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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.
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Energy ADE

* Ease interoperability for energy data
— Between different software tools
— Between different stakeholders

* Define (and store) energy-related data in

a standard, open, urban data model
— Allow for multi-scale energy modelling
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* Based on multidisciplinary cooperation between digital

twin users, data producers, software vendors, ...,

scientists

and
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e 2012: CityGML 2.0
— Still the most used version world-wide
Introduction
e 2014-2018: Energy ADE
Energy ADE 3.0 e lgy_ - R
. — Used in several national and international projects since its release

2019: Energy ADE 2.0

— Minor improvements and semplifications

2021: CityGML 3.0

— Major changes and improvements

* From 2024 onwards: Energy ADE 3.0

— Integrate ideas and lessons learned since 2018

— Developed for CityGML 2.0, but already looking at CityGML 3.0

Agugiaro, G., Benner, J., Cipriano, P., Nouvel, R., 2018. The Energy Application Domain Extension for CityGML: Enhancing interoperability for urban energy simulations. Open
Geospatial Data, Software and Standards, 2018 3:2. Link

Agugiaro, G., Padsala, R., 2025. A proposal to update and enhance the CityGML Energy Application Domain Extension. ISPRS Ann. Photogramm. Remote Sens. Spatial Inf. Sci., 20th
44 3D Geolnfo Conference, Japan. X-4/W6-2025, pp. 1-8. Link


https://doi.org/10.1186/s40965-018-0042-y
https://doi.org/10.5194/isprs-annals-X-4-W6-2025-1-2025
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* Keep the overall modular structure of the previous versions
Introduction :
Energy ADE 3.0 * Updates based on accumulated past experiences
Conclusions — Updates, improvements, etc.

— Backport some concepts/ideas from CityGML 3.0
— Better alignment with the overall modelling "logic" of CityGML

* Designed for CityGML 2.0, but keeping in mind the future mapping to CityGML 3.0

* Avoid past pitfalls!!!
— Provide good documentation
— Provide modelling rules
— Provide sufficient example data

"~

— Implement it! &



<3
TUDelft
3Dgeoinfo

rba

Introduction
Energy ADE 3.0
Conclusions

CityGML 2.0 "memory refresher"

o T 3
TUDelft
* WARNING! No chance you can "survive" if you i srmadi
can't read and understand UML. &
Check free tutorial here I -
[[== g §

* In GML, (Abstract)Feature class is the starting
point for nearly all subclasses. It comes with id, name, description and extents
properties

— One feature object can have multiple geometrical representations at the same time

* In CityGML 2.0, abstract _CityObject is subclass of (Abstract)Feature and has, among
the rest, 0..* ExternalReference objects and 0..* generic attributes.

* Nearly all classes in CityGML 2.0 are derived from _CityObject


https://3d.bk.tudelft.nl/gagugiaro/tutorials/pdf/UML_in_a_nuthshell.pdf
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<<Feature>>
gml:: Feature
+name : gml::CodeType [0..*]

—

CityGML 2.0 "memory refresher"

JAN
<<Feature>> 2t
gmi::_FeatureCollection e e o <<Geome.try?>
~ Address gml::MultiPoint
" 0.1
T 1
<<Feature>> <<DataType>>
CityModel xalAddress” xAL::AddressDetails
. <<Feature>>
CityObject 1 ' DTV
‘ ! : =" ataType
+crea§|onpate i xs...da%e H-1] > externalReference™ ExternalReference
+terminationDate : xs::date [0..1] » - -
cityObjectMember |+relativeToTerrain : RelativeToTerrainType [0..1] tinformationSystem : xs::anyURI [0..1]

+relativeToWater : RelativeToWaterType [0..1]

generalizesTo

[ .

1

externalObject 1

<<Union>>
ExternalObjectReference

+name : xs::string [1]
+uri : xs::anyURI [1]




1
TUDelft
3Dgeoinfo

UrbaNRG

Introduction
Energy ADE 3.0
Conclusions

CityGML 2.0 "memory refresher"

<<Feature>>
core::_CityObject

>

_genericAttribute

<<DataType>>
genericAttribute

‘ " |+name : xs::string [1]

_genericAttribute

0.1

1.*

<<DataType>>
stringAttribute

<<DataType>>
genericAttributeSet

+value : xs:string [1]

+codeSpace : xs:anyURI [0..1]

<<DataType>>
intAttribute

+value : xs:integer [1]

<<DataType>>
doubleAttribute

+value : xs::double [1]

<<DataType>>
dateAttribute

+value : xs:date [1]

<<DataType>>
uriAttribute

+value : xs::anyURI [1]

<<DataType>>
measureAttribute

+value : gml::MeasureType [1]
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CityGML 3.0 "memory refresher"

* In CityGML 3.0, a few more classes and attributes are added
— AbstractFeature has the identifier as stable, long-term id (unlike gml/featurelD)
AbstractFeatureWithLifespan adds the concept of validity (from, to)

afeatureTypes
AbstractFeature
oPropertys eFeaureTypes
Core module - City models and city objects General Feature Model::
+ feaurslD: ID 1
+  ideniiier. Scopediame [0.1] Anyfeature
+ name: Generichame [0.%]
+ desoripfion: CharacterString [0.-1]
+ aceOffbetracteaturs: ADEOfAbsractFeature [0..%]
L|_\.
FeatreTypes . slniona ~ «FesuETypes
CityModel +cityModeiMemier CityMode/Member AbstractFeatureithL ifespan
eFropertys
aPropetys - | R . sFregeryn
+ enginesringCRS: EnginesringCRS[0.1] | +  cityChjeciMember: AbstractCityOkject +  creafionDate: DateTime [0 1]
+ adeOfCityModel: ADEOfCityMods! [0.%] + appearanceblember fociractAppearance + teminafonDate: DatTime [0.1]
+ wversonbember: AbstractVersion + walidFrom: DateTime [0..1]
+ wTra'siﬁmMeanbst’annTrmsiﬁcﬂ + walidTo: DateTime [0..1]
+ fealureMenter. AbstractFeature +  adeOfibaractFeaureWithLifespan: ADEOftbsiractFeatureivithLifespan [0..1]
| +appeEaanCe +ymamizer |
aFeatureTypen sreature Types Fropertys Propestys * areareTypes
AbstractVersion AbsiractAppearance = AbstractDynamizer
aPropestys «Propertys aProperty
+  ade0ffbstraciVerson: ADECTAbetracyersion [0..1] +  ade(ifbaractfppearance: ADECTAbstractAppearance [0..] + ade0ffbstraciDynamizer: ADEOfAbstractDynamizer [0..*]
. A
FeaureT =
FeireType . mmﬁ; +gEnerdizesTo
Abstract VersionTransition +eltedTo ePropertys *
B sPropertys * .. | «Propertys *
+ a0 criTransion: ADECEetracVersionTransition [0.] +  relativeToTerman: RelafveToTemain [0.1]

+ !emETdﬁamp F&TETC .BE' |D -]
+ adeOipetaciCiyObject ADEOAbetractCityObject [0.]
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* In CityGML 3.0, a few more classes and attributes are added
— An AbstractCityObject can be related to any other AbstractCityObject(s) by means of the

Introduction CityObjectRelation class

Energy ADE 3.0

Conclusions

AbstractFeaturelWihl if=apan
eFeatureTypes
sChieciTypes AbstractCityObject
CityObjectielation | |
] \ selatedTo |
+ mﬁpe Flafion TypeV/alue aPropertys *
wCodel fs
RedationTypeValue
wCodel Efs T «Codel its

TopologicalRelationTypeValue t (OtherRelationTypeValue

«Codel icfs
TemporalRelationTypeValue

10
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Energy ADE 3.0: Modules

* Core module

— Shared classes (metadata, refurbishments,
indicators, network connectivity, ...)

* Building module

— Zones, zone boundaries and openings, occupants
— Building units, EPCs

* Devices module

— Energy conversion (PV, ...), storage, distribution

* Resources module

— Energy, water, and other resources

* Layered construction module

— Simple modelling (e.g. only U-value or g-values) or multi-layered constructions with physical
properties of materials

* Urban function areas modules

* Supporting modules
— Schedules, time series, weather data, codelists, enumerations
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e | wleafs «leafo ADE
Devices : Resources Schedules
| Pt ==
|
wleafs aleafs aleafs
Codellsts Enumerations DataTypes

12
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Core module 1/3

* Backports from CityGML 3.0 for _CityObject:

— Class CityObjectRelation for arbitrary relations
between cityobjects

— Identifier, validity interval

— All city objects can be represented with a point
geometry

* New properties of _CityObject
— First, simple, support for medatata
— Possibility to define customized indicators

— Connection to other shared core classes (see later)

* Minor adjustments for future mapping to
CityGML 3.0

— <<Type>> stereotype replaced with <<featureType>>

ufeatureType»

+relatedTo

Core::_CityObject |
1

A byReference

1

«dataType»
«ADE» DataTypes::CityObjectRelation

+ relationType: RelationTypeValue

«ADEElement»
_CityObject

+relatedTo

inLine

+ + 4+ o+ + + +

identifier: Code [0..1]
indicator: Indicator [0..%]
metadata: Metadata [0..1]
status: StatusValue [0..1]
validFrom: DateTime [0..1]
validTo: DateTime [0..1]
referencePoint: GM_Point [0..1]

-
1

wdataType»

DataTypes::Metadata

author: CharacterString [0..1]

owner: CharacterString [0..1]

+ + + + +

source: CharacterString [0..1]

acquisitionMethod: DataAcquisitionMethodValue [0..1]

qualityDescription: CharacterString [0..1]

‘ wdataType»

DataTypes:Indicator ‘

name: Code

+ + + + +

value:Scale

type: IndicatorTypeValue

description: CharacterString [0..1]
scope: IndicatorScopeValue [0..1]
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* Contains additional shared "utility"

classes, also derived from _CityObject

Introduction — Intervention (e.g. Maintenance,
Energy ADE 3.0 Inspection, Refurbishment)

* Data model
* Resources
Conclusions — SensorData Vol

«featureType»
Intervention

type: InterventionTypeValue

action: InterventionActionValue [0..1]
interventionStartDate: Date [0..1]
interventionEndDate: Date [0..1]

«featureType»
UtilityNetworkConnection

+ o+

networkType: NetworkTypeValue
functioninNetwork: FunctioninNetworkValue [0..1]
usagelnNetwork: FunctioninNetworkValue [0..1]
networkID: CharacterString [0..1] «featureType»
networkNodelD: CharacterString [0..1] DeviceOperation

+ ok ko

— UtilityNetworkConnection

+

type: DeviceOperationTypeValue
yearlyGlobalEfficiency: Decimal [0..1]

+

AbstractResource
_ + operationType:Ri eOp: ionTypeValue N
+ referencePeriod: ReferencePeriodValue [0..1]
+ amount: Measure [0..1] +schedule\|/0..1
+ year:Integer [0..1]
+ IsA N lized: Boolean =False «featureType»
+ nor lue: My [0..1] AbstractSchedule
° C H b b I + normalizat : Ch rString [0..1]
(o] nta INS a St ra Ct ase classes + expense: Measure [0..1] + type:ScheduleTypeValue
4+ revenue: Measure [0..1] o S:a :;‘ rne: T:A_Clo[;k'r;;ne [0.1]
i s s + startDay: Integer [0..
for other modules ’ s + Startonth: ntegeriD.1]
0.1 Q + startYear:Integer[0..1]
+amountBasedOn | + temporalExtent: TM_IntervalLength [0..1]
— AbstractResource : N
H byRef
— AbstractLayeredConstruction RasriEs deatureType»
SensorData
—_ H H + type:SensorDataTypeValue
AbStraCtT,meser’es + valueType: SensorDataValueTypeValue [0..1]
+ yearlyValue: Measure [0..1]
>

— AbstractSchedule j position: GM_Point 0..1]
inLine 4timeDependentE

«featureType»

‘ 0.1 AbstractTimeSeries +timeDependentValues
inLine :
~+timeDependentAmount | + interpolationType: InterpolationTypeValue [0..1] '

0.1

inLine +timeDependentRevenue inLine

0.1

14
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Core module 3/3

e Contains abstract base classes

ufeatureType»
Core::_CityObject

«featureTypes
Abstractlibrary
+ type:Code [D..1]

Introduction
Energy ADE 3.0

» Data model

for other modules (ctd)

AbstractLibrary

AbstractCityObjectSpace

AbstractDevice

afeatureTypes
AbstractCityObjectSpace

ko o+

area: QualifiedArea [0..%]

volume: QualifiedVelume [0..%]
lodOMultiSurface: GM_MultiSurface [0..1]
lod1Solid: GM_Solid [0..1]

lod2Solid: GM_Solid [0..1]

lod3Solid: GM_Solid [0..1]

«ADEElements
_CityObject

identifier: Code [D..1]
indicator: Indicator [0..*]
metadata: Metadata [0..1]
status: StatusWalue [0..1]
validFrom: DateTime [0..1]
validTo: DateTime [0..1]

+ 4+ 4+ 4+ + o+ o+

 Resources
Conclusions )
+device

+ayeredConstruction
0.* 0.1

referencePoint: GM_Point [0..1]

* AbstractCityObjectSpace "mimics"

wfeatureTypes
AbstractDevice

the space concept of CityGML 3.0 |} g ouncesmeo
+ yearOfManufacture: Integer [0..1] inLine 5 TN cleatureTypes
_ 1 + numberOfDevices: Integer [0..1]
LO DO m u It I S u rfa Ce + installedPower: Measure [0..1] *. #sensorData Sensor i
. + nominalEfficiency: Measure [0..1] o
—_ - + efficiencylndicator: CharacterString [0..1] f -
LODl 3 SOI Ids + heatDissipation: Measure [0..1] ¢ inLine
. . + heatDissipationConvectiveFraction: Scale [0..1] - «featureTypes
— Qualified attributes for area and Q== s otiontatertraction S SR utilityNetworkConnection _ | UtilityNetworkConnection

volume O o.r
+deviceOperation e afeatureTypes
‘. sresource AbstractResource
afeatureTyper
DeviceOperation 0.*
InLine . . afeatureTypes
~  +intervention Intervention

0.*

15
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* This module allows to model the building thermal zoning and occupants' behaviour

— Integrates and merges former Building physics and Occupancy modules from Energy ADE 1.0
Introduction and 2.0
Energy ADE 3.0

+ Data model
« Resources * Contains classes EnergyPerformanceCertificate and Occupants, needed by other

Conclusions classes in the module

efeatureTypes
Core::AbstractSchedule

«featureType»
Core::_CityObject

.
0.1/ +occupancySchedule

TS

byReference

Q

afeatureType s ufeatureTypes
EnergyPerformanceCertificate Occupants

type: OccupantsTypeValue

numberOfOccupants: Integer [0..1]

averageDietType: DietTypeValue [0..1]
averagelncomelewvel: IncomelevelValue [0..1]
averagelnstructionLevel: InstructionLevelValue [0..1]
heatDissipation: Measure [0..1]
heatDissipationConvectiveFraction: Scale [0..1]
heatDissipationlLatentFraction: Scale [0..1]
heatDissipationRadiantFraction: Scale [D..1]

type: EFCTypeValue

label: CharacterString

value: Measure [0..1]
certificationMethod: CharacterString [0..1

F oo+ 4

e

17
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* Extends class Building
_CityObject _Site
— Type, Owner's name, attic and basement |, .pue e Iiapriiis=

Introduction thermal status, isProtected, qualified
Energy ADE 3.0 attributes for height, area, volume
* Data model (netFloorArea, grossFloorArea,

. ReSOUfo%S heatedFloorArea, etc.)
Conclusions

«ADEw

«ADEElement»
_AbstractBuilding

wfeatureTypes
AbstroctBuildingSpace

bdgType: BuildingTypeValue [0..1]
bdgOwnerMame: CharacterString [0..1]

e

ok ook ok ok ok ok ok ok

bdgOwnershipType: OwnershipTypeValue [0..1]
bdgNumberOfBuildingUnits: Integer [0..1]
bdgAtticThermalStatus: ThermalStatusValue [0..1]
bdgBasementThermalStatus: ThermalStatusValue [0..1]
bdgConstructionWeight: ConstructionWeightValue [0..1]
bdglsProtected: Boolean [0..1]

bdgHeight: QualifiedHeight [0..*]

bdgArea: QualifiedArea [0..%]

bdgVolume: QualifiedVelume [0..*]

inLi
inLine o CityObject]
. wfeatureTypes
+energyPerformanceCertificate EnergyPerfonmance Ces e
wfeatureTypes

+buildingUnit afeatureTypes
AbstractZone : B BuildingUnit +address
' * ' -
! 0 type: CurrentUseValue L 0.* Lot
floorNumberFrom: Decimal [0..1] Ny

byReference floorNumberTo: Decimal [0..1]
numberOfRooms: Integer [0..1] byReference
ownerName: CharacterString [0..1]

ownershipType: OwnershipTypeValue [0..1]

+occupiedBy

* Defines class BuildingUnit and o
AbstractZone [ Mo
— From AbstractCityObjectSpace
— Both can have Occupants

inLine -

+zone /0. +buildingUnit

+ 4+ 4+ + o+ o+

18
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* All (Building) thematic surfaces

(WallSurface, RoofSurface, etc.) wteatureTypes

Building::_BoundorySurfoce

Introduction receiveoptional additional attributes that H+ lod2Multisurtace: GM_Mutisurtace 011

+ lod3MultiSurface: GM_MultiSurface [0.1)

Energy ADE 3.0 can precomputed once and stored for later 1%

SLELILEED faster retrieval
 Resources «ADEElements

Conclusions — Azimuth, inclination, surface area (total and e e

bdgBdrySurfisShared: Boolean [0..1)
opaque), SVF, GVF, etc.

bdgBdrySurfThickness: Length [0..1)
bdgBdrySurfTotalSurfaceArea: Area |0.1)
— isShared can be used to identify shared
surfaces between adjacent buildings

bdgBdrySurfOpaqueSurfaceArea: Area 0..1)
bdgBdrySurfAdditionaThermalBridgeUValue: Measure [0.1)
bdgBdrySurfHe atCapacity: Measure (0.1}
bdgBdrySurfAzimuth: Angle [0..1)

bdgBdrySurfinclination: Angle [0..1)
bdgBdrySurfGroundViewFactor: Scale 0..1)
bdgBdrySurtSkyViewFactor: Scale [0..1)

L S R

* Similarly, class (Building) _Openings (i.e. = ,
Window and Door classes) receive Building::_Opening
additional Optional attributes + lod3implicitRepresentation: core:implicitGeometry [0..1) ¢

4+ lod3MultiSurface: GM_MultiSurface [0..1)

«ADE» I

«ADEClement»
_Opening

bugOpnirea: Area [0..1)
bdgOpninclination: Angle [0..1)
bdgOpnAzimuth: Angle 10.1)
bdgOpnGroundViewFactor: Scale j0.1)
bdgOpnSkyViewFactor: Scale [0..1)

L

19
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* A building volume can be partitioned into Zones (and ZoneParts), each one

characterised by several attributes

Introduction — type, infiltrationRate, internalHeatGains
Energy ADE 3.0
+ Data model

* Resources

— isHeated, isCooled, ...
— And the respective Schedules for heating, cooling, etc...

Conclusions
sfeatureTypes afeatureTypens sfeatureTypes
Core::_CityObject :] Core-:AbstroctCityObjectSpoce < AbstroctBuildingSpoce
wfeatureTypes «featureTypes
+buildingUnit BuildingUnit
+ type: CurrentUseValue >1 P 0-—
+ IsCooled: Boolean [0..1) ‘\
+ [isHeated:Boolean [0..1)
+ IsMechanicallyVentilated: Boolean [0..1)
+ infiltrationRate: Measure [0..1) | byReference byReference
+ heatCapacity: Measure [0..1]) -
+ internalHeatGains: Measure [0..1) ' 0.1
+ InternalHeatGainsConvectiveFraction: Scale [0..1)
+ internalMeatGainsLatentFraction: Scale [0..1) +coolingSchadule Corc.-hl .I w’.‘?‘:f' fule
+ InternalMeatGainsRadiantFraction: Scale [0..1] <> 0.1
+ numberOfBuildingUnits: Integer [0..1] sheatingSchedule
+ coincidesWithLod2Hull: Boolean = False
+ coincidesWithLod3Hull: Boolean =False 0.1
/\ /} T 4mechanicalVentilationSchedule
T +onePart
sfeatureTypes ‘—% | sfeatureTypes

Zone 0. ZonePart
20 inline
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Building module 5/5

* Zone (and ZonePart) objects can be further

modelled via their own thematic surfaces

ZoneWallSurface, ZoneRoofSurface, etc.

LoD2-3, no LoD4 allowed (in line with
CityGML 3.0)

Intentional decoupling of thematic surfaces
and zone thematic surfaces

e Zone thematic surfaces can have their own
openings (ZoneWindow and ZoneDoor)

Openings must be coplanar with the parent
thematic surface and perfectly "fill the hole"

LoD2-3, no LoD4 allowed

Geometries should not touch any exterior
border of the parent thematic surface (i.e. be
contained).

* Please note: this is not a constraint, but a good
modelling habit to guarantee compatibility with
EnergyPlus and ghXML

sfeatureTypes
Core::_CityObject

sfeatureTypes
AbstroctZone

sfeatureTypes
ZoneAtticFloorSurtace
l afeatureTypes
ZoneBmementCeilingSurface
sfeatureTypes
[ ZoneWallSurface

afeatureTypes
ZoneGroundSurface

L afeatureTypes
ZonelntermedisteFloorSurface

-
| afeatureTypes
7] ZoneOuterCeilingSurface

L

l

=featureTypes
ZoneOuterFloorSurface

sfeatureTypes
ZoneRoofSurface

efeature Types
ZoneUndergroundWallSurface

aaaaa Types
ZoneClosureSurface

I
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Building module

* Allows to define (thermal) zones...

Thermal zones, LoD1 to LoD3

(solid geometries)

NEW: Thermal boundary
geometries with holes!

NEW

NEW

\‘_

Thermal boundaries (+ thermal openings),
LoD2 and LoD3, multi-surface geometries
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Building module

* Allows to define (thermal) zones...

AN

AN




<3
J TUDelft ildi
BDgecfi}nfD Bu"dlng mOdUIe
UrbaNRG
 Allows to define (thermal) zones and their boundaries by means of thematic surfaces

Introduction

Energy ADE 3.0

» Data model

» Resources
Conclusions

e —— ZonelntermediateFloorSurface

‘l ZoneBasementCeilingSuirface

(shared) ZoneWallSurface

ZoneGroundSurface
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3Dgeainfo
Urbal i
* Contains the classes to model the physical characteristics of layered contructions
(walls, etc.)

Introduction * Simple modelling via LayeredConstruction
Energy ADE 3.0 | cal .
 Data model — Global U-value, g-value, optical properties, etc.
* Resources * Best used with typical approaches "a la Tabula"
Conclusions

afeatureTypes «featureTypes
Core::AbstroctioyeredConstruction .__D. Core::_CityObject

7

+baselayeredConstruction

1
byReference |

26



J*‘UDe'ﬂ Material and Layered Construction module 2/3

3Dgeainfo
Urbal o
* Advanced modelling via Layer objects of

different materials ordered from the inside

Introduction to the outside of the zone boundary surface

Energy ADE 3.0 = e
* Data model evedc D o

« Resources * Materials (SolidMaterial, Liquid, Gas) have

Conclusions their own physical properties

* Best used with detailed simulations
e.g. EnergyPlus, CitySim, etc.

vvvvv
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Material and Layered Construction module 3/3

* All LayeredConstruction and all Material objects are contained in two separate

libraries (containers) and only referenced (e.g. via Xlinks)

— Library objects are top-level elements

0.

inLine |

1

afeatureTypes
Core:Abstractlibrary

1._.

HibraryMember

wleatureTypes

0.1

inline I

Core::AbstroctloyeredConstruction

wfeatureTypes
Core::_CityObject

HibraryMember
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wapplicationSchemas

Bullding

capplicationSchemas

}'T'h (from CityGML)

wleafs
Bullding

wleafs
Devices

(from CityGML)

aleafs
Resources

s«hApplicationSchemas
CltyOb|ectGroup

|!'.|\ [from CityGML)

«leafs
Time Serles

«leafs
Schedules

wleafs
Codellsts

aleafs
Enumerations

aleafs
DataTypes

CityGML

energyADE



° afeatureTypes «ADE» M“f

Devices module 1/3 oot (< o

A $ )

* Contains a collection of AN =
"hardware" devices that are : Core=AbstroctDevice |
meant to use or transform R ..o :: ms'u'.'m““’",,..'w".}ﬂ’
Energy B TEEN e

- : nominalEfficiency: Measure [0..1]
+
* Used to be the "Energy E

systems module" on Energy
ADE 1.0
— Too complex = totally dropped

from Energy ADE 1.0 KIT profile
and Energy ADE 2.0

* Now "just" a set of devices




Devices mod




Devices module 3/3

«featureType» «ADE» «ADEElement» «featureType»
Core::_CityObject Core::_CityObject Core::DeviceOperation

+deviceOperation /[\g *

+device\|/0..*

«featureType»
Core::AbstractDevice

model: CharacterString [0..1]
yearOfinstallation: Integer [0..1]
yearOfManufacture: Integer [0..1]
numberOfDevices: Integer [0..1]
installedPower: Measure [0..1]
nominalEfficiency: Measure [0..1]
efficiencylIndicator: CharacterString [0..1]
heatDissipation: Measure [0..1]
heatDissipationConvectiveFraction: Scale [0.
heatDissipationLatentFraction: Scale [0..1]
heatDissipationRadiantFraction: Scale [0..1]

A

= e
=
=1

EE R T S T S ST
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Resources module 1/2

* The main idea is that every CityObject can...

...demand/consume... produce/generate... store/accumulate...
..."something" (i.e. a resource)

* This "something" can be Energy, Water, Food, Waste, ConstructionMaterial, etc.

The quantity can be expressed as a (yearly) amount, or as a time series (or both)

Values can be provided as absolute or specific values (+ normalization value)

* Example: Energy demand expressed in kWh/year, but providing the reference area, we can obtain the
specific value in kWh/m?2/year — or the other way around

* Itis now possible to deal with

actual and potential values,
simulated and measured values



Resources module 2/2

expense: Measure [0..1]
revenue: Measure [0..1]

_CityObject AbstractFeatureWithLifeSpan
«ADEElement» «featureTypen
Core::_CityObject Core::AbstractTimeSeries
A 0.1 0.1 /h 0.1
+esource 0.* +timeDependentAmount +imeDependentRevenue
AbstractFeatureWithLifeSpan +imeDependentExpense
«featureType»
Core::AbstractResource
+ operationType: ResourceOperationTypeValue ?1
+ referencePeriod: ReferencePeriodValue [0..1] -
+ amount: Measure [0..1]
+ year: Integer [0..1] +amountBasedon|  AbstractFeatureWithLifespan
+ isAmountNormalized: Boolean =False <>—>' «featureType»
+ normalizationValue: Measure [0..1] 0.1 Core:AbstractSchedule
+ normalizationParameter: CharacterString [0..1]
+
+
+

co2Equivalent: Measure [0..1]

=
=
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4 [ ]
q'ggggg:;g Urban function areas module 1/3

Urba e
* The main idea is to have "spatial entities" that «featureTypen
. . . . . Core::_Ci
identify portions of space which do not exist e
Introduction physically, but that we use for grouping objects or ———
Energy ADE 3.0 identifying certain areas
+ Data model
* Resources «featureType»
Conclusions + These "spatial entities" can be hierarchically s s
+ class: GroupClass [0..1]
grouped + function: GroupFunction [0..*]
.. . . :G u 0.*
— They can follow administrative boundaries : :foneeu;oz;?n_sgtiit [o?.u
* E.g. block, neighbourhood, district, city, etc. A ?

— Or they can follow a regular pattern

* E.g. grid cells (e.g. statistical/census data)

* Using this module we can present aggregated
results, using different grouping strategies

37
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Tupeiit  Urban function areas module 2/3

3Dgeainfo
Urbali= ¢

Introduction
Energy ADE 3.0

» Data model
 Resources

Conclusions
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J*‘UDe'ft Urban function areas module 3/3

3Dgeoinfo
Urbalnoc

Cooling energy demand in Rotterdam at

Introduction
building and at neighbourhood level

Energy ADE 3.0

» Data model
 Resources

Conclusions
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J fubeit \Weather station module

3Dgeainfo
UrbaNRG
* Allows to model weather-related data
Introduction
afeatureTypes
Energy ADE 3.0 «featureTypes SADEHS SRS +sensorData i
. q Core:;_CityObject ore::SensorData
+ Data model Cone:s OnyRyet «ADE» a 0.
 Resources
Conclusions Z’&
SensorDatoTypeValue
«codelists

Codelists::WeatherDataTypeValue

+ airTemperature
+ humidity

+ windSpeed

+ windDirection

+ cloudiness

+ globalSolarirradiance

+ directSolarirradiance

+ diffuseSolarirradiance

+ terrestrialEmission

+ downwardTerrestrialRadiation
+ daylightilluminance

+ shadowingFactor

+ precipitation

41



s
TU Delf-t «appl:fati{:nScheman capplicationSche man uAppIic:zionﬂicuheman

J 3Dgeainfo = CInObectGroup crmEmans
Urbal ko CltyGML

}'T\ {from CityGML) (from CityGML) J'ﬁ|\l .l"|\ from CityGML)
Introduction
Energy ADE 3.0 Bulding
* Data model
* Resources
Conclusions et
Time Serles
< ————————1
: sEEVNETE =
| : L L LR
«leafs : aleafs i «leafi = erQYADE 30
Devices : Resources L Schedules
I
I
wleafs wleafs wleafs
Codellsts Enumerations DataTypes

42



<3
TUDelft
3Dgeoinfo

rba

Introduction
Energy ADE 3.0

» Data model
 Resources

Conclusions

43

Schedule module

Allows to model 4 types of
schedules

— ConstantValueSchedule

— DualValueSchedule

— TimeSeriesSchedule

— CompositeSchedule

Reworks the Schedule classes of
Energy ADE 1.0

and brings them closer to the
logic of CityGML 3.0

(see Dynamizer module)

All schedule objects must be
contained in their
Schedulelibrary and referenced
(e.g. via Xlinks)

«featureTypen»
Core::_CityObject

A

«featureTypen»
Core::AbstractLibrary

+ibraryMember

«featureType»
SchedulelLibrary

"7 1inLine
*

«featureType»

Core::AbstractSchedule

type: ScheduleTypeValue
startTime: TM_ClockTime [0..1]
startDay: Integer [0..1]
startMonth: Integer [0..1]
startYear: Integer [0..1]

+ o+ o+ o+ 4+

temporalExtent: TM_IntervalLength [0..1]

byReference |

1 +scheduleComponentMember

«featureTypex»
ScheduleComponent

inLine H

+ type:ScheduleTypeValue
+ repetitions:Integer=1
+ additionalGap: TM_IntervalLength [0..1]

+scheduleComponent

«featureType»
TimeSeriesSchedule

+ timeDependentValues: AbstractTimeSeries

1.* .
{ordered}

«featureType»
DualValueSchedule

idleValue: Measure
usageValue: Measure
startUsageTime: ClockTime
endUsageTime: ClockTime

+ + + +

«featureType»
ConstantValueSchedule

+ value: Measure

«featureType»
AbstractAtomicSchedule

«featureType»
CompositeSchedule
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Time Series module 1/2

Allows to store regular and irregular time series
Allows to store time series of measured and typical values
Allows to store values in line (in the same document) or in external files

Allows to store metadata to connect to sensors via class SensorConnection
(backported from CityGML 3.0)

Offers a "special" class for monthly values
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Time Series module 2/2

«featureTypes
SensorConnection

T

temporalExtent: TM_Intervallength
connectionType: SensorConnectionTypeValue
observationProperty: CharacterString

uom: UnitOfMeasure [0..1]

sensorlD: CharacterString[0..1]

sensorMame: CharacterString [0..1]
observationlD: CharacterString [0..1]
datastreamlD: CharacterString [0..1]
baseURL: URI [0..1]

authType: AuthenticationTypeValue [0.1]
mattServer: CharacterString [0.1]

mgttTopic: CharacterString [0..1]
kToObservation: CharacterString [0..1]
linkToSensorDescription: CharacterString [0..1)

+ o+ o+

wfeatureTypes
RegularTimeSeries

startTimestamp: DateTime
endTimestamp: DateTime
timelnterval: TM_IntervalLength
wvaluesList: MeasureList

+FF s

afeatureTypes
TypicalValuesRegularTimeSeries

startTime: TM_ClockTime [0..1]
startDay: Integer [0..1]

startMenth: Integer [0..1]
temporalExtent: TM_Intervallength
timelnterval: TM_IntervalLength
valuesList: MeasureList

wcodeLists
CodeLists:
AuthenticationTypeValue

wcodelists

biometri
iometric Codeiiaes

certificate
multiFactor

AbstractFeatureWithLifeSpan

wfeatureTypes
Core::AbstractTimeSeries

P

afeatureTypen
AbstractTimeSeriesFile

uom: UnitOfMeasure

fileLocation: URI

mimeType: MimeTypeValue [0..1]
numberOfHeaderlines: Integer [0..1] =0
fieldseparator: CharacterString
recordSeparator: CharacterString [0..1]=\n
decimalSymbol: Character [0..1]=.
valueColumnMumber: Integer
valueColumnMame: CharacterString [0..1]

D44—4—4—4—A—4—4—4—

SensorConnectionTypeValue

wfeatureTypes
RegularTimeSeriesfile

AbstractFeatureWithLifeSpan

Core:AbstractTimeSeries

«featureTypes
MeanthlyTimeSeries

sfeatureTypen
AbstractTimeSeriesFile

startDate: Date
endDate:Date
valuesList: MeasurelList

«featureTypes

Typic:

startMonth: Integer [0..1]=1
temporalExtent: TM_Intervallength
valuesList: MeasurelList

uom: UnitOfMeasure

fileLocation: URI

mimeType: MimeTypeValue [0..1]
numberOfHeaderLines: Integer [0..1]=0
fieldSeparator: CharacterString
recordSeparator: CharacterString [0..1] =\n
decimalSymbol: Character [0..1]=.
valueColumnNumber: Integer
valueColumnName: CharacterString [0..1]

R

«featureTypes
IrregularTimeSeries

uom: UnitOfMeasure

+ startTimestamp: DateTime
+ endTimestamp: DateTime
+ timelnterval: TM_Intervallength

afeatureTypes

Typical

)

+contains 1.*

adataTypes
DataTypes: TimestampedValue

startTime: TM_ClockTime [0..1]
startDay: Integer [0..1]
startMonth: Integer [0..1]

|E - TM_Intervallength
timelnterval: TM_IntervalLength

+ o+ o+

+ timestamp: DateTime
+ walue:Decimal

password
passwordless
token

other
unknown

OGC SensorThings AP|

marm
other
unknown

o+ F+ ++oE

I I

OGC Sensor Observation Services

«featureTypes

Typic:

uom: UnitOfMeasure

+contains |/ 1.

adataTypes
DataTypes::GenericTimeValue

startTime: TM_ClockTime [0..1]
startDay: Integer [0..1]
startMonth: Integer [0..1]
value: Decimal

+ 4+ o+

N

sfeatureTypen
MonthlyTimeSeriesFile

+ startDate: Date
+ endDate: Date

sfeatureTypen
Typic: hi jesFile

+

startMonth: Integer [0..1]=1
temporalExtent: TM_IntervalLength

+

sfeatureTypen
IrregularTimeSeriesFile

+

timestampColumnNumber: Integer
timestampColumnName: CharacterString [0..1]

+

sfeatureTypen

timeColumnNumber: Integer [0..1]
timeColumnMame: CharacterString [0..1]
dayColumnNumber: Integer [0..1]
dayColumnMName: CharacterString [0..1]
monthColumnNumber: Integer [0..1]
monthColumnMName: CharacterString [0..1]

P
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J fggggg;g Datatypes module 1/2

Urba e
* Contains classes (they are datatypes, neither Features nor _CityObjects!) that are
used by other modules
Introduction * Adatatype is "a group of properties without identity" (in simple words: no id for each
Energy ADE 3.0 instance of a datatype class)
+ Data model
* Resources
Conclusions «dataTypes o=
Metadata Indicator

author: CharacterString [0..1)

acquisitionMethod: DataAcquisitionMethodValue [(0..1)
owner: CharacterString [0..1)

qualityDescription: CharacterString [0..1)

source: CharacterString [0..1)

type: IndicatorTypeValue

name: Code

description: CharacterString [0..1)
scope: IndicatorScopeValue [0..1)
value: Scale

* 4+ 4+ 4+

+ + 4+ + 4+

«dataTypes»

xdataTypes GenericTimeValue

CityObjectRelation

R + startTime: TM_ClockTime [0..1)
+ relationType: RelationTypeValue + startDay: Integer [0..1)
+ startMonth: Integer [0..1)
1 + wvalue: Decimal
+relatedTo)\|/1
wfeatureTypes «dataTypes
Core::_CityObject TimestampedValue

+ timestamp: DateTime
+ value:Decimal

48




Datatypes module 2/2

A
| |
«dataTypes wdataTypes wdataType»
QualifiedHeight

'+ type: HeightTypevalue
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wapplicationSchemas

Bullding

}'T'h (from CityGML)

wleafs
Bullding

wleafs
Devices

capplicationSchemas

(from CityGML) JT\

|

|

| «leafs
: Resources
|

|

wleafs
Codellsts

aleafs
Enumerations

s«hApplicationSchemas
CltyOb|ectGroup
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«leafs
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CityGML
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Enumerations and Codelists

wenumeration»
InterpolationTypeValue

wenumerations
SurfaceSide

«enumerations
ThermalStatusvalue

averageinPrecedinginterval
averageinSucceedinginterval
constantinPrecedinginterval
constantinducceedinginterval
continuous

discontinuous
instantaneousTotal
maximuminPrecedinginterval
miaximuminSucceedinginterval
minimuminPrecedinglnterval
minimuminSucceedinginterval
precedingTotal
succeedingTotal

inside
outside

isOnlyHeated
isOnlyCocled
isHeatedAndCooled
isNeitherHeatedMNorCooled

Genumerations
WavelengthRange

solar

infrared
visible
total

* Enumerations are normative closed sets of valid values
* Codelists are non-normative open sets of proposed values

unknown
wcodelists wcodelists Statushaive]
DiistribationPerims b Typel o ue EPCTypeNalue weodelists
+* Bbuilding = heating EFCRmwv—
& chelling & cooling +  actual
=  groupOfBuildings = domesticHotWater + potential
*  FoOMm = totalEnergyDemand +  Unknown
# staircase # other
#  stoney #  wrknown
# other
& e
acodel iste weodelists acodelists

EViChar g nglonnectorType Value EnergyCarierValue EneigyEndUseValue
+ AC-11772 Mypal) # electriciy = oooking
+ AL - Mernekes (Typed) « coal = domesticHotWater
+ ALC-GBfT maturalGas = electricalAppliances
+ AL/DC-Tesla & chillsdair & lighting
+ CHAdeMO # chilledWater # mability
+ CCs51 &  hoelOil #  otheenDeCornibing tion
+ 52 FextAdr # spaceCooling
+ Do -GHT * sheam # spaceHeating
+  wnknore & FmotWater & wentilation

#= woodChips * pIOCESS

Frydrogen = construction

*  propane #  Uriknoen

+ woodPallets

*  other

i hraCra

EVCrargingSpeedlevelV alue

wcodel iste
EVOnar g nghAccemi alue

+ private
+ public

+  wunlmown
S, |

—

scodelists

Lewel 1
Lewel 2
Lewel 3

soodeLists
EWChargingStationType v alui
+ AC
+ DC
#  Unknowen
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CityGML: Conceptual model and encodings

. . . . .
CONCEPTUAL sEemBEEEnEs= Application

+ Domain
DATA MODEL .
("definitions, relations and CltyG M L Extensions

hierarchies between objects"

)
Technical specifications,
UML diagrams, etc.

Lossless encoding Lossy encoding Lossless encoding
Full CityGML Subset of CityGML Full CityGML

e [

CityGML CityJSON 3D City Database

ENCODINGS

("how data are
actually written")
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CityGML:

a closer look

n I <<Object>

lod4impicitRepresentation %!

1
lodZImoiicitRecoresentstion

core::_Site

04|

lod2imoicitRenresentation

<<Festures>

<<Fasturess

+class.

+usage

+function : gz

gmi:CodeType [0..1] -
CodeT)

yee [0.7]
ami:CodeType [0.4]

outerBuikdinginstalistion

idass gri::CodeType [0..1]
CodeType [0.]
ﬂsage gmi::CodeType [0.4]

roominstslistion

La | =<Feature=>
BuildingFurniture

+ grvl::CodeType [0.1]
|+function : gmi::CodeType [0.]
|usage : gmi:CodeType (0.4]

= /[ intesiorFumiture

0.1 (]
<<Feature>>
Room
+ciass : gmi:CodeType [0.1]

<<Fasture>> |- sddress
| core:Address [,
e
+class - gml-CodeType [0..1]
+function - gml:-CadeType [0.*] [ |
+usage : gml:CodeType [0.]
+yearOfConstruction - xs-g¥ear [0.1]
+yearOfDemolition - xs-gYesr [0.1] -
+roofType : gmi:CodeType [0..1] =
+measureHeight : gmiLengihType [0..1]
o 3 [0.1]
[0.-1]
OrNullLisiType [0..1] .
+storey HeightsBelowGround gml MessureOrullListType [0..1]

consistsOfBuildingPart

function : gmi-CodeType [0.1] interiorfoom
BT ToaTSaid TodThuTESurface, o
[ . T2 TodZMufiSurfsce odZTemsinntersacton
Tod355id TodaMutSuTece| | lodOFooternt|  [lod3Tamanintersecton
TnAdSalid face] lodORoofEdge lodd’
o o lod2MuttiCurve
led4Salid cmetry € Y
Le2fSele | gmi:_Solid gml::MultiSurface TodaMUCurve
a1 o o1 |lod4MuttiCurve
0.1 0.
s lodaMutiSuriace v
gmizMultiCurve
lod4MultiSurface lod4MultiSurface

boundedy * ~boundedBy
| ooundeasy
0.2 - |= poundedey
3 5
r T T T 1
| e[ o] o] ] |

Data model (as UML diagram)

v1.0" encoding="UTF-8" standa
Written by 3D City Database Importer/Ex

[<CityModel xmlns:
<cityObisctMember>
<bldg:Building oml:i

="id building 04">

<gml :nams>Fin's Cabin</gml:nams>
<gml:boundedBy>

<gml:lowsx

</gml:Envelope>
</gml:boundedBy>

<gen:value>l</gen:value>
</gen:intAttribute>
<gen:intAttribute name="lod max">

<gen:value>2</gen:value> -
</gen:intattribute>

<gen:value uo
</gen:measurekttribute>
<bldg:class o

<gml:Envelope sraNams="urn:ogc:def:cors,cors:EPSG:
Corner>85880.0 448700.0 2.0</gml:lowsrCorner>
<gml:upperCorner>85890.0 448710.0 17.0</gml:upperCorner>

<creationDate>2026-03-24</creationDate>
<gen:intAttribute name="n_adjacent buildings">

<gen:measureAttribute name="lod2 volume">
'm*31>1250.0</gen: value>

ryes" >

r, version "5.5.3" -->

Chair of Geoinformatics, Technical University of Munich -->
=rurn:oasis:names:tc:ciqg:xsdschema:xAL:2.0" xmlns:gml="http://www.opengis.n

<gml:description>This is Building 4</gml:description>

:28992,crs:EPSG: :5109" srzDimesnsion="3"

eSpace="http: //www.sig3d.org/codslists/standard/building/?.0/ AbstractBuil

<bldg: function codeSpace="http://www.sig3d.org/codelists/standard/building/2.0/ AbstractB

<bldg:roofType codeSpace
<bldg:measuredHeight uem

<bldg:storeyHeightsiboveGround uom
<bldg:lod0Footerint>
<gml:MultiSurface gm
<gml:surfaceMember>
<gml:OrientableSurface orientat

<gml:baseSurface>
<gml:Polygon gml:i
<gml:exterior>

<gml:posList srsDimensi
</gml:LinearRing>
</gml
</gml:Polygon>
</gml:basesurface>
</gml:Orientablesurface>
</gml:surfaceMember>
</gml:Multisurface>
</bldg:lod0FcotPrint>

xterior>

<bldg:yearofConstruction>1955</bldg: yearofConstruction>
http://www.sig3d.org/codelists/standard/building/2.0/ Abstracth
'm">15.0</bldg:measuredHeight>

<bldg:storsysiboveGround>3</bldy: storeysibovsGround>

<bldg:storeysBelowGround>0</bldy: storeysbelowGrounds>

mn>3.0</bldg: storeyHeightakboveGround>

"id building 4 footprint multisurf 1>

id building 4 polygon 3v>

<gml:LinearRing gml:id="id building 4 pelygon 3 0 ">

"3">85890.0 448700.0 2.0 85880.0 448700.0 2.0 8

Example of XML encoding (file)
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CityGML:

a closer look

I <<Object>

01
04|

lod4/mplicitRepresentation

1
lodZImoiicitRecoresentstion

core::_Site

lod2imoicitRenresentation

<<Fasturess

+clsss : gmi:CodeType [0..1] -
+function : gmi:CodeType [0..4]
+ussge : gmiCodeType [0.°]

<<Festures>

« A\ euterBuidingInstaliation

idass gri::CodeType [0..1]
CodeType [0.]
ﬂsage gmi::CodeType [0.4]

<<Festurs>> | sddress
| core:Address [,

roominstslistion /%

La | =<Feature=>
BuildingFurniture

+ grvl::CodeType [0.1]
|+function : gmi::CodeType [0.]
|usage : gmi:CodeType (0.4]

= /[ intesiorFumiture

0.1 (]
<<Feature>>
Room
+ciass : gmi:CodeType [0.1]

<<Festurer>

+class - gmi::CodeType [0.1]
[+function - gmi::CodeType [0.]
+usage : gml:CodeType [0.]

+yearOiConstruction - xs:g¥esr [0..1]
+yearOfDemolition : xs=gVesr [0.1] -
+roofType : gmi:CodeType [0..1]

+measureHeight : gmiLengihType [0..1]

.1

0.1

*-shreyHagmsBeluwernd ‘g

OrNullLisiType [0..1]
mi: MessureOrullListType [0..1]

consistsOfBuildingPart

function : gmi=CodeType [0.] interiorfoom
BT ToaTSaid TodTMuESUrTacs et
[ . T2 TodZMuSUace oaZT aranintrsecton
ToaESaid TodaMutSuTece| | lodOFooternt|  [lod3Tamanintersecton
InAdSalid face| lodORoofEdge lodd"
o o lod2MuttiCurve
lod4Salid e c Y
LUe=olE | gmi-_Solid gmi:-MultiSurface TodaMUCurve
a1 o o1 [lodaMuttiCurve
0.1 0.
s lodaMutiSuriace
omi::MultiCurve
! face
lod4MultiSurface lod4MultiSurfsce
boundedBv % ”_ boundedBy
| ooundeasy
0.2 B |= poundedey
: ; L : .

Data model (as UML diagram)

“COU"}trj[\,mﬂ
"LocalityName"

"Bespin Territoriss”,
"Alderaan”,

ngn,
"Bespin Square”,

"PostalCode": "19778M",

"loca {

"type": "MultiPoint",

"boundaries": [

"Building",

es": {
"measuredHeight": .
"xoafTyp "gabled roof”,

reysiboves

Construction”

: "This is Eulldlng 4",
Fin\u0027= cabin",
"creationDate": "2026-03-24",
"class": "habitation",

"descript
"nan

unction": "residential building”,

"n_adjacent buildings": 1,

i

sometry": [

"type": "MultiSurface",

Example of JSON encoding (file)
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CityGML: a closer look

<Festre>
site
01
lonimpicitRep n i
P ——— ct y
1
lod4impicitRepresentation %! lod2ImeicitReoresentstion
[ — lad3ImolciiReoresentation

loddimoi

<<Fasturess

+clsss : gmi:CodeType [0..1) .

+function : gmi:CodeType [0..4]
+ussge : gmiCodeType [0.°]

« A\ euterBuidingInstaliation

<<Festures>

<<Festurs>> | sddress

+class : gmi-CodeType [0.1]
| = Lsfunction : gmi:CodeType [0.]
+usage : gmi:CodeType [0.°

<<Festurer>

roominstsltation /f\ = +class - gml:CodeType [0.1

[+function - gmi::CodeType [0.]
+usage : gml:CodeType [0.]
+yearOiConstruction - xs:g¥esr [0..1]

La] P mp— +yearOfDemoiition - xs-gYesr [0.1] -
— BuildingFurniture +roofType : gmi-CodeType [0..1] o—
: gmi::CodeType [0..1] *measuradHeight : gmizLengthType [0..1]
+function : gmi: CodeType [0..] Negativeintsger [0..1]
+ussge : gmi::CadeType [0.4] [0.1]
OrNullListType [0..1]

+storeyHeightsSelowGround : gmi:MessureOrNullListType [0..1

= 5 -

=<Feature>>
BuildingPart

= /[ intesiorFumiture

0.1 (]
<<Feature>>
Room
+ciass : gmi:CodeType [0.1]

consistEOMuildngPart

function : gmi=CodeType [0.] interiorfoom
+usage : gmi-CodeType [0.°] TodTSaiid od IMuSuracs T
. T2 odZWuTSUTace oaZT aranintrsecton
0.1
ToaSaid odiUESurace | | lodOFooPrint| [ Ted3Tenainintersecson
TS R ‘lf T
0.1
31 o lod2MuttiCurve
ledéSalid e c g -
Lol | gmi-_Solid gmi:-MultiSurface TodaMuECurve
f
Ay o |o§4:,|LmCuwe
s lod4MuttiSuriace lodzMultiSurfsce =<Geometry=>
fa lod3MultiSurface ultiCurve
lod4MultiSurface urface
boundedy * ~boundedBy
<<Festure>>
by [Ssoundedsy
0.2 - |= poundedey
r T T T T T 1
<<Feature> <<Featres> <<Feature> <<Feature> <<Feature>> <<Feature> <<Feature>
RoofSurface | | |WallSurfacee | | |GroundSurface |  [ClosureSurface | | CeilingSurface | | InteriorWallSurface | | FloorSurface

Data model (as UML diagram)

id  Objectclassid , gmid gmiid_codespace , name name_codespace  description
[PK] bigint ¢ integer character varying (256) character varying (1000) ¥ character varying (1000) character varying (4000) ¥ character varyin
1 1 26 id_building_02 [nuil] Rey's Hut null This is Building
2 2 26 id_building_01 [nui] Snoke's Palace nul This is Building
3 3 36 id_building_2_closuresurface_1  [null] WallSurface 4906-3 (shared)  [null] nuil
4 4 36 id_building_1_closuresurface_1  [null] WallSurface 4306-5 (shared)  [null] [null]
5 5 35 id_building_1_groundsurface_1 [null] GroundSurface 1 (Building 1) [null] This is Ground
6 6 36 id_building_2_closuresurface_2  [null WallSurface 4906-12 (share_.  [null] fnull]
7 7 33 id_building_1_roofsurface_1 [nui] RoofSurface 1 (Building 1) [nul] This is Roofsur
8 8 id building 2 groungsurface 1 Inl 1 (Ruiding ) [nuil This is Groungs
id objectclass_id , building_parentid , _buildiny class class_codespace
G 2 [Pk]bigint 7 integer 4 bigint 7 bigint 4 character varying (256) # character varying (4000)
10 0 1 1 26 [nu] 1 habitation http://www.sig3d.org/codelists/standard /building
1 1 2 2 2 nui] 2 habitation itp://www.sig3d.org/codelists /standard /buildin
12 12 19 26 {null] 19 traffic htp://www.5ig3d.org/cadelists/standard /buildin
4 20 2 null] 20 habitation http://wwiw.sig3d.org/codelists/standard /building
£ 26 null] 36  habitation http://wwiw.sig3d.org/codelists /standard /buildin
6 a7 26 nui] 37  healtncare itp://wywiw.sig3d.org/codelists /standard /building
z 52 26 [nui] 52 nhabitation tipy ig3g ;
id gmiid , gmidsod parentid | roolid , issoid , is.composite lsVianguisted isink , isreverse , gy soidgeon gy geo
[PK big character varying (256) character bigint ¢ bigint # rumeric £ numeric  numeric numeric £ numeric geometry geomet
1 1 id_building_2._footprint_multisurf_1 foulll [null] 1 0 0 0 0 0[] null
2 2 id_building_2_polygon_3 foui] 1 1 0 [ 0 2 1 [ 01030000404
3 4 id_building_1_footprint_multisurf_1 fnui] [nui] a 0 0 0 0 0 [l fnui)
4 5 id_building_1_polygon_3 foui] a 4 0 0 0 2 1 [ 01030000404
s 7 id_building_01_lod1_Solid_1 foui] foui] 7 1 0 o 0 0 010F0000A04.. [nul]
6 6 id_building_02_lod1_Solid_2 i [nui] 8 1 0 0 0 0 010FO000A04.  [null
7 9 id_building_01_lod1_CompsSur_1 fnui] 7 7 0 1 0 0 0 [ nui)
8 10 id_building_02_lod1_CompSurf_2 fuill 8 8 0 1 o 0 0[] [null
° 11 id_building_01_lod1_Polygen_1 i ) 7 0 [ 0 0 0 [l 01030000404
10 12 id_building_02_lod1_Polygon_7 i 10 8 0 0 0 0 0 [ 01030000404
n 13 id_building_01_lod1_Polygon_2 [nulll 9 7 0 0 0 0 0 [nul] 01030000A04
12 14 id_building, id , parent.g¢ oot ¢ attrame ; datatyp strval ) intval , realval  urival dateval
- 5 D [PK] bigint ¥ bigint  bigint  character varying (256) ¥ integer character varyin integer ¥ double pr character van| timestamp wi
4 16 id_puiding 1 1 [nun] 1 lod2_volume 6 [null] fnull 1250  [nul] [nun]
2 2 [nul] 2 lod2_volume 6 [nuil] [null 1250 [nul] [nun]
3 3 [nun] 3 lod_max 2 [ou] 2 [oul]  [nul] [nun]
4 4 [nun] 4 lod_max 2 [ouil] 2 [oul]  [nul] [nun]
5 5 [nul] 5  n_adjacent_buildings 2 [ou] 2 [oul]  [nul] [nun]
6 6 [nul] 6 n_adjacent_buildings 2 [ouil] 1 [nu]  [nul] [nun]
7 7 [nun] 7 lod2_volume 6 [null] fnull 1250  [nul] [nun]
8 8 [nul] 8  num_residents 2 [ouil] 5 [ou] [nul] [nun]
9 9 [nul] 9 lod_max 2 [ou] 2 [oul]  [nul] [nun]
0 10 [oul] 10 test date att 5 [nuil] [nun] [nu]  [nuil] 2020-08-06 0
1 1 [oul] 11 n_adjacent_buildings 2 [oull] 2 [oul]  [nui [nun]
12 12 [oul] 12 testrealatt 3 [ou] [nunl 1234 [nul] [nun]
13 13 [oul] 13 test_siring_att 1 Thisisates [nun] [nutl]  [nuil] [nun]
14 14 [oul] 14 testuri_att 1 nttps:/www... [nun] [nu]  [nuil] [nun]

Example of SQL encoding (tables)
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Energy ADE 3.0

Beta 7 available since October 2025

UML diagrams

Specifications document, modelling rules

XSD file

DDL scripts for the open-source database 3D City Database

Test data

FME Workbench

Preliminary Java-based libraries to support, among the rest, Web Feature Services

Beta 8 preview released in May 2026. So far:

UML diagrams

XSD file

DDL scripts for the open-source database 3D City Database
Test data

FME Workbench
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Documentation

CityGML

energyADE :°

UML diagrams

RENODAT

CityGML

energyADE

Specifications

Beta 7: available
Beta 8: WIP

ge

RENODAT
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Modelling rules

CityGML Energy ADE 3.0

Example 6: LoD3 building modelled via thematic surfaces and with openings. Roof
edge extruded downwards to create the LoD3 envelope. Openings are "simply" cut
into the hull surfaces. No overhangs

With ADE attributes for thematic surfaces and openings, information about azimuth,
inclination, sky view factor, etc._ can be stored.

D

Special case 6.1 Single LoD3 thermal zone, with thermal boundaries and thermal
openings. All LoD3 thermal boundaries/opening coincide exactly with the building
LoD3 thematic surfaces/openings

Basically, same rules as for Case 5.1

One thermal zone must be created. Set property coincidesWithLoD3Hull of the
‘thermal zone to TRUE

The thermal zone can optionally be modelled as a LoD3 solid geometry. If
applicable, XLinks can be used to reference the homologeus polygons of the LoD3
solid

MNeither the LoD3 thermal beundaries nor the LoD3 thermal openings must be
modelled. The corresponding building LoD3 thematic surfaces and openings must
be used instead

LayeredConstructions (i.e. U and g values) are associated to the building thematic
surfacesfopenings

4.3.2 Using the new ADE classes for thermal boundaries

The Energy ADE 3.0 adds four new classes derived from _BoundarySurface: PartyWallSurface,
AtticFloorSurface, iateFloarSurface, and CeilingSurface. Figure 22 and
Figure 23 provide simple, schematic examples of when to use such new classes to model
adjacent buildings and thermal zones, respectively. In these examples, class PartyWallSurface
is represented in red and is intended to be used when modelling:

* Party walls between two adjacent buildings (e.g. between buildings A and B, and B
and C)
*  Party walls between two adjacent thermal zones (e.g. in building D)

Class IntermediateFloorSurface is represented in azure (see buildings D and E), and is intended
to be used to model the horizontal surface subdividing two thermal zones, unless they
correspond with the following two special cases.

Class AtficFloorSurface is used to model the horizontal surface of a thermal zone which is
located under an "empty” space which is not modelled as a thermal zone. An example of such
empty space could be an attic under the roof (see building E).

Class BasementCeilingSurface is used to model the horizontal surface of a thermal zone which
is located above an “empty” space which is not modelled as a thermal zone. An example of
such empty space could be an underground garage (see building E).

Beta 7: available
Beta 8: WIP

CityGML Energy ADE 3.0 specifications

N

|
|

A B c

Figure 22. Schemaric examples of surfaces modelled using class ParryWallSurface (in red).

|/\|

AN
| ¢

IntermediateFloorSurface
BasementCeilingSuirface

PartywallSurface

D GroundSurface

Figure 23. Schematic examples of thermal boundary surfaces modelled using different classes.

4.4 Occupancy module

4.41 Rule 5: Modelling and writing Address objects

Address objects must be always modelled as belonging to the respective parent Building {or
BuildingPart) abjects, as in standard CityGML. Additionally, in accordance with Rule 1 and as
suggested by the annotations in the UML diagrams of the Occupancy madule, the association
between BuildingUnit and Address is of type “byReference”, therefare it must be written using
an XLink. An example is provided in Figure 17 (line 18).

4.4.2 Modelling geometries of UsageZone and BuildingUnit objects

Rule 2 applies also to modelling the geometries of UsageZone and BuildingUnit objects, All
(optional) representations by means of solid geometries (for LoD1, LoD2 and LoD3), inherited
from AbstractBuildingPartition, can be either explicit, or references to geometries used
elsewhere, but within the same building and the same LoD. For example, if a LoD2 usage zone
corresponds geometrically to the LoD2 thermal zone that is part of, then XLinks can be used
between the LoD2 solid of the usage zone and the LoD2 solid of the thermal zone.
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Test datasets

Alderaan_ADE_Building_Physics.gml

CityGML:

*  CityObjectGroup

* Building, BuildingPart

* (Building) GroundSurface, WallSurface, RoofSurface
* (Building) Window

*  Address
* Appearance, X3DMaterial
Energy ADE 2.0

= CityObjectRelation

= ADE Building, ADE BuildingPart

= BasementCeilingSurface, IntermediateFloorSurface,
PartyWallSurface

= ThermalZone

This file is the same as the previous one, but it adds
ThermalZone objects, which are modelled via solid geometries
{LoD1, LoD2 and LoD3) and via thermal boundaries (LeD2 and
LoD3) and thermal openings (LoD3).

This dataset uses classes from the Energy ADE 2.0 Core and
Building physics modules.

Alderaan_ADE_ThermalZone_CoincidesWithLoD2Hull.gml

CityGML:

= CityObjectGroup

= Building, BuildingPart

= (Building) GroundSurface, WallSurface, RoofSurface
* Address

= Appearance, X3DMaterial
Energy ADE 2.0-

* CityObjectRelation

* ADE Building, ADE BuildingPart
= PartyWallSurface

* ThermalZone

This file is contains ThermalZone objects which are modelled via
solid geometries (loD1, LoD2Z and LoD3). The LoD2
representation via thermal boundaries coincides with the
building envelope defined by the thematic surfaces. Therefore,
thermal boundaries are not defined explicitly, instead each
thermal zone has the coincidesWithLoD2Hull attribute set to
TRUE.

This dataset uses classes from the Energy ADE 2.0 Core and
Building physics modules.

Alderaan_ADE_Devices.gml

CityGML:

*  Building, BuildingPart

* (Building) GroundSurface, WallSurface, RoofSurface

*  Address

* Appearance, X3DMaterial

Energy ADE 2.0-

* CityObjectRelation

* ADE Building, ADE BuildingPart

* Boiler, HeatPump, LightingDevice, GenericEletricalDevice,
GenericDevice

* MovableShadingDevice

*  ElectricalStorageDevice, ThermalStorageDevice

* GenericsolarCollector, SolarThermalCollector,
PhotoveltaicCollector, PhotovoltaicThermalCollector

This file contains only the 11 “core™ buildings, modelled only in
LoD2 via thematic surfaces, and without shared walls
Additionally, all city objects are modelled via referencePoints.
The buildings contain objects from all classes of the Devices
module. In particular, selar cellectors are modelled in LoD2 and
LoD3.

This dataset uses classes from the Energy ADE 2.0 Core and
Devices modules.

Alderaan_ADE_UrbanFunctionAreas.gml

CityGML:
* Appearance, X3DMaterial
Energy ADE 2.0

* UrbanFunctionArea

*  Energy

* Water

This file contains several UrbanFunctienAreas objects, organised
in 3 hierarchical levels. The first-level object contains 6 second-
level objects, which again contain each 4 third-level objects. The
image on the right represents only the 24 third-level objects.
Each UrbanFunctionArea object is represented via a
multisurface geometry and a referencePoint.

Some Energy and Water objects are associated with the
UrbanFunctionArea objects, in order to provide an example of
resources associated at each level.

This dataset uses classes from the Energy ADE 2.0 Core, Urban
function areas and Resources modules.




3D City Database 4.x

CityGML

energyADE

Beta 8

(Visual) ER Mapping

a 4

- g et RENODAT
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3D City Database 4.x

_CityObject

afeaticeTuneg

_site]

afeatureTypes

W ok

=~

> £ ng3_building
e n ‘ > B ng3_cityobject
» [ ng3_device

» [ ng3_device_operation
» 3 ng3_distribution_device
> B ng3_energy_perf_cert
5 » B ng3_indicator
(Vlsul » [ ng3_intervention
» [ ng3_irr_time_series_value
> 9 ng3_layer
> [ ng3_layered_censtruction
> B ng3_library
» [ ng3_material
’ » [ ng3_metadata

» 9 ng3_occupants
» B ng3_occupants_to_space
» B ng3_opening
» B ng3_optical_property
» [ ng3_other_device
y F ng3_gualified_attribute
> B ng3_relation

» B ng3_resource

i
L ]

5 1 ngd_schedule

]

File Object Tools Edit View Window Help

w" Object Explorer Y H®RQA®m
» Ed implicit_geometry

= » E index_table
» [ land_use

E » [ masspoint_relief

@ » 3 ng3_address_to_building_unit

& m

2

kS

BRI ORI ORI ORI R R R
~ @

0 m

e

\g::_AbstroctBuilding

—- Table: citydb.ng3_building

-- DROP TABLE IF EXISTS citydb.ng2_building;

CREATE TABLE IF NOT EXISTS citydb.ng3_building

(
id bigint NOT NULL,
type character varying COLLATE pg catalog.'"default",
type_codespace character varying COLLATE pg_catalog."default",
owner_name character varying COLLATE pg catalog."default",
ownership_type character varying COLLATE pg_catalog."default",

e [0.1]

Ll

palue [0..1]
atusValue [0..1]
eightvalue [0..1]

ownership_type_codespace character varying COLLATE pg_catalog."defau
num_of_building_units integer,
is_protected numeric,
constr_weight character varying COLLATE pg_catalog."default",
constr_weight_codespace character varying COLLATE pg_catalog."defaul]
attic_thm_status character varying COLLATE pg_catalog."default",
basement_thm_status character wvarying COLLATE pg_catalog."default",
CONSTRAINT ng3_building_pkey PRIMARY KEY (id),
CONSTRAINT ng3_bdg_fk FORELIGN KEY (id)

REFERENCES citydb.building (id) MATCH SIMPLE

ON UPDATE NO ACTION

ON DELETE NO ACTION

TABLESPACE pg_default;

ALTER TABLE IF EXISTS citydb.ng3_building
OWNER to postgres;

_CityObject|

eatire Types
rormanceCertificate

OlgiTwinsArtos ElexPED RENODAT




FME Workbench

* Import Energy ADE 3.0 data into the 3DCityDB 4.x with Energy ADE extension

READ ME - Setup before running this workbench

Lt gt 7 e 2025




<3
TUDelft
3Dgeainfo

Urbali= ¢

Introduction
Energy ADE 3.0

* Data model
 Resources

Conclusions

65

FME + 3DCityDB

N (ol i
[PKIbigint © integer

4.x

e Ne o e w e -

L]

Import

File View Help 3D City Database Importer/Exporter : eade3 @ localhost (16) AS postgres

Bport  VISExport  ADEManager  TableExport  Database  Preferences

[11:48:

Connection | eade3 @ localhost (16) AS postgres

Connection details

Description  eade3 @ localhost (16) AS postgres Apply

Username  postgres New

Password

Copy

Save password Delete

Infe.

Type PostgreSQL/PostGIS

Server localhost 5432

Database  eaded_test

Schema citycls v Query

Disconnect

Databssereport  Boundingbox  Indexes  Referencesystem  ADEs

Generate database report

Console

57 INFO] Generating database report...
Database Report on 3D City Model - Report date: 18

#LDDRESS
$LDDRESS_TO_BRIDGE 0
#RDDRESS_TO_BUILDING
$RPPERR_TO SURFACE DATA
#LPPEARANCE 1
#BREAKLINE RELIER 0
#BRIDGE 0
#BRIDGE_CONSTR_ELEMENT [
#BRIDGE_FURNITURE 0
#BRIDGE_INSTALLATION [
#ERIDGE_OPEN_TO_THEM_SRF 0
#BRIDGE_OFENING [
#BRIDGE_ROOM 0
#BRIDGE THEMATIC SURFACE [
#BUILDING 2
#BUILDING FURNITURE [
#BUILDING_INSTALLATION 0
#CITY FURNITURE 2
0
1
0
[
E
1
0
[
0
7
E
[

4
=

#CITYMODEL
#CITYOBJECT
#CITYOBJECT_GENERICATTRIB
#CITYOBJECT MEMBER
#CITYOBJECTGROUP
#EXTERNAL REFERENCE
#GENERALIZATION
#GENERIC CITY¥OBJECT
#GRID_COVERAGE
#GROUP_TO_CITYOBJECT
#IMPLICIT_GEOMETRY
il

o
&
o

e
&

lmﬁm integer
2217
2218
221

&

#MASSPOINT_RELIEF o
#NG3_RDDRESS_TO BUILDING UNIT
#NG3_BUILDING

#8G3_CITYOBJECT

#NG3_DEVICE

#8G3_DEVICE OFERATICN
#NG3_DISTRIBUTION_DEVICE o
#NG3_ENERGY PERF CERT
#NG3_INDICATCR
#NG3_INTERVENTION
$#1IG3_IRR_TIME_SERIES_VALUE 8
#8G3_LAYER

Ready PostgreSOL/PostGIS database connected

1
#NG3_LAYERED_CONSTRUCTION 8
3
2

#NG3_MATERIAL

2201

11440
11440
1430
11430
N4
11420
11420
1as
1440
140
1440
11480
11480
11480

1140
11440
1430
a0
a0
1440
11420
)
11440
Nas

1922
1972
19724
19725
10726
19727
19728
19729
19730
19731
19732
19733
19734
19735
19736
19737
19738
10739

demands
demans
demancs
gemancs
cemanas
cemancs
emancs
cemans
demands
demands
demands
demancs
demangs
demans
cemancs
emancs
cemancs
emancs
emancs
demands
demands

domants

demands

o omcifier_codespace satus_codespace. layered conetrid | oy Irefpoint o
charactervarying ¢ character varying mm
26 0114100000202542  http://bag basisregist.  [nul Ta b | e N G 3 C ITYO BJ ECT
35 fouil nuli Tnul.
34 ouil Tnut) Inuil [nuH] [null] [null] [n\m[ [nuu]
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* GitHub open since September 2025

—  https://github.com/tudelft3d/Energy ADE

IntrOdUCtion 51 | €) tudelft3d/Energy ADE: Energy / X = + " _ - -
Energy ADE 3 0 B <« C @ O 8 github.com/tudelft3d/En B B ox vy «© 0o N ©

[ README 8 Apache-2.0 license

« Data model , )
3 gioagu Giorgio Agugiaro
* Resources sEiE Hims= -

Conclusions (I LT

energyAnDE ‘

£ = Contributors 2

Introduction

The CityGML Energy Application Domain Extension (or, in short: Energy ADE) offers an
open and standardised data model to facilitate multi-scale Urban Energy Modelling

applications.

The current version 3.0, still in active development, is based on and builds primarily upon
version 1.0 of the Energy ADE, released in 2018, which has been already used in several
national and international projects, mainly focusing on the simulation and computation of
the building energy performance based on the integration of semantic 3D city models and

other sources of information.

The technological innovations (e.g. the release of CityGML 3.0 in 2021) and the experiel
and feedback collected since its release have contributed to forge several new ideas to
improve and update the Energy ADE. Since 2024, work has been going on to harmonist
and implement such ideas, with TU Delft and HFT Stuttgart being responsible for the fir
major development “sprint” in terms of conceptual data model (TU Delft) and

implementation of the Java libraries (HFT Stuttgart). In the meantime, and in addition tc

the other DigiTwins4PEDs consortium members, several other partners have joined on [ ]
volunteer basis as enthusiastic contributors, early testers or technology enthusiasts. I u

This version of the Energy ADE 3.0 is currently based on and extends CityGML 2.0, but its
66 development already keeps in consideration its future porting to CityGML 3.0
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* The Energy ADE 3.0 is the result or 2 years of development, started in spring 2024
within project DigiTwins4PEDs, and now continues in projects FlexPED and RenoDAT

:Entroduc'ilgrlwz 3.0 * Additionally, several interviews with experts and stakeholders have been conducted to
. S;;%del ' gather ideas, suggestions and to check the current maturity of the data model
* Resources * Focus is not only on the conceptual data model, but also on testing it in "real life" via
Conclusions

some implementations
— XML and SQL encodings are being kept "up to date" with the running development
* (The impression is that) it is already quite mature and complete, with some possible
minor adjustments and improvements due to further testing
* However, some areas are still rather "new" and need some further thinking
— The role of metadata and the need to find a balance to avoid "overbloating" the data model

— The concept of "money" (costs, investments, etc.) is still very very simple. How far does it need
to improve?

— No scenario management so far, but see parallel (preliminary) development of Scenario ADE
at TU Delft (Link)
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Introduction
Energy ADE 3.0

* Data model
* Resources

Conclusions
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Conclusions and next steps

* Small revisions / suggestions / bug fixes are still possible for beta 8

* If necessary, major change requests will go into beta 9 (not planned, but we'll see)
* Documentation for beta 8 planned to be written during summer 2026

* Java implementation will (re)start after beta 8 (or 9) is frozen

* Todo:

— ALL: go once over the current data model and spot errors, inconsistencies, ...
* Report on GitHub!

— ALL: Try and test it with your use cases, and provide feedback!

— Careful check of description of classes, attributes, and UoM

— Move documentation to online resources? Who wants to help?

* Future steps (some ideas)
— Test with 3DCityDB 5.x (might requires some major customisation)
— Start deeper analysis for porting to CityGML 3.0
— Perform a thorough check of the mapping from Energy ADE to gbXML
— Develop a Python library to work with CityGML and (any?) ADE...
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Simple pragmatic reasons
* Development of Energy ADE 3.0 is on CityGML 2.0; CityJSON 2.0 is based on CityGML 3.0
Introduction » Better focus on getting the data model done first, before spreading effort on too many encodings
Energy ADE 3.0 at the same time
* Data model
* Resources
Conclusions Some technical reasons

 CityJSON does not support/enforce natively units of measure. They can be added via an
Extension, but why developing and extension for something native in (City)GML?

* CityJSON does not support natively Codelists (i.e code + codespace). See above

* CityJSON does not support natively ExternalReference. See above

* CityJSON does not support CityObjectRelation. Only indirectly, only via hierarchies

* CityJSON does not support Dynamizer module. See above

* CityJSON does not support Versioning module. Alternative is still "work-in-progress"

* Extension mechanism does not support direct definition of children classes for existing classes
— E.g.you need to "copy/paste" an existing "Building" class into a new "NewBuilding" one to have a new
"Balcony" child class (when defining the JSON schema file)

* Which CityJSON version? 2.0.0 (OGC Community standard), or 2.0.1, or 2.0.2, or... 2.x.x?
69
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