find out how can we succeed to
manage this problem!
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Creation

Gather evidence from observation

The selected resource (e.g., a simulation, an experiment, an animation, a graph, or other exhibit
of similar nature) must provide students with an opportunity to collect evidence addressing the
scientific questions presented in previous stages through direct or indirect observation. Provide
guidance to the teacher organize and manage the activity most effectively and efficiently.

@t is recommended to introduce group work at this stage. Guide the teachers to divide
students in groups, each of which will be facilitated by the teacher to formulate and to evaluate

explanations to the scientific questions based on the collected evidence.

Before the beginning of the activity, students are separated to groups of 2. One of
the group members is responsible for the tasks’ flowchart implementation, data
acquisition and the appropriate steps to be followed during the activity. The second
member is responsible for the results validation and communication, including the

final report and the maps preparation.

Preparative steps

NGIS
1. Download QGIS 3.14.1 version O\
2. Visit Global Wind Atlas website and download wind and elevation/bathymetry data

Go to Download > GIS and API Files

Select your country and then download
“Elevation_W_Bathymetry”

Then select “Wind-Speed” and to the “Select
height” field set the height above sea level for

the wind speed data.

Your first task is to search for possible offshore wind turbine heights from ongoing
offshore wind projects!

Why is that important? Because during the pre-feasibility studies we need to estimate
the potential wind power at the wind turbine height (the rotor height)!

3. Download environmental data (NATURA areas)

https://geodata.gov.gr/en/dataset/to-diktuo-natura-2000-kai-prostateuomenes-periokhes

Visit this link and download all protected areas for Greece (see the figure below)
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Select the “Shape” dataset, click on the button next to “Download” and set Format:
Shapefile and SRS: WGS’84

Download options: NATURA 2000

Format: Shapefile
Figure 5:
SRS: WGES84 (EPSG-4326) Download
NATURA areas
data

What the Shapefile and SRS mean? Remember that we discussed about 2 types of
spatial data, Raster data (images in e.g. tif format) and Vector in shapefile (.shp)
format! SRS stands for the “Spatial Reference System” which is the coordinate system
of a spatial dataset. All data you have downloaded are in the WGS'84!

Part 1: Open QGIS platform

In order to open QGIS platform you have to navigate through the Start > QGIS 3.14
Folder > Click on “QGIS 3.14 Desktop with grass 7.8.3” > Click on “New empty project”.

Now you are ready to start the Activity by loading the data you have downloaded!
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iy.._- 4-! 1 e L}
RETTo ;o A
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. .:'_'_" 1. Mavigate to your folders — Drag and drop datasets i
:;'. or inspect your progress and what you are saving G
w,,, 2. Open any Vector or Raster based files with Add
- command _
6. 3. All Vector data-based commands and Processes -
e - - - 3 :- L
4. All Raster data-based commands and Processes -

5. Processing Toolbar, Button and Panel helps to find any
command or Process we are looking for from all available
Plug-Ins and Libraries of QGIS

6. All added layers that the user “loads” (step 2) to QGIS
Coteats| 2w aim W G| emin - e i ) s [pa+ | P # miaas &

Figure 6: QGIS interface and key functionalities
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Some technical guidelines considering the tools (QGIS Platform) we will use during this
Activity!

Load data: In general, data can be loaded in four ways. The first way (Figure 5-selection
2) is to use the Layer > Add Layer menu and select the appropriate type of data you
wish to load. The second way (Figure 5-selection 1) is to open the Browser panel,
navigate to the data you wish to load, and then drag the data on to the map display, or
on to the Layers panel. The third way (Figure 5-selection 6) to load data is to enable the
Manage Layers toolbar and click on the button representing the data type you wish to
load. The fourth way is to locate the data in QGIS Browser, drag to the data, and drop
it onto the QGIS Desktop Map Display or Layers panel

(Source: https://www.gislounge.com/loading-data-mastering-qgis/).

Part 2: Load spatial data including wind speed, bathymetry and protected areas

Wind (Raster) Elevation — Bathymetry (Raster)

NATURA (Vector)

Figure 2: Data used for this activity including i) Wind (top left), Bathymetry (top right)
and NATURA areas (bottom left)
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Based on the above-mentioned instructions you can start with:

1. During the first step of the Activity, load Wind, Elevation and NATURA data in the QGIS
platform.

2. Use the Main toolbar (top of the screen) -> Layers -> Raster Layer -> Navigate to your folder
and select GRC-elevation.....tif and GRC-wind-speed........ tif

3. Use the Main toolbar (top of the screen) -> Layers -> Viecor Layer -> Navigate to your folder
and select 262a95fb......shp (unzip the folder and load the file with the extension .shp)

4. Change layout colors using Layer Properties (double-click on the .tif image you’ve loaded)
-> Symbology -> Single-band Pseudocolor -> Classify.

5. Identify mountains and plains, find height values and height differences, mostly in the
Eastern-South part of the island (identify button).

[+| Band Rendering

Information Render type | Singleband pseudocolor ~ 2.
p Source Band Band 1 (Gray) -
& symbology 1.1 Min 0 Max 1548

P Min / Max Value Settings

LE@ Transparency

- —lntarpolation Lingar
Histogram
y . Color ramp 3. m . -
4 Rendering
[abelunit
& Pyramids suffix
~ Value Color Label
! EELELE]
o
Legend
387 387
QGIS Server
774 774
1161 1161
1548 . 1548

Mode | Continuous - Classes
4 Classify || =] | = || [

ip out of range values

w Color Rendering 5. =
@Help Style - < Apply || % cancel

Figure 3: Change colors in raster files using the Symbology tab
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Part 3 (Coordinate Systems - Reproject)

A first discussion may begin focusing on the coordinate systems, geographic
transformations, and projections! (Geography and Mathematics)

Some of the spatial data acquired may have different coordinate system (Geographic
or Projected. But what does it mean?). It is crucial to transform all data to a common
(projected) coordinate system.

s Coordinate Reference System Selector *

Q@ Filter 2100

Recently Used Coordinate Reference Systems
Parameters Leg |

Coordinate Reference System Authority ID
Input layer
) NATURA [DGC:CRS84] ~ | €3 *-%
Selected featu
Target CRS
EPSG:4326 - WGS 84 v q 5
P Advanced Parameters Predefined Coordinate Reference Systems Hide deprecated CRSs
Reprojected
— Coordinate Reference System Authority ID -
[Create temporary layer NADE3 / Mentana EPSG:32100
+ | Open output file after running algorithm ¥ Mercator
WGE5_1984_Web_Mercator_Auxiliary_Sphere ESRL102100
~ Transverse Mercator
GGRSET / Greek Grid EP5G:2100
1 »
GGRS87 | Greek Grid = T e,
I S
WKT 7
DROJCRS["GGRS27 / Greek Grid™, X
BRSEGEOGCRS ["GGRSET™, b
DATUM["Greek Geodetic Ref
erence System 1387",
ELLIPSOID[™GRS 1330,
1 €372137,298.257222101,
0% o LENGTHUNIT [ "metre |, —
Run as Batch Process... QK Cancel Help

A Rl 1w Tk

Figure 4: Shapefiles reprojection tool

* Most of the times, we select coordinate systems based on spatial scale we work (i.e.
national) and the agent that we will deliver our results (i.e. European Union, Greek
Ministry etc.)

* Considering that we work for example, for the Greek Ministry, all available data will
be reprojected to the Hellenic Geodetic Reference System (GGRS87 - EPSG:2100)

In order to reproject our shapefiles (NATURA) we will navigate to the Vector tab on the
main toolbar (top of the screen) > Data Management Tools > Reproject Layer (see
Figure 4).

In order to reproject our raster files (Wind and Elevation) we will navigate to the Raster
tab on the main toolbar (top of the screen) > Projections > Warp (see Figure 5). Do not
forget to set the “Resampling method” as Bilinear.

Save your data as “Wind_proj”, “Dem_proj” and “NATURA proj”.

GOSTEAM Hands-on Activity Template

The European Commission's support for the production of this publication does not constitute an endorsement of the contents, which reflect the views only of the authors,
and the Commission cannot be held responsible for any use which may be made of the information contained therein.



Cross-cutting geospatial and environmental STEAM instruments
for the new generation (GOSTEAM)
Project No: 2020-1-SE01-KA201-077972

(2} Warp (Reproject) *

Parameters Log
Input layer

" GRC_wind-speed_10m [EPSG:4326] -
Source CRS [optional]

Project CRS5: EPSG:4326 - WGS 84 - &
Target CRS [optional]

EP5G:2100 - GGRSET [ Greek Grid - &
Resampling method to use

Bilinear -
Nodata value for output bands [optional]

Mot set =
QOutput file resolution in target georeferenced units [optional]

Mot set =
p Advanced Parameters
Reprojected

C:/Usersloukat/Desktop/EA_Erasmus +/GOSTEAM_Scenarios/Summer_School (Offshore_wind /Results \Wind_proj. tif <]
v | Open output file after running algorithm
GDAL/OGR. console call -

| 0% Cancel

Run as Batch Process... [ Run | Close Help

Figure 5: Raster files reprojection tool (Warp)

Part 4 (Create Mask Layer)

Next step consists of cutting/clipping a specific area of interest; thus, we must create a
new empty shapefile layer and create a polygon mask!

Why? To differentiate students’ results and trigger their interest upon different areas!

Select a folder to create a new empty polygon shapefile (Browse window on the left of
the QGIS interface).

Right-click on your folder and select Create new > p—

. -6
Shapefile. M @~ =%
Browser (=]
LRTHO
b [ Files

hd E Summer_School
hd E Offshore_wind
b [ Greece NATURA

The “Create New Shapefile Layer” tool will appear (see M1 Photos

Figure 6). >

»
» E Results

¥ GRC_elevation_w_ba
-

GRC_wind-speed_10i

=

GOSTEAM Hands-on Activity Template
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1. Save to folder and save as Mask.shp

File name C:/Users loukat/Desktop/EA_Erasmus+/GOSTEAM_Scenarios/Summer_School fOffshore_wind/Results/new_layer.shp €1
S ———— M
Geometry type (= Palygon 2. Geometry type > Polygon =
Aadiional dmensions ®) None Z (+ M values) M values
EPSG:4326 - WES 84 3. Select EPSG: 2100 (Greek Grid) {| [
New Field
Name |Mask |
Type | abc Text Data -
Length |80 Precision
1 Add to Fields List
Fields List
MName Type Length Predision
id Integer 10
Remove Field
4. Press OK
| oK | Cancel Help

Figure 6: Create new shapefile window

Load you new empty shapefile through Layers > Add Layer > Add Vector Layer >
Navigate to the folder you have created your empty shapefile.

Load your new empty shapefile (Mask.shp)

Select Mask.shp on the Layers menu and click on “Toggle Editing”. ins Vector Raster Datal

,
=

i Vector Raster Database Web
PHLIPP

2 % -

= _ ~ | Add Polygon
Feature (Ctrl+.) P
®

Click on “Add Polygon” and draw a Polygon that will be used as a Mask.

On your Map screen a cross inside a circle will appear and you can star digitizing your
Polygon area. To the final point you edited, press right-click by adding number 1 as the
Polygon “id”.

To the final point we edited, we press right-click by adding number 1 as the Polygon
Ilidll.

GOSTEAM Hands-on Activity Template
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The bigger the Polygon is, the more the processing time increases to the next steps!

() ~Untitled Project — QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web [Mesh Processing Help

DEERRY PR HIDPY AL~ LEa tNOR & B E &

LA AN AR — -
N-8-n-5 Feature (o)
Browser e
LReTHO
b [ Files =

i E Summer_School
- E Offshore_wind
b [ Greece NATURA
» [ Photos
3 E Results
¥ GRC_elevation_w_ba
™ GRC_wind-speed_10
summer-school-draftaxl
summer-school-draft_M
=" GOSTEAM_Proposal.pdf
b £ GOSTEAM_Proposal.pdf

%" ¥eanic Titho nnn

1 4
Layers E®
« @ ® TV &~ L
v| ] NATURA proj
v H new layer
V| ¥ Wind_proj
v| B Bathymetry_proj

W ~ATURA
b ¥ GRC_wind-speed_10m
3 - GRC_elevation_w_bathymetry

Figure 7: An indicate example of a digitized polygon area

Part 5 (Clip NATURA areas and Wind and Bathymetry rasters)

1. Select Vector -> Geoprocessing -> Clip.
2.Select NATURA layer as input and the new_layer (Mask.shp) as overlay layer.
3.Save as NATURA clip (see Figure 8).

Why we use Vector Toolbar? Because NATURA areas are illustrated as Polygon Features
(Vectors) and we want to work only with raster data!

Select Raster -> Extraction -> Clip Raster by Mask Layer.

Select new_layer (Polygon Mask) as mask layer.

Source and Target CRS: 2100

Select Keep resolution of input raster and match the extent.

Save as Bathymetry_clip (see Figure 9). REPEAT FOR THE WIND RASTER

vk N e

Why we use Raster Toolbar? Because Wind and Bathymetry data are illustrated as grid
entities (georeferenced images)!

GOSTEAM Hands-on Activity Template
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& Clip X
P tel ! H
arameters Log Cllp
Input layer
— S Thiz algorithm dips a vector layer using the
| [~ NATURA_proj [EPSG:2100] - | t:j % [ .. features of an additional polygon layer. Only the
T parts of the features in the Input layer that fal
Szl e Tl within the polygons of the Overlay layer will be

added to the resulting layer.
COverlay layer

The attributes of the features are not modified,

| 2 new_layer [EPSG:2100] - | t:: \5% | ..| although properties such as area or length of the
- features wil be modified by the dipping operation.
Selected features only If such properties are stored as attributes, those

attributes will have to be manually updated.
Clipped

FcenariosfSurnmer_SchooIIOFFshore_windeewltsﬂHA'mRA_dip.sh|:| & | | .._l

v | Open output file after running algorithm

| 0% | Cancel

|Run s Batch Process... l Run J | Close [ Help [

Figure 8: Clip vector data tool

1p Raster ask Layer
(2 Clip Raster by Mask Lay: X

Parameters | Log

Input layer

| 5" Bathymetry_proj [EPSG:2100] ||
Mask layer

|(::Jnew_layer [EPSG:2100] - | t:j % |:|

Selected features only

Source CRS [optional]

| EPSG:2100 - GGRS87 / Greek Grid - | |§|

Target CR5 [optional]

| EPSG:2100 - GGRS87 / Greek Grid - | |§|

Assign a spedified nodata value to output bands [optional]

| Not set |= -

Create an output alpha band
V| Match the extent of the dipped raster to the extent of the mask layer
v | Keep resolution ef input raster

Set output file resolution
¥ Resolution to output bands [optional]

| 0% | Cancel

| Run as Batch Process... l Run ‘ | Close I Help [

Figure 9: Clip raster data tool
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Clipped data to the Polygon Mask extent!

Part 6 (Bathymetry criterion):

In this step, we want to Reclassify (change) depth values

. . Processing Toolbox ®
(meters) in score values in the range between 0 and 10! wa DR T A
_Q reclass a

1. Select Processing -> Toolbox and type to the search area

» (2 Recently used

~ (2 Raster analysis
Reclassify by layer
Reclassify by table

“Reclass”.

2.Select “Reclassify values (Table)”. ~ @ Vector tsble
Add unique value index field
3.Grid -> Bathymetry_clip. Y Is‘.;aR:t\eSrs(r.*]
@ rreclass
4. Operator: [1] | . Ved%(\[j;"a“'m
@ wvreclass
5.Save as “Bathymetry _fn” v & saon

~ Raster analysis
& Soil texture classification
~ Raster tools

See Figure 10

& Reclassif_;,' values (tabie]

& Curvature classification

tion | 0,0 ° %| VI Render @ EpsGiaize @

GOSTEAM Hands-on Activity Template
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- X
Database Web Mesh Processing Help
INORICEEE ' I =D &[T~
() Reclassify Values (Table) x
B ;
Parameters | Log 1- Add 6 rows
|7| Lookup Table
Processing Toolbox G]E]
minimum maximum new | Addrow | "5} - @ S é‘%
— A SRR, 4
1[0 1700 0 T Remove RowlE) | ||
- — O redass a ‘
i ~1600 500 1 7' » () Recently used
3/-500 200 4 | oK | ~ () Raster analysis
I — 4% Reclassify by layer
— = fy by lay
4[-200 -70 ] P - — 4 Reclassify by table
m ~ () Vector table
i . %0 2 3. Press OK ¥ Add unique value index field
6[-30 0 10 T @ GRass
I - Raster (r.*)
@ rreclass
@ rreclass.area
| - Vector (v*)
2. Fill the Table with these values. ; ¢ @ wreclass
. - SAGA
Alternatively, you can change * Raster analysis
either the depth Iimits or the & Soil texture classification
~ Rastertools
final scores in the 3™ column :
< (range)
imple)
Y ingle)
& Reclassify values (table)
hd - Morphometry
& Curvature classification
| | Cancel
|Run as Batch Process Run | Close |
[ 257352405305 4G SCEIE 1T 10U L | Magnmer [ 100w Row@ton 0,0 ° % W Render @ eEpsciazze @

Figure 10: Reclassify elevation values (table)

Figure 11: Resulted Elevation criterion (use Symbology to change colors)
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Part

7 (Wind criterion):

In this step, we want to Reclassify (change) wind speed values (m/s) in score values in

the range between 0 and 10!

1.Select Processing -> Toolbox and type to the

search area “Reclass”.

2.Select “Reclassify values (Table)”.

3.G

rid -> Wind_clip.

4.Operator: [1]

5.Save as “Wind_fn”

Q Reclassify Values

(Table)

1 Parameters Log
T
minimum maximurm new
10 4 1
24 6 4
36 8 &
4/8 10 9
510 15 10
2. Fill the Table with these values.

Run as Batch Process

Alternatively, you can change
either the depth limits or the
final scores in the 3™ column

o x|
1. Add 5 rows |

Add Row

o

TEmove RO,

A

OK

3. Press OK

Cancel

Close

& mm T oge Lo

ocessing Toolbox
A, O 2 ,
L redass

© Recently used

& Reclassify values (table
4% Reclassify by table

() Raster analysis

4% Reclassify by layer
4 Reclassify by table

() Vector table

{‘}} Add unique value index field

@ GRASS

Raster (r.*)

@ rreclass

@ rreclass.area
Vector (v.*)

@ vreclass

& sAGA

Raster analysis
& Soil texture classification
Raster tools

Terrain Analysis - Morphornetry
& Curvature classification

Figure 11: Reclassify wind speed values (table)

Part 8 (NATURA criterion / Buffer): OPTIONAL CRITERION!

We want to create an exclusion zone (buffer) around all NATURA areas that might be
potential sites for OWFs but not optimal.

1. Select Vector -> Geoprocessing -> Buffer.

2. Select NATURA clip layer as input and Buffer distance 2km by selecting
measuring units as “kilometers”.

3. Select 30 segments and tick Dissolve results.

4. Save as NATURA buffer.

GOSTEAM Hands-on Activity Template
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() Buffer *
'l

Parameters Log Buffer

Input layer =
e This algarithm computes a buffer area for all the
() MATURA,_dip [EPSG:2100] - @.‘j *% —— features in an input layer, using a fixed or dynamic
= distance,
Selected features only The segments parameter controls the number of
Distance line segments to use to approximate a quarter
dgrde when creating rounded offsets.
2,000000 @& |3  kiometers ~
: @' The end cap style parameter controls how line

Segments endings are handled in the buffer.

a0 a = The join style parameter specifies whether round,

miter or beveled joins should be used when

End cap style offsetting corners in a line.

Round - The miter limit parameter is only applicable for miter
- join styles, and controls the maximum distance

oin style from the offset curve to use when areating a

Round - mitered join,
Miter limit

2,000000 =

v | Dissalve result
Buffered

narios Summer_School /Offshore_wind/Results MATURA_buf.shp €& p——

| Nran stk Sla afhar running alasrithm 4

0% Cancel

Run as Batch Process... | Run | Close Help

Figure 12: Create buffer (exclusion zones) around NATURA areas

NATURA criterion / Add score field

1. Right-click on the NATURA clip layer (Layers menu) and select “Open attribute
Table”.

2.Select the “New field” icon and name it “score”.

3.Select “Open field calculator” -> Update existing field -> score -> type 0 on the blank
box and Ok.

Q MNATURA_clip — Features Total: 35, Filtered: 35, Selected: 0 - O X
/)& = G & A TESD RBRZE 8 8
1.2 objectid - |=|& = || Update All || Update Select=d
objectid CODE area perimeter hectares SITETYPE PERIPHERY PREFECTURE NAME_LATIN -
1 | 144,0000000000...] GR4110002 62837464,00000... | 37443,08999999... 6283,746000000... SCI [fiier mm AGIOS EFSTRAT...
2 | 59,00000000000... GR1430003 888160,4000000... 4400,529300000... 88,81600000000... SCI ERea e SKIATHOS: KOU...
3 | 60,00000000000... | GR1430004 2491456000,000...  193202,4400000...  249145,6099999... 5CI wnnn wnnn ETHNIKO THAL...
4 | 57,00000000000... GR1430001 311121664,0000... 82648,47000000... 31112,16400000... SCI ERe SRR OROS PILIO KA.
5 | 103,0000000000... | GR2410001 116065024,0000... . 216476,7000000... 11606,50200000... SCI I T LIMMES YLIKI K...
6 | 41,00000000000... GR1270007 5328192,500000...  22157,25400000... 532,8189999999... SCI SERALITD SR SLALEAREY AKROTIRIO ELI..
7 | 42,00000000000... GR1270008 2861098,799999...  18385,45100000...  286,1100000000... | SCI nRENIMNNT | WM PALIOURI - AKR...
8 | 43,00000000000... GR1270009 '9889620,000000... 30180,67199999... 988,9619999999... SCI S SR R PLATAMITSI - &...
9 | 44,00000000000... GR1270010 11509713,00000...  21603,22999999... 1150,971000000... SCI nRENIMNNT | WM AKROTIRIO PYR...
an A ARAtanne 4490014A7 ARAA | 47477 ATEARAAA 14788 44AARRAA | CRA 2 2990 219931 RueAC Ariae T

Figure 13: Create new field on the NATURA_clip shapefile
GOSTEAM Hands-on Activity Template

The European Commission's support for the production of this publication does not constitute an endorsement of the contents, which reflect the views only of the authors,
and the Commission cannot be held responsible for any use which may be made of the information contained therein.



Cross-cutting geospatial and environmental STEAM instruments
for the new generation (GOSTEAM)
Project No: 2020-1-SE01-KA201-077972

NATURA criterion / Union

The scope of the Union tool is to merge the initial NATURA polygons with the Buffer
zones created in the previous steps!

1. Select Vector -> Geoprocessing -> Union.
2.Select NATURA buffer layer as input and NATURA clip as overlay layer.

3.Save as NATURA _union.

() Unien *,

Parameters Log Union

Input layer
> b This algorithm checks overlaps between features

=) NATURA_buf [EPSG:2100] - @ﬁ] *% . within the Input layer and creates separate
features for overlapping and non-overlapping
parts. The area of averlap will create as many
identical overlapping features as there are
Overlay layer [optional] features that partidpate in that overlap.

Selected features only

Y NATURA_dip [EPSG:2100] - @gﬂ {% — An Overlay layer can also be used, in which case
features from each layer are split at their overlap
with features from the other ane, creating a layer

Selected features only
- c‘ ! containing all the portions from both Input and

p Advanced Parameters COverlay layers, The attribute table of the Union
layer is filed with attribute values from the
Union respective original layer for non-overlapping
features, and attribute values from both layers for
inarios/Summer_School (Offshore_wind/ResultsNATURA_union.shp €& | | .. averlapping features.

v | Open output file after running algorithm

0% Cancel

Run as Batch Process... | Run [ Close Help

Figure 14: Union tool for joining the initial NATURA areas with the exclusion buffers

NATURA criterion / Union

Why we need this procedure? We need to set a low score inside NATURA areas (zero)
and a higher score near to the NATURA areas (buffers). But outside these Polygons?

1.Right-click the NATURA union layer and select “Open Attribute Table”.
2.In the line with the “NULL” input, add value 5 at the “score” field

3.Press “Toggle editing” again

GOSTEAM Hands-on Activity Template
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(2} MATURA_union — Features Total: 36, Filtered: 36, Selected: 0 - O »
VK = B & : TESRD BEERE &2 & &
1- = || Update All || Update Selected
objectid_2 CODE_2 area_2 perimeter_ hectares_2 SITETYPE_2 PERIPHERY_ PREFECTU_1 NAME_LAT_1 scare 2 4
21| 5 0| GR2420010 62433800,00000... | 42337,20999999...  6243,380000000... SPA mnnnn wn OROS KANTILI 0
22| 5 145,0000000000... GR4110003 208170368,0000...  137588,9700000... | 20817,03700000... SCI 2777 Eetesed LESVOS: DYTIKI .. 0
23| 5 0 GR1270013 4395787,000000... | 14707,51499999... | 435,5790000000... SPA YGROTOPOI NE... 0
24| 5 146,0000000000... GR4110004 183110368,0000... | 99431,77999999... 18311,03700000... SCI 2.7 e LESVOS: KOLPO... 0
25| 5 0| GR4110010 288194368,0000... | 167785,3800000...  28819,43799999... SPA 2.7 wn NOTIODYTIKI C... 0
26| 5 207,0000000000... GR1110004 164377408,0000... | 80184,83599999... 16437,74000000... SCI feistesetdtivete Ik iicd FENGARI SAMO... 0
27| 5 0| GR4110008 1252484,800000... | 9558,032999999... 125,2480000000... SPA wn MISIDES KAl VR... 0
28| 5 5 -
29| 5 0 GR1430005 129673856,0000... | 133582,4500000... 12967,38600000... SPA Ferteeed . NISIA KYRA PA... 0
30 5 0 GR1270004 6331518,500000...  15955,10299999... 633,1520000000.., SPASCI LIMNOTHALAS, .. 0
31 5 0 GR2420011 393081280,0000... | 234636,5099999... 39308,12999999.. SPA ORI KENTRIKIS ... 0
2|5 0 GR2420006 40889144,00000...  33497,69000000... 4088,914000000... SPASCI I NN Feteetd SKYROS: OROS ... 0
35 0 GR1270014 234511664,0000... | 125018,6399999... 23451,16800000... SPA fesrteaertircter MR tiseteres CHERSONISOS ... 0
34| 5 107,0000000000... GR2420002 12977340,00000... 19668,47999999.., 1297,733999999.., 5CI DIRFYS: DASCS .. 0
35| 5 143,0000000000... | GR4110001 182316624,0000.., | 81263,85000000... 18231,66200000.., SCI LIMNOS: CHOR... 0/
4 »

Figure 15: Set a value of 5 on the NATURA_union buffer polygons

NATURA criterion / Rasterize (Figure 16)

We have to convert NATURA union from shapefile to raster because Wind and
Bathymetry data are also in raster format!

Select Raster -> Conversion -> Rasterize
Select shapes as NATURA _union.

Attribute -> score.

1.
2
3
4. Ouput extent -> Bathymetry_fn or Wind_fn
5. Cell_size: 241.1611050045360116

6

Save as NATURA_raster

NATURA criterion / Fill No Data (Figure 17)
We need to fill all NoData values with the highest score (10)!

1. Select Processing -> Toolbox and type to the search area “Fill”.
2. Select Fill NoData cells.

3. Raster input -> NATURA raster.

4. Fill value: 10

5. Do not save output raster, just Run the command (bug issues)

GOSTEAM Hands-on Activity Template
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Q Rasterize

Parameters Log

Shapes

1. Input file

“ | 5 NATURA _union [EPSG:2100]

M |

) X, [

Selected features only
Attribute

2. Attribute > score

| 123 gcore_2

Cutput Values

| 2] attribute

Method for Multiple Values

| [4] mean

Method for Lines

| [1] thick

Method for Lines

[ 1] cell

Preferred Target Grid Type

3. Output extent > Same as Layer >

| 3] Floating Point (4 byte)

Wind_clip

M |

Output extent [optional]

|426613.9948,688514.9548,4244435.4481;44348?3.0698 [EPSG:2100]

al|

Cellsize

| 100,000000

4. Cell size > 241.1611050045360116

-

Figure 16: Rasterize tool parametrization

() Fill NoData Cells

Parameters | Log

REE g e
| =" NATURA_union_raster [EPSG:2100]

"D T

| Band 1

Fill value N

| 10

Qutput raster

|[SavE to temporary file]

v | Open output file after running algorithm

1. Input file > NATURE_union_raster as extracted > [
from Rasterization tool ‘| noData cells

This algorithm resets the NoData values in the
input raster to a chosen value, resulting in a raster
dataset with no NoData pixels, This value can be
set by the user using the Fill value parameter, The
algorithm respects the input raster data type {eq.
a floating paint fill value will be truncated when
applied to an integer raster).

\ 0%

| Cancel

|Run as Batch Process...

Run | | Close || Help |

iT| -

Processing Toolbox

meos vy

=)

Al

~ (1) Recently used
B Fill NoData cells
~ () Cartography
45 Align points to features
= (2 Rastertools
B Fill NoData cells
= (2} Vector geometry
9% Delete holes
~ 4% GDAL
~ Raster analysis
W Fill nodata
~ % GRASS
= Raster (r.*)
@ rhbasinsfill
@ rfill.dir
@ rfill.stats
@ rfillnulls
@ rlake
@ r.patch
~ & saGa
* Simulation
& Fill sinks (gm of esp)
Table tools
& Fill gaps in records
¥ Terrain Analysis - Hydrology

@ Fill sinks

L & Fill sinks fwana & liul

Figure 17: Fill NoData cells tool parametrization

NATURA criterion / Final criterion
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1. Select right-click to the output file -> Save Raster Layer as and name it as
“NATURA_fn”.

2.Set CRS:2100
3. Extent -> Calculate from Layer -> Bathymetry_clip.

4. Resolution horizontal and vertical: 241.1611050045360116

() Save Raster Layer as... *

Output mode '®' Raw data Rendered image
Format GeoTIFF > Create VRT |
File name _Erasmus +\GOSTEAM_Scenarios\Summer_School\Offshore_wind\Results\NATURA_fn.tf €3
Layer name

CRS EP5G:2100 - GGRSE7 [ Greek Grid - —‘_-5
w Extent (current: layer)

Morth |4434873,0698
West |426614,9548 East |688514,9548
South |4244473,0698

Current Layer Extent Calculate from Layer ~ Map Canvas Extent

w Resolution (current: layer)

® Horizontal | 100 Vertical | 100 Layer Resolution

Columns 2619 Rows |2404 Layer Size

v Create Options

Profile | Default

MName Value

Validate Help -

V| Add saved file to map OK Cancel Help

Figure 18: Finalized NATURA areas criterion

Part 9 (Weighted Sum and Final Map):

Our goal is to combine each pixel score for each criterion using an analytical expression
(i.e. sum). A value of 0.33 is multiplied with each criterion as a weighting factor of
“importance”. We may consider different weights for the criteria!

All weights must sum up to 1!
1. Select Raster -> Raster Calculator.
2. Type in the expression box:

3. "Bathymetry fn@1" * 0.33 + "Wind_fn@1" * 0.33 + "NATURA _fn@1" * 0.33

GOSTEAM Hands-on Activity Template
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4. Save as “Final_fn” (see Figure 19)

() Raster Calculator *

Raster Bands Result Layer 2. Save as: FINAL_Fn i
Bath_fn@1 Output layer iool\Offshore_wind\Results\FINAL_Fn €& E
Bathymetry_clip@1 B
Bathymetry_proj@1 Output format GeoTIFF =
GRC_elevation_w_bathymetry@1
GRC_wind-speed_10m@1 Selected Layer Extent
NATURA_fn@1 _ - -
MATURA_union_raster@1 X min 426613,99475 b= X max | 688514,95479 b=
Wind_clip@1 ) a a
Wind fn@1 ' min 4244435,44808 - Y max | 4484873,06977 -
Wind_proj@1 Columns | 1086 : Rows |997 :

Output CRS GGRSB7 [ Greek Grid v ||

V| Add result to project

w Operators

+ = sgrt cos sin tan log10 {
- ! 2 acos asin atan In ]
< > = 1= <= »= AND OR
abs min max
Raster Calculator Expression

"Bath_fn@l™ * 0.33 + "Wind fn@l™ * 0.33 + "NATURR fn@1™ * 0.33

1. Type this expression or use the operators
and double-click on the appropriate layers
on the Raster Bands window

Expression valid

| OK | Cancel Help

Figure 19: Final weighted overlay map extraction using Raster Calculator

Part 10 (Final Map):

But how can we extract our final most suitable areas??

Final map extraction expressed as the weighted sum of all criteria in the range
between 0.33 —8.25 (see Figure 20).

These scores depend on the weight of each criterion.

With no weights the scale could be potentially between 0 and 30. WHY???
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5" FINAL_Fn
Band 1 (Gray)

i

Figure 20: Final map where green areas are the most suitable and red areas the non-
suitable for OWF siting

Part 11 (Screening of optimal areas):

Select Raster -> Raster & Reser Caleltor X
r Bands 13
Calculator. e NI —
ath @ ouptyer  2./Save as: FINAL_areas | .|
yrnatry_cllp.@'\ ; \
1. Type in the expression FALFaT S——— ’
Fmal_areas@'\ Selected Layer Extent
box: 222:2,"'::1‘;’;;“;:?3:‘?@?“”@‘ Xmin | 426613,99475 < Xmax 68851495479 =
o " ag%%:%?;ﬂﬁ ster@1 Ymin | 4244435,44808 S ¥ max | 4434873,06977 S
Final_fn@1" > =7 (cut- Vind iz Coumns (1035 |5 Rows (397 15
off vaIue) Wm&prqm Output CRS |EpsG:2100 - GeRsa7 jGreskGrd ||
test!
v/ Add result to project
2.Save as: FINAL_areas
w Operators
e = [ e [ o ] a | e [ e [ |
| IC 4 JC > JC e J[ w0 J[ o J[_ & J[ o ]
L < JL > JI = J[ = J[ <= [ > [J[ a0 J[ o |
I abs H min H max J
"FINAL Fn@l" >= 1|
1. Type this expression. You can also modify
the cut-off value (7) and alternatively set 5,
6.or 8 to see how the optimal areas change!
Expression valid

| oK

e [ b

J
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Figure 21: Final optimal areas in green colors around Lemnos island (Aegean Sea). You
can type the name and identify this area on Google Maps

L.

Discussion

Explanation based on evidence

Guide the teachers to encourage their students to provide correct explanations for the topic(s)
investigated.

@ pescribe ways and they can use to this end and give them directions how to discover them.

Wind speed and depth importance!

Inspecting the initial data, it is rather straightforward to understand which areas are
excluded considering the NATURA criterion, however, for the Wind and Elevation
data it is not that clear.

You can ask from students to think how they can validate that their results are
correct!

Using the “Identify button” they can inspect if the final suitable
areas (Figure 21) overlay areas with minimum water depth and QE [
maximum wind speeds.

By selecting the Wind_clip and the Bathymetry_clip on the layers panel, they can
click on each pixel and identify the pixel’s value! If they find depths beyond 70 meters
or wind speeds below 10 m/s, something seems to be incorrect!
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Alternatively, students can Polygonize their final suitable areas (i.e. transform from
raster to polygons which is the opposite of Rasterize) and clip the Wind and Elevation
rasters based on the polygonised suitable areas they extracted!

To succeed that, you can type and open on the Processing Toolbox the “Polygonize”
tool!

Consider other explanations

Direct teachers to facilitate the student groups to evaluate their own explanations in the light
of alternative explanations, particularly those reflecting scientific understanding. lllustrate
examples they can use and give them instructions how to locate them.

If we change criteria weights, what do you think will happen? (Do the optimal areas
change?)

How do we select criteria weights? (i.e., based on the stakeholders, researchers and
local communities' preferences).

Can you identify additional criteria that can be integrated to the analysis? Why do
you think they are important?

How we can ensure that the solutions we propose is solid? (Sensitivity analysis, run
of different scenarios by adjusting the scoring and weighting factors)

Reflection

Communicate explanation

Guide teachers to facilitate each student group to reflect on the previous experiences and to
produce a report with its findings, presenting and justifying the proposed explanations to the
other groups and the teacher.

© provide content which the teacher can use to help the students to get familiarized and to
become efficient in scientific writing.

The teacher may ask from the students to prepare a short report in order to
demonstrate and discuss their results. Also, students may be guided to follow the
appropriate steps in terms of the report outline including:

An introduction and scope of the Activity
The study area and data representation
The Methodology outline (Multi-criteria decision making using GIS)

Results and Discussion and finally,
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Their conclusions

Follow-up activities and materials

Describe and direct the user to any follow-up activities or materials that can be used to wrap-
up the hands-on activity.

®© These could include appropriate learning assessment and/or reminder materials (e.q.,

quizzes, games, other user-friendly tests), hints for further activities etc.

Use the following apps (Wind Power Calculators):

Based on the pixels’ values of the Wind Speed data, using the identify button, you
can find the mean wind speed value on the students’ suitable areas and import these
values on the following apps in order to estimate the produced energy!

https://rechneronline.de/wind-power/

https://power-calculation.com/wind-power-energy-calculator.php

You can also download the Weibull distribution shape and scale (k,c) values from:

https://globalwindatlas.info/download/gis-files

Then insert these values on the following app along with the wind turbine
characteristics to estimate the produced energy of a single wind turbine
(ADVANCED)

http://xn--drmstrre-64ad.dk/wp-
content/wind/miller/windpower%20web/en/tour/wres/pow/index.htm

Play the following game (A historic journey of harvesting wind energy):

https://www.brainpop.com/games/timezonexwindenergy/

Support material - Available data for integrating different spatial criteria:

Wind, Elevation and Bathymetry

Land-use, Water, Population

Global spatial data (multiple topics)

National and Global data providers (multiple topics)

Sustainable contact

Loukas Katikas (lkatikas@ea.gr)
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