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Motivation

Climate and environmental policy measures involve a
reorganisation of the energy supply  In many cities
Buildings account for 40% of the total energy demand

A cut-down on energy be achieved through
Prediction of the energy demand

Location of currently unused / renewable energy sources (solar
heat & photovoltaics, wind power, geothermal energy)

Use of a geospatial model  Energy Atlas

Why is a 3D model required?

To estimate the energy demand at building level (heated building
volume, number of windows, etc.)

To perform aggregations on the buildings
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Energy Atlas Berlin and London — Concept

Creation of an integrative, common ontology
For spatial-semantic representation of the urban space
Including energy-relevant information from different disciplines
Based on the semantic information model of CityGML

The virtual 3D city models of Berlin and London
serve as data base

BUILDING_FUNCTION
BUILDING_ROOF _TYPE 1000
BUILDING_MEASURED_HEIGHT

> ADDRESS_STREET
ADDRESS _ _NUMBER

ADDRESS _7IP_C
ADDRESS

PP Click hate to open the spreadsheet with all object entries

Provised by IGOBTLE
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The Aim of the Energy Atlas Berlin

Tool for holistic energy planning

Analysis and representation of the
actual state of objects and their energy-
relevant parameters within a city

Investigation and balancing of options
and measures

Decision support for various measures
by visualizing the effects

Data backbone for common analysis and simulations
Estimation of heating energy and electricity demands
Energetic building characteristics and rehabilitation potentials
Design of an optimal electricity network
Location planning for recharge facilities for e-mobility
Use of geothermal and solar energy potentials
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Spatio -Semantic Decomposition of Urban Space

Many urban assets are directly related to physical objects

Physical objects are thematically classified into discrete
topographic objects 3D decomposition of urban space

In different, discrete scale levels (LODs)

City Is decomposed into discrete objects with clear

semantics and defined spatial and thematic properties
Buildings, roads, railways, terrain, water bodies, vegetation, bridges
Objects may be further decomposed
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City Geography Markup Language (CityGML )

Application independent geospatial information model for
semantic 3D city and landscape models

En
comprises different thematic fields EEEN

(buildings, vegetation, water, terrain, C|’[yG ML
traffic, tunnels, bridges etc.)

International standard of the Open Geospatial Consortium
V1.0.0 adopted in 08/2008; V2.0.0 adopted in 3/2012

Data model (UML) + Exchange format (based on GML3)

CityGML represents

3D geometry, 3D topology, semantics, and appearance
In 5 discrete scales (Levels of Detail, LOD)
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Information Fusion of Different Disciplines
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Correlation: Building and Energy Demand

Estimates of the energy demands are based on the
hypothesis that there is a strong correlation between the
building characteristics and the needed energy

Climate and

Building Information eg;/!doir;irgr(?: t
Geometry Energy Demand
Usage | : Electricity
Construction Correlation Warm Water
Rehabilitation N M Heating
Residents
Apartments
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Estimation of Heating Energy Demand

Building-specific and city-wide calculation based on
algorithms of the Institut Wohnen und Umwelt (IWU)

Based on the virtual 3D city model and official geobase
data within the Energy Atlas Berlin

Climate and

Building Information eg;/::doirtlir;\ne: t
Geometry Energy Demand
Usage | : Electricity
Construction Correlation Warm Water
Rehabilitation N M Heating
Residents
Apartments
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Estimation of Electricity Demand

Building-specific and city-wide estimation based on
average electricity consumption statistics for households

Based on the virtual 3D city model and official geobase
data within the Energy Atlas Berlin

Climate and

Building Information environment

conditions

U Energy Demand

>oo Electricit

Correlation y

Residents

Apartments
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Estimation of Energy Demand for Warm Water

Building-specific and city-wide calculation bases on
algorithms of the Institut Wohnen und Umwelt (IWU)

Based on the virtual 3D city model and official geobase
data within the Energy Atlas Berlin

Building Information
Energy Demand
Usage
N Correlation M Warm Water
Residents
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Solar Potential Analysis for Buildings

Estimation of the energy production potentials for PV and solar
thermal, required investments and achievable CO, reductions

Done for each of the 550,000 buildings on the level of roof
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BLDG_0003000a000afa2d ,

Photovoltaic suitability 3
]

Address:
Albertstr. 14
Berlin

Available area for photovoltaic installations: 139,20 m?

Average solar radiation in a year: 1126,30 kwh/m?
Solar electricity yield: 18,81 MWh/a
Maximal installable power: 19,90 kw/m?

CO, Savings: 11,74 t per year
Investment volume: 69.650 €
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Heating Energy Demand and Solar Thermal
Potentials on the Building Level

Building BLDG_0003000a000a07e4

Hertelstr. 25
Berlin

Photovoltaic suitability

Available area for installations
322,86 n?

C0, Savings

25,67 t per year

Solar electricity yield
— 41,13 MWh/3

Investment volume: 161.350 €

Available area for installations

350,90 m?
CO, Savings

32,90 t per year
Heating energy yield

130,56 MWh/2

Solar thermal suitability

Estimated heating energy demand
154,25 MWh/a
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Solar Thermal Potential on District Level

Friedenau
Buildings: 1282

Available area for installations

156932,30 m?

CO, Savings

14540,17 t per year

Heating energy vyield

57698,89 MWh/a

Available area for installations

CO, Savings
11,38 t per year s
Heating energy yield

45’15 MWh/B .

Average
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Multi-level System Architecture
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Realisation using Cloud Services

ooooooooooooooooooooooooooooooooooooooooooooooo

L 3D-Visualisation :
3D Desktop Application —> Model l
(e.g. Google Earth) -
' g i 3D-Webclient
S |
/.o
1\90” v
. KML/COLLADA Exporter | ¢ Configuration
: |
. SPSHG* & SPSHI* % \
e eeeeee et et e g bttt e et st eneeaees : \
\ )
\ |
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: : 3
3D City 5 Thematic Data )

Database

*Spreadsheet Generator **Spreadsheet Importer
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Interactive 3D Exploration
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Demo — 3D City Model Berlin

Google Earth View Scene Setting Attribute Info
Project v  Help v  Debug | Active Selection | SignOut | | Showin v  Last Object dicked: BLDG_0003000e007044€3
. = -.‘._ Fieldname Value
N Apartments 20
MeanResidentsPerApartment  1.55
OnePersonHousehokd 13
] TwoPersonHousehold 4
- ThreePersonHousehold 2
I n fo rm atl 0 n ab O ut FourPersonHousehold 1
| _EnergyReferenceArea 1526.3505
ener d eman d fo r ||| _FulStoreyVoune saas 3216
g y ] _HeatLoss 309867.05337496
L] L] ]  _HeatGain 58437.296751668
e ac h b u I Id I n g & _HeatDemand 251429.756623292
_HeatDemandPerSqm 164.726094447699
~ - £ / ] _warmwaterDemand 18500
] _ElectrictyDemand 53260
|  _TotaEnergyDemand 323289.756623292
_TotaEnergyDemandPerSqm  211.805713447398
Electricty YieldPV 13090
HeatYieldST 39180
SuitabilityClassPV 3
SuitabilityClassST 1

|
| ObjectD

| | BLDG_0003000e00704413

»
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Demo — 3D City Model Berlin

Google Earth View Scene Setting | Attribute Info

| Project+ | Help v Debug || Active Selection SignOut | Showin ~  The values of 6 objects have been summed up
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Demo — Use of the 3D Web Client in Berlin
Ad hoc estimation of the heating energy demand

Interactive modification of parameters by the planner
E.g. deegree of heat insulation
Immediate recalculation of the energy demand values

s reses user
] AddressCity Berlin

]

(s e e
} ‘ [7]  AddressCity Berlin
‘ []  BuildingAgeClass 1899

BuildingAgeClass

UValueWall UValueWall i 1 4

j | UValueRoo | [ UValueRoo 1.5
] WindowWallRatio 03 | ] WindowWallRatio 0.3
[ GValueWindow 0.76 | ] GValueWindow 0.76
[]  MeanStoreyHeight 32 | []  MeanStoreyHeight 32
[7]  BuildingFunction 1231 | |[]  BuildingFunction 1231
| |[[]  FactorNaturalAiring 0.7 []  FactorNaturalAiring 07
|[] FactorNightReduction | |[[] FactorNightReduction 0.92
‘ | []  InternalHeatEmission 5
HeatDemandPerSqm 84.40
- -
21.194 1 [7]  FullStoreyHeight 21.194
: |l CranindQiirfara 17Q 71R - J \ |1 70 CranindQurfara 17Q 71R
before modification after modification
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Demo — 3D City Model Berlin

| Google Earth View Scene Setting || Attribute Info

Help v Debug | Active Selection | Showin v | Last Object cicked: 0200020171000000

Fieldname Value
|  GMLD 0200020171000000
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Commit Changes = Rollback Changes = Query OpmSprearH-neeti

Object Selection
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| Clear Selected Objects ~ Aqgregation »  Highlighting  Hide All
| objectd
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Demo — 3D City Model Berlin

Visual inspection of a building using the mash-up project ‘Dual Maps'
(www.dualmaps.com)

Aerial Bird'seye | Labels

ViMap  ViSteetView “IBidsEve [0

N
27 Wintstocker StraBe, Berlin
ahemd genau,
; »
.
Poayl 1%
o A
lf 3

(L T 1Y
" .

P

i .
ffa!

- W
iclefstrale / Wittstc i

> # Belsselstrabe /W :
! S

-
Wittstoc!:a.r stanke
- , o

Probl i

820
ot

Google
¥ TS
8 ) Karte | Satellit
A
< > g T
L Qs @ 9@
Schlu.efinsel 8 o
. <o .
& e
z o? Union-Sp
] . trafe U .
3 S emenss' Iniong
L €menssirage St 4 ~)
e\ﬁ“aﬁ“ S
+ Gekin® a
Gemex ‘é :5
i - Handels — 5 3
agensie Cato /s CAB City 3 s
S\C\“ Catering Apariments. £ s}
Rostocker StraBe i
g
1 4
$jckingenplatz \iitstocker suabe 2 Wiciers Irage
]
Al & &
=) z Wiclefstane fid
& 7]
2 = &
dediterrane (11 3
Ki—¢ 2
Pizzeria ;i 5 !
ur U = 2
2 o Europa 2 ? &
= gl o |Aparlmenl &)
= 5 o Oldenburger (i~ 5
:'Molvl £ ES 3 " Strasse 3
2 a aldens, 3
£ g 3 a'm_,e,s,m e &
Fliegen Sie mit Norwegian o O i
& n & Hastel Berlin ~ ' 3

27 03.2014 Kutzner, Yao, Kaden, Kolbe:
U Semantic 3D Citvy Model for Strateaic Enerav Planning in Berlin & London



@ Y Lehrstuhl fir Geoinformatik

Technische Universitat Miinchen m

Demo — 3D City Model London

Google Earth View

| Project~ Help v Debug | ActiveSelection |

Information about
energy demand for
each building
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Conclusions

Energy Atlas Berlin

Provision of a common information model for the holistic
environmental and energy planning based on CityGML

Data base: virtual city models of London and Berlin plus
specialized information

Basis for multidisciplinary analysis and simulation

Analyzes and simulations
Investigation of the actual state, e.g. estimation of energy demands
Investigation of energy-saving and production potentials

Comparison of the energy demands and potentials on various
aggregation levels
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Conclusions

Multi-layered system architecture and
cloud-based 3D web client allow for
Energy simulations using complex-structured semantic
3D city models

Simple and intuitive access to 3D city models for users
through reduction of the complexity of the semantic city models

necessary

Outlook: Stronger abstraction from concrete products
(such as Dropbox, Google Earth & Spreadsheets)
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