Ex
REPUBLIQUE
FRANCAISE
Liberté

Ealité

Fraternité

wls &Y
— aSIE

SMART VENTILATION PERFORMANCE FROM AN
INTERNATIONAL PERSPECTIVE

AIVC Workshop "Indoor Environmental Quality in Sustainable Buildings"
: Pl Rt N
g Al & ST, R e
Raissa Andrade, Baptiste Poirier, Jean Paul Harrouz , Gaelle Guyot
Cerema Centre-Est, BPE Research team

.V/' e

agm

g 5% Cerema

{E

La Rochelle
Université

INTRODUCTION

Dwellings -

- Most of the time spent -+ :
indoors.

- Continuous adjustment;
7% | - Minimizes energy

Sm al't consumption.

Ventilation

Indoor Emissions
- Occupancy;

- Human activites;

- Reduces the pollution

- Furniture e concentration;

- Improves air quality.

Smart ventilation performance from an international perspective l

Health Problems
- Respiratory and :

cardiovascular diseases; DEPRTE
- Death.
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METHODOLOGY

House Geometry
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Apartment Geometry

Partition Door
m——\/\/indow

Corridor Bathroom
5.99m* 3.83m?
Bedroom2 Kitchen .
13.01 m? 8.55m?
I .
Living room
Bedroom1l 13.10m? .
16.47m?

Parent’s bedroom
Kids’ bedroom
Bathroom

Living room
Kitchen

wcC

Corridor
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Pollutants co,

> 3.2 pg.htm? T $44 1.26 mg.m*
@ 18.9 pg.h-t.m-2 [ 1.91 mg.m-t [
E- -/ 15L.h? 38.8 pug.ht.m? V.Y 2.55 mg.m*
Humidity
() -1
55 g.h $4¢ Breakfast: 1512 g.ht
AW
(s U Lunch: 2268 g.h*
z
E?E@E 000 Dinner: 2844 g.ht
50 1440 g.ht 252 g.ht o~ 136.8 g.ht
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2h/week/person ;1 ° 11h/week/person
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METHODOLOGY

Selected Ventilation strategies

MVHR

. ) . MEV—CaV 588 555 MVH R-CaV 348 388
Strategies with constant air J-\ g , \ g W n s '
volume (cav) S
Strategies with humidity-
based demand controlled
airflow (rh)
MVHR-rb
Strategies with humidity Room Level
and CO,-based demand O
controlled airflow (rb) @ [&g )
=5
| | | | L | | | |
00h 06h 12h 18h 24n  O0h 06h 12h 18h 24h
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Adapted from Poirier et al., 2023
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Selected Ventilation strategies

Ventilation systems proposed by the participating groups:

11 systémes

Participant Country Proposed System(s)
CEREMA/DTU France/ MEV-cav,
Danemark
MEV-rh
MEV-rb,
MVHR-cav
MVHR-rb
PUCPR Brazil MEV-cav,
MEV-rb,
UIBK Austria MVHR-co,
UGent Belgium MVHR-rh-co, T
CETIAT France MVHR-average
MVHR-maximum
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Match modeling assumptions based on the
French case

MEV-cav,
MEV-rb,

MVHR-co,

MVHR-rh-co,

Closed windows;

Auto-regulated air inlets (living room,
bedrooms and mezzanine) ;
Flowrates adapted to the building
geometry.

Consider only one size of PM instead of
distributed granulometry;

Flowrates adapted to the building
geometry.

CO,-controlled extraction points has
been added to the house's mezzanine
and apartment corridor;

Remove humidity variation control
from bathroom;

Flowrates adapted to the building
geometry.
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METHODOLOGY

Selected Ventilation strategies

MEV-cav, MEV-rh

MEV-rb,

MVHR-cav MVHR-rb

No sensors

@
— T Trickle vents
==

No sensors

Hygroscopic tissue

Trickle vents

No sensors

A Extraction outlet Extraction outlet E
b ] 1 hour boost: 135 m2h « RH < 23%: minimum | RH |
sl + RH> 550: 55 m¢ ht

* 1 hour boost

xtraction outlet

1 hour boost: 135 m®h*

Extraction outlet

+ CO,< 800 ppm (RH < 57%): low
« CO,> 900 ppm (RH < 77%): high
« 1 hour boost

Extraction outlet

Trickle vents Hygroscopic tissue

Trickle vents

Extraction outlet Extraction outlet

* RH < 45%: minimum
+ RH >85%: 45 m3ht

Extraction outlet

* RHgugoo/RHingoor < 0.003 kgiip0/kg: low
* RHougoo/RHingoor > 0.003 kgyip0/kg,;: high

Extraction outlet

Extraction outlet
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Extraction outlet

Extraction outlet Extraction outlet
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Selected Ventilation strategies

MEV-cav, MEV-rb,

MVHR-co, MVHR-rh-co,

No sensors

Trickle vents Trickle vents

CO, (main extraction
stream

* CO,< 400 ppm: 0.5 x airflow rate
* CO,> 1000 ppm: 1.3 x airflow rate

Air Inlets Air Inlets

Extraction mezzanine
Air Inlets

Extraction outlet

+ CO,< 500 ppm (RH < 30%): low
+ CO,> 900 ppm (RH < 80%): high

Extraction outlet

Extraction outlet Extraction outlet

* CO,< 450 ppm: 0.1 x airflow rate
« CO,>550 ppm: 1 x airflow rate

Trickle vents Trickle vents

Air Inlets Air Inlets

Extraction outlet Extraction outlet

+ CO,< 800 ppm (RH < 57%): low
» CO,>900 ppm (RH < 77%): high

Extraction outlet

* RH < 30%: 0.1 x airflow rate
* RH > 95%: 1 x airflow rate

Extraction outlet

@ Extraction outlet Extraction outlet

) ADEME

i 5@ Cerema

figEn

La Rochelle

= Université

AGENCE 0F LA

Extraction outlet
Presence detection

+ 15 min boost

Smart ventilation performance from an international perspective




METHODOLOGY

Selected Ventilation strategies

MVHR-average MVHR-maximum
‘ . IAQ score depending on pollutant variation range
i Score/Color
Average of IAQ score Maximum of IAQ score Criterion  Unit
1 - Green 2 - Yellow 3 - Orange 4 - Red
HR % <60 60 - 65 65-70 >70
HCHO|PM2.5 HCHO[PM2.5
o co, ppm <950 950-1200 1200-1750 >1750
=]
A Extraction outlet PM2.5 Extraction outlet PM2.5 HCHO gt <30 30— 100 _ > 100
PM, pg/m? <10 10-25 25-35 >35
R oo HCHO
Extraction outlet Extraction outlet
@ Extraction outlet Extraction outlet
B S -
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SENSITIVIY ANALYSIS - RBD FAST METHOD

* © ® ©
KE» - 1TDHhXDXD

Definition Sampling Simulations Indicators  Sensitivity Analysis
Define input data Sample using the Latin Run simulations with ~ Calculate output data Perform sensitivity
and their variation Hypercube Sampling  CONTAM for each system  (IAQ and energy analysis (EASI RBD-
ranges (LHS) method using the values obtained indicators) FAST method) with Sobol
in the sampling step for the index calculations

simulation period :
15 October au 15 April

ERI
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SENSITIVIY ANALYSIS

1 - Input Data 2 — Sampling
Input Variables: 9 parameters Range Unit Latin Hypercube Sampling (LHS)
Low Reference High Method
| Cooking emission rate of PM, 5 1.26 1.91 2.55 [mg-min-]
- ) 500 samples generated within the
» Deposition velocity of PM, 5 0.10 0.65 3.00 [m-h1] value range of each input variable
o
..g Resuspension rate of PM, 5 2.5x10%° 1.38x102  2.5x102 [hY]
g Outdoor concentration of PM, g 6.06 7.63 14 [ug:m?3] The 500 sampling data are used as
Building emission rate of HCHO 3.2 18.9 388  [ughtm?] input to the CONTAM simulations
- for all considered systems and for
T Total extraction flowrate 80 100 120 [%] both dwelling geometries
o
< Building permeability 0.05 0.40 150 [m*h1m? (11 000 simulations in total)
> X
% { Sleeping hour of Parent 2 20 21 24 [h]
=S \_ | Departure time after lunch for Parent 2 12 14 14 [h]
8
o
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SENSITIVIY ANALYSIS

3 — Output data — IAQ and energy efficiency indicators
7 DALY Total health impact is the sum of all DALY (disability-adjusted life years). [years.109]
o

ol - o)

9(’ ERN Percentage of time spent outside the 25-60% humidity range. [%]

uCJ 7 Eqlec Energy from fan(s) power consumption [kJ]
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SENSITIVIY ANALYSIS

4 =Sobol Indices

UNCERTAINTY
« Global sensitivity analysis is the study of how the uncertainty in 4
the output of a model can be apportioned to different sources of § § I
uncertainty in the model input. » . ... :
| X Y
1- Input definition 2- Sampling 4- Output Calculation
io- issi Latin Hypercube Method
Bio-effluent emission P IAQ indicators [ 5-Sensitivity analysis |
Activity emission Energy indicators
Furniture emission ] . Sobol Sensitivity indices
- - Exhaust airflows rates
Model parameters 3- Simulation Uncontrolled inlet 5
Envelope permeability airflows
Ventilation rate CONTAM building model

SOBOL INDICES

Goftart’s (Goffart and Woloszyn, 2021) work on sensitivity analysis demonstrated VIE[Y|X,] z 5 -1
that the RBD-FAST method was appropriate for building simulation and S. = [ il 4 L
performance evaluation. ¢ V[Y]
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RESULTS

Building average CO, concentration / Relative Humidity and Exhaust airflows

2500 100

Higher Relative Humidity level during
meals lower peaks for MEV-rb.

Tan Sjan Sjan
o00:00 12:00 00:00 12400 00:00 1200 00:00

Similar CO, level profile;
Peak during the night/morning;
Small variation (MEV-rb PUCPR).

Tan Sjen 3jen

o000 12:00 00:00 12400 00.00 1200 00:00

7 _ _ oo ) Higher airflows « boost » for MEV-rb.
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RESULTS

Indicator Sensitivity Across Input Parameters
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Sensitivity/Value

Heatmap of Sobol indices for the MEV-cav,
implemented for the house geometry:

- On the x-axis: 9 input parameters

- On the y-axis: 13 output indicators

Some “obvious” observations:

* HCHO based indicators sensitive to the HCHO
Emission rate

« PM2.5 based indicators sensitive to the
Emission rate

* Heat loss is sensitive to the Total Exhaust
airflows.

Smart ventilation performance from an international perspective
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RESULTS

Indicator Sensitivity Across Input Parameters
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Input Parameters.

PM2.5 based indicators sensitive to the deposition velocity only
without any effect of resuspension rate
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RESULTS

)No noticeable effect for residency time of occupants in the living room (TLEAVE, TSLEEP)

) DALY sensitivity is mainly link to the PM2.5 Emission rate

) CO, and Humidity based indicator sensitive to the Exhaust airflows

) CO, and Humidity based indicator sensitive to the Exhaust airflows

) Effect of building permeability is higher on exhaust ventilation compared to balanced ventilation

=n \ ADEME
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Merci de votre attention
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OCCUPANCY SCHEDULE

Lo Parent 1 Parent 2 Child Hour Parentl Parent2 Childl  Child2  Child3
06:20-06:40 Kitchen Kitchen
Bath 06:20-07:00 Bath2 K+LR
06:40-07:00 LR
07:00-07:20 Kitchen 07:00-07:40 Bath2 K+LR K+LR K+LR
Bath LR K+LR
07:20-07:40 R 07:40-08:30 K+LR
07:40-08:30 LR
08:30-12:00 - - - - -
08:30-12:00 - - -
12:00-12:40 Kitchen Kitchen Kitchen 12:00-14:00 K+LR K+LR K+LR K+LR K+LR
12:40-14:00 LR LR 14:00-19:00 . : . : .
14:00-19:00 - - -
19:00-19:40 19:00-19:40 K+LR
Kitchen Kitchen Kitchen K+LR K+LR
19:40-20:10 19:40-20:20 K+LR K+LR Bathl
20:10-20:20 LR
LR LR 20:20-21:00 Bathl K+LR Bathl
20:20-21:00 Bath
21:00-06:20 BR1 BR2 BR2 21:00-06:20 BR1 BR1 BR2 BR3 BR4
=x &y ADEME
;gw' )ﬁ Ce rem Lol N Smart ventilation performance from an international perspective
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