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0) Introduction
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Munich's temperature, sun, rain and days with rain
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What is happening aroundsolar energiean Munich —
An Overview (1)

Munich Solar Initiative (SIM)

Project ,Solar Based District Heating Network (Solare Nahwarmeat
Ackermannbogen“ (SNAB)

Solar Optimisation of Urban Land Use Planning

(Solare Optimierung der BauleitplanyngSOIENOP)
- at Domagkstral3e Project (2007)
- at Prinz Eugen Barracks (2010)

R+D - Freiham Neuaubing
(funded within the program ,National Urban Strateeblicies‘)

SWM Supplying 100% REN Electricity (2015 / 2025)

Les villes solaires : de la politique urbaine & la mobilisation citoyenne, Salon des Energies Renouvelables - Lyon Eurexpo, 17.02.11

Ramon Arndt, Planning Department, City Of Munich www.polis-solar.eu o)



£.APOLIS

What is happening aroundsolar energiean Munich —
An Overview (2)

 R+D: Bayerisches Zentrum fiur Angewandte Energie-forsisung
e.V. (ZAE)

« SOL POT (solar potentials) GIS webserver

 Thematic Fora (The different aspects of Solar...)

* Implementation of natl. ,thematic” Laws:
- Energie-Einspar-Verordnung (EnEV) (Building Code)
- Erneuerbare Energien Warme Gesetz
(defined obligatory amount of renevable heat in Bawdings)

 Greencity Energy GmbH - citizens funded solarparcs
Green City Energ¥rance SARL
Website:(http://www.greencity-energy.con)
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A) service technique de la ville:
chauffage urbain geothermique
100% Energies Renouvelables (alimentation en courant
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The public utility company (100% owned by city of MUC):
Stadtwerke MUnchen GmbH (SWM)

Innovations in “low carbon emmision” district heagin

combined heat and power plant

(combined-cycle plant IGCQ
Emm)>  Electricity

ca. 50%

, ‘S ) HEAT = s
__ ‘_‘"*" ® ca. 50% 1

District Heating
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Munich's
District Heating Network
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| Vorzugsgebiete (=Farbflachen Hintergrundbild)
] Laufende Erschlieftungsprojekte (beschlossen)
7 Untersuchungsgebiete
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Munich'‘s geological pre-condition

transection alpine upland (north to south)
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Munich’s first geothermal District Heating Network (1)

Geothermal heat supply in Messestadt Riem

Messestadt Riem

Férderbohrung fiir Warmwasser

Bohrlochpumpe
Warmetibertrager
Riickfiihrung fiir Kaltwasser

Umwalzpumpe

CLG CIOISIS)

Reservekessel

Thermalwasser fuhrende Kalksteinschicht (Malm)

\
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Munich’s first geothermal District Heating Network (2)
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«Aufsuchungsfelder flr Geothermie sind gesichert
«potenzielle Standorte flr Geothermieanlagen in Planung
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Warmebedarf in GWh
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A) service technique de la ville:
chauffage urbain géothermique
100% Energies Renouvelables (alimentation en courant
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Generation of electricity in Munich (1) Today

Total amount of power generation by SWM in 2009/10: >8 billion (Mrd. ) kWh/a [8.199
GWh in 2009]

Nuclear coal
2.4 Mrd. kWh/a 2 Mrd. kWh/a
31% 425 %

- \ gas
SaRSHige A2 Mrd. kWh/a
komentionelle | 42.5 %
Energien
4 75 Mrd. kWh/a
61%
\l Renewable solid wastes
Energies petroleum
70,6 Mrd. kWh/a 0,75 Mrd. kWh/a
8% 15 %
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Generation of electricity in Munich (2) Today

Water: Solar:
- 10 hydropower plant - several
- 2009: ca. 125 MW rooftop PV
(ca. 1 MW)
Geothermic:
- Supply of Heating Riem Biogas:
- electricity in Sauerlach - biogas plant in
(ca. 8 MW (2011)) Zoo Hellabrunn
(40 kw)
Wind:
- 1 Enercon Windmill
1,5 MW

- increase in efficiency and increase SWM Renevablésartfolio
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Generation of electricity in Munich (2) Tomorrow
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“The Local State of the Art 2009”

Contribution of the City of MUNICH, Germany to “gga” Electricity:

Statistics
- Electricity generation (SWM) into Munich Net 2008: 7.730 GWh
- REN Electricity generation in 2009: 290 GWh

- ,Eco-/ green Electricity” sold to clients in 200&nly 36 GWh.
(Price is a plus 1,82 c/kWh to normal tariff (arol28&c/kwh

- 2008:14.000 clientsasked for green / REN electricity

- from 1999 to 2007 SWM sol@37 Mio green kwh with an
income of 3,8 Mio € amount which financed 12 PV sit20 kWp)

Aim is: till 2015 generation of 100% of demand for privateusers
- And: 100% for all clientdy 2025 in SWM owned generators
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SWM Expansion Offensive “Renevable Energies”
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-0p "

() %

B) La politique solaire a Munich
retrospective
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“The Local State of the Art 2009”

REN: Contribution of the City of MUNICH, Germanyday:

Statistics
- 4.570solarthermal Units with ca.52.300 m?
- 1.391PV- units with installed power df7.322 kWpto the grid

inside of this amount there are:

- a) big installations in ,Messestadt Riem*" / ,Messémhen* {oto):
- - Riem | with 1.015,7 kWp,

- - Riem Il with 1.058,4 kWp,

- - Parking Riem 654,5 kWp

- b) 40 PV- municipality owned units ,,Baureferat” wig70,1 kWp.
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Solar Roof ,Messe Miunchen* 1998 / 2002
(than the biggest ontop PV System worlwide: 2,1 MWp
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Solar Roof ,Munchen Airport — Terminal 2: “2003:
(than the biggest ontop of airport worlwide: 44®@0Wh/a )
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-0p "

() %
5% 6 "
C) Urbanisme: Projets solaires

SOLENOP
SNAB
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What is happening in Munich — An Overview(1)

e

L' —

s : ik - e g
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Energy Balance to Results of urbanistic competition

SOLENQP Solartenergetische Vorpriifuny - Stidtebaulichert Landschaftsplanerischer ldeenwetthewerh DomagkstraRe - Teilbereich Funkkaseme
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Focusing on solar gains, primary energy demand, lsss, ...

solare _#_ o

Solarein-

@Wﬂ[ﬁ]ﬂ strahlung

Warme-
Verluste

Luftung
Brutto 40 kWhim?a
Heiz- ‘
warme- Trans-
hedarf mission
Trinkwasser-|Heizwarmebedarf
12,5 k\Whim?a
Warmebedarf Heizungs-
Anlagen-
verluste
Primar Naror
(DIN 4701-10)

Heizungs-
Jahres-

T-. Anlage
GO i Energle Primarenergiebedarf
_r (EnEV)

o SOL Bedarf (66-144 KWhim?a)
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considering buildings orientation, shadows, resulg solar gains...

ungnstige
Orientierung

s _ Relativ nutzbarer

. Solargewinn
1Q=100%

maximal mogliche
Solargewinne

unverschattetes optimal
orientiertes Gebaude
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The Tool “GOSOL” (Software )

Parameters in SOLENOP

The SOLENOP basis is a complete, three dimensmraputerbased

modellingtool concerning:

» Heat Demand of Buildings (natl. Building Code) (BHE
 Exposition of Buildings

» “Compact Value” (A/V)

 Analisis of shadows generated by buildings anelstre
* Local climate data

* primary energy supply (validation)

Resultsof SOLENOP :

* passiv solar gains of Buildings

» specific heat demand (Brutto-Heizwéarmebedarf)

* specific primary-heat demand over the year

* hours of solarisation (building and terasses) tiveryear

Les villes solaires
Ramon Arndt, Planning Department, City Of Munich
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GOSOL - Berechnungsansatz

Einzelgebaude im Untersuchungsberemh
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e . Urban Framework Plan“
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3 dimensional modelling and visualizing

T
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Resulting in a visualised multicriteria Report
Here: hours of daily sunshine, medium per buildingvindo
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Here: hours of daily sunshine, comparing two diffeent designs

7 I 314

Dunagkstrasse [ Funkk B \'i‘rewngssytufé V?F
Verbesserung V2F qegeniber ¥2, EG>~./ - i .
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Results: comparing 3 different urbanistic solutions

Minchen ,,DomagkstraBe/Funkkaserne Tab.4

Mittelwerte fir Untersuchungsbereich (GOSOL / DIN EN 832), Berechnungszeitraum September-Mai

Mindestanforderungen EnkEY, A/NV Verfahren 10.06.2005 SOLARBURO Dr. Goretzki, Stuttgart

Variante V1 V2 V3 Einheit
Ausschopfung des Passiv-Solaren Potentials 69,6 70,6 71,0 %
Orlentatlorn] Verminderung durch unginstige Orientierung 10,9 9.5 8.4 %
Topography Verschattung durch Topographie 0,0 0.1 0,0 %
Shadow Trees g __p S - - - UO
Shadow Verschattung durch Baume 8.0 7.5 7.6 Yo
Neighbour Verschattung durch Nachbargeb&dude 11,5 12,3 13,0 %
Buildings Summe stidtebaulich bed. solarer Verluste 30,4] 29.4] 29,0 %

e e . 5

Solar losses spez. Brutto-Heizwédrmebed./Warmeverlust Q"5 1243 1274 125,6| kWh/m?a

spez. genutzte interne Warmequellen Q" 30,3 304 30.3| kWh/m?a

Peaﬂn@ll demand | spez. genutzte passive Solargewinne Q' 16,3] 16.7| 16.,6| kWh/m?a

nternal sources = s = - 2

Pasive gains spezifischer Heizwarmebedarf (DIN EN 832) Q" LT 80,3| 78,7| kWh/m?a
Anlagenaufwandszahl e, 0.86 0,85 0.85 -

Heating demand spez. Jahresheizenergiebedarf (nach DIN 4701-10) 66,37| 68,60 67.23| kWh/m?a
Heating differenced Solarer Heizungsbeitrag Q".J/(Q",.+Q" ) 17.3 17,2 17.4 %

in 3 versions Heizmehrbedarf durch ungiinstige Orientierung” 2,29 2,14 1.84 | kWh/m?a

Heizmehrbedarf durch Baume 1,49 1,45 1,43 | kWh/m?a

Heizmehrbedarf durch Nachbargebaude 2,39 2,57 2,67 | kWh/m?a

Summe des stadtebaulich bedingten Mehrbedarfs 6,17 6,16 5,94 kWh/m?a
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Projects in Munich (2) |
development of formereFPm; EumBarracl_l(s - .,ﬁcﬁ

i

Tk - 1.\’" ‘ l‘v.‘:‘ll-.
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Development of former Prinz Eugen Barracks
SolEnOP: evaluating the design: right: specific hetdosses

e

é %ﬂl‘isﬂm Wirnever lust itlh:a :i

WO R B M 10T 112 N8 M1
. Minchen Prinz-Eugen Kaserne

* Phase 3. Moril 2010
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Development of former Prinz Eugen Barracks
SoIEnOP:_ eva_l_

E TR T B o o

ar gains

¢ =—~-'x
ol

uating the design: specific heat demadr sol
PR R .':'n g _ o M e

&

N 1: 2000 R )= N1 2000

;P % 7ifischer Heizwirmebedar! itlh‘a =‘ g Verfigbarer Selargewinn (X bez Optinum’ p— A
0 47 W o6l B8 TIOR W % WG N0 :I:E!rﬁu_mﬂmpﬁm

then Prinz-Eugen Kaserne ; m” uﬂﬁ; Erne

w3, Aoril P10 i N U )
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:.APOLIS
Projects in Munich (3.1)—
Solar district heating - Introduction

B —— _— = - = =

Neckarsulm (1998)

Deutscher
-aSalarpreIS'tg'gs

Hamburg (1996)

Chemnitz, 1. BA (2000) Attekirchen (2002)

Zukunft (2004+)
Miinchen
Crailsheim
Eggenstein
etc.
YSWT

nnnnnnnnn
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£ APPOLIS
Projects in Munich (3.2)—

Solar district heating — seasonal heat reservoir

HeiBwasser-Warmespeicher

Kies-Wasser-Wamespeicher

Aquifer-Warmespeicher

I SW
Dirk Mangold 0T rorscHLNG
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Projects in Munich (3.3)—

Solar district heating — Heating need and solar gains

Solarthermische GroBanlage mit Kurzzeit-Warmespeicher

800 4000
| L
T 00 e -:3500 -
= =
R A + 3000
§ - solare Ein- - E
';' 500 + B -/ -strahlung (relativ) -\ """ - 2500 =
> - >
S 400 - 2000 £
S 200 | [N . uWimebedarf L1500 E
=§ 2(IJ- ----------------------------------- - 1000 %
s 3
100 . + 500
0 = -0
Jan Feb Mar Apr Mai Jun Jul Aug Sep Okt Nov Dez Jahr
Solar unterstiitzte Nahwarme mit Langzeit-Warmespeicher
Dirk Mangold f ]‘f. SWT
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:.APOLIS
Projects in Munich (3.4)—
Solar district heating - Introduction

Montlicher Energieumsatz System AWP

400
MWh 10,5
300
200 - -~ 53,0
49,0
100 -
dEnE 138,4 142,3 148,3 133,9 103 122.4
' 74,0 60,9
O —
= Exj el
-100 + 450 -26,1 . -97,6 —
-140,9 : - Rg
[
-19579" E— -263,9
-279,3 ’
-200 1 1
==
U Abnahme Innere Energie Speicher B Absorptionswarmepumpe
300 4 — U Zunahme Innere Energie Speicher B Warmwasser | |
O Sonnenenergie O Raumheizung
8 verteilverluste ® Verluste Erdbeckenspeicher
-400
JAN FEB MAR APR MAI JUN JUL AUG SEP OKT NOV DEZ
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Netzverlauf
Ackermannbogen

250 WE in Geschossbauten
12 Doppelhauser
4200m? gewerbliche Flache

Heizzentrale

5700 m? Erdbeckenspeicher

2700 m? Kollektorflache auf
Gebaudedachern

FW-angetriebene AWP

Saisonaler
Speicher

Zahlen noch glltig?
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Bebauungsplan mit Grinordnung 1905d

SNAB GF 27.700m?

SNAB 319 Wohnungen
Gesamt GF 38.700m2 Wohnen
Gesamt 395 Wohnungen

Festsetzungen:
* Energiezentrale als “Flache fur
Ver- und Entsorgung”

» Erdspeicher im Plan nur als Hinweis,
in Satzung H6henregelung

 Nur fur Solare Nahwarme
Pultdacher mit Neigung festgesetzt
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Auswabhl realisierter
Wohnbebauung

Gotze & Hadlich

Fischer

Les villes solaires : de la politique urbaine & la mobilisation citoyenne, Salon des Energies Renouvelables - Lyon Eurexpo, 17.02.11

Ramon Arndt, Planning Department, City Of Munich
54/



Auswabhl realisierter
Wohnbebauung

Gotze & Hadlich

Zwischenraume
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Projects in Munich (3.5)—
Solar district heating — Ackermannbogen
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Projects in Munich (3.6)—
Solar district heating - Introduction

See presentation part two ...

More pictures:
http://www.ratiotherm.de/Projekte/Ackermannbogen/Ackermannbogen-Muenchen.pdf
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What is happening around in Munich (4) —
Solar Initiative MUC — 10% local PV till 2015

* Feasibility Study (2010-02)
* Funding an SIM company (GmbH) (2010-05)
« Starting with Roof Acquisition (2010-10)

Les villes solaires : de la politique urbaine & la mobilisation citoyenne, Salon des Energies Renouvelables - Lyon Eurexpo, 17.02.11

Ramon Arndt, Planning Department, City Of Munich
59/



What is happening around in Munich — Neighbours: FFB
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CO2 Monitoring in Germany
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Development of REN Electricity in Germany
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Development of Price in PV panels in Germany
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Development and Prognosis
of Electricity earned in PV panels
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Vielen Dank
fur lhre Aufmerksamkeit!

Thank you for your attention!

Merci beaucoup !

Ramon Arndt , ramon.arndt@muenchen.de
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