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Karlsruher Institut fir Technologie

BWettbewerb AEnergieeffiziente St a:
B 5 Stadte erproben Konzepte zur Steigerung der Energieeffizienz

® Begleitforschung IIP: Querschnittsauswertung, Charakterisierung der
verwendeten Modelle und insb. Bewertung der Ubertragbarkeit, damit
Losungen auch auf andere Stadte Ubertragen werden kdnnen

U Bendtigte Daten fir die einzelnen Modelle sind Ublicherweise nicht
verfugbar: Dateneinkauf (z.B. Sinus-Milieus), eigene Erhebungen,
Kooperationen mit Stadtwerken 0.4. die nur im Einzelfall mdglich sind

EinflUhrung & Motivation

® FUr Gbertragbare Modelle mUssen daher frei verfligbare Datenquellen
genutzt werden

® Viele Daten sind nicht direkt vorhanden, kdnnen aber aus frei
verfugbaren Daten abgeleitet/berechnet werden

und Forschung

J Forderkennzeichen 03SF0415B
w e

Kai Mainzer,
Lehrstuhl fur Energiewirtschaft, IIP

3 19.11.2015 Stadtische Energiesystemanalyse unter Verwendung 6ffentlich zugénglicher Daten



Daten fur die Modellierung -ﬁ‘(“.
stadtischer Energiesysteme

Benotigte Daten maogliche Quellen

® Nachfrage ® Offentliche Statistiken
Strom, Raumwarme, Gebaudebestand, Sozialstrukturtl)
Warmwasser ® Klimadaten

® Technologiebestand Temperatur, Globalstrahlung,
Gebé&ude, Warmeversorgung, Windgeschwindigkeiten()
EE, Infrastruktur ® Technologiedatenbanken

® Verfligbare Technologien ® Geodaten
Umwandlungseffizienz, Kosten, Gebaude, Landnutzung,
zukiinftige Entwicklung Infrastruktur, Topographie®)

B Marktdaten
Strom, Gas, Kohle®

B Wissenschaftliche Studien

(1): z.B. Zensus 2011, IWU; (2): z.B. MACC-RAD, MERRA; (3): z.B. OSM, Bing, SRTM; (4): z.B. EEX

B Potenziale fur EE
PV, Wind, Biomasse

Stadtische Energiesystemanalyse unter Verwendung 6ffentlich zuganglicher Daten Kai Mainzer,
Lehrstuhl fur Energiewirtschaft, IIP



Methodik i ﬂ(IT

Infrastruktur und Gebaudebestand

%3 Energy System Data Retrieval - 20151110_162148 Karlsruhe . - =
[ I | I |
Region definition | | PvPotential | Landuse &8M Potential | Wind Potential
L Region
assessment region:[ Karlsruhe ]
districts: [admin_level=10 (1=27) v

add District ]
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Overlays: [V]border [V] districts landuse buildings steep slope areas manually defined negative wind area usable wind area potential wind turbines existing wind turbines wind turbine spacing ellipses power plants Background:

OpenStreetMap v
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27 districts have been determined for Karlsruhe.

® Infrastruktur: Wahlweise Nutzung OSM-Daten / eigene Anpassung
B Gebaude: Kombination Gebaude-Typologie & tatsachliche Grolien
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Methodik i

Nachfrage A\‘(IT

Karlsruher Institut fir Technologie
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® Stromnachfrage

B Verwendung eines aktivitatsbasierten Simulationsmodells zur Berechnung
des Nachfrageverhaltens einzelner Haushalte(®

B Statistische Abschatzung auf Basis von Kennzahlen fiir andere Sektoren®

® Warmenachfrage

® Berechnung basierend auf Gebaudetypologie und Grol3e sowie
Sanierungszustand

B Andere Sektoren: statistische Kennzahlen

(1): Richardson 2010; (2): Killinger 2015
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Methodik T
Potenziale fur Photovoltaik

7z Energy System Data Retrieval - 20150902_100625_Karlsruhe

AT

Karlsruher Institut far Technologie

=

=

File Settings

oldmap| newmap |

[
| Region definition | PV Potential | Landuse &BM Potential | Wind Potential | Infrastructure
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Date

Weststadt Total PV Electricity Generation Potential [W] — Weststadt South-oriented PV Electricity Generation Potential

Tw]

~N

Total for Karlsruhe:

Irradiance Settings
Radiation data csv: 2014_15min_49.0069_8.4037_Karlsruhe.csv v
Surface Tilt categories: 0,20,35,50
Surface Azimuth categories: 0,45,90,135,180,225,270,315
Roof Calculation Settings
PV assessment area Karlsruhe -
fiat roof share [%] 9%
usable share of flat roof area [%] 26,7%
average slanted roof angle [7] 40,5
standard deviation of sianted roof angle [] 5,0
usable share of slanted roof area [%] 57,8%
minimum surface to consider [m?] 15,0
Calculate PV potential
Roof area assessment results
NE20 => 2, 62,62 m*; -
N 20 => 3, 78,81 m*;
NWO => 17, 3.889,9 m*;
W0 =>19, 751,59 m*;
SWO => 23, 2.556,43 m*;
S 0 =>36, 1.071,06 m*;
SEO => 14, 388,73 m*;
E 0 => 24, 750,48 m*;
NEO => 17, 557,65 m%;
N 0 => 17, 561,47 m*;
total numbers for Karlsruhe:
buildings: 87.363 (6.346 tagged residential)
roof surfaces: 120.668
usable roof area: 9.790.449,86 m*
41782 official residential buildings in Karlsruhe
SM provides 87363 = +109,09%) -
electricity generation assessment results
South-oriented: 1848455.679153129 KiWn/a A
S 50: Total: 3680039.3080198234 kWn/a
South-oriented: 3680039.3080198234 Kin/a
SW50: Total: 3703869.8282572012 kWnh/a
South-oriented: 3703869.8282572012 Kin/a
W 50: Total: 1493991.328418687 kiWn/a
South-oriented: 1493991.328418687 kiWh/a
NWS0: Total: 1165628.646458253 kWh/a
South-oriented: 1165628.646458253 Kin/a

Total for Hagsfeld: 5.196809797722115E7 kWh/a

South-oriented for Hagsfeld: 2.5632807644930832E7
kiWh/a

1.420590662998874E9 kWn/

a

South-oriented for Karlsruhe:

kiWn/a

6.317236987541991E8

Overlays: ] border ] districts landuse [¥] buidings

PV Electricity Generation Potential
!
|
\
i
\

Virtual Earth satelite -

Draw electricity generation pattern

electricity generation potential calculation is done.

® Berechnung verfligbarer Dachflachen

19.11.2015 Stadtische Energiesystemanalyse unter Verwendung 6ffentlich zugénglicher Daten

® Einstrahlungssimulation der direkten & diffusen Globalstrahlung

Kai Mainzer,
Lehrstuhl fur Energiewirtschaft, IIP
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Methodik T
Potenziale fur Windkraft ﬂ(".

73 Energy System Data Retrieval - 20151006_092245_Sasbachwalden | T—— T—— L= | G

File Settings
i ple E P 2l zation
: | Region definition ]I | ey llotemal | Landuse &BM Potential I\ Wind Potential
Wind potential calculation Settings
@ use csv wind data: [request_MERRA_Oberkirch_lat48.534_lon8.077_2014... |
©) usenetCDF wind data: | not defined yet )
main wind direction distance |8
other directions distance 5

maximum slope for turbines 20
windpark efficiency 85%

manually defined negative area: 0 km?

Choose turbine by: @ minLCOE (7) max Yield () max spedific Yield [kWh/m?]

|
|
distance to habitated areas 1.500 |
|
|

I Calculate Wind potential

Wind potential results

Determined local wind speed distribution (main wind dire
ction: 237.0)

| 249 turbines loaded from database.

|Best suited turbine(min LCOE): Gamesa G114

Existing wind turbines:

Gamesa G114 (48.6083161, 8.2020434)

Gamesa G114 (48.6076028, 8.201996)

Gamesa G114 (48.6070114, 8.201955)

Calculated wind potential area: 3520660.0719187604 m*
| Wind Potential Chart ks \ ||| Placed 15 turbines (Gamesa G114)

w00 | || Total installable wind power: 30000.0 ki

28,000 | ||| Yearly potential electricity generation: 2.0871501375000
26.000
24000
22.000
20,000
18.000
16.000
14000

12000

Possible Generation (kW]

10.000

8.000

<o) Il YR e | ‘
L HE Mln{“ I ' ji“ 'L MI: | J|')

0 01032014 00:00 01052014 00:00 01.07.2014 00:00 01.09.2014 00:00 01.11.2014 00:00 01.01.2015
Date

eratin Po

| map data ® OpenStreetMap contributors

potential wind turbines xisting wind turbines (/] wind turbine spacing ellipses | | power plants Background:
OpensStrestMap ]

Overlays: [¥]border [#]districts [ |landuse [ | buidings [V]steepsiope areas [ | manually defined negative wind area

|calculating wind turbine placement in usable area done. placed 15 turbines (Gamesa G114).

® Windhaufigkeitsverteilung -> Turbineneignung
® Topographie, gebaute Umwelt, Mindestabstande -> Gelandeeignung

8 19.11.2015 Stadtische Energiesystemanalyse unter Verwendung 6ffentlich zugénglicher Daten Kai Mainzer,
Lehrstuhl fir Energiewirtschatt, 11P
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Methodik i
Potenziale fur Biomasse

%% Energy System Data Retrieval - 20151110_172915 _Karlsruhe

AT

Karlsruher Institut far Technologie

=)

File Settings

I l ‘
| PVPotential | Landuse &BM Potential | wind Potential |

map

o A Oberwaid, | L |

. 4 « e / \
7/ /4 / ' Blankenloch ¥ /
Y anaesnare - / } /
plandeshoter ’'S \ J i /

4 ol 17 i /
¢ MineraloMerie. \ 4
71 'y Oberhein. gk £

MIRO Mineraloirary 4
Blankenioc}

-Werk'y’

\ /. Weingarten
Weingartener /"
Wiesental )/

dmilansau

Rheinstet‘tven / o . g T = StreetMap contributors

Overlays: [¥]border [¥] districts [¥] landuse wind turbine spacing elipses

manualy defined negative wind area | usable wind area

buildings [ ] steep slope areas g wind turbines power plants Background:

Region definition |
Settings
BM catchment area INUTS 3] Karlsruhe X
minimum size per area [m3] g o ) |
[ consider roadside vegetation
[ Run BM potential assessment
Results

(| weighted centroid for farmland:

|| weighted centroid for vineyard:

OpenStreetMap

[NUTS 3] Karlsruhe:
farmland: 2.695,59 ha on 357 separate Areas.

forest: 5.292,53 ha on 488 separate Areas.

meadow: 618,52 ha on 1015 separate Areas.

vineyard: 8,55 ha on 3 separate Areas.

cemetery: 76,93 ha on 45 separate Areas.

wetland: 18,02 ha on 10 separate Areas.
(48.99408417199838, 8.44

6616420060872)

weighted centroid for forest: (49.02710157799127, 8.4232
20537317336)

weighted centroid for meadow: (49.01735717388487, 8.4122

4110259292)
(49.00243201561086, 8.49
7254076834066)

27 districts have been determined for Karlsruhe. - calaulating area for wetiand...

® Flachenverflugbarkeit (Acker-, Wald-, Wiesenflachen)

® Minimierung Transportwege -> Standorte fur HKW, BGA

19.11.2015 Stadtische Energiesystemanalyse unter Verwendung 6ffentlich zugénglicher Daten

Kai Mainzer,
Lehrstuhl fur Energiewirtschaft, IIP



Beispielhafte Ergebnisse T Datenermittiung
Karlsruhe

Energy System Data Retrieval - 20151109_103311_Karlsruhe

File  Settings

AT

Karlsruher Institut far Technologie

o |

Neupotz,, H

/ ek

fenbach be|

Hatzenbihl.

Infrastructure BuldinaSample. || Eneray efficiency Rotential |
Region definition | Technologies | PV Potential | Landuse & BM Potential

Optimization
wind Potential

Wind potential calculation Setting:

[request_MERRA_Karlsruhe _lat43,007_lonG 404_2014-.

£ use netCDF wind data: not defined yet

main wind direction distance [8
other directions distance 5
distance to habitated arsas [1.500
maximum slope for brbines  [20
windpark efficiency 5%

manually defined negative areai Okm>  add cear

Choose turbine by (# minLCOE  ( max Yield (" max specific Vield [kh/m?]

Calculats Wind potential
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ingen Durmersheim / S \ Ecsgen
Iz, Néttingen = N
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L P Diater ey map data @ OpenstreetMap contribLtors

¥ buidings

Overlays: [ border [V districts [ landuse [V stespslope arsas [~ manualy defined neastive wind ares W usable wind area [ potential wind turbines [ existing wind turbines [ wind turbine spacing elipses [~ power plants  Background:

Wind potential assessmert results

ection: 245.0)
249 turhines loaded from datehase.
Gamesa G114

1308502.9416481407 m*

Best suited turbine(min LCOE):
Caleulated wind potential area:
(Gamesa G114)
Installable wind power: S000.0 kW
Yearly potential electricity generation:
0002E7 kih

LCOE: 0.0962241455598305¢ €/kWh

Placed 4 turbines

1.056650725000

Caleulating Wind potential for Hordweststadt
Determined local wind speed distribution (main wind dir
245.0)

249 turbines loaded from datshase.

Best suited turbine(min LCOE): Gamesa G114

Caleulated wind potential area: 0.0 m®

(Gamesa G114)

0.0 ki

ection:

Placed O turbines
Installable wind powver:
Yearly potential electricity gemeration: 0.0 kiWh

LCOE: D.09622414558983054 €/kWh

Total installsble wind power: 32000.0 kU

Total Yearly potential electricity generation (calculat
ed based on frequency distribution|: 4.226602900000001E
7 KWh

Total Yearly potential electricity generacion
calculated] : 6.502050846557404E7 kih

Average LCOE: 0.0962241455898305¢ €/kWh

(15min-re

EEG Anlagenregister:
S existing wind turbines

with 3111.0 kWp installed capacity
and 754.6 kUh/kWp average generation.

Ll

|OpenStreetMap

Draw electricity generation pattern

mpravement of geographical coordinates of EEG-Ankagenregister dane,

m PV
m Wind
BM
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Beispielhafte Ergebnisse T Datenermittiung
Stuttgart ﬂ(".

Energy System Data Retrieval - 20151110_133503_Stuttgart [
File  Settings

mapl Infrastructure , BuidinaGample. | EnevfyEfflcler\tyPnter\t\al | Grtimization

Redgion definition | Technologies  PY Potential | Landuse & BM Potential | ‘wind Potential
Surface Tik cateqories:  [0,20,35,50
S

i i Surface zimuth categories:|[0,45,50,135,180,225,270,315
. Kornwestheim Siclnaen = i |

A [-Roof Caleulation Settin
\j/ f Hegnach / a
Kmwesthei Sud Hanweiler PY assessment area Stutkgart
N

Eberdingen

Remseck am [ Irradiance Setting:

~Winnenden
Neckar e & H

Schwieberdingen
LN

Schwaikheim

=3

Radiation data csv: 2014 _15mi

- Hemmingen Hohenacker

(
., \ =
= p

Manchingen, Mullerbeim

Schelmenholz Birkr)

flak rocf share [%:] 3
usable share of Flat raof area [%] e, 7%

J
Stuttgart-Zuttentiause |
17 JNEUSIATE e oD

Oeffingen Karb
Walblingen Naraart) average slanted roof angle [*] 40,50

Hirschlanden

’
Y Schockingen
5

Schmiden || standard deviation of slanted roof angle [<][5,00

/
\Waiblingen

Kleinheppach usable share of slanted roof area [%] I57,8%

o minimum surface to consider [m2] 15,00

Beinstein i i
[ query buildings per district?
Fellbach Felachain GroBheppach

R/

i = ! i Calculats: PY potertial
We

einstadt -~ _————, | Roorarea results

z, 120,81 w*;
NUO => 76, 4.733,04 m*;
Kernen im Remstal U 0 => 56, 2.372,91 m*;
3.136,15 m*;
2.340,26 m®
strimpfelbach SEO0 =» 87, 4.023,82 n*:
1
2
5

d Gebersheim
Rutesheim Haldengebiet

Rommelshausen
L1198 Beutelsbach

Leonberg

Gerlingen

. Ramtel
Stetten schnait

Eltingen
49,50,

b Wes!
regnberg-West
48,

19 H

Aichelberg E O = 42, 1.680,99
.270,02 wt;
47,4 m*;

Leepberg-Ost
e X

Ll Lobenrat. N0 = 1z,

:nningen '

Magstadt

Obertal
Warmbronn total numbers for Stuttgart:

0 | buildings: 94.550 (2.772 tagged residential)

roof surfaces: 169.217

usable roof area: 14.733.885,23 m*

77412 official residential buildings in Stuttgart (OSH
provides 94950 = +22, 66%) zl
electricky generation assessment results

Krummhardt
Waldenbronn

Hohenkreuz.

Liebersbronn
Esslingen am
Neckar Hegensberg

L1189 [ ag | W ot ioe i N A A . R ey S . il pliensauvorstadt oL TR B L1150 B | FoRes soeaas = T =S
PI‘E”SEUVDrSt?dl\beregs\ingen | South-oriented: BSE6996.174875496 kih/a ;I
Zoliberg $ 5O0: Total: 3410387.4315711553 Kih/a
Zell_——— arvach South-oriented: 3410387.4315711553 Kb/ &
/ e SUSO: Total: 6496960.7544061225 Kihia
coevtobeaoz S| South-oriented: 6496360.7544061225 KUL/a
F‘\D(h\ﬂg W 50: Total: 3315214.703285811 KWh/a
% | south-oriented: 0.0 KUh/=
o3| wuso: Tovsl: sasesse.is7esvizz Kunia
South-orienced: 0.0 Kh/a
Total for Stuttgsrt-Sid: 1.0103858572025433E8  kUh/a
South-oriented for Stuctgart-5id: 4.986935358588305E7
kUh/a
Total for Stuttgart: 2.1380887773295856E9 kWh/a
South-oriented for Stuttgart: 9.742940437040553E8
Kb/ a

Parksiediung

Maichingen L1188
Ostfildern

Nellinger

SiefingenOse
Boblingen st
7}

e
Ba6d Sindelfingen Scharnhausen

Darmsheim Denkenderf

Werna|

k1057 | . Panzertibungsplate
X T Neuhausen
auf den Fildern

» i Bernhausen

Overlays: [ border [ districts | landuse [V buildings [V steepslope areas [~ manually defined negarve wind sres W usable wind area W potential wind turbines [V existing wind turbines W wind turbine spacing elipses [ powser plants Background:

|0penstreetMap Draw elactricity generation pattern

|wind electricity generation patential profile calculation is dane.

m PV
m Wind
BM

11 19.11.2015 Stadtische Energiesystemanalyse unter Verwendung 6ffentlich zugénglicher Daten Kai Mainzer,
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Beispielhafte Ergebnisse T Datenermittiung

Wolfhagen

Energy System Data Retrieval - 20151110_162107_Wolfhagen

File  Settings

AT

Karlsruher Institut far Technologie

o |

Horf

L3198 o=

L3198

assennausen .
Helsen -
d

~ Neu-Berich

f( Bad Arolsen ene ot

|
37 . Litersheim
B4l Wetierholz
Mengeringhausen

Sehiwal

Braunsen

Landau

Volkhardinghausen
Elleringhausen g

Nieder-Waroldern {
Ober-Warokiem e

Dehringhausen

Freienhagen

Hbringhausen

L3u8 L3215

ringhausen

Sachsenhausen Naumburg (Hessen)

L3083 %

L5

Overlays: [ border [V districts [ landuse [ buildings [V stespslope arsas [ manually defined neastive wind ares

Breuna

Altenstadt.

Hohentorn ¢

Malsburger
Wald'

Escheberg

Balhorn

Elbenberg -

[V usable wind area [V potential wind turbines

Laar
Meimbressen

Ehrsten

Firstenwaki

Dérnberg

Martinhagen

Ereftenbach

Elgerchausen

Eimshagen |

\ P

i
fLangenberge .

Niedenstein

weimar
L}

Calden

Sct

£

Kammerberg

Heckershaus|

B 251

Neuholland

Grofenritte

i GG

Gpfirrization

Redgion definition | Technologies  PY Potential | Landuse & BM Potential | ‘wind Potential

~Irradiance Setting:

Infrastructure , BidnaSampE. | EnevfyafflclentyPnter\t\al |

Radiation data csv:

2014 _15mi

0,20,35,50

Surface il cateqories:

Surface fdimuth categories:[0,45,90, 135, 180,225,270,315

Roof Caleulation Setting:

PV assessment area
flak rocf share [%:]

usable share of Flat raof area [%]

[wolfhagen
5%

26, 7%
40,50
5,00
[57,8%
15,00

average slanted raof angls [°]

standard deviation of slanted roof angle [°]

usable share of slanted raof arsa [%]

minimum surface to consider [m=]

I~ query buldings per district?

Calculate PY potential

Hari|

Bergpark o Xy
Wihelmshetie:

=t

Bad Wilkelm)

Habichtswald g

Si
Natwrschul
Brasselsberg 6

%

Altenbauna

Baunaga\’

Baunat
Kirchbauna

map data @ OpenStreetMap contributors

¥ existing wind turbines

¥ wind turbine spacing lipses

I poweer plants  Background:

results

3, 245,82
4, 217,68
106,02

Roof area

T 35
5735
S 35 =»
E 35 =» 3,
NE3S => 4,
N 35
o=
sU0 =»
s 0=

w*

m?;

m*;

1, 452,13 m*;
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