Digital twins for positive
energy districts

Camilo Léon Sanchez ’ Giorgio Agugiaro
c.a.leonsanchez@tudelft.nl ‘\ g.agugiaro@tudelft.nl
https://3d.bk.tudelft.nl/cleon/ v
D
)
G
-

https://3d.bk.tudelft.nl/gagugiaro

Y
DigiTwins4PEDs


mailto:c.a.leonsanchez@tudelft.nl
https://3d.bk.tudelft.nl/cleon/
mailto:g.agugiaro@tudelft.nl
https://3d.bk.tudelft.nl/gagugiaro

License

CC BY-NC-SA 4.0

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 t, 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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Context

* Planet’'s population is moving to urban areas
2024 2050

44% m Rural
m Urban

“Buildings are the single largest energy consumer in Europe”

m Rural

m Urban

 Buildings require energy to ensure liveability and comfort
* Energy performance of a building reflects its typical energy use
* Envelope
* Systems
* Renewable

Thttps://energy.ec.europa.eu/topics/energy-efficiency/energy-performance-buildings/energy-performance-buildings-directive_en



Context

Urban Building Energy Modelling (UBEM)

INvolves:
* [echniques
e \ethods

o SOftware tools

—nabling large-scale simulation and analysis of
bullding energy performance



Context

Urban Building Energy Modelling (UBEM)

Residential

energy

consumption IS heavily dependent on datal

Econometric Technological - : .
Statistical Engineering
Prices of energy and General trends in Historical data Physical models
appliances housing stock

semantic 3D city models (s3DCMs) have emerged as a key asset in supporting bottom-up UBEM
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Urban Building Energy Modelling (UBEM)

UBEM

Geospatial Non-geospatial

Envelope Incident solar
surfaces radiation
Year of e
Facade/Roof B e — = Specification
— Type —m == Operation

Number of
storeys

Construction
technique

Number of
units



Urban Digital Twins? /I_I"\

DigiTwins4PEDs

* Digital representation of the real world
* Support modelling energy aspects of cities

Feijenoord (Rotterdam)

CityGML.:
Building
Vegetation

£3)

@ FH Address (712)
@ FH Building (1079)

@ B Buildinglnstallation ( 29)
@ FH BuildingPart (570)

@ B CityModel (1)

@ FH ClosureSurface (1772)
@ FH GroundSurface ( 1426)
@ FH OuterCeilingSurface ( 37)
=% @ [ outerFloorSurface ( 73)

S @ [ RoofSurface (3200)

@ FH wallSurface (10011)

|@ H solitaryVegetationObject ( 5040) |7
@ 1 CityFurniture (1963)

Semantic 3D city models provide these data
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Building data requirements for energy performance analyses

Rad B2 o
) A e TG ,
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Kop van Zuid (Rotterdam), Netherlands

Geometry

Orientation

Inclination



Building data requirements for energy performance analyses

Semantics

Meetings

Units per property

Single glassed Double glassed

5.37 W/m2K 2.8 W/meK

Business

Year of construction

T
]

Windows to frame ratio

W/m2K

Offices

10% frame

25% frame

Usable area

HVAC systems

40% frame

W/m2K 9
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Management §i
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Modelling
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Data extraction & data creation



Data Extraction & Creation

High-resolution, large-scale, and fast calculation of solar irradiance with 3D City Models

Reflective
Solar
Irradiance

/L

Iterative
Irradiance
Propagation

W\
Viewshe-d 47/ Viewshed /L
Computation
Point Grid y y
Generation ] PointGrid /
Shadow Shadow
Computation Result
W\
Direct Solar ‘ D;::gi::::‘
Lt e Computation
Irradiance ‘ Scene
Field Voxelization
Diffuse Solar sl’rkr’;(?i;f:‘;e
Irradiance A
Computation
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Data Extraction & Creation

High-resolution, large-scale, and fast calculation of solar irradiance with 3D City Models

=

Rotterdam Centraal
2023-10-01
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Data Extraction & Creation

High-resolution, large-scale, and fast calculation of solar irradiance with 3D City Models

TR e

A

(a) Amsterdam - overview

(c) Delft - overview (d) Delft - zoomed in
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Data Extraction & Creation
Inferring the residential building type from 3SDBAG

Dutch Building

Multi-Family House

Stock
I
\4 A \4
Single-Family House Terraced House
A \ 4 \ 4 A
Vrijstaand Twee-onder-één-kap Middle-row End-how Apartment Block
Detached Semi-Detached Tussenwoning Hoekwoning Flatwoning (FW)

Building archetypes
TABULA

e Dutch residential buildings

O EIH H

Semi-detached
Twee-onder-een-kap

il

End
Hoek

Maisonette
Maisonnette

Terraced
Tussen

Multi-family
Flat

Detached
Vrijstaande

Y

A

common staircase
with galleries

common staircase
without galleries

\ 4

Mansionnettes

Galerij

Portiek

Mansionnette

Common staircase
without galleries
Portiek

Common staircase

with galleries
Galerij
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Data Extraction & Creation

Inferring the residential building type from SDBAG

Support Vector Machine

Random Forest

Confusion Matrix

o Precision
o Recall
o F1-score

gainjeay

Support vector /

Optimal Hyperplane

Modeling and
prediction

Decision Tree-1

Decision Tree-2

Decision Tree-N

Result-1 Result-2 Result-N
Feature A Final Result
True class P — TP
P n recision = m
Y True False TP
Postnes | Positves
prrn > Recall = G5 7
NI i | i B 2(Precision - Recall)
~ (Precision + Recall)
Column totals: ) N
F1-score Model
MR ¢2 SVM ANOVA-F
flat
Case study 4 z B =
ealeci] 0.69 c2 RF impurity, ¢2 RF permutation
Cas? Sy 0 0.30 c2 RF permutation
maisonnette
Case study 6 B _
portiek
Case study 7 0.04* cl RF impurity, ¢l RF permutation,
rij 201k Fol c2 RF permutation

Cas.? s 1.00 cl SVM MI, c1 RF permutation
vrijstaande

Case Study 1 Case Study 2
SVM SVM RF RF SVM  SVM RF RF
ANOVA-F MI impurity permu. | ANOVA-F MI  impurity permu.
Casc Study 3 Accuracy 75.8% 70.5%  87.9% 210 4%  48T%  S02%  90.4%
et ]i‘cli’r‘;f 49.2% 50.6%  53.9% 51.6% 36.7% 24.9% [74.9%  66.7%
Case Study 4 Accuracy 85.5% 86.0%  87.7% 87.3% 80.3%  300% 90.3%  89.4%
galerij [f;':r‘ff? 50.6% 60.4%  64.5%  60.5% 32.3% 118%) 78.2% [(818%
Case Study 5 Accuracy 60.1% 59.9%  63.5% 61.1% 75.0% 53.4%  67.5% 69.8%
maisonmerte [f:::r‘::? 54.7% 496%  62.3% 65.5% 30.6% [260% 60.5%  60.6%
Case Study 6 Accuracy 17.0% 18.1% 26.7% 63.1% 82.1% 34.0% 68.5% 71.2%
paEio ?;l‘:’r‘:(‘:l 42.8% 43.0%  448%  51.6% 40.2% [330% [68.6%  62.6%
Casc Study 7 Accuracy | 89.4%  83.2%  80.2% 89.0% 60.8% | 27.9%  80.2% 26.0%
e Daean 71.8% 62.8%  67.7%  67.4% 35.4%  [239% 74.9% (78.9%
accuracy =
Casc Study 8 Accuracy 08.0% 98.5%  81.9%  98.5% 86.9% | 834%  93.0% 93.0%
vrijstaande  Balamced | - o e ggmon  ge6%  91.4% 434%  [286%) 720%  64.2%

accuracy



https://resolver.tudelft.nl/uuid:3ef77acb-b38b-4fa5-9b1e-31813b00b739

Data Preparation



Data Preparation

(ola) -enmidail

ciysson - CityGML

SimStadt

™
> gl
v
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Data Preparation

Solar analysis on buildings of favelas in Sao Paulo to estimate pv potential

19
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Data Preparation

Solar analysis on buildings of favelas in Sao Paulo to estimate pv potential

Santana, daily global solar irradiation results

—— ArcGIS Pro
—— CitySim
—— GRASS GIS
» —— Ladybug
—— SAGAGIS
—— SimStadt
—— Weather Data

0
O A0 90 o0 s0 O & 10 &® ,\00 ,\;\Q \'?,Q ,\30 ,\DD ,\60 ,\Q,Q \10 ,\%0 ,\90 7«00 ,LI\Q ,Lqp ,12,0 'LD‘Q %60 7«60 ,1:\0 ,L%Q ,)90 ,50() ,5\0 ,brLQ ,530 '}P‘Q ,560 Q,“OQ
Day of year

Santana. Yearly Global Solar Irradiation
2326.7

1233.74 1268.13

789.455

ArcGIS Pro GRASS GIS SAGAGIS UMEP CitySim Ladybug SimStadt Weather data

Simulation Tool
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Data Preparation
Dynamic energy simulations based on the 3D BAG 2.0

_—

The CityGML Database

3D City DB

FIXI"X*I'L ¢

. Buildings surface (LoD2) . Surface centre point X Non-effective J Effective

Y, A a a
1
: a b
I A=a+a+a+..
. — —
; & B=b+b+b+..
i _ b Y
1
1

_________________________

1

O ' X TERRAIN TINS CUT HOLES RETRIANGULATION SIMULATION RESULT

1
. Bulldings (LoD2) D Terraln triangulate - Cut terrain 21
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Data Preparation
Dynamic energy simulations based on the 3D BAG 2.0

Building physics data
from Building
archetypes
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Data Preparation

Modelling tree-planting strategy to reduce heating and cooling demand under 2050 climate conditions

k‘:’,' the tree in general

v You would like the view of ]

In summer, you'd appreciate |
the coolness it brings

[@ But in winter, that

same tree
blocks the warmth you long for

|2 More heater use =
bill

higher electricity]

Can we support the 3-30-300 rule to help reduce the
effects of climate change, without unintentionally
increasing electricity bills across neighbourhoods?

\

Process land use
data

)

To generate potential planting areas and then

< L

generate the proposed tree points on it

i
L
3“‘|'

Cyllindrical

proposed trees
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Data Preparation

Modelling tree-planting strategy to reduce heating and cooling demand under 2050 climate conditions

Effect of Proposed Trees on Building Energy Demand -

Afrikaanderwijk

0 50 100 150 200 m
m——— meam— ]

Legend

- Tree with Negative/No Impact

- Tree with Positive Impact
Energy Demand Change
- Increase

-D«m

Energy demand change is derived from combining changes in heating demand with changes in cooling demand.
In Kop van Zuid, 173 proposed trees have a positive impact on building energy demand.

Energy demand change is derived from combining changes in heating demand with changes in cooling demand.
In Afrikanderwijk, 945 proposed trees have a positive impact on building energy demand.

Effect of Proposed Trees on Building Energy Demand - Kop Van Zuid

0 50 100 150 200 m

Legend
B tree with Negative/No impact
) ree with positive impact
Energy Demand Change
- Increase
- Decrease
- No change
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Data Modelling



Data Modelling

zimmer

FX Energy ,
consumption

Ly Pisika Ol

» harmonisation

using a common

language with a

unique definition
(semantics)

Ventana Porta

AT ST AT 3Tl
dak uhola

température

=)

Energy
application
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Data Modelling

Rt g

CityGML CityJSON




Data Modelling

CityGML Core
Mapplng the Energy ADE to CltyGML 3.0 Appearance
Generics
Energy ADE v1.0 was developed as an extension for CityGML 2.0 @ Dynamizer
» Stores energy related information on the individual building level @ Versioning
 Provides the necessary input data for UBEM simulations @ @ PointCloud
AbstractSpace: Construction & = c
* Volumetric extent = ] [ 2|l &
- X _— N = (O] 17} y— o] i) o
= Buildings, trees, trafficspacesBuildingFurniture: - S— o cllBllD2I|2]| &l ||l o
SctlipiedSpace L cu piedSpa.ce c D [ 5 Q o © 8. -.CI-.; 'Gh.)
BuildingRoom: \ § -8) E L; 15y % x 2 (@] ©
UnoccupiedSpace =—— 5 CE IE = 9, = © g g
AbstractSpaceBoundary: Building: ‘ m O = =
* Areal extent it —\/ ©
= Delimits and connectsspaces joac. . space ——— |
= Roof surfaces
AbstractOccupiedSpace
. = Volumetric physical objects
:ﬁtzigliab?fclg poundby = Occupy space in its BuildingFurmiture: ity rurnt
upi ityFurniture:
Room, furniture BuildingFurniture: O — surroundlngs :::d:‘eif:::e OccupiedSpace
(B)c::.pne:i:pace <:’ . ogu:ie:j;p:ce UnoccugpiedSp.ace
uildingRoom: N
:“f:f””'eds”“e \\ \ AbstractUnoccupiedSpace 3‘;23:23;,3pace Y
uilding: L " . .
Defined according to OccupiedSpace ———— * Volumetric physical objects road:

thematic considerations Road:

Aggregation of rooms ~ UnoccupiedSpace —— things

* Do not block space for otherUnoccupiedSpace ———
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Data Modelling

Mapping the Energy ADE to CityGML 3.0

Model-Driven Approach leaned on van den Brink et al., 2013

<<FeatureType>>
AbstractTimeseries

- ) (T C
. ranster
Define Data Model at Conceptual Level Conversion
Format
Selecta Relate new Choose Define Build )
formal classes to Define Code Decide on Derive Create Test . . .
modelling ’ CityGML ’ si)ubclassej tg lists ‘ geometry_re— ’ LOD ‘ Schema File ’ Data » Converflon Timeseries
language base classes e extende presentation Too
<<type>>
AbstractTimeSeries
A\ A+variabIeProperties
JAY
<<type>>
RegularTimeSeries
<<type>> <<dataType>>
IrregularTimeSeries M Point
Model-Driven Approach leaned on van den Brink et al., 2013 <<type>>
RegularTimeSeriesFile
e ) Ve
. o <<type>>
Define Data Model Transfer Format Conversion — .,,egu.a,Ti,,':eSe,iesF“e
ENTERPRISE hapeCh AgA o
i ShapeChange
‘ - vV Vv V9V
N J &

<<FeatureType>>
RegularTimeseries

<<DataType>>
ADEOfAbstractTimeseries
JAY

<<DataType>>
TimeValuesProperties

<<FeatureType>>
GenericTimeseries

<<DataType>>
TimeValuePair

<<FeatureType>>
— TabulatedFile
Timeseries

<<DataType>>
ADEOfTFT
AN

<<DataType>>
TFTExtension
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Data Modelling

Development and Testing of the CityJSON Energy Extension for Space Heating Demand Calculation

CityJSON

Development of the CityJSON Space heating demand
° EXte ns | on mec h an | sm: Energy Extension calculation
* Creating new attributes | |
* Creating new City Objects | the Eneroy ADE KT roflato | sl daainaCIyISON -

e Creati ng new root properties a CityJSON Energy Extension : Energy Extension file

\d \d

Space heating demand

Validation through cjval 4
calculation

A
\4

\ A

Validation through the use
case

Storage of output energy
demand values in the
CityJSON + Energy
Extension file

e

Y

Improvements to the : 1 |
CityJSON Energy Extension T '
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Data Modelling

Development and Testing of the CityJSON Energy Extension for Space Heating Demand Calculation

Creating new CityObjects

_CityObject -

«featureType»
H H Energy ADE Core::
Extension schema Example object AbstontUsageZons
"extraCityObjects": { "Usagel": { A
"+UsageZone": { "type": "+UsageZone",
"allOf": [ "attributes": {
{"$ref":"cityobjects.schema.json#/ "usageZoneType": "residential",
_AbstractCityObject"}, "floorArea": {
{ "type": "netFloorArea",
"properties": { "value": {
"attributes": { "value": 100, «featureType»
"type": "object", "uom": "m2" UsageZone
"properties": { }
"usageZoneType": { } + coolingSchedule :AbstractSchedule [0..1]
"type": "string" } + heatingSchedule :AbstractSchedule [0..1]
}, } + usegeZc_aneType :CurrentUseValue
"floorArea’: { } + ventilationSchedule :AbstractSchedule [0..1]
) : T + floorArea :FloorArea [0..%]
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Data Modelling

Development and Testing of the CityJSON Energy Extension for Space Heating Demand Calculation

Creating new attributes

Extension schema

"extraAttributes": {
"Building": {
"+buildingType": {...},
"+constructionWeight": {...},
"+volume": {...},
"+floorArea": {...},
"+heightAboveGround": {...}
}
}

Example object
"Build1i": {
"type": "Building",
"geometry": [...],
"attributes": {

"+buildingType": "singleFamily",

"+constructionWeight": "heavy",

}

_Site

«featureType»
Building::_AbstractBuilding

?

«ADE»

«ADEElement»
_AbstractBuilding

+ o+ 4+ + + +

buildingType :BuildingTypeValue [0..1]
constructionWeight :ConstructionWeightValue [0..1]
volume :VolumeType [0..]

referencePoint :GM_Point [0..1]

floorArea :FloorArea [0..*]

heightAboveGround :HeightAboveGround [0..*]

T Benner (2018)

Building BuildingPart
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Data Modelling

Development and Testing of the CityJSON Energy Extension for Space Heating Demand Calculation

Extra root property “+UnitOfMeasurement”

Enable the storage of the uom only once per file

faan ]

"gype": "CityJSON",
"version": "1.1",
"extensions": {"Energy": {...}},
"transform": {...},
"CityObjects": {...},
"vertices": [...]1,
"+unitO0OfMeasurement": {
"volume": "m~3",
"floorArea": "m"2",
"energyDemand": "kWh",

O O N O oW N

O i
W N~ O
-

14 }
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Data Management



Data Management

Adds support to QGIS for CityGML data

CityGML data is managed as Simple Feature for SQL (SFS) layers

PostgreSQL "QGIS Package”

Creates and manages layers as
views (attributes) linked to
materialized views (geometry)
following the SFS model
Manages

* users and privileges

« multiple citydb schemas
Adds default users with ro & rw
privileges

! 30 City DB

Server side (PostgreSQL)

3D City
Database

Explore/edit
data

QGIS
project

Q

Request w
layer
creation
Database Layer(s)
connection import
Plugin

Client side (QGIS)

Client-side
QGIS plugin “3DCityDB-Tools”

Manages database connections +
installation of the QGIS Package
GUI-based

* layer management

« editing of feature attributes
GUI includes

* support for children tables

» CityGML enumerations

» Codelists

Creates a hierarchical Table of Contents

35



Data Management

Users management

® @ QGIS Package Administrator

% qois Package Installation = Installation settings

PostgreSQL connection

o ® 3DCityDB Layer Loader

I User Connection | = Layers = @ Settings

PostgreSQL connection

Select an existing connection:

rotterdam -

Define a new one:

New Connection

Select an existing connection

Define a new connection

Connect to database 'rotterdam’

Main installation
Uninstall from 'rotterdam’

User installation
1) User selection
Database user(s) (not yet in the QGIS Package user group)
2. gagugiaro M Add to group
2) User schema installation

QGIS Package user(s):

2 cleon -

Drop schema

3) User privileges
Action: Citydb schema(s):
Grant Read & Write v Select schema(s) v All

Set privileges

Connection status

Connected to database: € rotterdam

User privileges:
3DCityDB installation:
Main installation:

User installation:

Close current connection

rotterdam Y New Connection
CityGML 3D City Database
Database name: Citydb schema (and user privileges):

Connect to database 'rotterdam’ citydb (rw)

Basemap (OpenStreetMap )

¥ Selection extents (current: user defined) o e

North 45396,5350
West 91721,0000 East /01032,5960

South 32478,5700 iy e

culate from Layer - ayout Ma~- 3ookmark~

Map Canvas Extent

Set to schema 'citydb’
Geocoder | 1 \
Refresh 'citydb' extents 3 B

Feature type selection

Layer management

Create layers for schema 'citydb’

Connection status

Connected to database: @ rotterdam @ localhost:15432 AS cleon
PostgreSQL installation: & 16.14 (Ubuntu 16.14-1.pgdg22.04+1)
3DCityDB installation: @ 4.4.2

Main installation: @ Schema 'qgis_pkg' is installed (v.0.10.6)
User installation: @ Schema 'qgis_cleon’ is installed
Layers status: €3 Layers need to be created for schema 'citydb'

Layers refresh status:

Close current connection

Layers management
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Data Management
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Current user: 'cleon’ » = DigiTwins4PEDs @ localhost - DEM
Current citydb schema: ‘citydb' il SAP HANA Flsi Plane
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Esri Boundaries Places
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Calculate from | Layer ~| |LayoutMap - |Bookmark s 3BT E-BAO
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~ V| (@ rotterdam @ localhost:15432
~ ] @ cleon@citydb
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Import selected layers

~ [v| (1 FeatureType: Building
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» @ Form detail views
» [ @ Look-up tables
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Utilisation of urban digital twins to co-create flexible
positive energy systems for districts
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Positive Energy Districts?

urban neighbourhood with annual net zero energy import and net
zero CO, emissions working towards a surplus production of
renewable energy, integrated in an urban and regional energy
system
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DigiTwins4PEDs

* All participant cities implement the same simulations

* Heating demand

* Electricity demand

* Electric vehicles impact

* Solar energy adoption (Photovoltaic potential analysis)
* Refurbishment of the Building stock

* Gemeente Rotterdam priority is cooling demand
* We implemented several simulation-based scenarios
* Detailed Window to wall ratios
* Shading
* Tree planting
* Refurbishment scenarios
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Scenario-based simulation: Window to wall ratios

e Data extracted from aerial images of the measured window to wall ratios for two neighbourhoods
e Enriched our 3D models with the new received values

e Conducted simulations and analysis of Heating and Cooling

Comparison of yearly WWR scenario results

Comparison of yearly WWR scenario results
5216 52.95

B Heating 43.89 43.55

Mean: 0.0933 (10%) = “™

41.44

EEm Heating

50 Em Cooling

Mean: 0.0698 (7%)

30.36

Total yearly energy demand (MWh)

Prinsenland Feijenoord

ry & 4

[T
S
5L

Cooling Outlier +1505.3% Cooling Outlier: +685.5% Heating Outlier +103.5%
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Scenario-based simulation: Modelling tree-planting strategy to reduce heating
and cooling demand under 2050 climate conditions

@ )

Climate Conditions

Present 2050
Comparison of Projected Cooling Demand Increase (2023 to 2050) by Neighbourhood
ﬁ B Afrikaanderwijk
50 { = Kop van Zuid
A8 &
ﬁ +$ £ SO0 vs S3

L1 RSpema—
I

“building” trees with explicit geomey

K implicit geometry trees

S3

No tree

With existing

trees

With existing

and proposed trees
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Scenario-based simulation: Modelling tree-planting strategy to reduce heating

and cooling demand under 2050 climate conditions

e Current climate

e 2050 climate

Cooling Heating Total

Scenario (MWh/a)  (MWh/a) (MWh/a)
Afrikaanderwijk

Existing trees 6,207 29,857 36,0064

Existing + proposed trees 6,019 30,053 36,072

Change -187 195 7

% Change -3.03% 0.66% 0.02%
Kop van Zuid

Existing trees 10,561 20,613 31,174

Existing + proposed trees 10,429 20,728 31,157

Change -132 115 -16

% Change -1.25% 0.56% -0.05%

Cooling Heating Total

Scenario (MWh/a) (MWh/a) (MWh/a)
Afrikaanderwijk

Existing trees 8,574 26,339 34,913

Existing + proposed trees 7,717 26,869 34,587

Change -856 530 -325

% Change -9.99% 2.01% -0.93%
Kop van Zuid

Existing trees 13,943 17,942 31,885

Existing + proposed trees 13,711 18,060 31,771

Change -231 117 -113

% Change -1.66% 0.66% -0.36%
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Scenario-based simulations: shading

Prinsenland - comparison of shading scenarios

5000

As Is o
Wi Bils Three scenarios:
4000 o P * Asis (Archetypes)
S . . .
: * With Blinds (curtains)
T
g * With Trees (as shadowing elements)
izooo
© 1000 Cooling
location Energy demand .
Bl T
5 (MWh) inds rees
January February March April May June July August September October NovemberDecember - -
Month Afrikaanderwijk 11,226  -34.43% -0.93%
Feijenoord - comparison of shading scenarios Bloemhof 14,378 -34.31% -1.44%
00 A Feijenoord 11,684  -32.40%  -1.27%
3000 —— With Trees Hillesluis 15,265 -33.09% -1.23%
= 2500 Katendrecht 13,688  -35.14% -0.38%
52000 Kop van Zuid - Entrepot 16,513 -31.37% -0.33%
g Kop van Zuid 23,115 -19.17% -0.02%
-;1500 Noordereiland 5,183 -33.77% -1.09%
g 1000 Prinsenland 17,197 -40.43% -0.77%
500 Vreewijk 23,275 -32.97% -1.53%
0
January February March April May June July August September October NovemberDecember 46
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Scenario-based simulations: Refurbishment of the building stock

* Refurbishment type: Whole Thermal Hull as built in 2025
* Weather data: 2050 forecasting from KNMI

* Analyses: Renovation rate of the building stock (1 —4% per annum)

90,000
88,000
< 86,000

£ 84,000+

0
N
o
o
o

Total demand

76,000

74,000

Feijenoord - Thermal Hull refurbishment

80,000+

78,000 1

P

—e— Refurbished
Refurbishment rate 1%
—e— Refurbishment rate 2%
—e— Refurbishment rate 3%
—eo— Refurbishment rate 4%

2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041
Year

2042 2043

2044

2045 2046

2047 2048 2049 2050
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DigiTwins4PEDs results

Cooling demand

O " \\\\\x
% /{/]// ;\{f \—\\\\\____,__ t &
N .

N

L L Betiaings Coolng (XAMLs)

! 2,957 47 bl @cesuum | Soure iy cor
“\ . I TR

% Urban Function Areas Coolng [WWha)

JUTC
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DigiTwins4PEDs results

Heating demand

Bulldings Heating (kWh/a)
[ . |

5 3,365,713

d
Beticings Meating [kWhia)

1365

¥ # Urban Function Areas Heating (MWh/a)

X
Mar 30 2026
18:45:02 UTC @CES'UM T

AN 0O UTC

* Urbam Fenction Aress Meating [MWia)
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Final remarks
* Thisis only the technical aspects

 Arealistic PED involves Co-creation
activities
e Citizen participation!

Only with their implication PEDs are
feasible
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Testing and enhancing the Scenario ADE in the

context of building performance simulations in
Rotterdam

* Frederick Auer Graduation ceremony
(A4)
* 19 Jun 2026
* 15:00
« BK-HallQ

scenario-verse
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CityGML Energy ADE 3.0 Workshop 2026 Home  Venue  Programme

Public talks on
"Energy & Urban Digital Twins: data challenges and

5
TUDelft
3Dgeoinfo opportunities”

June 22-23,2026 | Delft, The Netherlands

An open event to share experiences on the creation and use of Urban Ditital Twins for energy applications

L I l .
‘" EEmn . .
energyaDe Do you want to participate? Important
A Registration is free but required. Secure your place today. dates
|—l Registration
e deadline
D|g|TW|ns4PEDs
------ °

Public E
Dissemination

Event

(afternoon)

FlexPED
rbaNR .
Technical
ﬂ@ Developer
= e City Hall on the Markt, Delft, The Netherlands Meeting
RENODAT i

https://3d.bk.tudelft.nl/events/energy2026/ 54



https://3d.bk.tudelft.nl/events/energy2026/

References

Data Extraction & Creation

* |nferring the residential building type from 3DBAG
 High-resolution, large-scale, and fast calculation of solar irradiance with 3D City Models

Data Preparation
» Solar analysis on buildings of favelas in S80 Paulo to estimate pv potential
* |nferring the residential building type from 3DBAG
* Dynamic energy simulations based on the 3D BAG 2.0
 Modelling tree-planting strategy to reduce heating and cooling demand under 2050 climate conditions

Data Modelling
* Mapping the Energy ADE to CityGML 3.0
» Development and Testing of the CityJSON Energy Extension for Space Heating Demand Calculation

Data Management
» Development of a QGIS plugin for the CityGML 3D City Database
* Further Development of a QGIS Plugin for the CityGML 3D City Database
 3DCityDB-Tools plug-in for QGIS: Adding server-side support to 3DCityDB v.5.0
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