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Introduction

urbanization
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Introduction

* From MIT Sustainable Design Lab

Urban energy simulation



5

Introduction
Urban energy simulation

3D geometry model ➕ Simulation toolsEnergy related parameters ➕

〓 Urban energy simulation result

e.g. heating and cooling demand, global solar irradiance, etc.
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Introduction

A dataset containing the 3D representation of buildings in several Level of Detail (LoD) of the whole Netherlands

* From 3D BAG 2.0

3D building dataset – 3D BAG 2.0
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Introduction

Storing, representing, and managing virtual 3D city models

3D City database – 3DCityDB
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Introduction

Simulate energy scenarios at an urban scale

Varies energy simulation tool, focus on – CitySim

SynCity

LakeSim

IDEAS
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Introduction
Motivation – Current workflow

Contain 3D BAG 2.0 data

• Too many data ETL

• Whole process not complete

• Database missing information

• No result storage

• High skill requirement for users
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Introduction
Research objective

• Establish a complete database containing all urban energy related information

• Complete the whole energy simulation process, especially include the result storage

• Everything will be done in a python-based bidirectional interface
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Introduction
Challenges

• Database missing information
Physics and weather data (needed for CitySim simulation)

• No storage schema in 3DCityDB 
There is no storage schema to store physics and weather data library

• The CitySim data format is special
Need to do several data transformation based on data formats

• Special spatial data requirement of CitySim

Data pre-processing is required to fulfill the CitySim requirement

….. Varies things can be done to improve 
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Related work
Case study:
CitySim simulation: a neighbourhood of Zürich city

- Storing and managing the 
data in a designed database

- Database and CitySim are 
linked via Java tool

- Database is specifically 
tailored to CitySim

- No spatial and non-spatial 
data processing functions

• The schema of the designed CitySim database



14

Case study:
Machine learning for the energy of buildings on a GIS tool design 
project 2021

- Storing and managing the data in 3D City Database
- Database and CitySim are linked via Python tool
- Not finished yet
- Data collection is not complete
- No spatial and non-spatial data processing functions
- ……

Related work
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Methodology
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Methodology
Management: Data storage structure design methodology
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Methodology
Management: Data storage structure design methodology

The other designed schemas for storing the library information (e.g. physics and weather library)

Include schemas for storing 3D city models

Database
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Methodology
Management: Data storage structure design methodology
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Methodology
Spatial and non-spatial data pre-processing functions:
Study area selection

Drastically reduce the file size and simulation time
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Methodology
Spatial and non-spatial data pre-processing functions:
Study area selection

Users enter their preferred study area bounding box with a buffer for surrounding information in python interface
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Methodology
Spatial and non-spatial data pre-processing functions:
Shading surfaces processing

Replacing the Non-

simulated buildings 

from high level of 

detail to low level of 

detail

Drastically reduce the file size and simulation time
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Methodology
Spatial and non-spatial data pre-processing functions:
Party wall processing

Locate party walls that can be removed and remove them
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Methodology
Spatial and non-spatial data pre-processing functions:
Terrain processing
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Methodology
Spatial and non-spatial data pre-processing functions:
Terrain processing
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Methodology
Spatial and non-spatial data pre-processing functions:
Terrain processing

A
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BUILDING

TERRAIN TINS CUT HOLES RETRIANGULATION SIMULATION RESULT

A = a + a + a + …
B = b + b + b + …

Terrain pieces are labeled with the same id as their ‘parent’ for result aggregation
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Methodology
Spatial and non-spatial data pre-processing functions:
Building surface processing
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Methodology
Spatial and non-spatial data pre-processing functions:
Building surface processing
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Data preparation
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Data preparation
Geometry data, used for developing interface

- 11 LoD2 buildings (include 1 multi-part building)

- A group of LoD1 ancillary buildings

- Trees modelled in LoD1, LoD2 and LoD3

- Terrain are modelled as tiled TIN

Alderaan.gml
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Data preparation
Geometry data, used for final testing

Real dataset from bag 2.0, RijssenHolten.gml (1/16 of the original)
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Data preparation
Physics data library
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Data preparation
Physics data library
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Data preparation
Physics data library
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Data preparation
Physics data library
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Data preparation
Weather data library
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Data preparation
Weather data library

CLI file requirement UOM EPW available UOM
d Day Date – Day
m Month Date – Month
h Hour Time – Hour
G_Dh Diffuse horizontal irradiance W/m2 Diffuse Horizontal Radiation Wh/m2
G_Bn Beam (solar) normal irradiance W/m2 Direct Normal Radiation Wh/m2
Ta Air temperature °C Dry Bulb Temperature °C
Ts Ground surface temperature °C Dry Bulb Temperature °C
FF Wind Speed m/s Wind Speed m/s
DD Wind Direction ° Wind Direction °
RH Relative Humidity % Relative Humidity %
RR Precipitation mm Liquid Precipitation Depth mm
N Nebulosity Octas Total Sky Cover tenths

From: Climate.OneBuilding.Org
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Data preparation
Weather data library

From: Climate.OneBuilding.Org

.epw .cli
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Data preparation
Weather data library

From: Climate.OneBuilding.Org



41

Data preparation
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Python implementation
Connect python environment to the database
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Python implementation
Data extraction and pre-processing
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Python implementation
Data extraction and pre-processing - Study area selection

Original file, bounding box as xmin 0 ymin -30 xmax 70 ymax 15 Area selection, bounding box as xmin 0 ymin -20 xmax 70 ymax 15 
buffer as 20m
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Python implementation
Data extraction and pre-processing
Example of extraction of building geometry inside the study area:

The extracted data are organized and stored in python - panda dataframes
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Python implementation
Data extraction and pre-processing
Extraction of physics parameters and merged with building geometry:
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Python implementation
Shading surfaces
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Python implementation
Shading surfaces

bounding box as xmin 0 ymin -30 xmax 70 ymax 15 buffer as 30m 
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Python implementation
Terrain processing

• Extract the building footprints

• Dissolve  intersected building footprints into one

• Project 3D geometry to 2D

• Crop and re-triangulate the terrain

• Transform the 2D geometry to 3D
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Python implementation
Terrain processing
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Python implementation
Party walls processing

Filter the party walls information in table generalization, then remove those selected part walls
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Python implementation
Building surfaces processing

• Check the geometry surfaces are convex or not

• Project the 3D concave surfaces to 2D

• Retriangulate the surfaces

• Transform the 2D geometry to 3D
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Python implementation
Building surfaces processing
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Python implementation
Write CitySim input XML file

• Composite
• Profile
• Building
• Shading surface
• Tree
• Terrain
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Python implementation
Write CitySim input XML file
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Python implementation
Write CitySim input XML file

• Composite 
• Profile
• Building
• Shading surface
• Tree
• Terrain

Including the option to retain decimal places and coordinate translation
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Python implementation
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Python implementation
Write CitySim input XML file

• Composite 
• Profile
• Building
• Shading surface
• Tree
• Terrain

Including the option to retain decimal places and coordinate translation
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Python implementation

Including the option to retain decimal places and coordinate translation
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Python implementation

The input files can be imported into the CitySim pro GUI to run the simulation

Load the input files in CitySim Pro GUI to run the simulation
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Python implementation
Call CitySim to run the simulation
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Python implementation

Short-Wave irradiation result viewed in CitySim Pro

Simulation result files

• _TH.tsv

• _SW.tsv

• _TS.tsv

• _VF.tsv

• _LW.tsv

• _Ared.tsv

• ……

Result files containing hourly resolution results are generated
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Python implementation

CitySim simulation result TH.tsv in Excel window
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Python implementation
Result storage – focus on _TH.tsv file for example

- Total heating and cooling demand (Qs) for each building
- 8760 hourly value

Extract Qs value from TH.tsv file into dataframe
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Python implementation
Result storage – focus on _TH.tsv file for example

- Store in 3DCityDB extension Energy ADE (v. 2.0) structure

• Extract the hourly Qs parameters

• Calculate the monthly and yearly 
value

• Organize the data into dataframes
same as the Energy ADE structure 

• Insert the dataframes into the 
database

* Feature EnergyDemand used for storing the Qs value (From the UML diagram of the Energy ADE core)
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Python implementation
Result storage – focus on _TH.tsv file for example

The simulation result Qs parameters stored in the database 

* Table ng_regulartimeseries in database contains the Alderaan simulation result

For other results they can also be stored in a way similar as Qs value
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Result analysis, reflection and future 
work
Python interface testing

- Real dataset RijssenHolten.gml from 3D BAG 2.0

RijssenHolten.gml (1/16 of the original)



71

Result analysis, reflection and future 
work
Python interface testing

- Real dataset RijssenHolten.gml from 3D BAG 2.0

bounding box as xmin 231952 ymin 479844 xmax 232266 ymax 479944 buffer as 50m
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Result analysis, reflection and future 
work
Python interface testing

- Real dataset RijssenHolten.gml from 3D BAG 2.0

* Table ng_regulartimeseries in database contains the rijssenholten simulation result
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Result analysis, reflection and future 
work
Guidelines for the python interface

The script of the python interface along with physics library and weather library backup files
are posted on GitHub:

https://github.com/yuzhenjin3000/Dynamic-energy-simulations-based-on-the-3D-BAG-2.0.git

https://github.com/yuzhenjin3000/Dynamic-energy-simulations-based-on-the-3D-BAG-2.0
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Result analysis, reflection and future 
work

Conclusion

CitySim Pro
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Result analysis, reflection and future 
work

Limitation and Future work

- Improve the interface’s adaptability to real dataset

- Simplify the processing with more powerful python library

- Graphical user interface can be designed
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Thanks!
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