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Summary Day 2: Application and Case Studies with Ktirio

Time Activity

09:00 - 09:30 Recap and Q&A from Day 1
09:30 - 10:45 Introduction to Ktirio (General Overview)
10:45 - 11:00 = Coffee Break
11:00 - 12:30 Technical Presentation: Data Handling & Weather Data Manipulation
12:30 - 13:30 !\ Lunch Break
13:30 - 15:00 Case Study 1: Optimization of a Building (Hands-on)
15:00 - 15:15 = Coffee Break
15:15-16:30 Case Study 2 and Further Optimization
16:30 - 17:00 Q&A Session and Closing Remarks

EuroHPC
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CENTRE OF EXCELLENCE

Building sector in the EU [1]: Horizon 2050 objectives:
e 36% of GHG emission e Double annual energy renovation rates in
the next 10 years [2]

e 40% of final energy consumption
e E.g. 700 000 renovation/year in France

=> Building Energy simulation:
e Accurately assess energy performance of existing buildings
e Identify sources of energy savings (anomalies and areas for improvement)
e Compare and evaluate renovation and/or energy management strategies
e Ensure the optimal management of buildings

[1]: https://ec.europa.euw/info/news/focus-energy-efficiency-buildings-2020-lut-17_en
[2]: https://energy.ec.curopa.cu/topics/energy-efficiency/energy-efficient-buildings/renovation-wave_en
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S www.hidalgo2.eu


https://ec.europa.eu/info/news/focus-energy-efficiency-buildings-2020-lut-17_en
https://energy.ec.europa.eu/topics/energy-efficiency/energy-efficient-buildings/renovation-wave_en
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https://www.hidalgo2.eu/the-urban-air-project/
https://www.hidalgo2.eu/the-urban-air-project/
https://www.hidalgo2.eu/urban-building-model-2/
https://www.hidalgo2.eu/urban-building-model-2/
https://www.hidalgo2.eu/the-renewable-energy-sources/
https://www.hidalgo2.eu/the-renewable-energy-sources/
https://www.hidalgo2.eu/wildfires-2/
https://www.hidalgo2.eu/wildfires-2/
https://www.hidalgo2.eu/material-transport-in-water-2/
https://www.hidalgo2.eu/material-transport-in-water-2/
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https://www.hidalgo2.eu/the-urban-air-project/
https://www.hidalgo2.eu/the-urban-air-project/
https://www.hidalgo2.eu/urban-building-model-2/
https://www.hidalgo2.eu/urban-building-model-2/
https://www.hidalgo2.eu/the-renewable-energy-sources/
https://www.hidalgo2.eu/the-renewable-energy-sources/
https://www.hidalgo2.eu/wildfires-2/
https://www.hidalgo2.eu/wildfires-2/
https://www.hidalgo2.eu/material-transport-in-water-2/
https://www.hidalgo2.eu/material-transport-in-water-2/

- HIDALGO2 Urban Building Model Pilot

CENTRE OF EXCELLENCE
Ktirio

A platform for building energy modeling and
simulation that enables computing energy
consumption and losses in buildings including
comfort estimations. ktirio is built on a large set of
Open Source Software (OSS) such as Feel++ or
OpenStreetMap.

KUB is based on the Feel++ toolchain.

Feel++ is a comprehensive framework designed
to tackle problems based on Ordinary Differential
Equations (ODEs) and Partial Differential
Equations (PDEs).

Using modern C++ (C++17 and C++20)
standards coupled with a Python layer through
Pybind11,

Feel++ enables seamless parallelism and is
equipped with default communicators that simplify
handling complex computational tasks.
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Ktirio Urban Building | e

Workflow —alr—a

— &= =D

Input Tools o [ — ] [Orc:stra]tion[ - \ As
Desktop | 1o iuica o : - . o .

CJ E= parven [ Deskiop | V|suaI|sat|on]

[ Desktop | e
[GUI/WUI WAS.... ...... ] / - PiIot\ ;,,__,—-> S e A
CcLl Benchmarking peovide: Cota (e mtan ‘ ‘—WE

Ktirio i
executes Urban Building
‘EI Apptainer ‘ :I
Docker i [JVAS .

EuroHPC Systems
LumI ][ Meluxina ][ Karolin}

%

Data

- HIDALGO2

CENTRE OF EXCELLENCE
Process

[
LI

Stored data

GUI/WUI

Developed by Unistra

Optional operation
----- In development

Data Storage

Third Party Software

Compute service

HiDALGO2 component

Output Tools

J

- HPC As a Service

Jupiter Alice Recoque /
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D Process
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C( Stored data

Developed by Unistra

Optional operation
----- In development

Data Storage

Third Party Software

Compute service

HiDALGO2 component
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-HiIDALGO2 Ktirio-GUI

CENTRE OF EXCELLENCE B 1 B @9 8B

e  Kitirio-GUI: user interface for energy
simulation from building to city scale =

e User friendly interface enabling visualization, | =

 Geographic Data

preparation and management of input data | ==

~ Meshes

for energy simulation

Number of edges: | 16116
Number of triangles: 16124

e Visualization of all data types: geographical,
geometry, weather, solar masks, vegetation

e Allowing to launch energy simulations using S -
EuroHPC supercomputers using SLURM

e Enabling visualization of building simulation
outputs

m00s 2006 221010
o595

fES)
Date and fime

Top.B
Time Series

s EuroHPC www.hidalgo2.eu
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D Process
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(j Stored data

Developed by Unistra
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Files Format:

MSH

Input Datas

JSON

oo

C SV Occupation | | , Heating | | cooling | | Ventilation |
&% o) 28.0 01
FMU ' 19.0 28.0 0.1
19.0 28.0 0.1
19.0 28.0 0.1
01:00
20,0 28.0 0.2
20.0 28.0 0.2
20.0 28.0 0.2
1200 20.0 28.0 0.2

3|

EXXILX

7huilding

Temperature

weath

@1llon: +0.11°C Min deviation: +4.18°C Max deviation: -5.33°C

40
o 30
s
2
3
ic
5 20
a
£
U
=
10
0
January February Mars April May June July Aout September October November
v
Cx 7 EuroHPC .
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- Zone selection

Setup information

| Coordinates of disk center
Latitude:  |48.85654458133997

Longitude: [2.346911420773125|

Remove ||Geocoding
e
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Files Format:

a
a
a

JSON
HDF5

ENSIGHT GOLD

Output Datas

benchmarks

Application - Relative performance

Nodes=2  Nodes=3  Nodes=4  Nodes=5  Nodes=6  Nodes=7  Nodes=8
100 Illl I I II I Step
W postprocess
80, B simulation
B updateForUse
60
8
40 I
20|| I |||I | || I |||| | I ||
Ji || I | | |
Bwn Emwn EwN Ewe Ew9 2wa =wa
FRER FER FER FER FER FER FER
5§33 5533 583553 3533 3§53 3533 3§33
Radius Radius Radius Radius Radius Radius Radius
et el !
©* * 3
Cx *1 EuroHPC
Coa )
— —

* gk

www.hidalgo2.eu

Temperature (°C)

reports

ure Outputs

Simulation Tempe

~— Ambient temperature
Exterior temperature

Interior temperature

W'“'W’\\WWVW

oas

Avg 11 020

2024

Aug25 Seps Sep22

Building’s simulation temperature exports

Solar shadir
1

Doun 1:00 2:00 300 4:00 5:00 6:00 7:00 8:00 3:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00
Hour: 18:00

T T T S T T S S S S T
o000 200 400 600 8O0 1000 1200 1400 1600 1800 2000 2200

Animation of the building’s 24h-average solar coefficients
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- HIDALGO2 GIS (Geographic Information Systems)

CENTRE OF EXCELLENCE

Information about buildings:

e From openStreet Map . Se‘eclt‘:’“ﬁ
e Coordinates (latitude and longitude) \ @!g’(uu
e Coordinates in the projected plane Nl azw%% ;jjj‘;::‘5"5’*’15?—‘””3?—?%
e Height Y, eea,mus(mx@\g
o Altitude
e Type (House, Farm, School, Office, ...)

e |dentification number

e Roof shape

e |f the building is divided into several parts g

‘i*:**: EuwoHpC www.hidalgo2.eu 14



~HIDAWGO2 poch

CENTRE OF EXCELLENCE

Mesh Generation

Integrate all components such as buildings,
terrain, and trees into a cohesive mesh.

Ensure conformity and water-tightness for
robust simulations.

Assign marked entities with attributes like type
(e.g., building, tree) and subtype (e.g., trunk,
roof, floor), including local numbering for
identification.

Utilize Ktirio-Geom, a specialized tool for

generating and adapting meshes for 3D city
models, including repair and optimization.

~ EuroHPC

www.hidalgo2.eu

15



- HIDALGO2 Mesh (Building Modeling)

CENTRE OF EXCELLENCE

Multi-fidelity representation of urban model

‘ LoD 0 ] ‘ LoD 1 ’ LoD 2
From OpenStreetMap — Web tiled map. BIM data in IFC format
A A
4 N 4 N
LoD-0: Oriented Bounding Boxes LoD-1: Multi-polygon extrusion + roof LoD-2: Detailed representation

EuroHPC

www.hidalgo2.eu 16
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Options menu for buildings in the GUI

v Building

Level of details: LOD-1 (Polygonal Extrusion) ~

v Include storeys v Include roof shape

M RS www.hidalgo2.eu



- HIDALGO2

S T o e = Mesh (Modeling the Building environment)
Why ?
e Topography : shapes airflow &
runoff.

e Rivers/lakes : drainage, storage,
thermo-hydro exchange.

e Parks/green : albedo, roughness,
evapotranspiration — cooling.

e Roads : imperviousness,
emissions/heat, wind corridors.

e Modeling : parameters & boundary
conditions set by mesh labels.

|

2357 FMMoHEC www.hidalgo2.eu 18
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Polyline simplification (CGAL)

Noaprwb=2

Merge tiles

Mesh (Terrain Modeling)

Generate structured triangle grid from Raster image
Compute contour lines (marching triangles)
Generate constrained mesh from isolines (CGAL)

Feature processing and meshing (roads, water bodies, parks, ...)
Feature corefinement with elevation mesh

>

%)

y

Structured triangle grid
(~ 250 000 vertices )

~ EuroHpC

16 isolines (each 30m)

Constrained triangulation

before simplification
(~16 000 vertices)

www.hidalgo2.eu

Constrained triangulation
after simplification
(~316 vertices)

19



- HIDALGO2 Mesh (Vegetation Modeli

CENTRE OF EXCELLENCE

e Impact on Building simulation: simulate
environmental impact, such as solar masking
effects on buildings.

e References tree library : Currently supports
three types of trees.

e Data source : Vegetation data is retrieved from
OpenStreetMap.

Options menu for vegetation in the GUI

v Vegetation

Level of details: ' LOD-0 (Simple geometric shape) |
LOD-1 (Alpha wrapping)
LOD-2 (Realist-simplified)

¥ Processing

v Autorefine

g g e
o ]

£¥ %325 EuroHPC

Tk *
ke x

www.hidalgo2.eu



-HiIDALGO2 Mesh (Vegetation Modeling)
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‘ LoD 0 ] ‘ LoD 1 ’ LoD 2
. . Alpha wrappin
Simple geometric shape 5 az oo ng-%) Realistic simplified

EuroHPC

www.hidalgo2.eu 21



Temperature (°C)

HIDAWGO2  eather

CENTRE OF EXCELLENCE

Options:
e Weather data from stations or forecasting models d  Resolution and precision varies depending on the
temperature at 2m, wind conditions, model used
solar radiations, ... [  Adjustable step time (15min, 30 min, 1h, 2h)

4
30 T

Jan 2024 Feb 2024 Mar 2024 Apr 2024 May 2024 Jun 2024 Jul 2024 Aug 2024 Sep 2024 Oct 2024 Nov 2024 Dec 2024
Date
----- Max (Daily) Mean (Daily) —— Min (Daily)
* ¥ =5

i« #3121 EuroHPC www.hidalgo2.eu 22
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Ktirio
P \f‘\ ______
-

generates

Scenario
instruction time
tables

Scenario
overall
description

Ktirio
Urban Building

%355 EuroHPC

Scenario

Scenario Edition

~| 02:00

Occupation Heating

00:00 -
19.0

\

| 190

| 190

| 190
01:00
| 200
| 200
| 200
| 200
\

Cooling

28.0
28.0
28.0
28.0
28.0
28.0
28.0
28.0

Ventilation

0.1
0.1
0.1
0.1
0.2
0.2
0.2
0.2

e Create scenarios to assign heating, cooling, and

ventilation setpoints by building category, based on
schedules, weekdays, or vacation periods.

° Take into account internal gains: appliances and

human heat sources.

° Create and allocate custom scenarios or exclude

specific building types from simulations.using Ktirio-GUI

Instruction Parameters

Schedule Hour / day / month / vacation / weekend
Heating Set point temperature for inside thermal zone
Cooling Set point temperature for inside thermal zone
Ventilation Volume of air renewed by hour

Internal gains

Appliances heat sources
Human heat sources

www.hidalgo2.eu




- HIDFALGO2 Simulator (Physical Models)

CENTRE OF EXCELLENCE

Gable roof

LN

I moslica

Gable end

32
Roof Shape Materials Heating/Cooling =
B
<.
o=
NO,
~ Widry — B
Shading Dimensions Pollutants - = ]_, E.m
, >
m @ é V; i1l (N Vz
e Pt
£ @0 Multi-zone
models
Comfort Weather Windows
indicators
‘ Euwolfc www.hidalgo2.eu 24
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D Process
[ o

(:( Stored data

Developed by Unistra

Optional operation
----- In development

Data Storage

Third Party Software

Compute service

HiDALGO2 component

Ktirio Urban Building
Workflow

GUI/WUI

Gis
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QCG ] [ KUB-CD

Output Tools
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Visualization using Paraview
- HIDALGO2 3D visualization of simulation results

CENTRE OF EXCELLENCE
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- HIDALGO2

CENTRE OF EXCELLENCE

What data are visualized ?

Overview on city location, local time, and

simulation parameters

Buildings data: number,
categories, density,

Weather: observations
from OpenMeteo,
computing statistics and
deviation from
climatological means

City scale energy
consumption, heating,
cooling, solar shading

*355 EuroHPC

Ktirio.cases reports

o

llllll °

® K

www.hidalgo2.eu
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- HIDALGO2

CNrRE o ExerLiey feelpp.benchmarking Framework for KUB

The Feel++ @ Project /.
Project

Benchmarks °
Documentation

Supercomputers

How KUB uses feelpp.benchmarking ?
(https://bench.ktirio.fr)

Discoverer Gaya Karolina

LOD Period Radius Sofia, Bulgaria Strasbourg France Ostrava, Czech Republic

Heating Quadrature

L systems Order

S1 Paris Ideal 3 0 1 day, winter | 1—-6km | 2-50
Sy Paris-Berlin Ideal 3 0 1 day, winter 5 km 2-50
S3 Paris Ideal 0-5 0 1 day, winter 3 km 2-10

Lumi MeluXina

UB Scenarios benchmarked

‘The Feel++ Benchmarking Project

Benchmarking Documentation Reference ol

The Feel++ Benchmarking @ The Feel++ Benchmarking Project / Reframe Report for KUB on Gaya Edit this Page  Downloadas [, .pdf .ipynb
Application - Relative performance Project
Nodes=2  Nodes=3  Nodes=4  Nodes=5  Nodes=6  Nodes=7  Nodes=8  Nodes=9  Nodes=10 Nodes=20 Nodes=30 Nodes=40  Nodes=50 penchmarks i
100 Step
T T - .
B simulation
80 W updateForUse =
Zw
£
60 )
[l
° ] -
. B ==
g 3 2 o s 256
m|I | || | ||I I | || | ||| o
. I | I II |I I I II i I
S Wy mw9 EWM mWU RWe Ee9 BWM WU RWwe Ew9 Sww Swn =ww
SEY FERE OFEELE FEY FEY OFEE OFLE FEY FEY FRE OFEE PR zgf
5335 3533 533 533 5335 533 5335 533 533 333 533 333 3§33
et oo erec sprocss | silaton_ updaeforvse
Radius  Radius  Radius  Radius  Radius  Radius  Radius  Radius  Radius  Radius  Radius  Radius  Radius == = e || g o
s aoot2e sa o B 15
i o0t 23 20 302 10
2 Py b 3 s s0s
o aonz2 102 sot 514 162
’ : : s o 10 2an e 106
- -71- —z- 26 0124 03 [ 21 08
UB stages’ relative performance — Paris — 1 - 6km — 2-50 nodes
The Feeis+ Benchmarking Project
o * e
r *
r q
D * EuroHPC h'd | 2 28
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https://bench.ktirio.fr

Large File
Storage

- HIDALGO2 - &

CENTRE OF EXCELLENCE

D Process
[ o

(:( Stored data

Developed by Unistra

Optional operation
----- In development

Data Storage

Third Party Software

Compute service

HiDALGO2 component

Data Management platforms
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\ [ Weather }— r—)[ Logs ]
uploads

Input Tools Orchestration : Ul [ wasm
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GUI/WUI el
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Workflow

GUI/WUI

I

Output Tools

y

eskiop | Visualisation

-
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EuroHPC Systems
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discoverer

Sofia, Bulgaria

Gaya Karolina

Strasbourg, France

SR

jia H
ST
2
J %,
%

"9,

T

oy HPC
o O,

stacked_bar

heatmap

Benchmark [discoverer,vega - config/cities/paris/partitioned.json]

Summary
LY m—

HPC Systems Factory
benchmark ym!

vega

Stage results

5 Matrix: benchmark

Render and compile the website
discoverer

HPC Systems Factory
vega
Usage

Workflow fils

Artifacts.

Uploads

pGEMENT

<

vega

Moo oo

S1 - Paris - 6km

y

Speedup

BN Discoverer
Karolina
- VcluXina

®  Lincar

@  simulation
A End-o-end

8 16 32

Nodes J

https:/Ibench.ktirio.fr

reports

www.hidalgo2.eu
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Success 10h 19m 41s

Stage results
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HIDALGO2

CENTRE OF EXCELLENCE

UB Dev-Ops
Workflow
New Apptainer

image generated

Trigger

EuroHPC

*
*
*

* g%
W)

-
=

=F
k.
=

Submission to HPC Cluster

N

Execute on all
available selected
EuroHPC systems

GitHub

Registry

Pull Apptainer

Container

[ Generates

Generates

Pull
Datasets

Data
| Management
o _

Reframe Reports

— /l/ T

Generates
Massive / Postpro
il cessing
Datasets \_/
Upload
Dataset

flatfcrm .
Upload report

www.hidalgo2.eu

Comprehensive
Energy Simulation
Report

Upload
report

Data
Management

Trigger
Bencharming/Regression
website updates

Trigger
Website

Update GitHub Pages

Pull updated
building and city
reports
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HIDALGO2

2 Benchmark [discoverer,vega -

Summary

HPC Systems Factory

discoverer

% vega

& Stage results

& Render and compile the website

) Usage

Workflow file

config/cities/paris/partitioned.json] #

@ JavierCladellas -o- cbba365 Success

benchmark.yml

Matrix: benchmark

HPC Systems Factory

Artifacts

@ benchmark

) benchmark-results

10h 19m 41s

Stage results

& Render and compile 1|

sha256:fcfe7967c661211bc0836393babb4f76084c

sha256:4e48ac456291f83b28052571433270000d7.

www.hidalgo2.eu

Presentation of monitoring status

Discoverer

Reframe Report for Feel++ heat Reframe Report for Feel++ heat Reframe Report for Feel++ heat
toolbox on Discoverer toolbox on Discoverer toolbox on Discoverer
Performance report for Discoverer on Performance report for Discoverer on Performance report for Discoverer on

2024-12-06T14:31:13+0200 2024-12-12T09:40:30+0200 2024-12-13T12:34:38+0200

Benchmarks history of a Feel++ application on Discoverer



< HIDALGO2 Partitioning Strategies are essential

CENTRE OF EXCELLENCE
Partitioning

Objective : Distribute terrain, buildings, and vegetation entities efficiently for

High-Performance Computing (HPC) applications.

Requirements . Ensure spatial partitioning so that nearby objects remain within

the same partition for computational coherence.

Methodology : Implement partitioning algorithms based on mesh adjacency

graphs, leveraging mesh conformity to optimize performance.

foi el T
C* *
S www.hidalgo2.eu 33



- HIDFALGO2 Computing Shading Masks

CENTRE OF EXCELLENCE

Definition: Shading mask
quantify the percentage of
blocked solar radiation for a
building surface, depending on
the sun’s position

0 [white] : no obstruction
1 [black] : total obstruction

In Ktirio-Feel++

e Monte Carlo method and
ray tracing techniques
used for computations

e Computations in parallel
across multiple CPU
cores

Ex t'j}
B, o BNRES www.hidalgo2.eu



- HIDALGO2

fiesbeteragiilioslfi s Demo: 1) simulation using Karolina and 2) video demo

Kub Luxembourg ~ @ ﬂ @§ % é g E

Project Browser [Ex) View3D (& = X
~ Kub Luxembourg Resetcamera Showgrid CameraRotate Orbit Hide orientation axes Hide camera gizmo Take a sceenshot 83
» Scene3D
~ Simulators
Debug View 3D — || x @
71 FPS Details ®
- Frame:  13.298ms
Properties == x Sync:  0.012ms
= Prep: 5.021ms
Name: | Simulator Render: 13.076ms
Max: 66.638ms
GPU: 8.405ms
Setup

New Simulation
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D Process
[ o

(j Stored data

Developed by Unistra

Optional operation
----- In development

Data Storage

Third Party Software

Compute service

HiDALGO2 component

Ktirio Urban Building
Workflow

GUI/WUI

Output Tools

geherates
uploads

DESktO
2 Y D= |
Input Tools Orchestration o Gul WASH

o J> [ MathsO J [ Qce ] [ KUB-CD -GitLab I -
= i o e o) Visualisation

deploys

e . WORKFLOW . —
GUIWUI @i & e _ Pilot j] Bm:;z:fkmgtw:ss
APL DB Shell

] Cases WE
Apptainer eachbes Urban Building
T

CFDR WASM

EuroHPC Systems
[ Meluxina ][ Karolin:

[ LumI

J

C As a Service

) S
) ) (ol

EuroHPC Super I II
computer

J
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- HIDALGO2 Meteorological data
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DD L}\,}HW\‘{!\'\%%&

local
1-5m
Mesoscale
forecast regional
model 1 km
(WRF)
Observational
Weather global
Data \ 10 - 100 km
(Weather station)
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CENTRE OF EXCELLENCE MeteorOIoglcaI data type

Historical data: Past observations records used for model validation and understanding long-term trends.

. Reference data: Standardized 30-year averages (e.g., TMY(Typical Meteorological Year), TRY(Test Reference Years)) defining
typical conditions for building simulations.

Short-term forecasts: Numerical Weather Prediction (NWP) models providing hours-to-days outlooks for model predictive control
(MPC) and adaptive HVAC strategies.

() IPCC-scale projections: Scenario-based climate models (GCMs, SSPs) predicting long-term climate evolution and future building
performance impacts (e.g., cooling demand).
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Preparation of weather data via Ktirio.GUI

Name: | GeographicData

Setup

Export
v Geographic Data
Number of buildings: | 1343
v Meshes

lod_0

Project Browser @
~ MyProject
» Scene3D
~ Geographic Data Collection
Properties [E)

Number of points: 10760
Number of edges: | 16116

Number of triangles: | 16124

Boe - H Q@ 0 B &

Data Visualization View3D
Weather Data Setup

General

Name: |weatherdata_name

Location

i Latitude Longitude

-6: 48.5834833 7.7468476

Time

Start: 03/11/2024 =

End: 03/12/2024 2

Hourly Weather Variables

| temperature_2m relative_humidity_2m dew_point_2m apparent_temperature pressure_ms!

surface_pressure precipitation rain snowfall cloud_cover
cloud_cover_low cloud_cover_mid cloud_cover_high shortwave_radiation direct_radiation
direct_normal_irradiance diffuse_radiation global_tilted_irradiance sunshine_duration wind_speed_10m

wind_speed_100m
weather_code
soil_temperature_28_to_100cm
soil_moisture_100_to_255cm

Units

wind_direction_10m

snow_depth

soil_temperature_100_to_255cm

wind_direction_100m
vapour_pressure_deficit
soil_moisture_0_to_7cm

wind_gusts_10m
soil_temperature_0_to_7cm
soil_moisture_7_to_28cm

et0_fao_evapotranspiration
soil_temperature_7_to_28cm
soil_moisture_28_to_100cm

EuroHPC
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. Strasbourg region
Eastern France

2-meter Air Temperature at 13:00
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Variable
temperature_2m
relative_humidity_2m
wind_speed 10m
wind_direction_10m
surface _pressure

direct_radiation

diffuse_radiation

cloud_cover

Hourly parameters used in Building Simulation

Unit Description
°C (°F) Air temperature at 2 meters above ground
% Relative humidity at 2 meters above ground

km/h (m/s) Wind speed at 10 meters above ground.

° Wind direction at 10 meters above ground.
hPa Atmospheric air pressure reduced to mean sea level (msl) or pressure at surface
W/m? Direct solar radiation as average of the preceding hour on the horizontal plane and the

normal plane (perpendicular to the sun)
W/m? Diffuse solar radiation as average of the preceding hour

% Total cloud cover as an area fraction

www.hidalgo2.eu
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OpenMeteo
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© temperature_2m

15 N -
] Tuesday 18 Nov. 12:00
e temperature_2m: 8.7 °C

© 10
5 - ‘,'
0 = 1 | | T T T | | T |
15 Nov 12:00 16 Nov 12:00 17 Nov 12:00 18 Nov 12:00 19 Nov 12:00 20 Nov
|

Tuesday 18 Nov. 11:00 ,
o direct_radiation_instant: 252.6 W/m2 | |
e diffuse_radiation_instant: 85.9 W/im? | | ® direct_radiation_instant

200 -#- diffuse_radiation_instant

= f.
100
0 | = | T T = | | T |
15 Nov 12:00 16 Nov 12:00 17 Nov 12:00 18 Nov 12:00 19 Nov 12:00 20 Nov 12:00 21 Nov 12:00 22 Nov 12:00 23 Nov 12:00 24 Nov
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"HIDARGOZ | open Meteo -

OpenMeteo
e Open-source weather API
e Forecast API:

o Provides hourly forecasts up to 16 days depending on the model.

e Historical API: hourly data can be found going back to the 2000s and as far back
as 1950, but with less detail depending on the model.

Weather Model National Weather Provider Origin Country

Resolution Forecast Length Update frequency
ICON Deutscher Wetterdienst (DWD) Germany 2-11km 7.5 days Every 3 hours
GFS & HRRR NOAA United States 3-25km 16 days Every hour
ARPEGE & AROME Météo-France France 1-25km 4 days Every hour
IFS & AIFS ECMWF European Union 25 km 15 days Every 6 hours
UKMO UK Met Office United Kingdom 2-10km 7 days Every hour
KMA KMA Korea Korea 1.5-13km 12 days Every 6 hours
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- HIDALGO2 Heat wave
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Definition

A heatwave is a period of intense and sustained heat, both
day and night, over an extended period (at least 3 days).

Impact of Climate Change

Records of heat waves since 1947 clearly show that the
frequency and intensity of these events have increased as
a result of climate change. Heat waves in France, which
occurred on average once every five summers before
1989, have become an annual occurrence since 2000.
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- HIDFLGO2 2003, a landmark year in Europe for heat waves
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2003 Summer temperature anomaly
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S o = Urban heat island (Definition)

Late afternoon temperature °C

srmns nmist

Rural Suburban Commercial City Urban Park Suburban Rural
Residential Residential Residential Farmland

Source: Fuladlu, Kamyar & Riza, Mige & llkan, Mustafa. (2018). THE EFFECT OF RAPID URBANIZATION ON THE PHYSICAL MODIFICATION OF URBAN AREA.
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The Urban Heat Island effect is driven by the Temperature increase Heat of

replacement of cooling vegetation with vaporization

heat-absorbing asphalt and concrete, Temperature

effectively eliminating natural Temperature Anthropogenic Heat goes down

evapotranspiration. This thermal buildup is increase Air cofiffloners Heat of

trapped by dense "urban canyon" geometries Heat from the vaporization

that obstruct airflow and is further intensified road surface Temperature
goes down

by anthropogenic waste heat ejected from
vehicles and air conditioning systems.

Temperature
increase

Heat

from the

building
rface

\

Ccrease

~ Heat from
» 2 Vehicles
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1. Model Structure

e  Multizone Model: One thermal zone per floor of the building.
e  Objective: Calculate the zone air temperature and the resulting energy consumption.
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HIDALGO2

2. Energy Balance

Conduction & Inertia: Multi-layer RC model
e Solar Gains: Advanced radiation modeling (Perez Model), dynamic shading management (Ray Tracing), and window
transmission (based on angle of incidence).
e Convection/Radiation: Precise calculation of convection (roughness, wind) and Infrared exchanges.
Ventilation: Constant air change rate (single-flow VMC).
Climatic Data: Utilizes a extensive dataset (temperature, wind speed/direction, radiation, sky vault temperature).

o www.hidalgo2.eu
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3. Systems and Control

e HVAC Modeling: Pre-sizing of the radiator/boiler nominal heat output
e Active Control: Closed-loop control system (thermostat type) adjusting heating output to maintain setpoints (time-varying).

EF 3 EuroHPC |
SRSt t B



- HIDALGO2

CENTRE OF EXCELLENCE

4. Validation

e  Proven Reliability: Successfully validated against BESTEST Case 600 and Case 600FF (Free-Float), confirming both
accurate load calculation and envelope thermal behavior.
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