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Karlsruher Institut fir Technologie

EinflUhrung & Motivation

B Wettbewerb ,Energieeffiziente Stadt”
B 5 Stadte erproben Konzepte zur Steigerung der Energieeffizienz

® Begleitforschung IIP: Querschnittsauswertung, Charakterisierung der
verwendeten Modelle und insb. Bewertung der Ubertragbarkeit, damit
Ldsungen auch auf andere Stadte Ubertragen werden kdnnen
» Benotigte Daten flr die einzelnen Modelle sind tblicherweise nicht
verfugbar: Dateneinkauf (z.B. Sinus-Milieus), eigene Erhebungen,
Kooperationen mit Stadtwerken 0.4. die nur im Einzelfall mdglich sind

® FUr Gbertragbare Modelle mUssen daher frei verfligbare Datenquellen
genutzt werden

B Viele Daten sind nicht direkt vorhanden, kbnnen aber aus frei
verfugbaren Daten abgeleitet/berechnet werden

GEFORDERT VOM
* Bundesministerium
6o fiir Bildung

und Forschung

J Forderkennzeichen 03SF0415B
w e
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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
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Methodik - 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 —

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 —
Potenziale fur Photovoltaik ﬂ(".

7z Energy System Data Retrieval - 20150902_100625_Karlsruhe = =
File Settings

old map | new map | ]

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

Irradiance Settings
Radiation data csv: 2014_15min_49.0069_8.4037_Karlsruhe.csv -
Surface Tilt categories: 0,20,35,50

|

|

I

I

|

I

PV Electricity Generation Potential

Surface Azimuth categories:|0,45,90,135, 180,225,270,315

Roof Calculation Settings

PV assessment area Karisruhe -
fiat roof share [2%] 9%

usable share of fiat roof area [%] 2,7%

average slanted roof angle (€] 0,5

32,000
30.000
28.000
26.000 standard deviation of slanted roof angle [%]/5,0
usable share of slanted roof area [%]  |57,8%
minimum surface to consider [m?] 15,0

24,000

22,000

Calculate PV potential
20.000 2 asth

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*;

18.000

16.000

le Generation [kW]

14.000
12,000
10.000
8.000
6.000

4,000
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

2.000

0
01.01.2014 00:00 01.03.2014 00:00 01.05.2014 00:00 01.07.2014 00:00 01.09.2014 00:00 01.11.2014 00:00 01.01.2015
Date

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

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

I Kin/a

Total for Karlsruhe: 1.420590662998874E9 Xih/

a

~N

South-oriented for Karlsruhe: 6.317236987541991E8
kiWn/a

) ap data @ ¢ l ;
Overlays: ] border V] districts landuse ] buiings Background: Virtual Earth satelite -
electricty generation potential calculation is done.

® Berechnung verfligbarer Dachflachen
® Einstrahlungssimulation der direkten & diffusen Globalstrahlung

( Draw electricity generation pattern
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Karlsruher Institut far Technologie

Methodik —
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
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Methodik —
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
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Beispielhafte Ergebnisse — 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

o, . Friedrichstal
Kaeswerk, 4 3 ¥
esherk Hardtwald Biichenau ! e k)
J“,ckg”m 2 Leapoldshafen = Stutensee
| Helmsnecm\
L840 Obergrombach
Jockgrim
= Jlnrﬁ;' Mercedes Beriz Tor] Gondy|
Werth'am Rhein Mingartant e
K15 %.-[.\‘,q.w.;
B9
/—)oh\ingen
i Walzbachtal = |
Blichelberg Hagenbach’ ——— =Dirrenblichi
i wissingen
N Sy
L5%6 Berghausen e
‘Widschbach Grol
B9 A - wi
o ;
~Neuburg am Pfinztal
Rhein & Salirgen
- Berg (Pfalz) 5
= o - Forchheifm
. " L
Lauterbourg 7
4 Neuburgweier i
I Rheinstetten
Kleinsteinbach Konigsbach
7 Mérsch Silbefstreifen Stein
u Singen /
Rhéinpiederyng) N
Au 3m Rhein Iy
D248 - B35 7 Willerdingen Bifingen’
> Mutschelbach :
¥ Wirmersheim - — Remchingen Kamplelbach 80
ingen Durmersheim / S \ Ecsgen
Iz, Néttingen = N
ruchhausén A

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,

mPV
® Wind
BM
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Beispielhafte Ergebnisse — 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.

mPV
® Wind
BM
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Beispielhafte Ergebnisse — 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*;

total numbers for Wolfhagen:

buildings: 1.545 (25 tagged residential)
roof surfaces: 931
usable roof area: 139.763,47 m*

3694 official residential buildings in Uolfhagen
rovides 1348 = —43,97%)

electricky generation assessment results

(osn pj

2l

KUh/a
0.0 KUh/a

SESO0: Total: 0.0
South-oriented:
5 50: Total: 42627.31481406041 KUh/a
South-oriented: 42627.31451406041
3WS0: Toral: 22712.98934148269 KkUh/a
South-oriented: 22712.98934148269

W 50: Total: 19614.963742924017 kiWh/a
0.0 KUh/a

kKUh/a

KWh/a
368657.46766347263 kifh/ &
200287.14163615395

K/ a

kUh/a

South-oriented:
NUSO0: Total: 0.0
South-orisnced: 0.0
Total for Altenhasungen:
South-oriented for Altenhasungen:
kUh/a

Total for Wolfhagen:
gouth-oriented for Wolfhagen:

1.7986299414950605E7 kWh/a
8052351.986603059 kWh/a

|OpenStreetMap

Draw electricity generation pattern

|wind electricity generation patential profile calculation is dane.

12 19.11.2015

mPV
® Wind
BM
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Beispielhafte Ergebnisse — Datenermittiung
Mlunchen ﬂ(".

0151111_113220_Miinchen

Karlsruher Institut far Technologie
Energy System Data Rel

[_]
File Settings
map | Infrastructure BuldinaGamaE Eneray efficiency Potential | Optirization
X = vattiau [ v ] / 7 Region definition | Technologies PV Potential | Landuse &BM Potential | Wind Potential
. eaksweis Gnding éoberschlellshebm Garching bei/ LA Irradiance Settings
X Garc scherhagser
I Lustheim Hochbricck. _~"Miinchen J Radiation data csv: 2014_15min_48.1351_11.582_Munich.csv |
Feldgeding s b ' Eicherior| | Surface Tilt categories: 10,20,35,50
4 Schwelzecholz | Surface Azimuth categories:[0,45, 90,135, 180,225,270,315
A8 ) Bam
527 P i / Roof Calculation Settings
> % | PV assessment area Manchen |
J Ismaniné flat roof share [%] 9%
/ =20 usable share of Flat roof area [%] 26,7%
HevEsg a / average slanted roof angle [°] 140,50
a_a Dreieck Minchen-Eschenied
en A8 § standard deviation of slanted roof angle [*]|S,00
e W Ba71 usable share of slanted roof area [%] 57,8%
e Olching minimum surface ko consider [m?] 15,00
X Landsham Moos || [ query buildings per district?
~ M3
Grobenzell " 3
Via N\ Calculate PV potential |
- ot | BT ek
/\_\ \ N 20 => 7, 393,38 m*; El
g A - & He " Kirchheim bei = 5
Puchheim-Bahnhof 3 : S g S NUO => 86, 3.817,2 m*:
Eichenau s it L # i Aschheim 1,5‘ 35, 1.454,33 n*;
1 Ricweim Grub) 139, 6.635,97 m*;
AN 3 60, 2.783,7 m*;
23 Heimstetten~ 116, 5.150,44 m*;
5 Sa E 0 => 36, 1.385,05 m*;
) rna \ ;
82 b elrOn 5 4 oy s Waher 0% el |NEO => 54, 2.079,85 m*;
Feldkirchen Kitiiz Mind “|lw o 16, 512,27 m*;
Par| |
Aling total numbers for Minchen:
buildings: 156.064 (12.957 tagged residential)
\ |roof surfaces: 260.969
usable roof area: 29.548.878,15 m®
139853 official residential buildings in Minchen (OSH pro
vides 156064 = +11,59%) ZI
9 _electricity generation assessment results
-t T T T =
Pz y _— A (el [ Gi/aterstetten || S 597 Total: 3691209.910057011 kih/a H
g Kreuzlinger ~/Planegg E B B0% } i = South-oriented: 3691209.910057011 kWh/a
PR Forst Krailing W y - 3 » 5 Bkl 5yS0: Total: 5446868.806959754 kWh/a
3% = 5 South-oriented: B8446868.806959754 KUh/a
\ || s0: Total: 2851408.9966239985 kih/a
A ' ||south-orienteda: 0.0 kWh/a
TR \ ||wvso: Total: 4985685.544014021 KkWh/a
L 3 .| south-oriented: 0.0 Kih/a
\Waldkolonie 3 b2 5
{ Park 4 || Total for Bezirksteil Waldtrudering: 1.0847195082929477E8
¥ e i
4 ? 4 ] ot AR KWh/a
Unterbrunn Quling y /4 \Unterhaching % e B T ) South-oriented for Bezirksteil Waldtrudering: 5.622699057
GeiselgasteR\ \Perlacher o geretior west =T O U b S |7360936E7 KUh/a
Konigswiesen Buchendsrt { Forst 3 \ Remedae ¢ Lo Hahausen || Toral for Minchen: 4.0481391088788114ES kWh/a
poady ""“"""'/ s Y map data © OpenStreetMap contributors || South-oriented for Minchen: 1.5633599140602067E9 k
) Wactarham - |
h/a
Overlays: [V border [V districts [V landuse [V aative wind area ewindarea [T tialwind burbines. [ existingwind burbines: [ wind turbs qelipses [~ power plants Background:
OpenstrestMap N Draw electricity generation pattern
¥ electricity generation profiles export done. - calculating area for wetland...
B Wind
13 19.11.2015 Stadtische Energiesystemanalyse unter Verwendung offentlich zuganglicher Daten Kai Mainzer,
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Beispielhafte Ergebnisse — Datenermittiung
Sasbachwalden

=] Energy System Data Retrieval - 20151111_114237_Sasbachwalden
File Settings

map

AT

Karlsruher Institut far Technologie

[=|o =

[ mfrastructure |

schwarzkopfl,| |

A N - map data @ OpenStrestMap contributors

Overlays: border districts landuse buildings steep slope areas existing wind turbines

manually defined negative wind area (] usable wind area [ potential wind turbines wind turbine spacing elipses

OpenstrestMap v

Region definition | Technologies

Irradiance Settings

PV Potential | Landuse &.BM Patential | Wind Potential

V,' - by ¥, - W Radiation data csv: 2014_15min_48.5734_7.7521_Strasbourg.csv v
i i i) X i ‘Ho(;k:; e Ll | sufaceTitcategories:  |0,20,35,50
h 1039 N‘?‘\ M __® i Surface Azimuth categories:|0,45,30,135, 180,225,270, 315
| TR~ Roof Calulation Settings
A | PV assessmentarea Sesbachwalden v
KRS | fat roof chare [%] 3%
a L R | | cable share of flat roof area [%] 26,7%
average slanted roof angle [] 40,50
standard deviation of slanted roof angle [4]/5,00
usable share of slanted roof area [%]  |57,8%
minimum surface to consider [m3] 15,00
[ query buildings per district?
Caictiate PV potential
Roof area assessment resuts
NE20 => 1, 15,11 m*; ~
HWO => 8, 418,63 m®;
WO =>7, 413,28 m*;
SWO => 14, 618,93 m=;
5 0 => 10, 526,23 m®;
SEQ => 1%, 766,63 m®:
E 0 =>3, 174,66 m*;
HEQ => 7, 536,57 m*;
MO =>4, 201,3 m;
total numbers for Saskbachwalden:
buildings: €53 (31 tagged residential)
roof surfaces: 1.193 =
usable roof area: 100.588,21 mf
692 official residential buildings in lden (O
SM provides 653 = -5,64%) v
electricity generation assessment results
South-oriented: 877448.274300617 WWh/a ]
5 50: Total: 762790.6463636163 kWn/a
South-oriented: 762790.6463636163 ¥Wn/a
SW50: Total: 720146.6526650023 kWh/a
South-oriented: 720146.6526650023 XWn/a
W 50: Total: €84615.2982374435 kWn/a
South-oriented: 0.0 kWh/a
NWSO: Total: 544917.9681940746 kiln/a
South-oriented: 0.0 Kin/a
Total for Sasbachwalden: 1.4499612641048357E7 kKiWh/a

[] power plants Background:

South-oriented for Sasbachwalden: 6886167.180869387
kith/a

Total for Sasbachwalden: 1.4499612641048357E7  kiWh/a

South-oriented for Sasbachwalden: 6886167.180869387 =
kith/a

| Draw electridty generation pattern

PV electricity generation profiles export done.

mPV
® Wind
BM

14 19.11.2015 Stadtische Energiesystemanalyse unter Verwendung 6ffentlich zugénglicher Daten
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Beispielhafte Ergebnisse — Datenermittiung
RuUgen

AT

Karlsruher Institut far Technologie

5% Energy System Data Retrieval - null | = | o =
Eile Settings
map | nfrastructure |
|| Region definiton | Technologies | PvPotential | Landuse &BM Potental | Wind Potential
¢ | vind potental calautation Setings
S\ f i request_ MERRA_Fehmarn_lat54.460_lon11.134_2014... v
/ \

Fugpie
Stratsund

map data © OpenStrestMap contributors

usable wind area potential wind turbines

manually defined negative wind area existing wind turbines wind turbine spacing ellipses power plants Background:

Openstrestivap v

() use netCDF wind data: [
MERRA data windspeed height | 10

not defined yet

Turbine lifetime 20
main wind direction distance 8
other directions distance 5
distance to habitated areas 1.500
maximum siope for turbines 20
windpark efficiency 5%

manualy defined negative area: 0km?

[ calulate wind potential per district?

Choose turbine by: (®) minLCOE () max Yield () max specific Yield [kWhjm?]

‘ Calculate Wind potential

Wind potential assessment results

Enercon EE2 E2 (54.66645, 13.362266) -~
Enercon EES2 E2 (54.5914801, 13.2843522)
Enercon EES2 E2 (54.3411622, 13.1398369)
Enercon EB2 E2 (54.3387489, 13.2847879)
Enercon E82 E2 (54.4763436, 13.3073756)
Enercon E82 E2 (54.475034, 13.3093887)
Enercon E82 E2 (54.6525185, 13.2855794)
Enercon E82 E2 (54.5125433, 13.55486)
Enercon EB82 E2 (5%.3439301, 13.1401405)
Enercon E82 E2 (5%.476075, 13.2867705)
Enercon EB82 E2 (5%.3447338, 13.1371255)
Enercon EB2 E2 (54.2860659, 13.2604863)
Enercon EE2 E2 (54.4796288, 13.2969321)
Enercon EE2 E2 (54.6621304, 13.3471628)
Enercon EB2 E2 (54.663361, 13.3256255)

Calculated wind potential area: 5182914.1765242275 m*
Placed &7 turbines (Enercon E82 E2)
Installable wind power: 134000.0 kW
Yearly potential electricity generation: 4.37583084437
SES kin

LCOE: 0.04274840735878988 €/kih

Total installable wind power: 134000.0 kW
Total Yearly potential elsctricity generation (calcula
ted based on freguency distribution): 4.375830844375E8
Kin

Total Yearly potential electricity generation
ecalculated): 5.441605782302172E8 kWh
nverage LCOE: 0.04274840735878988 €/kWh

(15min-r

‘ Draw electricity generation pattern

PV electricity generation profiles export done.

m PV

B Wind
BM
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Beispielhafte Ergebnisse — Datenermittiung
StralRburg ﬁ(".

i Energy System Data Retrieval - 20151111_152103_StraBburg - | & -
File Settings
map Infrastructure | | I |
7 e R i e = oF | Region definition I Technologies I PV Potential I Landuse & BM Potential | Wind Potential
Dingsheim ' Wind potential calculation Sett
iutzheim-Offenheim / + e ind potential calculation setings
Niedertiausbergen! [ Leutes) can d request_MERRA_Strasbourg_lat48.573 _lon7.752_201...
3 i ain Li — .
b - Bxgng«. d i () use netCDF wind data: | not defined yet
L L Mi;telhausbergen L MERRA data windspeed height |10
off v Turbine lifetime 20
| D228 - Zeroshofen |
v Oberhausbergen Auenhelm < | main wind direction distance 3
Oberh, ot Bodeiswabr other directions distance 5
| distance to habitated areas 1.500
122 maximum slope for turbines 20
Waolfisheim 3 B . g / o e Querbach :,- windpark effidency 85%
Y B 36 -.F manually defined negative area: 0km?2
== Arhenhei
Sl [] caleulate wind potential per district?
- s s Kehl Choose turbine by: min LCOE () max Yield () max specific Yield [kwh/m?]
it : Viiolfsgrube | Calculate Wind potential
Holzheim Odalkshofen Wind potential assessment results
Calculating Wind potential for Strasbourg ~
Determined local wind speed distribution (main wind di
5 rection: 242.0)
; w'"“a_ﬁ 249 turbines loaded from database.
Best suited turbine (min LCCE): Gamesa G114
Calculated wind potential area: 236052.77674292983 m* =
Eckartsweier :
Placed 3 turbines (Gamesa G114)
Matien Installable wind power: €000.0 KW
¥Yearly potential electricity generation: 4906816.4625
Hesselhurst
F kWh
LCOE: 0.14310777157991158 £€/kWh
Galdscheuer 4
map data @ OpenStrestMap contributars
Overlays: border districts landuse buildings steep slope areas manually defined negative wind area usable windarea || Total installable wind power: &000.0 kW o
Tt nl Wemwler sk emeial adanted mdieee cmmamntdan  fmndoaesda
potential wind turbines existing wind turbines wind turbine spacing ellipses power plants  Background: | OpenStreetMap W Draw electricity generation pattern
\n\lind__e_l'eciricit}-I generation potential profile calculation is done.,
H PV
H Wind
BM
16 19.11.2015 Stadtische Energiesystemanalyse unter Verwendung 6ffentlich zugénglicher Daten Kai Mainzer,

Lehrstuhl fur Energiewirtschaft, IIP



Beispielhafte Ergebnisse — Datenermittiung

Nizza

AT

Karlsruher Institut fir Technologie

Energy System Data Retrieval - null -7
File  Settings
map | Infrastructure
Region definition | Techrologies I PY Potential I Landuse & EM Potential  'Wind Patential
o Wind potential calculation Settings
/ - (ol i |request_MERRA_Rom_lat41,303_lon12,496_2014-01-... |
i =
Galttiéras Colomars Cantaron, = use netCDF wind data: ok defined yet |
rJ:rap MERRA data windspeed height |10
n Turbine lifetime 20
Saintjeannet Rl e lona T
- ' La Trinite 56 57 main wind direction distance [
= 2 other directions distance S
e distance to habitated areas 1.500
s Planas o ) maximum slope For turbines 20
{54 Rimiez Eze
|| = ‘ windpark efficiency 55
Vence La Gaude il : Eze-BordTe-Mer T ]
E‘a'?r Maurice ¥ S Er manually defined negative area: 0 km? add | clear |
| A .
/7 I~ calculate wind potential per diskrick?
Mg P Beaubeu-sur-Mer
\ / Choose turbine by & min LCOE € max Yield € max specific Yield [kiwhimz]
Saint-Paulde-Vence M 62412 bis Caleulate Wind patential
A At R o Wind potential assessment resulks
aint-jean-Cap-Ferra
rLoup Calculating Wind potential for Nice =
D36 Determined local wind speed distribution (mwain wind dir
ection: 145.0)
51 . 249 turbines loaded from database.
Saint-Laurenk-du-Var- & % Best suited turbine (min LCOE]: Gemesa G114
il T fa s Calculated wind potential area: 12755.0296916665955 m*
e N
CaQ“E‘S_:SUTTMEF’ =P v 3 Placed 3 turbines (Gamesa G114)
r T W Installable wind power: 6000.0 kW
Willanauva Louber % ) . )
W74 AN b Tearly potential electricity generation: 6976925.557499
/ W 999 kih
36@?’ ot RN Y LCOE: 0.10858071992802373 €/kWh

v Lot F\"u(.t‘ v
44 map data © OpenStreetMap contributors

¥ landuse  [v buildings ¥ usable wind area

|

Ovetlays: v border [ districts || steep slope areas [~ manually defined negative wind area

¥ potential wind turbines v existing wind turbines [ wind turbine spacing elipses [~ power plants  Background: IOpenStreetMap

Total installsble wind power: 6000.0 kW
Total Yearly potential electricity generation (calculatLI

Draw electricity generation pattern

wind electricity generation potential profile calculation is done.

mPV
® Wind
BM
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Methodik — Techno-6konomische Optimierung ﬂ("'
des stadtischen Energiesystems

||||||||||||||||||||||||||

— 2020 —_— —_— 2050 8 Modelljahre,
72 Zeitscheiben

||||||||||||||||||||||||||||||||||||||||||||||||||||

Kohle, Gas, Biomasse, ...
Stoffimport .
Strom I_ Modellbilanzgrenze Stadt
— | | | | | | | | | | L _ | | | | | | | | | | \
UEEIC 7 Infrastrukt Stromnetz' \
b : nfrastruktur - Fernwarmenetz
0konomische { e |
Parameter \é?__. _________________________ I e e S
. X
- Technische | ,@§/ : |
T - , I
Verfiigbarkeiten IQI( Gebaudetyp 1 : I
+ Investitionen, | | Energiewandlungs- : Energiewandlung, " I
Import-, fixe und I ; : I
vafiable Kosten I i — teChnO..Ioglen’ > 2.B. Biomasse- ' I
! L2, LR TUEIIIE, - Heizkraftwerk I I
. i Halogenlampe I
! 4 l |
: Nachfrage nach 1
I 1 Energiedienstleistungen Lokale EE-Potenziale : I
! 1
| | * Flachenverfugbarkeit : I
: ¢ Klima !
[ I [
1
|| - Globalstrahlung i |
I « Temperaturen :
N I |
\\ b
\ N ammmmmernnnnnn e e e e e e e e e e e e e e e A /
~ | | | | | | | | | | | | | | | | | | | | | | ’
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Beispielhafte Ergebnisse - Optimierung

KIT

Karlsruher Institut far Technologie

® Landau in der Pfalz: 43.000 Einwohner, 10.500 Wohngebaude
B Starkes Engagement lokaler Akteure: ,Energiekonzept Sudpfalz®

7 Energy System Data Retrieval - 20151109_114652_Landau
File Settings

| map

Flemingen

Frankwedes,

T Hecheiheim
¥ z {CXD)
Overlays: [V|border (] districts (] lenduse ¥ buidings (¥ steep slope areas renusly defined negative wnd srea

calouating electriity generation potential.

19 19.11.2015

waknern,

Essngen

Stadtische Energiesystemanalyse unter Verwendung 6ffentlich zugénglicher Daten

Lol 6
Infrastructure | |
Region definition | Technologes | PV Potentisl | Landuse &8MPotental | Wind Potental
roreh Iradance Settings
|| Radiston data csv: 2014._15min_49.1589_8. 1186 _Landau.csv -
Surface Tit categories: 0,20,35,50
Gz Surface Azmuth categories: 0,45,30, 135, 180,225,270,315
| Roof Cakulation Settngs
PV assessment area Landau n der Pfalz -
fiatroof share [%] 5%
_—41 | usable share of flat roof arca [%] 2,7%
¥ " || average santed roof ange [] 0,5
standard deviation of slanted roof angie [7] 5,00
usable share of santed roof area [%]  |57,6%
- mirium urface o consider m1) 15,0
o ! query buidngs per distrct?
1 1 £ Calcidate PV potental H
Roof area assessment resuits
E 20 => 6, 41
r ¥ 20 => 3,
—f
Oftentach an
der Queich
total numbers for Landau in der Pfalz:
buildings: 10 75 tagged residential)
roof surfac
2500
2000
1500
-
1000 1

Anderer Gebdudetyp
Gereihtes Haus
Doppelhaushilfte
Freistehendes Haus

1995 2001 2005
2000 - 2009
2004 2008
und
spdter
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Beispielhafte Ergebnisse — Optimierung
Referenzszenario

® Moderater Anstieg der Brennstoffpreise
® Keine Emissionsminderungsziele

Stadtische Energiesystemanalyse unter Verwendung 6ffentlich zugénglicher Daten

AT

Karlsruher Institut fir Technolo gie

Kai Mainzer,
Lehrstuhl fur Energiewirtschaft, IIP



Beispielhafte Ergebnisse — Optimierung

Referenzszenario

KIT

Karlsruher Institut far Technologie

100%
90% -

mdistrict_heating
80% -

HEEEEEE
LN EEEEEE e
il B E N BB e
50% - mheat_pump_air
gl HH H H H B B e

EEEEEEE -
30% - .

. . . . . . W electric_storage_heater
I EEEEEE B S
~A1ITNERRNN ™™
0% -

2015 2020 2025 2030 2035 2040 2045 2050

B Gaskessel und Warmepumpen
werden bevorzugt eingesetzt

100% -
00% BE_KFWS55
BE_KFW70
80%
" BE_KFWS8S5
70% 7 = BE_NEH
60% HBE
sos | " BE_|
[ |
0% BE H
HBE G
30% |
HBEF
208 7 mBEE
10% - mBE D
~ 0 H H H B N NN ..
2015 2020 2025 2030 2035 2040 2045 2050

100% -

i EEEEEER
MIiEEEEEER

ol B HEEEEE B
60% - W appliances_A++
50% - W appliances_A+

HEHEEEERE e
0% appliances_A

EEEEEEE -
30% -

EEEEEEN RS
i EEEEEER
MIEEEEEER
0% -

2015 2020 2025 2030 2035 2040 2045 2050

® Keine “aktive” Gebaudesanierung

2015 2020 2025 2030 2035 2040 2045 2050

mreference scenario W German emission reduction targets

B A++ Geratestandard am
weitesten verbreitet

® Emissionsminderung nicht

ausreichend zur Zielerreichung

» Zu geringe Investitionen in nachhaltige Technologien => Ziele nicht erreicht

22 19.11.2015 Stadtische Energiesystemanalyse unter Verwendung 6ffentlich zugénglicher Daten Kai Mainzer,
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Beispielhafte Ergebnisse — Optimierung ﬂ("'
Emissionsminderungsszenario

m appliances_A
M appliances_B

M appliances_C

100% 100% -
BE_KFW55
90% 90% | -
w district_heating BE_KFW70
80% - CHP_gas_large 80% - = BE_KFWSS
70% A w CHP_gas_small 70% mBE_NEH
60% - = heat_pump_sole 60% - WBE_J
509 - ® heat_pump_air 50% - WBE_I
40% - -pe\letsiboiler - 40% - mEEH
_— ® gas_condensing_boailer 0% | MBE_G
m electric_storage_heater MBE_F
20% - !
= oil_boiler 20% | mBE_E
10% A m gas_boiler 10% - IBE7IZ)
0% - 0% -
o BE_C
2015 2020 2025 2030 2035 2040 2045 2050 2015 200 2025 2030 2035 2040 2045 2050 "
® Verstarkte Nutzung effizienter m Aktive Gebaudesanierung auf
Warmepumpen effizientere Standards
HEEEEN o BAU ERS
HEEEEEERN 2, E,
. . . m appliances_A+++ =30 "
m appliances_A++ B e —
= = = ® appliances_A+ »

. . . . . - . 2015 2020 2025 2030 2035 2040 2045 2050 2015 2020 2025 2030 2035 2040 2045 2050

mEmissionsCosts = importFlowsCosts = intermediaryFlowsCosts ™ LandUszCosts ® LocalsourcingCosts
2015 2020 2025 2030 2035 2040 2045 2050 ts T i idCosts M UnitsFixCosts Unitsinvestment Annuities

_ _ ® Hohere Investitionen werden (teilweise) durch
B Gesteigerter Anteil der geringere Brennstoffkosten ausgeglichen.

effizientesten Gerateklasse A+++ Gesamtkosten: +4.88%

» Ein Entwicklungspfad, der die Erreichung der Ziele der Bundesregierung ermaoglicht,
kann mit vergleichsweise geringen Kosten erreicht werden

24 19.11.2015 Stadtische Energiesystemanalyse unter Verwendung 6ffentlich zugénglicher Daten Kai Mainzer,
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Beispielhafte Ergebnisse — ﬂ(".
Szenarienvergleich

® Emissionsminderungs- vs. Referenzszenario:
® CO,-Emissionen: -37,5%
® PM,,-Emisisonen: -38,7%
® Energieimporte: -23,4% (v.A. Gas)
® Gesamtkosten: +4,88% (entspricht 121 €1CO,)

40%

20%

0% -

-20%
mCO2

= PM10

-40%

-60%

-80%

-100%
2015 2020 2025 2030 2035 2040 2045 2050
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Kritische wiardigupg =5 ot

Perfekte Voraussicht: keine Unsicherheiten
Makro-6konomische Perspektive: nicht zwingend tbereinstimmend mit
Perspektive(n) der lokalen Akteure

® (beschrankt-rationales) Verhalten einzelner Akteure nicht bertcksichtigt

Keine Aussage, wie der optimale Pfad angereizt werden konnte
Unberlcksichtigt:

® Subventionen und andere politische Anreize

® neue Technologien

Informationen zur Energie-Infrastruktur sind meist stark eingeschrankt,
modellendogener Infrastrukturausbau macht vor diesem Hintergrund
wenig Sinn

Sensitivitat in Bezug auf Qualitat der Eingangsdaten bisher nicht
ausfuhrlich quantifiziert
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Zusammenfassung und Ausblick o ‘(IT

Modelle zur stadtischen Energiesystemanalyse mussen frei verfligbare
Daten verwenden, um universell Ubertragbar zu sein

Viele Daten kénnen aus frei zuganglichen Quellen abgeleitet werden

Auf dieser Basis wurde ein Optimierungsmodell zur Analyse stadtischer

Energiesysteme entwickelt, welches eine hohe raumliche und zeitliche

Auflosung abbildet und sowohl angebots- als auch nachfrageseitige

Technologien optimiert

Anwendung des Modells in einer Fallstudie zeigt mdgliche Ergebnisse:
® Emissionsminderungsziele werden im Referenzfall nicht erreicht

® (kosten-)optimaler Investitionspfad zur Erreichung der Ziele konnte aufgezeigt
werden

Weitere Arbeiten:

® Weiterentwicklung der Bestimmung von Potenzialen flr EE
(z.B. Auswertung von Satellitenbildern zur Erkennung von Dachformen)

® Abbildung weiterer Szenarien (z.B. bzgl. Preis- und Technologieentwicklung)

® Anwendung fir weitere Fallstudien, Vergleich der Ergebnisse und
moglicherweise Ableitung von generischen Aussagen fir bestimmte
kommunale Profile

® Implementierung von Sensitivitatsanalysen
® Fortschreibung der technischen Entwicklung

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