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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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CitySim in a nutshell

• CitySim

– Is a set of software tools to provide a decision support for urban energy planners and 
stakeholders to minimize the net use of non-renewable energy sources as well as the 
associated emissions of greenhouse gases (EPFL)

– It is fast (compared to other dynamic simulation engines), reliable (successfully tested against 
energy monitoring) and needs few input data (available at early design stages) (KAEMCO)

– Currently, it consists of two main modules:

a) CitySim (Solver)

– Originally developed at the Solar Energy and Building Physics Laboratory of EPFL, it is a
command-line Integrated solver for simulating the energy demand and supply of buildings for
space conditioning, together with the specification of the input buildings’ characteristics and
the climate files

b) CitySim Pro

– It is a Graphical User Interface (GUI) built on top of the CitySim Solver and originally
developed at KAEMCO
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https://www.epfl.ch/labs/leso/transfer/software/citysim/
http://www.kaemco.ch/download.php
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CitySim in a nutshell

• Several applications
– Short-wave irradiation (Wh/m²) at surface resolution

– Long-wave net irradiation (Wh/m²) at surface resolution, except for shading surfaces

– Surface temperature (°C) at surface resolution, except for shading surfaces

– Photovoltaic production (Wh) at building resolution

– Solar thermal production (Wh) at building resolution

– Sky view factor [0,1] at surface resolution

– Heating demand (Wh/m³) at thermal zone resolution

– Cooling demand  (Wh/m³) at thermal zone resolution

– Indoor temperature (°C) at thermal zone resolution

• Different temporal resolutions of results visualised in the GUI
– Hourly values

– Daily values (average or summation, depending on the application)

– Monthly values (average or summation, depending on the application)

– Yearly values (average or summation, depending on the application)

However: exported values are always at hourly resolution!
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Quick installation guide

• There are two possibilities to use CitySim:

– CitySim Solver "only". Available in GitHub. It is the actual engine performing the simulations

• https://www.epfl.ch/labs/leso/transfer/software/citysim/

• https://github.com/kaemco/CitySim-Solver

– CitySim Pro. A GUI that allows the visualisation of data and ease its use. CitySim Pro is free to
use, but it requires a license that can be requested online

• http://www.kaemco.ch/download.php
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CitySim Solver fundamentals

• How to install CitySim Solver?

– Clone or download the Github CitySim-solver repository

– Build the binaries for the corresponding OS: Windows, macOS, Linux (Ubuntu), DockerOverview
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CitySim Solver fundamentals

Overview of data workflows

• CitySim runs all applications at a time

• It is wise to first run simulations with small datasets, and then with the complete
dataset

• Data pipeline consists of the following steps:
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CitySim Pro fundamentals

• How to install CitySim Pro?

– Extract the CitySimPro.zip file and place it on a directory of your preference

• E.g. C:\Program Files

– Double-click on CitySimPro.exe

– Upon first run, you will be asked to insert your license credentials
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Quick installation guide

• How to install CitySim Pro?

– Access the developer’s website here;

– Fill and sign this form, and send it to the developer at info@kaemco.ch ;

– You will receive a login and password to activate the license

– Attention: CitySim Pro is available only for Windows 32/64bit!
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http://www.kaemco.ch/download.php
http://www.kaemco.ch/Agreement_CitySimPro.pdf
mailto:info@kaemco.ch
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CitySim Pro fundamentals

Overview of data workflows

• CitySim runs all applications at a time

• It is wise to first run simulations with small datasets, and then with the complete
dataset

• Data pipeline consists of the following steps:
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CitySim fundamentals

Foreword

The following slides are based on a very simple CityGML model just to demonstrate the
potentialities of CitySim

• This CityGML model contains objects from three modules of the CityGML schema:

– 3 Buildings

– 1 SolitatyVegetationObjects

– 1 Relief

• The focus is on converting an (xml-encoded) CityGML file to a CitySim file

• For more details about the xml encoding of CitySim files, please refer to the examples
at (…)\CitySimPro\64-bit\Resources\exampleXmlFiles
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3 Buildings
1 SolitaryVegetationObject
1 Relief Feature

CitySim_CrashCourse.gml
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By clicking HELP -> About CitySim PRO, you
can check which version of CitySim PRO you
are using - and for which platform
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1) Open (CitySim files), import (CityGML files) and export 
(CityGML + Energy ADE and/or TSV files)

2) Load climate (.cli) and horizon (.hor) files into the GUI 

3) Get information over buildings and/or surfaces, or
manually assign parameters to these features.

4) Run the (complete) simulation when all three inputs 
are loaded: CityGML, Climate and Horizon files

5) Once the simulation is done, you may modify the 
temporal resolution or visualise a different parameter

6) You may also modify the colour scheme according to 
your own criteria, and lock it for all views.

7) By clicking on edition mode, your simulation and all computed 
values will be permanently deleted if they have not been exported 
before. You will then need to run the simulation again. Be careful!
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Importing a CityGML file with LoD2 and/or LoD3 buildings.

Keep in mind:
• Buildings must be “closed”, i.e. their boundary representation

must result in a watertight volume
• WallSurface (CityGML) == Wall (CitySim)
• RoofSurface (CityGML) == Roof (CitySim)
• GroundSurface (CityGML) == Floor (CitySim)

• SolitaryVegetationObjects (e.g. trees), if available, will be
automatically converted to ShadingSurfaces in CitySim

• Each triangle component of the Relief, if available, will be
converted into a GroundSurface

• The importing mechanism only converts geometries and their
gml:ids (at cityObjectMember level and at surface level). All other
attributes will not be kept
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GUI navigation shortcuts:
• Left click: select only one surface.
• shit + left click: select multiple surfaces.
• ctrl + left click: select a whole building.
• ctrl + shift + left click: select multiple buildings.
• scroll up and down: zoom in and zoom out
• hold scroll: pan the model.
• hold right click: rotate the model.
• Right click: remove outer lines, export save/copy image

Shading
Surface

Roof

Wall

Ground
Surfaces

Floor
(not visible)
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Take a moment to analyse an xml-encoded CitySim file
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Access and assign building properties
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Access and assign surface properties
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Set a climate (.cli) file
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Structure of a climate file (.cli)

Name of your weather station (string)

Latitude, Longitude, Altitude, (Geographical) time zone index

An empty line

Header (TAB-separated values)
• dm (day of the month) – INT [1,31]
• m (month of the year) – INT [1,12]
• h (hour of the day) – INT [1,24]
• G_h (Global horizontal irradiance  W/m2) – FLOAT
• Ta (Air temperature °C) – FLOAT
• Ts (Soil temperature °C) – FLOAT
• FF (Wind Speed m/s) – FLOAT
• DD (Wind Direction ° Az North and clock-wise) – INT
• RH (Relative Humidity %) – INT
• RR (Precipitation mm) – FLOAT
• N (Nebulosity octas) – INT [0,8]

MAKE SURE THAT THE RECORDS ARE WRITTEN
CHRONOLOGICALLY, CITYSIM DOES NOT READ THE FIRST
THREE COLUMNS AND ASSUMES A TIMELINE SERIES.

All these attributes can be retrieved from the Dutch
weather datasets

365 x 24 = 8.760 Records
Do NOT insert records for the 29th of February (leap year).
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Latitude, Longitude, Altitude, time zone index

Watch out! Some countries have a time zone that does not correspond to the actual geographical time zone (e.g. Argentina, Spain, etc.)
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If 
• Beam (solar) normal irradiance  (G_Bn)
AND
• Diffuse horizontal irradiance (G_Dh)
are known, then you may substitute 
• Global horizontal irradiance (G_h)
with these two for a more accurate algorithm

For more information:
https://docs.google.com/document/d/1NyWL9Oe6eQ0XPYGqRrzgT3p0sgg4zbCXirxFsQ-sdGk/edit

Weather data
(according to Meteonorm)

• m: month [1..12]
• dm: day of the month [1..31] 
• h: hour [1..24]
• Ta: air temperature (°C)
• FF: wind speed (m/s)
• DD: wind direction (azimuth from North, clockwise)

https://docs.google.com/document/d/1NyWL9Oe6eQ0XPYGqRrzgT3p0sgg4zbCXirxFsQ-sdGk/edit
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Define a horizon (.hor) file



29

CitySim fundamentals

Overview

CitySim in a 

Nutshell

Quick installation 

guide

CitySim 

fundamentals

References

Appendix

A horizon file “investigated the far field obstruction (as the
mountains) of the skyline” (MUNTANI et. al., 2018)

PHI ANGLE
“In case of the horizon data, the first number (first column)
defines the angle to indicate the spatial position around
the examined point” (idem)

-180° = NORTH
-90° = EAST
0° = SOUTH
​+90° = WEST
​+180° = NORTH

THETA ANGLE
“The second number evaluates the obstruction of external
natural elements, like mountains, from 0° to 90° in
elevation ” (idem)

Nota bene: once imported and after saving the model on
CitySim, these angles will be added to the xml-encoded
CitySim model and will be stored as FarFieldObstructions
(check UML diagram and/or open a CitySim file in a text
editor).
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For more information:
https://docs.google.com/document/d/1NyWL9Oe6eQ0XPYGqRrzgT3p0sgg4zbCXirxFsQ-sdGk/edit

WATCH OUT! Look here 
how to encode phi and 
theta values in a .HOR fileSolar irradiance on a surface

(according to Meteonorm)

• Az: azimuth of the sun position (from South, clockwise)
• hs: height (vertical angle) of the sun (from the horizontal 

plane)
• G_Bn: Direct (Beam) solar normal irradiance (W/m2) 
• G_Dn: Diffuse (i.e. Sky without sun) solar irradiance on the 

horizontal plane (W/m2)

https://docs.google.com/document/d/1NyWL9Oe6eQ0XPYGqRrzgT3p0sgg4zbCXirxFsQ-sdGk/edit
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Run the simulation by simply clicking on Simulate
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It is possible to keep track of the steps and the estimated remaining time.
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CitySim fundamentals

IMPORTANT!

1) As soon as the simulation is successfully completed, save immediately the 
results as TSV files and – optionally – as CityGML (+ Energy ADE)

2) Once the results are stored, you do not need to run the simulation again to 
explore the results in the GUI. If CitySim crashes, you can simply re-open it 
and load the stored results!
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For visualisation purposes: check the available time granularity!
When a coarser temporal resolution is selected, CitySim may 

perform and average or a summation of the values, depending on 
the variable that is under analysis…
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There are different variables available, they can be explored selecting 
them in this drop down menu
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You may also use the locks to set a fixed colour ramp for all values 
throughout a time series and compare monthly results.

Hint: check the lowest and highest values of each time series and 
lock these. 
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JAN FEV MAR APR

MAY JUN JUL AUG

SEP OCT NOV DEC

Sao Paulo is located in the southern hemisphere, i.e. more solar irradiance in December and less in June. ☺
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Export a CityGML 2.0 file enriched with Energy ADE
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• Original semantic attributes are all missing, 
since they were not imported by CitySim

• Only buildings are exported with information 
about:
• “Heating energy” and “Cooling Energy” 

demand (hourly values!)
• "Short-wave irradiance" hourly values still 

stored only in TSV files
• For SolitaryVegetationObjects and Relief:

• their computed values must be retrieved from 
the TSV files
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Exporting HOURLY tab-separated values (TSV), one file for 
each parameter under analysis
Keep in mind: these can become very large files!!
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The chosen directory will contain several TSV files, one of which stores short-wave (SW) irradiation values 
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building_int_id(building_gml_id):polygon_int_id(polygon_gml_id):irradiance(W/m2)
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In a spreadsheet environment, it is possible to retrieve the information regarding the gml:id of
the polygon (associated to the thematic surface geometry) and the gml:id of the building. You
may perform the same analysis in Python and/or in a database – e.g. when the TSV file is too big
for Excel…

polygon_gml_id
polygon_gml_id
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Transpose! Daily values (M_D)

Aggregation (sum) for all hours within the day, divided by 1000 (kWh/m2).
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Transpose! Monthly values (M)

Aggregation (sum) of all hours within the month, divided by 1000 (kWh/m2).
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