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License

This presentation is licensed under the Creative Commons License CC
BY-NC-SA 4.0. According to CC BY-NC-SA 4.0 permission is granted to
share this document, i.e. copy and redistribute the material in any
medium or format, and to adapt it, i.e. remix, transform, and build
upon the material under the following conditions:

• Attribution: You must give appropriate credit, provide a link to the license, and indicate if
changes were made. You may do so in any reasonable manner, but not in any way that suggests
the licensor endorses you or your use.

• NonCommercial: You may not use the material for commercial purposes.
• ShareAlike: If you remix, transform, or build upon the material, you must distribute your

contributions under the same license as the original.
• No additional restrictions: You may not apply legal terms or technological measures that legally

restrict others from doing anything the license permits.

https://creativecommons.org/licenses/by-nc-sa/4.0/legalcode
https://creativecommons.org/licenses/by-nc-sa/4.0/legalcode
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SimStadt in a nutshell

• SimStadt is a 3D urban energy system modelling platform developed by HFT Stuttgart

– https://simstadt.hft-stuttgart.de

• It has a Graphical User Interface (GUI) and consists of different workflow steps that 
use information from

– An (XML-encoded) CityGML-based 3D city model

– Building physics and usage libraries

– Weather data

• Typical urban applications:

– Building energy demand (heating, cooling, DHW production)

– Building refurbishment scenarios

– Photovoltaic potential

– Scenarios for adoption of renewables
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SimStadt in a nutshell

• The building physics library is based on the work of the Institut für Wohnen und 
Umwelt (IWU) (Weiler et al., 2019). Buildings are classified according to:

– Type (e.g. single-family house, terraced house, etc.)

– Period of construction

• For each building type and period, there is a building archetype with its respective 
wall, roof and window physical parameters. SimStadt associates these parameters 
with the actual building geometry (i.e. thermal envelope)

• SimStadt requires INSEL. INSEL is a software for simulation, monitoring and 
visualization of energy systems. It is the underlying engine of multiple workflow steps

– It has some predefined simulation models included, but it is also possible to design your own 
model extensions or entirely new models

Introduction

Installation

Fundamentals

Input

Output

SimStadt Workflows

References

https://www.iwu.de/


5

Installation: software requirements

Currently, SimStadt runs best on a Windows platform, however it can be used on Linux (e.g. Ubuntu) 

and (still experimental) macOS, too

• Some of the underlying modules are not supported in other operating systems, e.g. the Simplified 

Radiosity Algorithm, which is required for shadow calculations

Software requirements

1) Java 8 64bit (JDK or JRE) with JavaFX libraries – or equivalent

2) INSEL (current version: 8)

3) SimStadt

4) Simplified Radiosity Algorithm

Additional (optional) resources

• KIT ModelViewer

• 3D City Database (with Energy ADE plugin) for data retrieval and storage

• FME for ETL operations

Introduction

Installation

Fundamentals

Input

Output

SimStadt Workflows

References



6

Short installation guide
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Please note: This is a short version of the detailed guide available at

https://simstadt.hft-stuttgart.de/getting-started/install-software

Installation steps

1) Download and install Java

2) Download and install INSEL

– It will be installed by default in C:\Program Files (x86)\Insel 8.3

3) Download and replace INSEL file inselBS.dll

– The file to replace is in folder C:\Program Files (x86)\Insel 8.3\resources

4) Download and unzip SimStadt

– E.g. into C:\Program Files\SimStadt

5) Download and unzip the Simplified Radiosity Algorithm (SRA)

– Extract to C:\Program Files\ so that C:\Program Files\SimplifiedRadiosity\shortwave_integer.exe is an executable

– SRA executable should then be found by the IrradianceProcessor in SimStadt when SRA_Perez is selected

6) Optional, but recommended: download and install Gnuplot

– Needed for the Visualisation step in SimStadt

https://simstadt.hft-stuttgart.de/getting-started/install-software
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First run

• Once you are done installing the software, start SimStadt by double-clicking on 
SimStadt.bat in the SimStadt installation folder

– You better create a shortcut to the Desktop or to the Start menu! ☺

• Upon first run, you are requested to define a folder for the repository

– A repository in SimStadt is the root folder in which you collect and save all your projects and 
CityGML files

• Check that you have writing permission in that folder!

– You can immediately create a new project, e.g. test_solar

• A subfolder with suffix .proj is created in the repository folder for each project

• Follow the instructions given in https://simstadt.hft-stuttgart.de/getting-started/first-
run/

• The next slides contain an excerpt of the information available online in the SimStadt 
documentation webpage
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First run
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First run
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GUI and functionalities

SimStadt
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SimStadt GUI

Introduction

Installation

Fundamentals

Input

Output

SimStadt Workflows

References



12

SimStadt GUI

The GUI changes depending on the selected step

Introduction

Installation

Fundamentals

Input

Output

SimStadt Workflows

References



13

SimStadt GUI

Progress bars Results
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SimStadt GUI

Export results 
as CSV

Export results 
as PNG

Monthly Energy Balance step

Exported files

The best way to access an exported 
file is from the GUI
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Workflow customisation

• It is possible to customise a workflow by adding additional steps or processors

• The user must enable the Show “add step” button
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Workflow customisation

• It is possible to customise a workflow by adding additional steps or processors:

• The user must enable the Show “add step” button

– The available processor depends on the active workflowIntroduction
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Data repository structure
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A repository in SimStadt is the 
root folder in which you collect 
and save all your projects.

All necessary input files (CityGML, 
weather data, etc.) must be 
copied within the folder of each 
project to be used from SimStadt.
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Data repository structure

Due to its complexity, it is better to access files from the GUI

Repository

Project1.proj

a.step a.step a.step a.step

*.csv

+.png

b.step a.step ….. a.step

*.log

*.prn

Project2.proj a.step …

Project3.proj a.step a.step a.step a.step *.xml

Workflow A

Workflow B

Workflow A

Workflow A
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Input data requirements

The required input data depend – obviously – on the simulation purpose.

In general, typically input data are:

1) Weather data

2) A 3D city model, containing building geometries and some attributes

3) Libraries containing sets of parameters (e.g. for building physics, occupancy, etc.)
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8.jpg
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Input data: weather

Weather data (3 options)

a) INSEL offline database

b) Photovoltaic Geographical Information System (PVGIS) online database

c) Tmy3 file (hourly/monthly). Mandatory parameters:

– Location

– GHI, "Global Horizontal Irradiance”

– DNI, "Direct Normal Irradiance”

– DHI, "Diffuse Horizontal Irradiance”

– Dry-bulb, "Dry-bulb ambient temperature"

• Energy Plus (EnergyPlus, 2021)

• NSRDB: National Solar 
Radiation Database (NREL, 2021)
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Input data: weather

• Weather data is stored in a tmy3 file. It is a simple csv file!

• First line:

– siteCode(integer), locationName (string), , 1, lat (in dec. deg.), long (in dec. deg.), elevation (in m a.s.l.)

– You can adapt the needed columns, all others can be renamed to NaN and will be ignored

• Encoding rules: https://www.nrel.gov/docs/fy08osti/43156.pdf
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Input data: 3D city model

Building data

• A valid (XML-encoded) CityGML file

– Geometries are validated upon import by CityDoctor (Coors et al., 2020)

• LoD1

• LoD2

– Minimum set of attributes is discussed in upcoming slides

LoD1 LoD2
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Input data: 3D city model

Building data

To perform energy demand simulations, buildings must have at least information for:

• Year of construction 

• Usage

Please note: building usage must be written in attribute "function" (so, neither building 
"class", nor building "usage"!)
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Input data: 3D city model

Currently, SimStadt supports only the German encoding definitions – ALKIS (AdV, 2018)

For non-German buildings, two ways to set up the function values properly:

1) Edit/Update the function attribute(s) in the CityGML file and substitute it with the 
proper numeric value as per ALKIS codelist

2) Write an XML-based mapping file that SimStadt uses to convert "on the fly" the 
values in the CityGML document to the corresponding ALKIS values

– This mapping file must be named AlkisCodes.xml
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Input data: 3D city model

Building data

1) Edit/Update the function attribute(s) in the CityGML file and substitute it with the 
proper numeric value as per ALKIS codelist

1) Function as ALKIS code
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Input data: 3D city model

Building data

2) Write an XML-based mapping file that SimStadt uses to convert "on the fly" the 
values in the CityGML document to the corresponding ALKIS valuesIntroduction
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Input data: libraries

Building physics library

• Building physics parameters are required for energy demand simulations

• The building physics library contains parameters regarding

– Constructions & Materials

– U-values of the different building elements

– G-values of glazing surfaces

– Average thermal bridges, etc.

• Currently SimStadt only supports building parameters for German and NYC typologies

• (It seems that) it can be customised

– …but currently it is not clear how it should be done and whether it works…

– For the time being, simply use the existing library
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Input data: libraries

Building physics library
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Data export

• Using the GUI, results from each processing step can be exported as:

– PNG images (current visualisation)

– CSV files

IrradianceProcessor
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Data export

MonthlyEnergyBalance
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• Using the GUI, results from each processing step can be exported as:

– PNG images (current visualisation)

– CSV files
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Data export: CityGML

• There are two possibilities to export results in CityGML

a) Adding a new CityGMLWriter step to the workflow

Step CityGMLWriter
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Data export: CityGML (+ Energy ADE)

• There are two possibilities to export results in CityGML

b) Using the specific workflow "Heat Demand Analysis with the Energy ADE writer"

Heat Demand Analysis with the Energy ADE writer
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CityGML + Energy ADE

Please note: as of autumn 2024, the exported CityGML + Energy ADE file

• contains only data according to the Energy ADE KIT profile
– https://www.citygmlwiki.org/images/4/41/KIT-UML-Diagramme-Profil.pdf

• contains some errors and is therefore not valid. For example:
– The tag energy:timeInterval contains the value "month". It is not a valid Time Unit Type

• A workaround is to express it as 0.083 of a year

– FloorArea and EnergyDemand elements are missing the corresponding property tag

If you want to go this way, it is therefore recommended to adjust/correct the file (e.g. in 
FME). Only once the file is valid, it can be imported in the 3DCityDB with the Energy ADE 
plugin.

More details can be found in:
León-Sánchez, C., Giannelli, D., Agugiaro, G., Stoter, J., 2021,
Testing the new 3D BAG dataset for energy demand estimation of residential buildings.
ISPRS Arch. Photogramm. Remote Sens. Spatial Inf. Sci., XLVI-4/W1-2021, pp. 69–76

https://www.int-arch-photogramm-remote-sens-spatial-inf-sci.net/XLVI-4-W1-2021/69/2021/ (open access)
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CityGML + Energy ADE
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It should be inside tag
energy:floorArea

It should be inside tag
energy:demands

Incorrect time interval

Example of some errors in the 
CityGML + Energy ADE file 
from SimStadt
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Solar analysis

Import 
CityGML

•Select LoD

•Validation

Create 
SimStadt 
Model

•Building

•BuildingPart

Pre-processing

•Geometric

Weather 
Processor

•PVGIS

•INSEL

•TMY3

Irradiance 
Processor

•INSEL Hay

•INSEL Perez

•SRA Perez

•SRA Perez with 
tiling

•SRA no 
shadowing

Visualization

•View

•Image height

•Image width

Sky Model
John Hay
Richard Perez
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These are the typical steps that compose the "Solar Potential analysis" 
workflow in SimStadt



36

Irradiance processor

When performing solar analysis, some specific simulation parameters must be set. Here 
some of the most relevant ones.

Of particular relevance is whether the effect of shadow-casting objects must be 
considered or not. SimStadt offers the following radiation models.

Radiation models

• INSEL_Hay: computationally fast, without shadows

• INSEL_Perez: computationally fast, more detailed and possibly more accurate than 
Hay, without shadows

• Perez Simplified Radiosity Algorithm: computationally slow, should not be used for 
larger models, considering shadows

• Perez Simplified Radiosity Algorithm on tiles: optimised for larger models (split in 
smaller tiles), considering shadows

• Perez Simplified Radiosity Algorithm on a geodesic dome: computationally fast, can 
be used for comparisons with other SRA calculations, without shadows
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Irradiance processor

When performing solar analysis, some specific simulation parameters must be set. Here 
some of the most relevant ones.

For INSEL:

The sky dome is discretised, and irradiance is computed considering a "grid" defined by 
azimuth and tilt (inclination) resolution. Both values indicate the "size" in decimal 
degrees of each grid cell.

• Azimuth resolution: int, unit [°]

– e.g. 5°

• Tilt resolution: int, unit [°]

– e.g. 5°
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Please note: the smaller the values of 
the angles, the longer the time needed 
by the simulation (obviously!) (Brownson, 2020)
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Irradiance processor

When performing solar analysis, some specific simulation parameters must be set. Here 
some of the most relevant ones.

For SRA_Perez_with_tiling

The complete 3D model is split in smaller tiles before shadows are calculated. In order to
consider shadows for the buildings located on the edge of the tiles, tiles must overlap

• Tile side: int, unit [m]

– e.g. 400 m

• Tile overlap: int, unit [m]

– e.g. 100 m
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Please note: if you use tiling, you MUST 
provide an overlap values > 0 to assure that 
no buildings are missed
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Irradiance processor

• Results are only available as PNG and CSV

• The exported csv file looks like:
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Energy demand analysis

Import 
CityGML

•Select LoD

•Validation

Create 
SimStadt 
Model

•Building

•BuildingPart

Pre-processing

•Geometric

•Physics

•Usage

Weather 
Processor

•PVGIS

•INSEL

•TMY3

Irradiance 
Processor

•INSEL Hay

•INSEL Perez

•SRA Perez

•SRA Perez with 
tiling

•SRA no 
shadowing

Monthly 
Energy Balance

•Calculation mode

•Heating

•Cooling

•Consumer 
behaviour

Introduction

Installation

Fundamentals

Input

Output

SimStadt Workflows

References

Please note: Heating analysis includes 
domestic hot water (DHW) production

These are the typical steps that compose the "Heat Demand Analysis" 
workflow in SimStadt
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Energy demand analysis
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Energy demand analysis

• Results can be exported as

– CSV file

– CityGML + Energy ADE (see previous slides)Introduction
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Example of heat demand analysis 
results exported as CSV file
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