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HFT Research 

 

 

CityGML Energy  ADE ß 3D City 

Models for Energy  Simulation on 

Urban Scale 

 
Prof. Dr. Volker Coors 

Tutorial: 3D GeoInfo 2015, Kuala Lumpur, Malaysia, 27.10.2015 



Bachelor-Studiengang Informationslogistik  
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2015: 150Years  

Education in  

Geodesy at HFT 

Stuttgart  



Facts and Figures 

 

ý 3.900 students  

ý More than 125 professors 

ý More than 400 lecturers  from industry   

  and economy 

 

ý 14 Bachelor programmes 

ý 14 Master programmes, also part -time 

   

Å My research group on Geoinformatics  

Å 10 Researcher 

Å Focus on 3D Spatial Data Infrastructures  and  

Å Geovisulasation 

HFT Stuttgart  
 



CINERGY: EU PhD Training Network  

Marie Curie Initial Training Network  

Fellows: 11 Early Stage Researchers representing 6 

European countries, Russia, India and China 

Funding: ú3.7M 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 



ENsource (Coordinator) 
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Center for Applied Research on sustainable Urban Energy Systems 

Minister Bauer gives grant to ENsource  

1.5 Million Euro funding for 3 years (15.9.2015) 



Future Cities  
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 Motivation  

Paris 2050 

© Vincent Callebaut 

Quelle: ZEIT 02/2014 



© Stadtmessungsamt Stuttgart  

More and more complex and heterogenous Geodata  

are needed for Land and Urban Management to face  

challanges such as demography and urban growth, 

climate change, energy efficiency, é   

videos/Stuttgart_mit_der_Viper.wmv
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Our Contribution  
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Applications 

 

 

 

Common Urban Information Model 

Transport & 

Traffic  

Urban Planning 

Land Mgmt . 
Energy 

Mgmt 
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Sensors (Smart Meters), Actors (control ), M2M 



CityGML 
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Common Urban Information Model  

© OpenGeospatial Consortium 

© Fraunhofer IGD 



3D City Models  
 

 Common Urban Information Model  

Europe 

Germany 

State (ADV) 

Municipality  

INSPIRE building model 

(CityGML INSPIRE ADE) 

CityGML ADV profile  

CityGML ADV profile  

CityGML  

SIG3D Modelling  Guide 
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Climate protection  
 

 

 

 

 

 

 Use Case 

Our contribution : 

 

Å Heat demand simulation  

(monthly  energy balance) 

Å PV potential simulation  

Å Refurbishment  scenarii 

simulation  

 

Å Based on CityGML LOD2 

building model 

 

 

 



12 © Landesamt für Geoinformation und Landentwicklung BW  

Quelle: Modelling  Guidelines  SIG3D 



Results: Heat  demand 
 

 

 

 

 

 

 Use Case 

Videos/Aldingen 3D Web Scene Workflow.mkv


Results (example )   
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64% 

21% 

10% 
5% 

CO2-Emissions in t/a  

Heizen Wohnen Strom Wohnen

Gewerbe Öffentliche Gebäude

5% 

90% 

5% 

Heat demand 

Öffentliche Gebäude

Wohngebäude

Gewerbe, Handel, Dienstleistung,
Industrie

3% 

74% 

23% 

electricity 

Öffentliche Gebäude

Wohngebäude

Gewerbe, Handel, Dienstleistung, Industrie



# Building  Physics 
# Building  usage 
# Refurbishment  scenarii 

Building  

Libraries 

SimStadt 

Analysis 

Simulation 
Model 

Simulation 

3D-Geodatenserver 

Quality check tool 

3D City model 
Building  

Attributes  

Building Type

Building Nr

Residential

Building Nr

Mixed

Building Nr

Non-

Residential

An[m2]

Residential

An[m2]

Mixed

An[m2]

Non-

Residential

A/V

Residential

A/V

Mixed

A/V

Non-

Residential

Ht' [W/m².K]

Residential

Ht' [W/m².K]

Mixed

Ht' [W/m².K]

Non-

Residential

Q[kWh/a]

Residential

Q[kWh/a]

Mixed

Q[kWh/a]

Non-

Residential

TOTAL 615 196 24 175710,5 81622,4 22258,8 0,533 0,474 0,527 1,107 1,320 1,292 24469498 12373248 4303973

EFH_B 2 1 0 1017 68 0 0,608 0,901 1,431 1,650 161985 23877 0

EFH_C 0 0 2 0 0 321 0,877 1,410 0 0 97830

EFH_H 1 0 0 169 0 0 0,883 0,750 21048 0 0

EFH_I 1 0 0 98 0 0 0,604 0,560 6931 0 0

EFH_J 2 0 0 119 0 0 0,818 0,416 13250 0 0

GMH_B 55 61 4 17547 24710 1625 0,405 0,413 0,430 1,926 1,958 1,900 2875895 4399297 382320

GMH_C 14 2 0 6282 670 0 0,376 0,467 1,780 1,873 895067 121163 0

GMH_D 8 1 0 5229 640 0 0,364 0,337 1,628 1,660 743695 93356 0

GMH_E 0 0 1 0 0 4308 0,350 1,590 0 0 820281

MFH_B 274 67 5 70561 18952 2186 0,430 0,479 0,468 1,513 1,549 1,533 11623786 3559873 432209

MFH_C 25 14 4 9719 3729 4102 0,404 0,470 0,420 1,549 1,536 1,560 1699769 673117 930480

MFH_D 17 34 1 5899 9759 172 0,415 0,458 0,582 1,495 1,430 1,340 1125284 1678569 20222

MFH_E 0 0 1 0 0 1729 0,449 1,510 0 0 340900

MFH_F 0 0 1 0 0 2503 0,497 1,250 0 0 478824

MFH_G 7 1 0 4304 513 0 0,429 0,499 0,975 0,990 528935 74605 0

MFH_H 35 1 2 21003 533 2914 0,438 0,350 0,397 0,865 0,840 0,740 2277819 63237 403439

MFH_I 69 2 1 17051 1129 908 0,395 0,403 0,554 0,495 0,492 0,520 1179958 88329 90518

MFH_J 76 11 0 12879 20796 0 0,493 0,421 0,424 0,408 819510 1575657 0

RH_B 6 1 1 1636 124 39 0,518 0,495 0,810 1,389 1,450 1,440 280491 22168 6261

RH_D 1 0 0 151 0 0 0,635 1,330 30713 0 0

RH_H 2 0 1 263 0 1452 0,812 0,487 0,860 0,710 39284 0 300688

RH_I 20 0 0 1785 0 0 0,566 0,547 146078 0 0

RH_J 11 0 0 826 0 0 0,541 0,376 68181,780 0 0

2D Map 3D Viewer 
Export  

Outputs 

SimStadt: Urban Simulation Platform  
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GPU NVIDA, 3072 CUDA 

Kernel 4 GB RAM 

Shadow per Surface for an entire  year 

 

LoD2-Modell Ludwigsburg, 2200 Buidlings  

Resolution 5 m2, ~ 850 000 Triangles  

10 Minutes  computation  time 

 

Resolution 0.75 m2, ~ 5 300 000 Triangles  

40 Minutes  computation  time 

PV / Solarthermal: Irradiance + Shadow 



Heating  demand: monthly  energy  

balance 
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SimStadt 

 

ß Qh heating demand 

ß Qw hot water  heating demand 

ß Qs solar gains 

ß Qi internal gains 

 

ß HT transmission  heat loss 

ß HV ventilation  losses 

 

 

 

 

 



SimStadt: Heat Demand  



Zustand 2013 

Refurbishment  
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Scenatio: Refurbishment  



Vegetation  

experimental: Vegetation  

Geobasisdaten © Landesamt für Geoinformation und Landentwicklung Baden-Württemberg, www.lgl -bw.de Quelle: RLP AgroScience GmbH 

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

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


Verschattungsobjekte  

Vegetation  

<cityObjectMember > 

<veg:SolitaryVegetationObject  gml:id ="301">  

 <veg:height >1.284027099609375</ veg:height > 

 <veg:trunkDiameter >0.051361083984375</ veg:trunkDiameter > 

 <veg:crownDiameter >1.61205648618455</ veg:crownDiameter > 

 <veg:lod1Geometry>  

  <gml:MultiGeometry  srsName ="EPSG:31463" 

srsDimension ="3">  

  <gml:geometryMember > 

  <gml:Solid > 

  <gml:exterior > 

  <gml:CompositeSurface > 

  <gml:surfaceMember > 

  <gml:Polygon > 

  <gml:exterior > 

  <gml:LinearRing > 

  <gml:posList >3530932.29039054 5435928.91961 

480.093333333333 3530932.26471 5435928.89392946 480.093333333333 

3530932.23902946 5435928.91961 480.093333333333 3530932.26471 

5435928.94529054 480.093333333333 3530932.29039054 5435928.91961 

480.093333333333</ gml:posList > 

  </ gml:LinearRing > 

  </ gml:exterior > 

  </ gml:Polygon > 

  </ gml:surfaceMember > 

  <gml:surfaceMember > 

é 

</ CityModel > 

 

<cityObjectMember > 

<veg:SolitaryVegetationObject  gml:id ="301">  

 <veg:height >1.284027099609375</ veg:height > 

 <veg:trunkDiameter >0.051361083984375</ veg:trunkDiameter > 

 <veg:crownDiameter >1.61205648618455</ veg:crownDiameter > 

 <veg:lod1Geometry>  

  <gml:MultiGeometry  srsName ="EPSG:31463" 

srsDimension ="3">  

  <gml:geometryMember > 

  <gml:Solid > 

  <gml:exterior > 

  <gml:CompositeSurface > 

  <gml:surfaceMember > 

  <gml:Polygon > 

  <gml:exterior > 

  <gml:LinearRing > 

  <gml:posList >3530932.29039054 5435928.91961 

480.093333333333 3530932.26471 5435928.89392946 480.093333333333 

3530932.23902946 5435928.91961 480.093333333333 3530932.26471 

5435928.94529054 480.093333333333 3530932.29039054 5435928.91961 

480.093333333333</ gml:posList > 

  </ gml:LinearRing > 

  </ gml:exterior > 

  </ gml:Polygon > 

  </ gml:surfaceMember > 

  <gml:surfaceMember > 

é 

</ CityModel > 
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Miriam Hieber, Master Thesis, Master Vermessung, HFT Stuttgart 



Experimental: impact of Vegetation  

Heat demand (monthly  energy balance) 
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EnViSaGe 
 

 

 

 

 

 

EnViSaGe - Kommunale netzgebundene Energieversorgung - 

Vision 2020 am Beispiel der Gemeinde Wüstenrot  

 

- Wüstenrot aims to become Plus-Energy Community in 2020 

 

- Renewables: PV, Solartheramal , geothermal, biomass 

 

- District  Heating  Network  

 

 

 

 

 

 

 

 Use Case 



Use case: Plus-Energy District  
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Agrothermal collector

Heatpump
Bufferstorage

PV + battery storage

Virtual Power Plant

Cloud

Optimizedgrid 
utilization

Origin:  Doppelacker

S
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 3 Optimization
of grid 

operation
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 1

Cluster xCluster 2Cluster 1

PV-system
+storage

heatpump
+thermal Storage

el. grid

agrothermalcollector

© Doppelacker GmbH 



District  Heating  Network  

Central heating 

Heat 

losses 

Total heating  

demand 

Heating  

demand 

Solar Thermal 

 

Heat 

supply 

Urban Simulation 



Dynamic Building Simulation (work  in progress) 

Pilar Monsalvete Álvarez de Uribarri  / Claudia Schulte 



Experimental: Simulation as a Service 

Deegree WFS  

+ 3D CityDB 

SimStadt 

Workflow Step 

INSEL  

Simulation 

U
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 in
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Development of the 

CityGML ADE Energy 

 
contributions :  

Jean-Marie Bahu ß EIFER 

Romain Nouvel, Claudia Schulte, Marcel Bruse ß HFT Stuttgart  
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ÅNo widely applicable open model standard exists until now 

for Urban Energy Modelling (like IFC or gbXML for 

buildings) 

 

ÅCityGML, open standard for exchanging 3D urban data, 

T_Uc^äd{S_^dQY^{Q^i{energy-related objects or attributes.  

ÅCityGML is extensible through ADEs. 

 

ÅUrban energy tool developers (CitySim, UMI) have 

developed their own tailor -made urban information model  

 

Starting  Point 
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ÅStore relevant energy-related data in a common open city 

data model  

 

Åyto offer  data exchange and interoperability  possibilities  

between  urban energy stakeholders and tools  

 

ÅyQc{gU\\{Qc{gYdX{_dXUb{Uh`Ubd{VYU\Tc{ QS_ecdYSc!{cdQdYSc #{

Combine data collection effort!  

üEnergy ADE for CityGML 

Our Objectives 
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ÅFlexibility : Following the philosophy of CityGML and its 

Levels of Detail (LoDs) 

 

ÅCompatibility:  Allowing to be used in different urban 

energy platforms for different analysis methods, using 

data from different data specification standards  

 

ÅModularity : connection with other CityGML ADEs, use 

and extension of ADE Energy in other fields 

 

Stakes 
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A participative  development process 
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ÅRepresenting the development of 6 urban energy 

modelling and simulation tools  

 

 

CURTIS 

A participative  development process 
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Å What is an ADE? 

Å Extension of the CityGML model for specific application domains  

Å Formal specification in separate XML schemas referencing the  

CityGML schemas 

Å 2 types of ADEs: 

Å Extension of existing CityGML feature types  

Å Definition of new feature types  

 

 

 

 

 

 

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

 

 

 

Rule-based & 

automated way  

Domain experts 

Ą  UML Ą ADE XML Schema 

CityGML 

Consensus 

ADE concept 

CityGML ADE concept 
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ÅStudy of existing data specification  projects concerning 

Building  energy at urban scale 

 

ÅList of Use cases (simulation  and modelling) from the 

different partners  

 

ÅList of requirements  enabling these Use cases 

 

ÅDevelopment of class diagramms 

 

Preliminary  development phase 
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Stuttgart (May 2014) ß Kick-off  

Å Gathering partners  

Å Organisation of development in Working group 

Å Requirements  collection, identification  of other  related initiatives  

 

Karlsruhe (Oct 2014) 

Å Class diagramms of the different modules 

Å Unification  in one XML scheme 

Å Organisation of revision process on GitHub repository  

 

Nice (May 2015) 

Å Integration of Energy ADE Scheme in softwares  

Å Testing  phase on concrete projects 

Å Preparation  of a documentation , code list  definition  

History  
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ÅA participative and iterative  process 

 

ÅOrganized in Working Groups related to the module 

structure  

 

ÅIssues signaled on GitHub, discussed and centralized by 

the Working Group coordinators  

 

ÅAn áMBA{dUQ]â{in charge of updating the XML Schema.  

Organisation of the revision process 



Modular structure  

CityGML Energy  ADE Modules 

Energy ADE 

Core 

Construction   

and Material  

Occupancy 

and Schedule 

Energy and  

Systems 

Time 

series 
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ÅContains thermal building objects 

required for building energy 

simulation  

 

Å integrated to the CityGML 

standard schema through its 

AbstractBuilding , 

BoundarySurface and Opening 

classes. 

 

ÅCompatible with the 4 LoDs 

 

ADE Energy core 
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ÅContains physical characterization of 

building construction elements  

 

ÅCompatible with static energy balance 

(U-Values) AND complex dynamic heat 

simulation (l, r, cp). 

 

ÅMay be used and further extended for 

multi -field analysis (e.g. statics, 

acoustics). 

Construction  and Materials  
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ÅContains building usage 

characterization including HVAC 

operation, ownership and occupancy 

information  

 

ÅTemporal variables (e.g. occupancy 

rate or operation schedules) can be 

modelled with different LoDs 

 

ÅMay be used and further extended for 

multi -field analysis (e.g. socio-

economics). 

Occupancy 
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ÅContains energy amounts (demand, 

supply, sources) 

ÅyQ^T energy systems information 

(conversion, distribution, storage 

systems) 

ÅybU\QdUT{d_{dXU{TYVVUbU^d{end use 

types (e.g. space heating, cooling, 

DHW)  

 

ÅEnergy amounts may be associated 

to any CityObject 

 

Energy and Systems 
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Å Inspired from other ADE (WaterML ), applied to Energy Amount 

ÅModels both regular and irregular time series  

ÅMay store both simulation results and metering data for 

comparison purpose 

Time series 
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HFT Research 

 

 

 

 

Modelling  Example  

 



Thermal Zones 

A thermal zone combines building areas with  equal 

Å usage,  

Å amount  of useful  energy («Nutzenergiemenge»),  

Å conditional  parameters  (temperature , humidity , etc.), 

Å 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 : 

Å A thermal zone must now Ydãc adjacent thermal zones 

Å A thermal zone ís defined by Ydãc enveloping physical or virtual  surfaces 

Å A thermal zone must contain information  about Ydãc physical parameters  

45 



Simple Example Building LOD 2 

CityGML LoD 2 Building Modeling  
For thermal Zones in LoD2 the following  is valid: 

 

A building is modelled by Ydäc exterior  boundary Surfaces such as : 

Å WallSurface 

Å RoofSurface 

Å GroundSurface 

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

<energy:ThermalBoundarySurface >.  

A <energy:thermalBoundarySurface > is <partOf > a 

<energy:thermalZone >.  

 

One <energy:ThermalBoundarySurface > refers to 0 or 1 

<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 > 

 

 

 

 

TZ1 

TZ2 

T
B

S
2-1

 

W
S

1 

TBS1-3 

TZ3 
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B

S
3-1
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CityGML LoD4 Building Model 

47 


