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1. Motivation & Research questions
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1.1 Motivation
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• Energy performance of buildings as a prevalent discussion

• Urban Energy Modelling with semantic 3D city models

Energy demand analysis Solar irradiance analysis Refurbishment measures

Agugiaro (2016) Leon-Sanchez et al. (2021) Nouvel et al. (2013)



1.1 Motivation
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Geometry in five Levels of Detail (LoD)

Biljecki et al. (2016)

Semantics

Gröger et al. (2012)

CityGML

Three encodings:

• XML-based →

• JSON-based →

• SQL-based →

• Modelling City Objects



1.1 Motivation
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CityGML

Application Domain Extensions (ADE)

Energy ADE: stores energy-related 
data

Benner (2018)

• Highly complex structure

Energy ADE KIT profile

CityJSON

• Less hierarchical structure

• Also has Extension mechanism
+    Energy ?



1.2 Research question

How can a CityJSON Energy Extension be used to support the 
calculation of space heating demand of buildings?
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1.2 Sub-questions
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To what extent is it possible to map CityGML ADEs to CityJSON
Extensions? Should the CityJSON schema be extended to make this 
process more straightforward?

How can different types of objects, other than CityObjects, be defined 
in a CityJSON Extension?

How should the CityJSON Energy Extension differ from the Energy ADE?

How can space heating demand calculation be used during the design 
phase to test and improve the CityJSON Energy Extension?



2. Related work

9



2.3 CityJSON Extensions

Extension mechanism:
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Creating new attributes

Creating new City Objects

Creating new root properties

Extension 
properties

Current CityJSON extensions:

Support for 3D point clouds
Nys et al. (2021)

Topology in 3D city models
Vitalis et al. (2019)

Building permits
Wu (2021)

Mapping the CityGML Noise ADE
CityJSON team



2.4 Space heating demand calculation

Steady-state models:
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Highly used for space 

heating demand

Less input parameters

Simplifications and 

assumptions

Swan and Ugursal (2009); 
Kaden and Kolbe (2014)

CitySim

City-scale energy 
simulation tools



3. Methodology
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3. Methodolody
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3.1 Semi-direct translation

Energy ADE KIT profile → CityJSON Energy Extension
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Considered elements

• New CityObjects

• New attributes to existing CityObjects

• New non-CityObjects

• Additional data types, enumerations, 
code lists

• Relations between CityObjects and 
non-CityObjects

CityJSON Extension mechanism

extraCityObjects

extraAttributes



3.2 Validation and improvements
Through the use case
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Through cjval

https://github.com/cityjson/cjval

Storage of input data

Efficiency on data retrieval 

CityJSON + Energy Extension file

Official validator of CityJSON, checks:

JSON syntax

CityJSON schemas

Extension schemas



3.3 Space heating demand calculation

• Dutch standard NTA 8800

• Steady-state energy balance method:
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Heat losses Heat gains

Heat losses through transmission :

Heat losses through ventilation :

Internal gains :

Solar gains :

Utilization factor :

QH;tr;zi;mi

QH;ve;zi;mi

QH;sol;zi;mi

nH;gn;zi;mi

Monthly 
space 

heating 
demand

QH;int;zi;mi



4. Study area and datasets
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4.1 Study area
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Rijssen-Holten, Netherlands

• 3318 buildings

Building usage

Building typologies



4.3 Datasets
3D city model of Rijssen-Holten
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Used attributes:
• Building class & function
• Building type
• Year of construction
• Roof “footprint” area
• Building volume
• # of storeys
• Adjacent buildings
• Surface inclination, direction 

& area

• In CityGML format

• Geometry in LoD0 & LoD2

• Semantics: WallSurface,  RoofSurface, 
GroundSurface

Pre-processing:

Slope of surfaces
Perimeter of buildings

citygml-tools
& cjio

CityGML to CityJSON

Python Data cleaning



4.3 Datasets
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Basisregistratie 
Adressen en 

Gebouwen (BAG)

TABULA building 
physics library

Meteorological Data 
Portal & NTA8800

• Usable area
• Number of 

residential units

• U-value
• g-value
• Window ratio

• Outdoor air 
temperature

• Monthly solar 
radiation

• Shading reduction 
factor

SFH TH MFH AB

till 1964

1965-1974

1975-1991

1992-2005

2006-2014

2015-today

SFH = Single-family house
TH = Terrace house
MFH = Multi-family house
AB = Apartment block

https://webtool.building-typology.eu



5. Implementation
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5.1 Mapping rules of the semi-direct 
translation

Creating new CityObjects

22

Extension schema Example object

Benner (2018)



5.1 Mapping rules of the semi-direct 
translation
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Creating new attributes

Extension schema

Example object

Benner (2018)

Building BuildingPart



5.1 Mapping rules of the semi-direct 
translation
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Creating new non-CityObjects

• Not in the Extension mechanism

Benner (2018)



5.1 Mapping rules of the semi-direct 
translation
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Creating new data types and enumerations

Extension schema

Benner (2018)



5.1 Mapping rules of the semi-direct 
translation
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Relations: CityObjects

• Parent - children relationship

ThermalZone – UsageZone

Relations: CityObjects and non-CityObjects

• Additional attributes

Building (CO) – EnergyDemand (non-CO)

ID of EnergyDemand
object



5.2 Validation through the use case
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Storage of input data in a 
CityJSON + Energy Extension 
file



5.2 Validation through the use case

Space heating demand calculation

• Implemented in Python

• Assumptions and simplifications:

→ Only residential & mixed-use buildings

→ Heating period: [October, March]

→ Constant value for indoor air temperature

→ Each building as single thermal zone

→ Window ratio instead of individual windows
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5.3 Limitations & improvements
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Relations 
among objects

Semi-direct translation Final CityJSON Energy Extension

Ambiguity in 
parent/children 
relationship



5.3 Limitations & improvements
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Storage of relations among objects

1

2
1

Semi-direct translation Final CityJSON Energy Extension

With attributes With properties



5.3 Limitations & improvements

Deep hierarchical structures – WeatherData object
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Stored as extra object

Semi-direct translation Final CityJSON Energy Extension

Stored as subschema

ID of 
WeatherData

object



6. Results & Analysis
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6.1 Energy ADE KIT profile vs. CityJSON
Energy Extension

Energy ADE KIT profile
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CityJSON Energy Extension

• Limited support for the use case

• Deep hierarchical structure

• Clear distinction between the 
storage of CityObjects and non-
CityObjects

• Uses inheritance

• Full support for the use case

• Deep hierarchies are removed

• No distinction between the 
storage of CityObjects and non-
CityObjects

• No inheritance

Impact

No significant 
impact



6.2 Comparison on file size
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• Only 25.2 MB increase in CityJSON file size

• No comparison between Energy ADE and CityJSON Energy Extension

• Higher efficiency of CityJSON over CityGML



6.2 Comparison on file size
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• Only 25.2 MB increase in CityJSON file size

• No comparison between Energy ADE and CityJSON Energy Extension

• Higher efficiency of CityJSON over CityGML



6.3 Results of the space heating demand 
calculation

• Calculated for 1884 buildings out of the total of 3318

• Space heating demand in January:
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Center of Rijssen Residential area in Rijssen



6.3 Results of the space heating demand 
calculation

Impact of building position

37

Corner building Middle building Stand-alone building



6.3 Results of the space heating demand 
calculation
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Energy demand based on building typology

MFH = Multi-family house
SFH = Single-family house
TH = Terrace house

Monthly average values



6.3 Results of the space heating demand 
calculation

Energy demand based on construction periods
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Negative
average value!

Monthly average values Overall distribution



6.3 Results of the space heating demand 
calculation

Comparison with SimStadt values
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• Dutch standard vs. German 
regulations

• Both use steady-state energy 
balance method

• Negative values → not found in 
SimStadt

Difference in monthly averages for a 10-
building subset



6.3 Results of the space heating demand 
calculation

Negative values

• 32 buildings with negative 
energy demand values

• 1401 buildings with negative 
solar gains values
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Extra heat flow due to 
the radiation to the sky

Possible reasons:
→ Used window ratio data
→ Solar gains calculation

10-building subset with negative energy demand

Solar gains calculation



7. Conclusions & Future work
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7.1 Conclusions

Main research question
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How can a CityJSON Energy Extension be used to support the 
calculation of space heating demand of buildings?



7.1 Conclusions

• Possible with the extraCityObjects property

• Negative impact on the simplicity and understandability of the Extension

• Limits the possibilities of creating complex Extensions

44

Defining different types of objects (other than CityObjects):

• Less hierarchical structure & more efficient storage

• Providing full support for the use case

Differences with the Energy ADE:



7.1 Conclusions
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Use of space heating demand calculation:

• Validating the Extension in terms of storage of data

• Achieving less hierarchy and more efficiency

Mapping CityGML ADEs to CityJSON Extensions:

• Direct mapping depends on used objects

• Support is needed to define non-CityObjects



7.2 Contributions & Limitations
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Contributions

• Popularity of CityJSON over 
CityGML

• Development of new CityJSON
Extensions

• Development/improvement of 
CityJSON tools

Limitations

• Definition of new objects in the 
Extension schema

• Input data for the space 
heating demand calculation

• Results of the space heating 
demand calculation



7.3 Future work

• Further development of the CityJSON Energy Extension

→ Testing with other use cases

→ Incorporating the full Energy ADE

• Additional methods for validation and comparison

→ Conversion between the Energy ADE and CityJSON Energy Extension

→ Further analysis on file size: Energy ADE vs. CityJSON Energy Extension
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Thank you for your attention!
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