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Hochschule fur Technik Stuttgart

HFT Stuttgart

Facts and Figures

y 3.900 students

yMore than 125 professors

yMore than 400 lecturers from industry
and economy

y 14 Bachelor programmes
y 14 Master programmes, also part-time

AMy research group on Geoinformatics

A10 Researcher
AFocus on 3D Spatial Data Infrastructures and

AGeovisulasation
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CINERGY: EUPND Training Network

Marie Curie Initial Training Network

Funding: U3.7M EU FP7-PEOPLE-
2013-ITN

Duration: 48 months
Grant Agreement: No. 606851
Coordinator: HFT Stuttgart

GOAL: interdisciplinary PhD
Program training young scientists in
urban decision-making and
operational optimisation software tools
to minimise non-renewable energy
use in cities

CINERGY

Fellows: 11 Early Stage Researchers representing 6
European countries, Russia, India and China

Co-funded by the Intelligent Energy Europe
Programme of the European Union
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ENsource (Coordinator)

Center for Applied Research on sustainable Urban Energy Systems

Fraunhofer ISE
Freiburg
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Future Cities
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videos/Stuttgart_mit_der_Viper.wmv
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Our Contribution

Applications
“— | Transport & Urban Planning Energy <>

= Traffic Land Mgmt. Mgmt

S f 0
0 ~
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2L «> Common Urban Information Model > O
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«—> Sensors (Smart Meters), Actors (control), M2M «—>
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Common Urban Information Model

© OpenGeospatial Consortium 9
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Common Urban Information Model

3D City Models

INSPIRE building model
(CityGML INSPIRE ADE)

CityGML ADV profile
CityGML ADV profile

CityGML
SIG3DModelling Guide
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Climate protection

& Klimaschutz - vor Ort @
7 LANDKREIS LUDWIGSBURG
Integriertes Klimaschutzkonzept Our CcO ntrlbutlon .

flr die Zustandigkeiten des Landkreises Ludwigsburg
und 34 seiner Gemeinden

Im Auftrag des Landratsamtes Ludwigsburg

A Heat demand simulation
(monthly energy balance)

A PV potential simulation

A Refurbishment scenarii
simulation

A Based on CityGML LOD2
building model

DREES & Hochschule fir Technik
SOMMER Stuttgart

-~ ' ENER '
Das integrierte Klimaschutzkonzept wurde mit Mitteln des Bundesministeriums fiir Umwelt, Natur- GETI
schutz und Reaktorsicherheit unter dem Forderkennzeichen 03KS6598 gefordert. L E A ' KO MJ

Stand: September 2015 UDWIGSBURGER

nnnnnnn inistorium ENERGIEAGENTUR
Sl @ G ] ENERGIEKOMPETEN2
S UND GKODESIGN E.V.

: . Abschlussbericht
Band 1 - Klimaschutzkonzept
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Building Solid
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Use Case

Results: Heat demand



Videos/Aldingen 3D Web Scene Workflow.mkv
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Results (example)

Heatdemand

= Offentliche Gebaude

= Wohngebaude

= Gewerbe, Handel, Dienstleistung,
Indiistrie

electricity

3%

= Offentliche Gebaude
= Wohngeb&aude

= Gewerbe, Handel, Dienstleistung, Industrie

CO2Emissionsn t/a

= Heizen Wohnen

= Gewerbe

= Strom Wohnen
Offentliche Geb&ude

14
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SimStadt: Urban Simulation Platform

_ Building
3D City model Attributes E i i

3D-Geodatenserver SimStadt
Quiality check tool
Building J
Libraries 4
SimStadt Simulation

# Building Physics ) ) Model
# Building usage > : " Simulation
# Refurbishment scenarii Analysis

s
. Jrevs
o s
s W Daten
“ 03 782  Simulation
6L g5

: . 1

: .

m

a

e ™ [ oW -

Export
Outputs

\ 4 A

3D Viewer
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7 Solarthermal: Irradiance + Shadow

T e s REDEEE % RO
Shadow per Surface for an entire year

LoD2-Modell Ludwigsburg, 2200 Buidlings
Resolution 5 m?, ~ 850 000 Triangles
10 Minutes computation time

GPU NVIDA, 3072 CUDA

Resolution 0.75 m?, ~5 300 000 Triangles Kernel 4 GB RAM "

40 Minutes computation time
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Heating demand: monthly energy
balance

Q, heating demand

Q, hot water heating demand
Q. solar gains

Q internal gains

(VS BEVS IR VS VN

3 H; transmission heat loss
3 H, ventilation losses

17
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SimStadt: Heat Demand

iy SimStadt - C:\Users\nora.goetz\Landkreis Ludwigsburg
Change Repository | Project | Warmebedarf ||+ | | Mewworkfiow | | £ = | V] suppress Maps

=importCityGML= processi WeatherProcessor ionPracessor M e

BuildingFilter GeomPreprocessor || @ | PhysicsPreprocessor UsagePreprocessor

[+ ] mes » | Preprocessing » | Filter » | Geometry » | Building Physics » | Building Usage » | WeatherProcessor » | RadiationProcessor » | DIN18599

SimStadtModels: 1 SimStadtModels: 0 i g 1928 imStadtBuildings 1927 | g | Si iidings: 1180 imsStac 1180 SimStadtModelPlusWWeathers: 0 SimStadtModel..slrradiances: 0 imStadtModels: 0
¢ 5

) Charts | Maps|| 2D Vie Bxport PNG || ExpartCSV =
Building Physics [ o man Construction Libra.. ||+
library : Displayed variable Displzy mode
Building type - Refresh | Live display |

Use an assessment scenario

Graph options

Show Hide ]
Relative Absolute |
Area Buildings |
e I (o
yrmin] 0 (o)

ings

Number of bui

RH MFH EFH GMH

Building types
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Scenatio: Refurbishment
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experimental: Vegetation

Vegetation

Miriam Hieber, Master Thesis, Master Vermessung, HFT Stuttgart 20


http://www.lgl-bw.de)/
http://www.lgl-bw.de)/
http://www.lgl-bw.de)/
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Vegetation

Verschattungsobjekte

—aihiMNhinath AarmahAr ~

<veg:Solita
<V
<veg:trunkD
<veg:crown

) 5435928.91961 480.093333333333 3530932.26471
-80.093333333333 3530932.29039054 5435928.91961
480.093333333333</ gml:posList >
1 </ gml:LinearRing >
</ gml:exterior >
</ gml:Polygon >
</ gml:surfaceMember >
<gml:surfaceMember >
é
</ CityModel >

21

Miriam Hieber, Master Thesis, Master Vermessung, HFT Stuttgart
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Experimental: impact of Vegetation

Heat demand (monthly energy balance)

kWh/m2.a 250 [ | With shadow

Shadow due to buildings
240

B Shadow due to buildings

| | | | ‘ and vegetation
B C D E F G H | J

<1919 1919 1949 1958 1969 1979 1984 1995 Ab 2002
- 1948 -1957 -1968 -1978  -1983 -1994 -2001

230

22
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15
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Mean heat demand per year of construction
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fiir Wirtschaft
und Technologie

] Gefordert durch:
E n VI S aG e * | Bundesministerium
EnViSaGe - Kommunale netzgebundene Energieversorgung - desbeutschen Bundestages
Vision 2020 am Beispiel der Gemeinde Wistenrot

7

(
- Waistenrot aims to become Plus-Energy Community in 2020 WEL
Wustenrot
- Renewables: PV, Solartheramal, geothermal, biomass '

- District Heating Network

@En Eff:StadLM@ EnEff:Wirme
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Use case: Plus-Energy District

Legende

= Kaltwarmenetz

StromanschluB 400/230V 50 Hz |
--- Datenleitung («b]
@ Hausanschiuss mit Ubergabestation \ (@)}
Agrothermiewerk
O Revisionsschacht mit Nummer (f)

O Kollektorfeld
M Strom und DV Anschlussschrank

~ Cluster 1

WKollektor]

Optimization
of grid
operation
= Cluster 2 o Cluster x

— PVsysté m-

heatpump

+sto rage ,
2 |

+thermal Storage

Transfer station
cold water grid Heat pump

(7]

agrothermalcollector

© Doppelacker GmbH
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Urban Simulation

District Heating Network

Total heating

demand
- Heating
demand
Heat \
losses ‘%
A
vy
<Q>
Heat v
supply a0 U e
N\ Solar Thermal Google earth
— - -

> Bildaufnahm umy7/24/2012  51°13'44.65" N ' 7°08 34" 324m  sichthohe 437 m

e
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Dynamic Building Simulation (work in progress)

TC"TP | i i I
1 I | |
I | |
1 I I
I 1 I 1
I | 1 1 I
1 | 1 1 I
1 I 1 | 1
1 1 1 1 1
Heat 1 1 1 1 I
Input 1 1 1 I 1
I | 1 1 I
1 1 1 1 I
1 ] 1 1
I 1 1
1 I ]
| | 1 I
1 1 1
I 1 | 1
Init Const temp ROLBS Re-init Free-float
3
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2
1.5
—_ 1
bl 05 ) | I ‘ﬂ" J’»\W
= i NGRS ! \
g 0 Y .I ,J "I‘r‘ UN.‘: J \ VA
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WA [NV L ‘\.
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0 100 200 300 400 500 600 700 800 900 1000
hour
] Error T3 ErrorT2 ——ErrorT1 Error T

Pilar Monsalvete Alvarez de Uribarri / Claudia Schulte
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Experimental: Simulation as a Service

Web Feature Service

=

Geometric Preprocessing
{(WebService}

INTERNET

[9pOoW uonewIoMUl Uedin

Start Simulation

Web Feature Service

(WebService)

=)
Simulation WebService

WORKFLOLW

Deegree WFS
+ 3D CityDB

SimStadt
Workflow Step

INSEL
Simulation
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sean OGC

ShGML
Development of the
CityGML ADE Energy

JeanMarie Bahu 3 EIFER
Romain Nouvel, Claudia Schulte, Marcel Bruse 3 HFT Stuttgart
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Starting Point

A No widely applicable open model standard exists until now
for Urban Energy Modelling (like IFC or gbXML for
buildings)

A CityGML, open standard for exchanging 3D urban data,
T Uc™ad{ S enerdgyQalatefl abfects{or attributes.
A CityGML is extensible through ADEs.

A Urban energy tool developers (CitySim, UMI) have

developed their own tailor -made urban information model
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Our Objectives

A Store relevant energy-related data in a common open city

data model

Ay to offer data exchange and interoperability possibilities

between urban energy stakeholders and tools

Ay Qc{gU\\{Qc{gYdX{ dXUb{Uh" Ul

Combine data collection effort!

U Energy ADE for CityGML

30



Hochschule fur Technik Stuttgart

A Flexibility : Following the philosophy of CityGML and its
Levels of Detail (LoDs)

A Compatibility: Allowing to be used in different urban
energy platforms for different analysis methods, using

data from different data specification standards

A Modularity : connection with other CityGML ADESs,use

and extension of ADE Energy in other fields

31
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A participative development process

ieee TIM csT (W SINERGIS

. : l-'L{Jll-l(Jl‘r‘[l-'LIlNI(LJE

StUttgﬂrt TECHNISCHE le futur en construction EEDERALE DE L AUSANME
UNIVERSITAT
niversity of Applied Sciences M U N CHE N

A M.O.S.j
EON Enl;icsca!ch Center u
RWTHAACHEN

UNIVERSITY Gociemercarrime

EIFER ‘-*eDF : !(IT
e Ml W ETH:zurich

32
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A participative development process

A Representing the development of 6 urban energy

modelling and simulation tools

ENERGIE -ATLAS <*<~@DF curTIS
pre BAYERN vn ]
o EDF citylab

Smart UrbaN Services for Higher eNergy Efficiency

Ei oesiEne SUNSHINE

SlmSta dt mm .(m.

33
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CityGML ADE concept

A What is an ADE?
A Extension of the CityGML model for specific application domains
A Formal specification in separate XML schemas referencing the
CityGML schemas
A 2 types of ADEs:
A Extension of existing CityGML feature types

A Definition of new feature types

Domain experts CityGML <

A 4
@E c‘%ncept@ ADE XML@

Reference document: Modeling an application domain extension of CityGML in UML
- OGC Best Practice 2014

Rule-based &
automated way
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Preliminary development phase

A Study of existing data specification projects concerning

Building energy at urban scale

A List of Use cases (simulation and modelling) from the

different partners

A List of requirements enabling these Use cases

A Development of class diagramms

35
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Stuttgart (May 2014) 3 Kick-off
A Gathering partners
A Organisation of development in Working group

A Requirements collection, identification of other related initiatives

Karlsruhe (Oct 2014)
A Classdiagramms of the different modules
A Unification in one XML scheme

A Organisation of revision process on GitHub repository

Nice (May 2015)
A Integration of Energy ADE Scheme in softwares
A Testing phase on concrete projects

A Preparation of a documentation , code list definition

36
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Organisation of the revision process

A A participative and iterative process

A Organized in Working Groups related to the module

structure

A Issues signaled on GitHub, discussed and centralized by

the Working Group coordinators

A An 4 MB A { ditudBgrge ff updating the XML Schema.

37
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Modular structure

CityGML Energy ADE Modules

Time
series

Energy and
Systems

Energy ADE
Core

Construction
and Material

Occupancy
and Schedule




Hochschule fur Technik Stuttgart

ADE Energy core

class BuildingPhysics (simplified) /J

Site
= R CityObject
CityObject : -
afeature Types +boundedBy SGavg +opening
Building::_AbstractBuilding 1 efeatureTypes I T e
0.* 0.” Building::_BoundarySurface 0.2 0. Building::_Opening
dsTa [\ 0.1 ,ﬂ
+relates g 4
«ADEx
«ADE»
«ADEElements
_AbstractBuilding «ADEx «ADEElements
_Opening
+ atticType: ConditioningType [0..1]
+ averageStoreyHeight: Length [0..1] + indoorShading: ShadingType [0..1]
+ 2eilingHeightAb dSurface: Length [0..1] + openableRatio: Scale [0..1]
+ basementType: ConditioningType [0..1] + outdoorShading: ShadingType [0..1]
+ buildingType: BuildingType [0..1]
+ yle: Chara [0..1]
+ eavesHeight: Length [D..1]
+ energyPerformanceCertification: URI [0..1] «ADEElements
+ grossVolume: Volume [0..1] _BoundarySurface
+ landmarked: Boolean [0..1]
+ referenceGeoCoordinates: GM_Point [0..1]
+ referenceHeatedFloorArea: Area [0..1]
+ refurbi |ass: [0..1]
+ ridgeHeight: Length [0..1]
+ yearOfRefurbishment: Year [0..1]
1
+thermalZones 0"
_CityObject
afeatureTypes
ThermalZone
+ additionalThermalBridgelValue: Measure [0..1]
+ cooledFloorArea: Area [0..1] +adjacentTo
+ effectiveThermalCapacity: Measure [0..1] 1 T
+ heatedFloorfrea: Area [D..1] 0.1
+ indirectlyHeatedAreaRatio: Scale [0..1]
+ infiltrationRate: Measure [0..1]
+partDf 0.
1 1
+boundedBy 1.
CityObject __CityObject
feature Types
afeatureTypes *
Thermal Boundary Surface SLE TR
= : Area
- th: Angle [0..1 +comespondsTo =g
FZ“T‘U. .nge[ ! + isGroundCoupled: Boolean
+ inclination: Angle [0..1] 0.+ +composedOf |
+ type: Thermal SurfaceTypeType i N |
1 1.%

A Contains thermal building objects
required for building energy

simulation

A integrated to the CityGML
standard schema through its
AbstractBuilding ,
BoundarySurface and Opening

classes.

A Compatible with the 4 LoDs

39
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Construction and Materials

A Contains physical characterization of

building construction elements

A Compatible with static energy balance
(U-Values) AND complex dynamic heat

simulation ( | ,cy).r ,

A May be used and further extended for

multi -field analysis (e.g. statics,

acoustics).

40
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— A Contains building usage

«ADEElements
_AbstractBuilding

—— characterization including HVAC

averageStarsyHsight: Length [0..1]

_Site

«featureTypes
Building::_AbstractBuilding

g Length [0..1]
basementType: ConditioningType [0..1]
building Type: BuildingType [0..1]

=t operation, ownership and occupancy

landmarked: Boolean [0..1]
referenceGeoCoordinates: GM_Point [0..1]

refrenoeHesied oorfres Sl I n fo m atl O n

ridgeHeight Length [0..1]
yearOfRefurbishment: Year [0..1]

aADEw

+generalizesTo 0.4 ,;

«featureTypexs
CityGML_Core::_CityObject

R

oreationDate: Date [0..1]

=
+ 0.4
+ genericAtii oAtiibute [0.7]
+ relativeTeTenain: RelativeToTemain [0..1]
o
a

relativeToWater: RelativeToWater [0..1] <]

terminationDate: Date [0..1]

il e A Temporal variables (e.g. occupancy

BuildingUnit [+contsins - " g o1
+ numberOfRooms: Integer [0..1] o " ::é:‘;;:‘g:;:ﬂﬁ:::;:::”
+ ownerName: CharscterString [0..1] d -
T LI e rate or operation schedules) can be
+ ventilationSchedule: _Schedule [0..1]

0.1 0.1

u modelled with different LoDs

0. i o i +has i 0.~ +has o

«featureTypexs
‘Occupancy

wfeatureTypes
Facilities

+ intemGains: HeatExchangeType [0..1] + operationSchedules: _Schedule [0..1]

+  numberOfOccupants: Integer [0..1]
+ occupancgyRate: _Scheduls [0..1]

+ occupaniType: CccupantType [0..1]

May be used and further extended for

1 «festure Types
DHWFacilities
+oonsiststor 0. L |+ numberofBath: Integer [0.1] . . = .
" ! e multi-field analysis (e.g. SOcCIo-
+ numberOfiWashBasin: Integer [0..1] L] [
S + waterStorageVolume: Volume [0..1]
Household

+ residenceType: ResidenceType [0..1]
+ type: HouseholdType [0..1]

.
o economics

ElectricalAppliances "

electricalPower: Measure [0..1]

hestlosses: HestExchangeType [0..1]
+ name: CharacterString

+ o+

41
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Energy and Systems

lass Energy Sys ified)

+installedin’[/0..1

To0.”
reatureTypes
_Core:_CityObject
<ADEs»
«ADEElements
CityObject sfeatureTypes
+ batteryTechnology: CharacterString [0..1]
+ powerCapacity: Integer [0..1]
1
+energyDemands\\| /0.7
«leatureTypes festureTypes
EnergyDemand «featureTypes Thermal Storage System
ndlse: EndUseType = lkb—{+ averageTemperature: Measure
nergyAmount: _TimeSeries[0..1] medium: MediumType
4 thermalLossesFaclor: Messure
volume: Volume
+enery tiony[70..
«featureTypes
afeatureT:
EnergyDistribution System +energyl i yper
distributionPerimeter: DistributionType ———
voltage: Messure [0..1]
+energySupply afeatureTypes
ThermalDistribution System
featuraTypes
Energy Supply sCirculation: Boolean [0..1]
medium; MediumType [0..1]
ndUse: EndlseType [0..1] nominalFlow: Measure [0..1]
nergyAmount: _TimeSeries [0 relumTemperature: Measure [0.
medium: EnergyCanierType [0..1 empersture: Measure
hermallcssesFacior: Messure
~produced /\1..
oducedBy\[/1.. “+ooverage 0.
sfestursTypes
: «featureTypes
e EnergyCoverage
controls: ContralType [0..1] =
ndlse: EndUseType +coverage
ionTime: _Schedule [0..1
yesrlyGlobs|Efficiency: Measure [0..1] o
+has$0..'
...........
afeatureTypes 1.
EnergyConversionSystem
afestureTypes
+ efficiencyindicator: CharacterString EnergySource
installedNominalPower: =
model: CharacterString [0..1] o E—T =
e oA nergyCanier: EnergyCanier
number: | i
pr Document
yearOfManutacture: Year [0..1]

supply, sources)
A y Q” d@nergy systems information

(conversion, distribution, storage

systems)

DHW)

A Contains energy amounts (demand,

AybU\ QdUT{ d_ {endxds{ T

types (e.g. space heating, cooling,

A Energy amounts may be associated

to any CityObject

42
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adataTypes
_TimeSeries

+ id :CharacterSiring
+ temporalExtent :TM_Period
+ variableProperties TimeWValuesProperties [0..1]

i‘

adataTypes
RegularTime Series. edataTypes
IrregularTime Seri
+ timelnterval (Th_Intervallength e
+ wvalues :Decimal [0..*] [ordered]} woodeLists
InterpolationType
+ AwveragelnPrecedinglnterval
+  AwveragelnSucceedinglinterval
+ ConstantinPreceding|nterval
wdataTypes . N + ConstantinSucceedinglnterval
TimeValuesProperties +centainshf/0.. + Continuous
. N + Discontinuous
+ acguisitionMethod :CharacterString [0..1] wdataTypew 1 et el
+ interpolationType :InterpolationType [0..1] MeasurementPoint + MaximuminPrecedinglnterval
+ quallt_\,r[?esmptl{}n ZC..hEI.IEldElStIII'Ig + time “TM Position + MaximuminSu inginterval
* SG”"]% .C..hEIIEIIiEIBtIII'Ig + vave Doo + MinimuminPrecedinginterval
* ucm LB = [ﬂ"ﬂ_ +  MinimuminSucceedinglnterval
+ wvariablelsabel :CharacterString [0..1] + PrecedingTotal
+ SucceedingTotal

A Inspired from other ADE (WaterML ), applied to Energy Amount
A Models both regular and irregular time series
A May store both simulation results and metering data for

comparison purpose

43
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HFT Research

Modelling Example
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Thermal Zones

A thermal zone combines building areas with equal
A usage,

A amount of useful energy («Nutzenergiemenge»),
A conditional parameters (temperature , humidity , etc.),
A technical appliances (HVAC, lighting , hot water , etc.).

Thermal zones are used to simulate the air exchange between different adjacent
building areas and/or the outer surrounding.

Topogological conditions and other requirements on the thermal zone definition :
A A thermal zone must now Y dadéjacent thermal zones

A A thermal zone is defined by Y de@iveloping physical or virtual surfaces

A A thermal zone must contain information about Y dpéysical parameters

45
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Simple Example Building LOD 2

CityGML LoD 2 Building Modeling

TZ22

TBSZ2L

A wst

TZ3
(cellar)

TBS3l

For thermal Zones in LoD2 the following is valid:

A building is modelled by Y deéiterior boundary Surfaces such as:
A WallSurface
A RoofSurface
A GroundSurface

One<energy:ThermalZone > is <boundedBy > at least one
<energy:ThermalBoundarySurface >,

A <energy:thermalBoundarySurface > s <partOf >a
<energy:thermalZone >,

One <energy:ThermalBoundarySurface > referstoOorl
<bldg:BoundarySurface >

If a <bldg:BoundarySurface > corresponds to a
<energy:thermalBoundarySurface > then the
<energy:thermalBoundarySurface > has to reference the
<bldg:BoundarySurface > via the association <correspondsTo >
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