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1) What has been going on recently?
— Memory refresher: Energy ADE in a nutshell
— Recent updates: Software, Datasets, Projects

2) Where are we heading to?
— Ongoing research

— First steps towards Energy ADE 2.0
— Energy ADE and CityGML 3.0

3) Conclusions
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Energy ADE in a nutshell

* Extension to the CityGML 2.0 standard
* Uses the Application Domain Extension (ADE) mechanism

— Extends existing classes Eums
sEamBEEEnEs

CityGML

— Adds new classes and attributes

* Modular structure
— Core module

10N

informati

— Building physics module

— Material and construction module g
— Occupant’s behaviour module
— Energy systems module

— Supporting classes Noise ADE

Energy ADE
https://www.citygml.org/ade/

Further details:

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. https://opengeospatialdata.springeropen.com/articles/10.1186/s40965-018-0042-y (open access)



https://opengeospatialdata.springeropen.com/articles/10.1186/s40965-018-0042-y
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Energy ADE in a nutshell

* Open, consensus-based development
— GitLab: https://git.rwth-aachen.de/energyade/citygml-energy
— Wiki: http://en.wiki.energy.sig3d.org

— Version 1.0 released in June 2018

* International consortium started in 2014
— Over the years, participation of up to ca. 20 institutions, 11+ countries
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https://git.rwth-aachen.de/energyade/citygml-energy
http://en.wiki.energy.sig3d.org/

Energy ADE in a nutshell

* Eases data interoperability for Urban Energy Modelling
— Between different software tools - \TEASER

— Between different stakeholders . '
Energy ADE |!| ]l
Updates . . ls‘"’S“““| \ / o
. * Defines (and stores) energy-related data in a standard, N
Dol open, urban data model i e | '@
Datasets — Allow for multi-scale energy modelling // | |
Projects "‘“‘;
Research news * Based on multidisciplinary cooperation between o~ Py
. AvA
Energy ADE 2.0 CityGML users, data producers, software vendors, ..., vAvAE
CityGML 3.0 and scientists
Conclusions
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TEASER+

RWTHAACHEN

UNIVERSITY

TEASER+

LoDO

LoD1

LoD2

D <
.
*

LoD3 ‘

=

CityGML

Energy-specific data
enrichment

Z\TEASER

Data Enrichment Data Processing

—
ki

75.‘#4

@ python

% Tool for Energy Analysis and Simulation
C for Efficient Retrofit

Model Generation

2

HUDELI[A

TEASER Reduced Order Model

Simulations

=

Output:
CityGML +
Energy ADE

Further

details:

Malhotra, A., Shamovich, M., Frisch, J., van Treeck, C., 2019
Parametric Study of different Levels of Detail of CityGML andEnergy-ADE Information for Energy Performance Simulations. Proc. of the 16t IBPSA Int. Conf.
http://www.ibpsa.org/proceedings/BS2019/BS2019 210607.pdf (open access)



http://www.ibpsa.org/proceedings/BS2019/BS2019_210607.pdf

CitySim Pro kaento

n
=013
* Builds upon CitySim solver (EPFL, 2004-2013)
Energy ADE
Updates * CitySim Pro: GUI for import, visualization, dynamic simulation and export
Software
Datasets
Projects = R €
L AUTODESK
Research news M"CAD 'Y
| )
Energy ADE 2.0 ) Output:
CityGML 3.0 I » e Simulation
Conclusions sEpEEnns g Ee-:ug:,ﬁ_s
ity +
CitvG
Clty M L § e Energy ADE
CitySim solver =

8 Further details: http://www.kaemco.ch/download.php



http://www.kaemco.ch/download.php

GML toolbox AT

Karlsruher Institut fir Technologie

& GML Toolbox )
° WO rks Wlth C|tyGML LO D2 or I_O D3 Datei Bearbeiten | Genereren Migrieren  Codelisten  Visualisieren Profen Korrektur Werkzeuge Extras 7
Energy ADE d | GML-Typ und Plan- XPlanung aus Shapefile ¥ |einlesen
models CoGHLVerson 2| INSPIRE PLU aus XPlanung ' o LA
Updates CiyGHIL Version 2 tyGMLINCRYGMLEnergy]\SampleData)\Baudd5LoD2\Baud4SLol
* Geometry checking WWuaus et Tabele (GV-Fomatl > | Engaedrs Donioden  (zsmn
Software e etk e
Datasets * Model enrichment: “L:atdtr_m;gs_[) I EnergyADE aus CityGML —
Projects — Physical parameters porrm— e Iman Beeich y
— Usage parameters and schedules Srepe een At o e
Research news ge p Anzahl Shape-Fies gelesen: 0 Visuglisierung
Energy ADE 2.0 * Exports data as CityGML + Energy Aoua Shape Fles it gosen ) ETE |
. ADE model Anzahl Objekde gelesen 0 Interaitive Karte 1: 2000 FcExplorer -
CItYGML 3.0 Anzahl Objekde nicht gelesen 0 Ty Malistab Viewer \
Conclusions ML eaeogen E
(1]
<Dateiname> u ....l. . A\](IT
GML Ausgabedatei [‘Soweben | C | tyG M L
Beenden

|
http://en.wiki.energy.sig3d.org/images/upload/20181206 12 Benner Energy ADE Sim.pdf

9 Further details: https://www.iai.kit.edu/1650.php



http://en.wiki.energy.sig3d.org/images/upload/20181206_12_Benner_Energy_ADE_Sim.pdf
https://www.iai.kit.edu/1650.php
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3DCityDB

* Given (any) ADE xsd schema, automatic generation of the database schema "on top"
of the normal 3DCityDB

Supported from withing the Importer/Exporter tool 4.x
Free and open source

<<abstract>>
_GML

GML Classes — Zr

<<abstract>>
_Feature

___________ B —

<<abstract>>
_CityObject

-
CityGML Classes

<<abstract>>

mapsTo

B crvosuecT

mapsTo

ID : NUMBER <<PK>>

OBJECTCLASS_ID : NUMBER <<FK>>

GMLID : STRING
GMLID_CODESPACE : NUMBER
NAME : STRING
NAME_CODESPACE : STRING
DESCRIPTION: STRING
ENVELOPE: GEOMETRY
CREATION_DATE: TIMESTAMP
TERMINATION_DATE: TIMESTAMP
RELATIVE_TO_TERRAIN: STRING
RELATIVE_TO_WATER: STRING

1o

01|

BH Building

_AbstractBuilding

* Module to import/export ADE data from/to the extended 3DCityDB

Closed-source implementation already done for the Energy ADE
Release as open source envisioned (tbd)

Further details: https://www.3dcitydb.org

ID : NUMBER <<PK>>

| 3D City DB



https://www.3dcitydb.org/
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FME 2020.1 (beta)

* Able to deal with CityGML and ADEs since "ages", but...

FME 2020.1 "What's New"

Snowflake: Add Role as optional connection parameter

ICityGML: add local EnergyADE v1.0 schemas, I

Shapefile Reader:

envelope / spatial index shape sbn

ActctributeValueMapper:
characters.

¥

= | C:\Program Files\FMEbeta\xml\schemas\CityGML\Energy ADE\1.0

Share View

Fix issue with duplicate feature returned when using an

Fix operation when default value contains non-ASCII

= J T

s [ 4 X -]
= W] Copy path *

Pinto Quick Copy Paste

Move Copy Delete Rename
access [7] Paste shorteut (Eo .

IMGee

NniseADF

Titern  7Titem selected 132 KB

-

Mew Properties
to~ folder o
Clipboard Organize MNew Open
« v 4 <« Program Files » FMEbeta » xml » schemas » CityGML » EnergyADE » 1.0
CityGML = Date modified Type
CityGML [ EnergyADE.xsd 05/06/2020 21:27  XSD File
EnergyADE
1.0

@ @Open - Esa\ect all
ik Edit

Select none

History D‘:‘mvertselection
Select
~w| & Search 1.0 @&
Size

133 KB

SAFE SOFTWARE

A A
v

R
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CityJSON & extensions

* CityJSON: JSON-based encoding of CityGML

{ola}CityJSON

* CityJSON extension = CityGML ADE

— JSON file documenting how the core data
model can be extended

* Energy extension
— In principle, done, but requires testing

Further details:
https://www.cityjson.org
https://www.cityjson.org/extensions

]
TUDelft

[ ] [ ] 2 montreal_energy.json

o)

¥ {2 montreal_energy
v B +Enen rgyBuilding (un)
LoD (2)
> +EnergyBuilding (deux)
+ThermalZone {unezonethermale)

Attribute Value

Example: Montréal 3D city model
modified and enriched with (some)
energy objects/properties


https://www.cityjson.org/
https://www.cityjson.org/extensions

Energy ADE

Updates
Software
Datasets

Projects
Research news
Energy ADE 2.0
CityGML 3.0

Conclusions

13

Sample datasets (open data)

+ Energy ADE 1.0

https://gitlab.com/volkercoors/negmodplus-steinbeis

HFT campus CityGML 2.0 (LoD2)

Several datasets by KIT

KIT Sample files Energy ADE

Please Note!

These examples are made by the Institute for Automation and Applied Computer Science (A1) at the Karisruhe Institute of Technology (KIT). and are for unrestricted use. If you use these
‘examples for publications, please provide the following : institute for Automation Technology (KIT) or institut flr Automation und
Angewandte Informatik / Karisruher Institut fr Technologte.

ology and Appiled Computer Version 1.0 sample

Name Downloads Oniginating System / Organization snapshot

GML-Toolbox “CtyGML to EnergyADE" enhancement
EnengyPlis

FZKrouse Loo2

GML-Toolbox "CityGML to EnesgyADE* ennancement
FZKrouse LoD3

EnergyPlus

L4

Bau445 LoD ‘GML-Toolbox "CltyGML to EnergyADE" ennancement
au445 Lo02 2
EnergyPlis
. GML-Toolbox "CyGML to EnergyADE" enhiancement
Bau445 Lo03
EnergyPls
Vieatner Data =

e B Deutscher Wetterdienst (OWD) Cimate Data Center (COC)@
nergyPius EPVi-ormate

http://www.citygmlwiki.org/index.php?title=KIT Sample files Energy ADE



https://gitlab.com/volkercoors/neqmodplus-steinbeis
http://www.citygmlwiki.org/index.php?title=KIT_Sample_files_Energy_ADE
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IBPSA Project 1 R VERSITY

Goals:

* Consolidate the development ranging from system representations of the data (BIM/GIS) and
their dynamic behaviors

* Provide stable, well-tested, validated and documented code for energy simulations

* Demonstrate the applications capabilities which can be enabled using Modelica

Non-coordinated The Annex 60 p
Modelica libraries Modelica library ¥ \ N v o5 4
open source, >300 objects R VA b
&
2 !
Geoinformation system ! 3 BIM
EBC Annex 60 L = L
E B‘ ‘ﬁ International Building C = 4 ‘Ix e
Performance Simulation 3 2y hX =
Energy in g% and P s 1% b -‘
Cormmites Progereve Association i . =
4 -
IBPSA Project 1 N -~
International Building — __J——T
Performance Simulation K L 2 I *
Association —
Energy systems model Building & HVAC model

IBPSA

L gt

https://ibpsa.github.io/project1/index.html



https://ibpsa.github.io/project1/index.html
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Project SmartQuart

Goal:

RWTHAACHEN
UNIVERSITY

Development of a modular blueprint for a decentralised energy and heat transfer at

district level

@ Administrative
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Further details: https://www.e3d.rwth-aachen.de/go/id/gwiug



https://www.e3d.rwth-aachen.de/go/id/gwiuq
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Rotterdam

Project currently in development

Color heat demand
Display Building Parts

Display Monthly Chart

1x
Jun 5 2020
08:51:30 UTC

Monthly heating demand [kWh]

12000

9000

6000

3000

®cesium



http://steinbeis-3dps.eu/rotterdam/Apps/Rotterdam/Rotterdam_Cesium_Viewer.html
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Helsinki

Project currently in development

_atl®

The CityGML Database
S 30 City DB

Energia- ja ilmastoatlas
Energy and Climate Atlas

EnergyADE
schema

SimStadt

| @ | SimStadtModels: 0

dbHost 127.0.0.1
dbName HelsinkiDB
dbPassword _
dbPort 5432
dbUser postgres
loadEnergySystems v
loadNetFloorArea v
loadNumberOfApartments v
loadNumberOfOccupants v
loadNumberOfStoreysAboveGround |V
loadUsageZones v

dbHost 127.0.0.1
dbName HelsinkiDB
dbPassword [ ]
dbPort 5432
dbUser postgres
writeHeatedArea v

writeMonthlyHeatDemand |V
writeYearlyHeatDemandDHW |v/
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Net Zero Gowanus 2050 (Brooklyn)

Net Zero Gowanus

o Selection
Practice v]}

0 30 Buildings. Y
O Sp. Heating Demand
Chart Options
¥ Monthly Heating Demand et
Sp. Heating Demand (xWhvw?.2)

than 60

70 10 230
More than 230
None Heated / No Data

far Technik
Stuttgart

Further details: https://sites.google.com/nyit.edu/insource-fwe/consortium

http://gowanusbydesign.or;
:' *'1 This project has received funding from the European Union's Horizon 2020
L research and innovation programme under grant agreement No 730254.

BELM:=NT urBa

F O R U M

Net Zero Gowanus 3D Viewer SPONSORED BY THE
Building 1D GBP_203
Year of Construction 2035 i
PLUTO Code D6 Federal M|n|stry
Primary Building Usage residential of Education

Building Footprint 4500.0 m*
Building Volume 105769 3 m* and Research

Mean U-value 124 Wim* K
Sp. Domestic Hot Water Demand 158 kWh/m*-a
Sp. Heating Demand 49 kWh/m™-a

Monthiy Heating Demand

# 100000

J'Pj‘*’*f“h"‘x
#

% .‘.* Sustainable Urbanisation

Global Initiative (SUGI)

ATCR-CNICRGY NCXUS



https://sites.google.com/nyit.edu/insource-fwe/consortium
http://gowanusbydesign.org/
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Geneva: Eaux-Vives district J=10I30

* Impact of trees on daylight and photovoltaic production

* Adequacy between photovoltaic production, daylight penetration (comfort and
electrical production), consumption and storage

» Data/Results to be shared on GitLab as open data

buildings trees
cERE/ o i ERana R RIS 7 ) L ONS 0 et
Palexpo £ 3 & 5 .f' }‘ IFRUNLS™ S ® s’ ‘1° 4 2
s LN, St b KM ottt
Le Grand-Sac 3 o / ‘!‘&‘ !Z‘&.‘{““”’(E‘.' & el '%&g - 3?’-'
7 Palais des Nations € 3 s . ‘(0? b by Co s < '-.,E‘:%éé b [ ub
9 Chaise cassée Q Coloany @ it ciub g ’ »: S : ’}, 5 AR N ] :i‘??%%" "”fﬁq
mier @ SEREaol Vandeeus S5 A s NN Pa® o g B dy
= Balexert @ g : P ; R g 5 XS # o
2 MONTBRILLUANT 3 B
o JetdEau

LES GROTTES
LES DELICES P
Geneve
Museumomsmue’o
JONCTION Naturelle

Plainpalais
LA COLLINE
CHAMPEL

Acknowledgements: Pietro Florio (EPFL) , Anthony Di Blasi (Idiap)



Gavardo (ltaly)

Energy ADE Yy,

UuID_9073 x
. pdates GMLID UUID_9073
Thet ’ 2 B CADASTRALID
Software ; . = e e B s ADDRESS VIA ROMA, 13, 25085, Gavardo
4 > S8\, ClAss residential
3 = : g S = % usaces
Datasets - ~ " » v . y'& CONSTR_PERIOD 1971-1980
. b 5, < CONSTR_PERIOD_DATA_SOURCE ISTAT
B\ -~ \ 2 g \ i - UNDERGROUND_FLOORS 0
Projects S "X R 4 W@ RESIDENTS 5

Research news
Energy ADE 2.0
CityGML 3.0

Conclusions S i :
Heating-energy demand ‘ Gas consumption
100 / (WA R VA, ’/\J
N/\/\_/\/\J/\d\/—/\/\/\ﬂwwx/\
0
WALL INSULATION ROOF INSULATION
—WINDOWS IMPROVEMENT —TOTAL RETROFIT
—CONSUMPTION
20 Comparison of retrofitting scenarios

Images source: Pasquinelli et al. (2019)



Ongoing research RWTH

The CityGML tools platform (in development)

Energy ADE . Web based’ Combines multiple = C  ® 127.0.0.1/CityATB_web/main_home_toolboxes_AvM.php % 8
Updates tools
Software —  CityATB: CityGML Analysis Toolbox
Dtz —  CityGTV: CityGML Geometrical
Projects Transformation and Validation
Research news — CityEnrich: CityGML Enrichment
Energy ADE 20 USIng Energy ADE [ C  © 127.0.0.1/CityATB_web/main_home_toolboxes_AvM.php
: — TEASER+: dynamic urban scale
CityGML 3.0 simulationsy The CityGML tools platform
Conclusions CityATB

CityGTV

CityEnrich

TEASER+

About

Image source: PhD thesis A. Malhotra (2020)

21



. o]
Ongoing research TUDelft

Coupling CityGML + Energy ADE with Ladybug tools

Energy ADE
Updates

Software The Ladybug Tools

Datasets

Projects
Research news

Himns

Energy ADE 2.0 sEmpBEnen= ‘ Ladybug Honeybee Butterfly Dragonfly Spider

Daylight + Comfort I (sunpath, shadows, gbxm| |

. i i 1 ! 1 1
. ' 1y 0 0 1 N ! | . g
CityGML 3.0 ( ;|tyG MI - | Climate Visualization 1 SWISREERSEY 1 pifiow Modelling 1 | Ciimate Modellng ) | Web Visualzation )
1 I 1 1
1 1
1 e s 1§ '

<)

[

o

o

1)

c

@

=

; i =

C I ' + Analysis Modelling (CFD) (heat island, future climate) I viewing/editing, rad viewer) : S
1

onclusions R SR — sl A PR F b i S s b

PR, S, ST S TS  S—— $

’ N7 =

| ‘i \ | A

i y 1 N i s

! 1! >y 1 ! -

! 1! ' 1 @

1 - . ' 1 =

1 | 1 [5)

1 i : 1 - v
’ 1 1 !
1 ! { ! ! ’ } i \ 1 1
1 49w i ! ' 1
\ 1\ ! \

\ 7 N

22 mage source: https://i.ytimg.com/vi/qHFEhD2SsDA/m:
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Ongoing research

Coupling CityGML + Energy ADE with ENVI_MET

(for micro-climate simulations)

CityGML
1!

ENVI
—MET

Source: MSc thesis of T. Arapakis (2019)

Image source: https://www.envi-met.com

]
TUDelft

uvw in front of facade

< 0.00 m/s
0.20 m/s
0.40 m/s
0.60 m/s
0.80 m/s
1.00 m/s

1.20 m/s
140 m/s
1.60 m/s
> 1.80 m/s
Min: 0.00 m/s

Max: 2.00 m/s
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Ongoing research TUDelft

CityGML + Energy ADE model of Amsterdam for urban planning

(semi-automatic design of new districts)
Energy ADE :

Updates
Software
Datasets
Projects

Research news

Energy ADE 2.0

CityGML 3.0

Conclusions

Usage Zones (Residential,
commercial, education, ...)

24 Bl

Image source: Agugiaro et al. (2020)



Energy ADE 2.0

&P  Pojects  Groups  Snippets  Help

* In early development (see GitLab) o o

Energy ADE — Change requests due to experiences so far
Updates — Reduce complexity in certain modules n I

m
<

Software — Revise the Energy System module

Provisional removal of the energy source model from the Energy ADE 2.0

#172 - opened 7 months ago by Alexandru Nichersu updated 7 months ago
z
Datasets * Too Iarge and com plex when com pa red to real-life o Meinaam Cooogsptem vty schedies =
#1710 months ago by Joachim Benner  Building occupants updated 7 months ago
Pro-ects use cases (=) e type MonthlyTimeSeries -1
) #17 ed & months ago by Joachim Benner  Supporting Classes updated 7 months ago
L
. ThermalZone should have isVentilated -2
Research news Further details: [ #165- opened 8 months soo by Peer Rermmen upeated 7 manthsage
Energy ADE 2.0 http://en.wiki.energy.sig3d.org/images/upload/Benner EnergySyste X How to model multiple Buildings supplied by onewmrsionsmem -2
. #168 - opened 10 months ago by Peter Remmen (RN updated 9 months ago
msModel.pdf
= Paossibly rename HeightAboveGround? -2

CityG M L 3 0 #167 - opened 1 year ago by Giorgio Agugiaro (=S updated 7 months ago

Link SystemOper.

n to AbstractEnergySystem?
#166 - opened 1 year ago by Giorgio Agugiaro updated 9 months ago

Conclusions

https://git.rwth-aachen.de/energyade/citygml-energy

» Tighter integration/harmonisation with the Utility Network ADE
— E.g. the respective construction/material modules already harmonised

25
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Energy ADE and CityGML 3.0

* CityGML 3.0 core becomes more complex,
but...

— ...will allow to reduce/simplify the Energy ADE modules
* Building partitions (ThermalZones, UsageZones, etc.) = Spaces
* ThermalBoundaries - SpaceBoundaries

* Timeseries = Dynamizers (?) )
. [ L |
— ...still no module for Constructions/materials [ [ E——

| reunL e | ':_"_‘." :‘-"_'f.: . A2l o T
— . o
BeWa re . : ::.:‘:..::Lﬂ;\‘  aeENmEaE e, AL CRTA e [
: Bl S
pom—
1 ' il i ™
Energy ADE Construction # | ? TR e
. L o [ reem— ] [ e '
CityGML 3.0 Construction! — — -
* aoeCWearac opraipeos AUl opoalipeos 10 ) e iRl hymecatipace ACLURRsacs Sy mcalioaos 1 7] L Doty
5 -~ T—
| | e
¢ e T rupedoan ATt el e cam 0 1| = e A ronupedae. KT Dot hogedoe 01

Further details:
Kutzner et al. (2020)
CityGML 3.0: New functions open up new applications. Journal of Photogrammetry, Remote Sensing and Geoinformation Science volume 88(43-61)
https://link.springer.com/article/10.1007/s41064-020-00095-z (open access)

Image source: https://github.com/opengeospatial/CityGML-

3.0CM/blob/master/Conceptual%20Model/CityGML 3.0 UML-Diagrams.pdf


https://link.springer.com/article/10.1007/s41064-020-00095-z
https://github.com/opengeospatial/CityGML-3.0CM/blob/master/Conceptual%20Model/CityGML_3.0_UML-Diagrams.pdf
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Conclusions

)

So far, the only existing open data model “between BIM and INSPIRE scales’
Has reached version 1.0, number of tools is growing
Is already used for different applications at urban scale

* Near future plans

Add Energy ADE reading capabilities to the tools
Extend/complete 3DCityDB support

Apply for further projects and funding to continue development
Consider submission as OGC Community standard

* (Less) near future plans

Energy ADE (3.07?) for CityGML 3.0
..thd...

Energy ADE greatly enhances the modelling capabilities of CityGML wrt. energy
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Making location count.
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