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https://www.youtube.com/watch?v=Rb9sSbU0040
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Mittelgeber

caRElurde aus Mitteln des
Europaischen Fonds fur region&atwicklung (EFRE)
sowie ded_andes Hesse(str@) gefordert

EUROPEAN UNION
Investing in our Future
European Regional
Development Fund
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Projektziel vorcaREL

Zur Unterstitzung de&reenDeatler EU verfolgtaREMas Ziel, diertragreichsten Standorte fur
Wind- und Solarenergiedurch die Nutzung voGeodatenautomatisiert zu identifizieren.

Vordergrund des Projektes steht dézchnologietransfeauf Basis vorhandener Geodaten sowie
bereits entwickelter Methoden und Algorithmen. Durch gi&PIRRIchtlinie, welche seit 2021

die Grundlage fur eine einheitliche Geodatenbereitstellung ymdzung in der gesamten EU

regelt, sind ideale Rahmenbedingungen entstanden. Dabei werden die existierenden Algorithme
aus den eigenen abgeschlossenen ForschungsprojektePAREN, WINBBREA und ERNEUERBAR
KOMM! mit den Elleit standardisierten Geodaten verschnitten.

Durch caREL sollen der Weg und die Methoden fiir automatisierte Potenzialanalysen der
Wirtschaft, Wissenschaft und Verwaltung Ehkkit zur Verfiigung gestellt werderDamit kbnnen
innerhalb der EU eigenstandige Potentialanalysen fir Soter Windkraft durchgefthrt werden,
um die Klimaschutzziele zu erreichen.
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European Renewable
Union Energy
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Eckdaten caREL

Projektbeteiligte sinddie ForschungsfeldeiErneuerbareEnergienm

Landmanagemen(Prof. Dr. Klarle) und Labfirr Geoinformation (Prof. BDing. Seul3),

beideangesiedeltan der Frankfurt University of Applied Sciente®ereichdes
Geodatenmanagements

Im Jahr2022habenProf. Dr. Tine KohlelProfessuifir Landmanagementund Prof. Dr.
Thomas HollsteirRrofessuiflr Zuverlassig&ingebetteteSysteme
(Multiprozessorsystemgnternetof-Things (IoT) und Kiasierte
Informationsverarbeitunyy die Projektleitungerweitert.

Projektlaufzeit DasTransferprojektief von Januar2021bis Dezembe2022.
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Projektteam

Prof. Dr. Martina Klarle Prof. Dr.-Ing. Robert SeuR Prof. Dr.-Ing. Tine Kohler ) .
(Prasidentin DHBW) (Leitung GIS Labor) (Prodekanin Fb1, Frankfurt UAs) o' Dr+-Ing. Thomas Hollstein
Projektleitung - EE Projektleitung GIS Projektleitung Landmanagement

Dipl.-Ing. Ute Langenddérfer M.Eng. Julia Anderie M. Eng. Nicolas Diedrich M. Eng. Mariam Hussain
Externe Mitarbeiterin Externe Mitarbeiterin Wiss. Mitarbeiter Wiss. Mitarbeiterin
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Solarpotentialanalyse

A Berechnung von Solarpotentialen in fiinf Pilotstaaten
A stadtisches und ein landliches Gebiet mit einer GroRe von 25 km2

A Ausgangsdaten: Figlen Globalstrahlungsalgorithmus wird ein digitales
Oberflachenmodell (DOM) bendtigt

Ergebnis: Fur jede Rasterzelle in der Aufldsung von 0,5 m? eine Globalstrahlungsw
in Wh/m?2

INSPIRE: digitale HOhenmodelle mit ausreichender Auflosung (0,5 m) nur in vier
beteiligten Staaten verfligbar

LIDAR: offene Daten in 16 Staaten verflgbar
‘ Analyse auf Basis frei zuganglicher LHD&kRN

p SIS S
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caREL Pilot Regions
@ Urban Region
@ Rural Region

() caREL Pilot State
() EU Member State
(CEFTA State
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SolarpotentialanalyseModelltbersicht

National or regional geoportal

LiDAR-Data
Y
Data ion of =
preprocessing processing jobs g

A

Job-Database
Selecting the nextjob

Retrieving the job details
Python script for the

;| .

>
‘ jobs

INSPIRE

e S S

Solar Radiation

Digital Surface Model
(DSM)
Elevation Grid Slope Grid Aspect Grid

‘ mosaicing with l

AIcGIS

| |

! ;
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National or regional geoportal

LiDAR-Data

Y
Data ion of | >
preprocessing processing jobs g PostGIS
Job-Database
A Selecting the nextjob

Retrieving the job details

INSPIRE | Python script for the
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‘ jobs
Digital Surface Model l
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Solar Radiation

Elevation Grid Slope Grid Aspect Grid
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Datenbezug Beispiel Estland
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11| sPATIAL DATA

Bezug der LiDABRaten lber
estnisches Geodatenportal e

Vollstandige, landesweite
Datensatze zu verschiedenen
Themengebieten

Alle veroffentlichten Datensatze sind
frei zuganglich

Zugangspunkt zu INSPiR&ten

Estonian Topographic Database
& Download »
Scale 1:10000

Cadastral Data

EHub satellite data

Map Sheet Indexes and
Coordinate Systems

Free Sent

inel satellite data from European Space

Administrative and Settl
DIV!S(OH
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il

590537 | 590538 | 590539 | 590540 | 590541 | 590542 | 590543

589538 | 589539 | 589540 | 589541 | 589542 | 589543

588537 || 588538 | 588539 | 588540 | 588541 | 588542 | 588543 Project Area
Analysis Area

[ LiDARTiles

587537 /| 587538 | 587539 | 587540 | 587541 | 587542 | 587543

586537 | 586538 | 586539 | 586540 | 586541 ] 586542 | 586543

58c537 | 585538 | 585539/ | 585540 | 585542 | 585542 || 585543

584537 | 584538 | 584539 | 584540 | 584541 | 584542 | 584543

o 50 1.000 2.000 N Overview of the location of the LIDAR tiles used in the 'Ca REL | | FRANKFURT
[ e e— A project area Tallinn (Estonia). computeratis UNIVERSITY
Renewable Energy Language OF APPLIED SCIENCES

Data: Estonian Land Board 2020
Basemap:Estonian Environment Agency, Esri, HERE, Garmin, FAO, NOAA, USGS; Estonian Environment Agency, Estonian Land Board, Esti, HERE, Garmin, GeoTechnologies, Inc, METI/
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National or regional geoportal

LiDAR-Data

Y
Data ion of | >
preprocessing processing jobs g PostGIS
Job-Database
A Selecting the nextjob

INSPIRE | Python script for the
> -
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‘ jobs
Digital Surface Model l
E v v v v

Solar Radiation

Elevation Grid Slope Grid Aspect Grid

‘ mosaicing with ’

AIcGIS

| ! | ; !
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Solarpotentialanalyse Jobdatenbank

Columns generated
with the LAStools

Column is used to reserve the job. Job
only calculated if the field is empty.

T
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Columndor job
management

A 4
4 g::r:alry = Eliiiln:vawing (255) 4 :?:r;lmcler »gn :;:EW r[:; :w‘;‘n i nmuir';‘exrm nmuﬂr:;:c nmulr'nleyrm nmuar;ic nmulr"n_ezrfg nmuﬂr:éc ;;hKlJldrfe :::lm ’ :':L.eslgrr::@'r El;mezt_:r‘:;g:&:n 1 g;ﬁh“:hm g;ﬁzir‘::’;g;':]%I 2'!‘:::1‘::?;:% mﬁ;ﬂn ‘:;:Ire{ﬂ :::Lmse ’
1  01060000EOES0CO.. 555688 _2020_mets.laz LAS 1.4 1099815 8 42 688000 688999.99 6555000  6555999.99 4023 77.03 1 n [nui [nu [rull] [rull] [nu [nul] | false [nu
2 01060000EQES0CO.. 555689_2020_mets.laz LAS 1.4 986310 8 42 689000 689999.99 6555000  6555999.99 3522 8775 2| [null] [nui [nu [rull] [rull] [nu [nul] | false [nu
3 01060000EQES0CO.. 555690_2020_mets.laz LAS 1.4 1022263 8 42 690000 690999.99 6555000  6555999.99 33.97 91.01 3 [null] [nuil [nu [rull] [ruall] [nu [nul] | false [nu
4  01060000EQES0CO.. 555691_2020_mets.laz LAS 1.4 1215789 8 42 691000 691999.99 6555000  6555999.99 28.87 96.37 4 [null] [nuil [nu [rull] [ruall] [nu [nul] | false [nu
5  01060000EQES0CO.. 555692 _2020_mets.laz LAS 1.4 970840 8 42 692000 692999.99 6555000  6555999.99 26.65 8205 S [null] [nuil [nu [rull] [ruall] [nu [nul] | false [nu
6  01060000EOES0CO.. 555693 2020_meis.laz LAS 1.4 1274893 8 42 693000 693999.99 6555000  6555999.99 2432 8498 6 [null] [nui [nu [rull] [ruall] [nu [nul] false [nu
7  01060000EQES0CO.. 555694 _2020_meis.laz LAS 1.4 1128181 8 42 694000 694999.99 6555000  6555999.99 2518 7781 7| [null] [nui [nu [rull] [ruall] [nu [nul] false [nu
8  01060000EQES0CO.. 556688_2020_meis.laz LAS 1.4 1931205 8 42 688000 688999.99 6556000  6556999.99 2832 9272 8|/ [nuil [Pul] [nu [nuil] [ruil] [nu [null] | false [nu
9  01060000EOES0CO.. 556689_2020_mets.laz LAS 1.4 1514874 8 42 689000 689999.99 6556000  6556999.99 3139 12326 9|| [nuil] [Pui] [nu [nuil] [nuil] [nu [null] | false [nu
10  01060000EOES0CO.. 556690_2020_mets.laz LAS 1.4 1245933 8 42 690000 690999.99 6556000  6556999.99 2734 8244 10(| [null] [Pui] [nu [nuil] [nuil] [nu [null] | false [nu
11  01060000EOES0CO.. 556691_2020_mets.laz LAS 1.4 1785674 8 42 691000 691999.99 6556000  6556999.99 4384 8275 11} [null] [Pui] [nu [nuil] [nuil] [nu [null] | false [nu
12  01060000EOES0CO.. 556692_2020_mets.laz LAS 1.4 1691169 8 42 692000 692999.99 6556000  6556999.99 2217 8513 12{| [null] [nu [nu [nu [nu [nu null] false [nu
( | J { { J

|
lazfile

!

|

Boundarys Loggingpf the calculationtime

Numberof Points

Geometrycolumn
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National or regional geoportal

LiDAR-Data

£ S
Data Generation of PosigreSQL/
preprocessing processing jobs PostGIS
Job-Database
A Selecting the nextjob

|
Retrieving the job details

INSPIRE | Python script for the
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> of
‘ jobs
Digital Surface Model l
E v v v v

Solar Radiation

Elevation Grid Slope Grid Aspect Grid
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mosaicing with
ArcGIS
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National or regional geoportal

LiDAR-Data

£ S
Data Generation of PosigreSQL/
preprocessing processing jobs PostGIS
Job-Database
A Selecting the nextjob
|
Retrieving the job details
INSPIRE | Python script for the
> -
> of
‘ jobs

Digital Surface Model |
(DSM) ¢ ¢ ¢ ‘L
Lstjva/mm Grid Slope Grid Aspect Grid S°'a'2:g/'aﬂ

=
Li') N\

mosaicing with
ArcGIS

I
! ! ! |
k/ Elevation Grid // Slope Grid // e et el // e /)
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Nachbereitungler Ergebnisdaten

~

= [J 05_Ergebnisdaten
@ |3 aspect.gdb
& 3 height.gdb
@ 3 slope.gdb
= |3 solar_global.gdb

o — sy Zusammenfihren der einzelnen
@& 8 solar_538000_0_6588000_0

@ #B solar_538000_01_6589000_0 Raster in ei Mosaicm |tte|S

@ ## solar_539000_0_6585000_0
@ &8 solar_539000_0_6586000_0

@® E& solar_539000_0_6587000_0 ArCG I S Pro
® &4 solar_539000_0_6588000_0

5 48 solar 539000.0.6569000.0 A Bei den Solarrastern Operato

@ &8 solar_540000_0_6585000_0

® B solr_540000_0_6506000.0 minimumverwenden, damit |

= solar_540000_0_6587000_0 >

= (£ 05_Ergebnisdaten
J aspect.gdb
.3 height.gdb

] |3 slope.gdb

-

[+

ey bei den tiberlappenden

3 solar_global.gdb

+ @5 aspect_mosaic.tif
@ & solar_541000_0_6585000_0

@ B soler_541000_0_6586000.0 Rasterpunkten der Wert mit ) 8 height mosaici

& &5 solar_541000_0_6587000_0 . * & slope_mosa_ic.t_if
= —mesiese e der héchsten Verschattung ® @ solar. mosaictif
o e e verwendet wird
@ ## solar_542000_0_6587000_0

=t g e A Ansonsten Mittelwert bilden

& %8 solar_542000_0_6589000_0

&
¥
+
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Analyseergebnissam BeispielTallinn

jltifland gl

Calculated global solar radiation grid in the analysis area Tallinn (Estonia).

0 500 1.000 Global Radiation [Wh'm]
—— et A min. I e
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Data: Estonian Land Board 2020
Basemap:Estonian Environment Agency, Esri, HERE, Garmin, FAO, NOAA, USGS; Estonian Environment Agency, Estonian Land Board, Esri, HERE, Garmin, GeoTechnologies, Inc, METI/
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Globalstrahlung in Estland: Detalils

3 A i 2285 o L A i3 3 .- = T < J = = i g
Extract of the global radiation grid from the Tallinn analysis area at a scale of 1:50 Extract of the global radiation grid from the Alutaguse analysis area at a scale of 1:5000.
The extract depicts an wmmﬁrical area in the western part of the Lillekiila district. ' REL IlI II FRANKFURT " ' REL II Il FRANKFURT
D-:-:—:Ih — — za:«em Global Railion [Wh7] Sngwmm «5 UNIVERSITY n_:_:Isn - 2o‘:nem A Gkl Rackuion (WYY Smgm ol < UNIVERSITY
L — L Renewable Eaergy Longusge OF APPLIED SCIENCES LY e— L ‘Renewable Energy Language OF APPLIED SCIENCES
Data: Estonian Land Board 2020 Data: Estonian Land Board 2020
Basemap:Estonian Environment Agency, Esri, HERE, Garmin, FAO, NOAA, USGS; Esri C ity Maps Contril Estonian Envi Agency, Estonian Land Board, Esri, HERE, Basemap:Estonian Environment Agency, Esri, HERE, Garmin, FAO, NOAA, USGS; Esri Community Maps Contributors, Estonian Environment Agency, Estonian Land Board, Esri, HERE,
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Globalstrahlung in Estland: Details

.
Extract of the global ra
FRANKFURT The extract shows the viIIageNof Tisaku. I

Extract of the global radiation grid from the Tallinn analysis area at a scale of 1:1000.
The extract shows the A. Le Coq Arena.

05 10 20 30 40 A
O e

FRANKFURT
UNIVERSITY 2 B0 e i 4

— e — e A UNIVERSITY
computer oided <

Y eee— Renewable Energy Longusge OF APPLIED SCIENCES L — LY Renewable Eaergy Longuege OF APPLIED SCIENCES
Data: Estonian Land Board 2020 Data: Estonian Land Board 2020
Basemap:Estonian Environment Agency, Esri, HERE, Garmin, FAO, NOAA, USGS; Esri Community Maps Contributors, Estonian Environment Agency, Estonian Land Board, Esri, HERE, Basemap:Estonian Environment Agency, Esri, HERE, Garmin, FAQ, NOAA, USGS; Esri C ity Maps Contril Estonian Envil Agency, Estonian Land Board, Esri, HERE,
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Globalstrahlungn Danemarkund Belgien

Extract of the global radiation grid from the Copenhagen analysis area at a scale of 1:5000. @G

FRANKFURT
TR N Gishal Racaten ] Cca REL IIW| VERSITY
) eter min. max.

computer alded
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Data: Contains data from the Danish Agency for Data Supply and Efficiency, "Danmarks Hejdemodel (DHM) Punktsky" , March 2022,
Basemap:Esri Community Maps Contributors, Lantméteriet, SDFE, Esri, HERE, Garmin, GeoTechnologies, Inc, METI/NASA, USGS; SDFE, Esri, HERE, Garmin, FAQ, NOAA, USGS

OF APPLIED SCIENCES

I | FRANKFURT
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L - . -
Extract of the global radiation grid from the Bruges analysis area at a scale of 1:1000.

In the centre is the St Salvator's Cathedral. A

0 510 20 30 40 N vcaREL III II_E,RANKFURT

) eter A P i ¥l UNIVERSITY
o, g max computer ided

Renewable Eaergy Longusge OF APPLIED SCIENCES
Data: LiDAR Digitaal 1I, own Contains government information acquired under the Open Data Licence Flanders v. 1.2.

Basemap: Kadaster, Esri, HERE, Garmin, METI/NASA, USGS; Esri Community Maps Contributors, Esti, HERE, Garmin, GeoTechnologies, Inc, METI/NASA, USGS
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Windpotentialanalyse
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Windpotentialanalyse

Ubertragung des Windrea Algorithmus auf mehrere Bitaaten
Berechnung von Windpotentialen in funf Pilotstaaten
KeinekleinenWindturbinen

Mindestens Windgeschwindigkeiten von 6 m/s in 150m HG6he
Verwendung offener Geodaten und lizenzfreier Software

Unterschiedliche Regelwerke beziglich Abstandsflachen in den verschiedenen
Staaten

To To Do To Do Ix
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Pilotlanderund Pilotregionen ¢"|”

4 N III ll-F&ANKFURT
N P UNIVERSITY
| OF APPLIED SCIENCES

Seite 31 caRELComputerAided Renewable Energy Language | 26. Ki&igshop Datum 01.03.2023




| | FRANKFURT
UNIVERSITY

Windpotentialanalyse ModelllUbersicht

Global Wind Atlas

, Mean wind speed ;

A

Exclude average wind
speeds below 6.5 m/s

INSPIRE l

! Projectarea i " I > Clipping to project area

L
 EEEEEEEE———N s N N
CORINE Land Cover %
T Calculate difference 2l Clip wind raster with
- ing with with project area calculated difference layer
gled required distance &
.
Y
——
T |catcutate difference Clip wind raster with
- S ing with with project area =] calculated difference layer
: 2 required distance ]
INSPIRE v
T2 [catculate diflerence o~ Clip wind raster with
o ing with with project area T calculated difference layer
g / e required distance %
L
-—

INSPIRE

A
Natura 2000 I '

o :
other protected Wind arees
areas
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Windpotentialanalyse Ausgangsdaten

Global Wind Atlas

Mean wind speed

Seite 33

>
" / —
: required distance Z|

v

speeds bel

Exclude average wind

ow 6.5 m/s

v

Clipping to project area

A

INSPIRE ]
2 { Project area i '; J >
I L
[ ——— (
CORINE Land Cover %
T Calculate difference 2l
ing with with project area

required distance

Clip wind raster with
calculated difference layer

A

A

Calculate difference

with project area

Y

Clip wind raster with
calculated difference layer

A

Calculate difference

with project area

—>
_ il BN A
g / e required distance %
L

Clip wind raster with
calculated difference layer

INSPIRE

Natura 2000 I

pr

Y

other protected
areas
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Windpotentialanalyse 1. Schritt
4
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Windgeschwindigkeiten
unter 6,5 m
ausschlie3en und auf
Projektgebiet

'/ zuschneiden

caRELComputerAided Renewable Energy Language | 26. Ki&igshop

Datum 01.03.2023




