
1

HFT Research

Urban Energy Demand and Supply 
Simulation Based on 3D City Models 

Prof. Dr. Volker Coors 
UDMS and GeoSmartCity Workshop, Ghent, 24.4.2015



Prof. Dr. Volker Coors, 15.11.2010

Bachelor-Studiengang Informationslogistik

2

2015: 150Years 
Education in 

Geodesy at HFT 
Stuttgart 

Relatore
Note di presentazione
Ausgewählte Studentische Projekte:

Trace-IT: Tracking und Tracing von Containern: Position und Temperatur (Studentisches Projekt über ASTA aus Studiengebühren finanziert)

Indoor-Positionierung mit RFID / Eisenbahn 

Car-Sharing Daimler: Identifikation über RFID-Chip im Führerschein am Fahrzeug  – morgen am IL-Tag an der Hochschule zu sehen (oder googeln )





Facts and Figures

• 3.900 students
• More than 125 professors
• More than 400 lecturers from industry
and economy

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

• My research group on Geoinformatics
• 10 Researcher
• Focus on 3D Spatial Data Infrastructures and 
• Geovisulasation

HFT Stuttgart



Future Cities
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Motivation

Paris 2050
© Vincent Callebaut

Quelle: ZEIT 02/2014

Relatore
Note di presentazione
. Geo-Informationen helfen dabei, die gegenwärtige Situation transparent zu gestalten und Zusammenhänge, Abhängigkeiten und Wechselwirkungen zu modellieren und zu analysieren.





© 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, …
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Sensors (Smart Meters), Actors (control), M2M

Relatore
Note di presentazione
. Geo-Informationen helfen dabei, die gegenwärtige Situation transparent zu gestalten und Zusammenhänge, Abhängigkeiten und Wechselwirkungen zu modellieren und zu analysieren.





CityGML
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Common Urban Information Model

© OpenGeospatial Consortium

© Fraunhofer IGD

Relatore
Note di presentazione
. Geo-Informationen helfen dabei, die gegenwärtige Situation transparent zu gestalten und Zusammenhänge, Abhängigkeiten und Wechselwirkungen zu modellieren und zu analysieren.





CityGML
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Common Urban Information Model

© OpenGeospatial Consortium

© Fraunhofer IGD

Relatore
Note di presentazione
. Geo-Informationen helfen dabei, die gegenwärtige Situation transparent zu gestalten und Zusammenhänge, Abhängigkeiten und Wechselwirkungen zu modellieren und zu analysieren.





3D City Models

Common Urban Information Model

INSPIRE building model
(CityGML INSPIRE ADE)

CityGML ADV profile

CityGML ADV profile

CityGML
SIG3D Modelling Guide

Exchange

Relatore
Note di presentazione
. Geo-Informationen helfen dabei, die gegenwärtige Situation transparent zu gestalten und Zusammenhänge, Abhängigkeiten und Wechselwirkungen zu modellieren und zu analysieren.





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



District Heating Network

Central heating

Heat 
losses

Total heating 
demand

Heating demand

Solar Thermal

Heat supply

Urban Simulation



12

SimStadt – District Heating Network Simulation

12

Heat demand based on 3D City 
Model1

Street Network OpenStreetMap
2

District Heating network simulation3
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Building
Libraries
Building
Libraries

SimStadtSimStadt

AnalysisAnalysis

��� ������	�� ������� ������	�� ����

SimulationSimulation

3D-Geodatenserver3D-Geodatenserver

Quality check toolQuality check tool

3D City model3D City model Building
Attributes
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 Map2D Map 3D Viewer3D Viewer Export
Outputs
Export

Outputs

Urban Simulation



3D Building Model
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Data: 3D Building

Relatore
Note di presentazione
. Geo-Informationen helfen dabei, die gegenwärtige Situation transparent zu gestalten und Zusammenhänge, Abhängigkeiten und Wechselwirkungen zu modellieren und zu analysieren.





3D Building Model

15

Data: 3D Building

Relatore
Note di presentazione
. Geo-Informationen helfen dabei, die gegenwärtige Situation transparent zu gestalten und Zusammenhänge, Abhängigkeiten und Wechselwirkungen zu modellieren und zu analysieren.





Vegetation
Data: Vegetation

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

Miriam Hieber, Master Thesis, Master Vermessung, HFT 
Stuttgart
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http://www.lgl-bw.de)/


Vegetation
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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>

…
</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>

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

Stuttgart
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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

Relatore
Note di presentazione
CUDA (Compute Unified Device Architecture) is a parallel computing platform and programming model created by NVIDIA and implemented by the graphics processing units (GPUs) that they produce.[1] CUDA gives program developers direct access to the virtual instruction set and memory of the parallel computational elements in CUDA GPUs.





They're the processor cores in NVIDIA graphics chips. The more of them a GPU has, the more powerful it is (also depending on clock speed). To run games, you just need to install the proper NVidia drivers. CUDA is Nvidia's GPU programming language which lets programs use the GPU to run faster than they would on the CPU alone. Nvidia's new GPUs support the CUDA language so they call them CUDA cores. You don't need to worry about CUDA programming though. 



AMD also uses GPUs with lots of small cores, though they use different terminology. Only NVidia chips support CUDA but other GPUs can use other programming languages to run programs. It doesn't matter for games as long as the correct driver is installed.





Vergleich mit Darrens Algorithmus ist nicht mehr möglich, der ist nur für ca. 200 Gebäude ausgelegt. Ist so auch in der Publikation von Darren vermerkt.



Das Modell Grünbühl mit etwa 200 Gebäuden rechnen wir in 2 Sekunden. Einen echten Benchmark mir SRA haben wir noch niht durchgeführt, die Verfahren sind nicht ohne weiteres vergleichbar, ist noch ein bißchen Arbeit.







Gelb Sky patch, Lila Sonneposition 

die Farben stehen für Folgende Achsen:

x = blau, y = grün, z = rot, sonne = gelb, zeit = lila





Heating demand
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SimStadt

– Qh heating demand
– Qw hot water heating demand
– Qs solar gains
– Qi internal gains

– HT transmission heat loss
– HV ventilation losses

Relatore
Note di presentazione
. Geo-Informationen helfen dabei, die gegenwärtige Situation transparent zu gestalten und Zusammenhänge, Abhängigkeiten und Wechselwirkungen zu modellieren und zu analysieren.





SimStadt: Heat Demand



Zustand 2013

Refurbishment
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Scenatio: Refurbishment



SimStadt: Heat Demand



SimStadt: Heat Demand
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HFT Research

Future Work



Future Work

Simulation as a Service

Urban information model

Spatial data
backbone
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Simulation as a Service
Dynnamic

Heat demand
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(hourly)  
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Urban information model

Spatial data
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Future Work

CityGML ADE Energy



Future Work

Marie Curie Initial Training Network 

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

Funding: €3.7M 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



Full Partners
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Future Work

Relatore
Note di presentazione
http://www.nottingham.ac.uk/target/ 

http://timemachine.polito.it/home/

http://www.ucd.ie/

http://www.iet.tuwien.ac.at/

http://www.iesve.com/

http://www.siemens.com/entry/cc/en/

www.ge.ch



http://raum.tuwien.ac.at/
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Prof. Dr. Volker Coors
volker.coors@hft-stuttgart.de
http://www.coors-online.de
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