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Exploring window opening behaviour for optimal cooling and thermal comfort

An IAQ and thermal comfort coach prototype to improve comfort
and energy consumption thanks to adequate management of
natural ventilation:

Genesis, development and first feedback results
Arnaud JAY, Pierre BERNAUD, Franck ALESSI
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CONTEXT

Natural ventilation through open Windows allows to exchange easily 5 - 10 ACH for free

But might bring some additional energy consumption or incomfort if open at inappropriate time
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Wind’ose genesis :

Monitoring of our Naturally ventilated Office Building in Summer period
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OPENINGS STATUS AND FAN MONITORING
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Initial behavior campaigns: First results (1/2)
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Initial behavior campaigns: First results (2/2) Number of answers for each user
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Initial behavior campaigns: First results (2/2)

Clothing

Thermal Comfort : sensation,
preference, satisfactionf acceptation
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WIND’OSE OBIJECTIVE

® Coaching tool developed to help
occupants to know whether it is
a good option to open or close

their

®* Coach objective is to consider

windows.

the three components:

®* thermal comfort,

® indoor air quality (IAQ)
®* energy consumption

- Based on Patent EP3971490 on “Method and system for advising on the opportunity of activating a door in order to

improve the thermal comfort and/or the quality of the air”

“Vines

Indoor & outdoor
sensors

-
.
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WIND'ose an e-fAIR prototype
SPECIFICATIONS AND PROTOTYPE V1

2 Indoor Sensors:
- Indoor air temperature
- CO, concentration

1 Outdoor sensor
- Qutdoor air température

Outdoor temperature sensor

Intuitive message
communicate to users

Indoor air temperature
& CO2 concentration sensors

Autonomous (Energy & embedded algorithm)
and easy to set up
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WIND’OSE ALGORITHM
1

Separate evaluation
of each criteria

2

Tex{

ara

Tint H

4

789 0NRBNISET 8NN RNWSBTBHNN
o.rq

IAQ criteria

Indoor CO2 concentration
compared to a lower threshold

“Vines

Check consistency If necessary — 4
between the 2 Arbitrate between Advice push
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EXPERIMENTAL CAMPAIGN
SET UP ON A REAL BUILDING.

Sélection du port COM g CoM14

MESURES | HISTORIQUE |

I Ines Température inteme 217 C

- Température externe 157 °C
Niveau de CO2 773 ppm
Préconisation NEUTRE
Date 021012023
10:25:03 °
o — O
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Version firmware 110

i
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FIRST RESULTS

Measured Data
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CONCLUSION AND PERSPECTIVE

* Wind’ose prototype answer our 1st requirements
and specifications

®* What’s next:

“Vines

Increase period and number of user feedback
Improve algorithm, and integrate specificity for
* Mid-season

* Winter

Enhance battery autonomy or integrate PV cells to get it
fully autonomous.

Integrate other pollutants sensors.

Integrate shutter advice for solar control
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“Vines

Thank You for your attention

Next presentation :

Coupling methodology of windows and ceiling fan occupant behaviour models

with building energy models: a tropical case study

Maxime Boulinguez & Maéréva Payet
PIMENT Lab University of La Réunion
Laboratoire d’Ecologie Urbaine Réunion, France
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Coupling methodology of windows and ceiling fan occupant
behaviour models with building energy models

A tropical case study

Maareva PAYET

Bioclimatique

PhD, head of the company’s BEQ and R&D
division
LEU Réunion / associate researcher PIMENT, La
Reunion University, France
mp@leureunion.fr
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PhD student and co-head of R&D division
LEU Réunion / PIMENT - La Reunion University, France
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BIOCLIMATIC BUILDING DESIGN IN HOT AND HUMID TROPICAL CLIMATES

* Solar protection

e Natural ventilation to reduce the use of active
and energy-consuming devices

* Solutions to couple devices when exclusive use
of natural ventilation is not sufficient

N thesis on the comfort of mixed-mode buildings

and a thesis defended in 2022 on occupant
behaviours

m ‘% Coupling methodology of windows and ceiling fan occupant behaviour models with building energy models: a tropical case study
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FEATURES and ISSUES
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According to Koppen-Trewartha
*  Average monthly temperature > 18°C
. Rainfall threshold > 60mm over several months

The surface area of Aw subclass territories has
increased since 1965-1994
(Belda et al. 2014)

50% of the population in the intertropical zone
forecasted by 2050

(University f James Cook , Australia, 2014)

75% of the population in urban areas
(Rodrigues et al., 2019)
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DEFINITIONS

Passive cooling systems -> Openings
Low-energy cooling systems -> Ceiling Fans
High-energy mechanical systems -> HVAC

Zoned Mixte Mode Building
(Brager, 2006)

Different controls
(Raja, 2014)
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RESEARCH QUESTIONS ©  Environmental Potential

Performance

factors
Gap

£

Performance

o Personnal
factors

Forecast

. Performance
Behaviours

Actions Time

Presence
Occupation

How to assess user behaviour in mixed-mode buildings
operating with ventilation ?

1- Model behaviours based on measured data

2- Integrate these behavioural models into a building

How to estimate the presence of users on openings and model

ceiling fans during the design phase ?
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ILET DU CENTRE OFFICE BUILDING
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ILET DU CENTRE OFFICE BUILDING

310 m?

Two open plan floors (NV)
Singles offices (NV or AC)
Meeting rooms ( AC)

IT room (AC)

L

m ‘\E% Coupling methodology of windows and ceiling fan occupant behaviour models with building energy models: a tropical case study
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FIELD MEASUREMENTS

OPENED 5 = 3 =

Le repérage des
phases comespond
aux bomes L1, L2, L3
du Central Multvoles

* 37 position sensors NODON (ENOCEAN) * Energy meters OMEGAWATT
* lrregular timestamp * 1 mintimestamp
e 2 states [0 ou 1] * Ceiling fan power [W] and offices plug [W]

m ‘\E% Coupling methodology of windows and ceiling fan occupant behaviour models with building energy models: a tropical case study
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FIELD MEASUREMENTS

* 9 TESTO 174H temp/rh sensors «  Meteorological station

* Regular timestamp (Less than 1km far from site)
* Air Temperature (+/-0.5°C) et relative humidity (+/- 3 %HR)

m ‘E% Coupling methodology of windows and ceiling fan occupant behaviour models with building energy models: a tropical case study
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CLASSIFICATION METHODS

—
YES _— —_NO

Electrical outlets <= 1222 W Electrical outlets <= 2069 W
YE! NO YES

‘ Electrical outlets <= 990 W ‘ ‘ Nb people =5 | Hour <= 12.30 am

Occupation model s o B

( DECISIOH Tree) ‘ Nb people =0 Electrical outlets <= 2048 W | Hour<=13.30 am | | Electrical outlets <= msw

/\O \ YES./ \-\NO
| Nb people =0 ‘ ‘ Nb people =2 H Nb people = || people = H Nb people =0 H Nb people = 14 | m

Electrical outlets <= 2298.5 W

Hour <= 7.00 am

INPUTS ouTPUT INPUTS ouTPUT
Ceiling fans and openings models Air temperature T Levelof +_[
Humidity Classifier Classifier L | evel of ceiling fans
(Random forest) Estimated nb of eople 1 louvar 2 ’
nd speed == ) Opening S

(Payet, 2022)
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PYTHON PLUGIN METHOD

Tn

‘ Indoor temperature Behavioural model
Trdooriimnidi ) Level of use of windows
=R o @ python
CE— Occupancy
Building model
1 Integration of new inputs for Tn+1

Method Ease of implementation  Flexibility
Direct modelling +Htt +

Code customization ++ ++
Customization of Core  + +H+

code

Co-simulation ++ 4+
Python plugin +++ +H++

m ‘E% Coupling methodology of windows and ceiling fan occupant behaviour models with building energy models: a tropical case study
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Week Step From To Season Internal heat gains from
simulated users
VALIDATION (based on indoor condltlons) w1 Calibration | 20/12/2020 | 27/12/2020  Summer No
W2 Validation 01/12/2020  08/12/2020  Summer Yes
w3 Validation ~ 06/07/2020  13/07/2020  Winter Yes
w4 Validation 05/10/2020  12/10/2020  Mid-season  Yes
Validation results Standards
[ 0,
Start of calibration NMBEh £5.3 % NMBEh <10 %
process CV(RMSE)h < 6.6 % CV(RMSE)h <30 %

Version 1 Version 1 # | MADh < 2.8 <C (Baba, 2022)

Simulation on W1 MBEh £ 1.2 oC (Baba, 2022)

Parameters

Error analysis adjustements

ASHARE Guideline 14 (Measurement and Energy Demand)
Int. Measurement & Verification protocol recommanded by
Satisfactory values French Energy Agency ADEME

Mean Bias Error & Mean Absolute Deviation
Calibrated model

m ‘E% Coupling methodology of windows and ceiling fan occupant behaviour models with building energy models: a tropical case study
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CONVENTIONAL DESIGN OFFICE MODEL FOR CEILING FAN USE
BASELINE METHOD
Mid-season Mid-season
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COMPARISON WITH OUR RESULTS

PROPOSED COUPLING METHOD NOTED in GREEN / baseline orange

g

g

g

W |

-

g

Power level of ceiling fans [W]
g

g

e

66
I .
0 |

= Classical method = Proposed coupling method

°

o o
S

o
S

Average deviation
(Wh)

[T,

AEUNION

venticool

- BE
‘ — RF
= Measurements

M

3000 4000 5000 6000 7000 8000

Skill Score: assessing the value of a new model compared with a reference model

- 0
SS Typical design office model / Coupling method proposed ™ 63 %
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LIMITS OF THE PRESENT WORK PERSPECTIVES

® Lack of generalisation capabilities ® Extend field measurement studies to other building
types and user categories to better teach models

® Add a level of complexity for mixed-mode cooled

®* Only NV + CF has been modeled so far (no building with AC
AC+CF)
® Investigate new way to estimate class energy use
® Better estimate Ceiling Fans use but still need to (seasonal class / monthly class, add model input
improve related energy use for each predicted parameter(s))
class

o= i 3 lR ‘% Coupling methodology of windows and ceiling fan occupant behaviour models with building energy models: a tropical case study
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Further readings:

Payet, Maareva, M. Boulinguez, M. David, P. Lauret, and F. Garde, ‘Windows and ceiling fan occupant behaviour model coupling
methodology with building energy models, a tropical case study’, in Ventilation, IEQ and health in sustainable buildings, Copenhaguen
Danemark, 2023

M. Boulinguez, O. Marc, and J. Castaing-Lasvignottes, ‘Development of a simplified model for evaluating refrigeration capacity and power
consumption of air conditioning units based on heat exchanger entropic temperature definition’, presented at the International Congress of
Refrigeration 2023, Paris, 2023. doi: 10.18462/iir.icr.2023.0781

Payet, M., 2022. Simulation du comportement des usagers dans les bdtiments tertiaires a faible consommation énergétique, en zone
tropicale (phdthesis). University of la Reunion.

Payet, M., David, M., Lauret, P., Amayri, M., Ploix, S., Garde, F., 2022. Modelling of occupant behaviour in non-residential mixed-mode
buildings: The distinctive features of tropical climates. Energy and Buildings 259, 111895. https://doi.org/10.1016/j.enbuild.2022.111895
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Observing and modeling window states
in French dwellings monitored during a
summer with heatwaves

A Mathilde Hostein
26/03/2024
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Supervisors: Bassam Moujalled, Marjory Musy & Mohamed El Mankibi U
mathilde.hostein@cerema.fr

Context

* Occupant behaviour = impact on indoor environment

» Window use > a key passive cooling strategy

Mathilde Hostein

26/03/2024




Presentation overview

* Data collection: field measurement campaign
* Exploratory analysis: link between in-situ measurement and surveys

* Data-driven models: window states prediction

~ Data collection

Field measurement campaign




* CREATIV research project
* Thermal comfort
* Indoor air quality
* Heatwave

TIv

l r
ADEMIE funding: grant number 2062C0002

CR

Mathilde Hostein

Field measurement campaign

* 2 French cities
* 4 dwellings monitored
* June to September 2022

* Surveys :
* Logbook
* Thermal comfort surveys
* General questionnaire

* Measurements
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~ Exploratory analysis

Link between in-situ measurement and surveys

Comparison of temperature by room in the different dwell

Living room Master bedroom Kitchen Bathroom
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Windows openings and closings according to th

Dwelling A

Dwelling B

=

ot

Frequency of use

s

]

Dwelling C

01 2 3 4 56 7 8 910111213 14151617 1819 2021 2 2324 0 1 2 3 4 5 6 7 8 91011 1213 141516 17 18 19 20 21 22 253 24

Dwelling D

Frequency of use

Mathilde Hostein
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Window
I Opening
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Graphical abstract

Sensors Data grouped into 6 data sets Window state
raw data according to available input variables data-driven models

DATA
PROCESSING

MACHINE

LEARNING
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Scikit-learn > 84.9% =< Accuracy = 92.1%

Python library 62.3% =< F1score < 86.1%

Qutdoor
environmental
VETELES

e Decision trees
e Random Forests
e Gradient-Boosted Trees

Heatwave o Artificial Neural Networks
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Window states observed and predicted

Window states observed
and predicted by the four
data-driven models in the
master bedroom C with only
the contextual and outdoor
hygrothermal variables
given as inputs

Mathilde Hostein
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Next steps

Mathilde Hostein

- Testing the models on an external dataset
* another field measurement campaign last summer

* same data collection methodology applied to a multi-family
building in Nantes (France)

- Conducting semi-structured interviews with more households
* to address additional drivers for window use

* to consider in a more comprehensive way the adaptation actions that
occupants implement in their homes to cope with heat

26/03/2024 16




~ Thank you for your attention!

Do you have any questions ?

Hostein M, Moujalled B, Musy M and El Mankibi M. 2023. "A study of indoor environment and window use in French dwellings monitored during a summer with
heatwaves" in 43rd AIVC, 11th TightVent and 9th Venticool conference. Copenhagen.
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