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IInvestigationn off naturall 
ventilationn controll withh 
regardd too indoorr andd outdoorr 
environments:: Firstt results

TThee needd forr ventilationn inn buildings:: 
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materials 
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furnishing

Cooking

Air 
humidity

Pets

Introduction of outdoor air to
dilute the indoor air
contaminants emitted by
indoor sources



Outdoor particulate matter 
is listed as one of the top 
risk factors for human 
health 

People spend ~90% of 
their time indoors

It is estimated that 80% of 
humans’ exposure to 
outdoor pollution takes 
place indoors W
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Outdoorr airr - IAQ

Source: Nazaroff (2018)

Source: Klepeis et al. (2001)

Figure source: iqair.com

Source: Gakidou et al. (2017) 

Airr tightnesss ++ heatt 
waves:
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Sources: Mlakar and Štrancar (2011), 
Psomas et al. (2016)  

Figure source: COOLING POST

Overheating phenomena 
in energy-efficient 
buildings, which occur not 
only during the summer 
but also during the 
transition periods



GGoall off Naturall Ventilation:: 
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+Indoor Air Quality Thermal 
Environment

Existingg studies
Tradeoffs between 
overheating and PM2.5
exposure in London

Effect of outdoor PM2.5 on 
NV applicability of office 
buildings in Europe & Asia 

Effect of PM2.5, PM10 & O3 on 
NV applicability of office 
buildings in USAW
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(Martins and Carrilho da Graça, 2017-18
& Song et al., 2021)

(Chen et al., 2019-20)

(Taylor et al., 2014-15)
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Knowledgee gapss 

Only the effect of outdoor 
PM2.5 on NV potential is 
mapped for Europe

No distinction between traffic 
and background buildings

No consideration of 
residential non-air 
conditioned buildings 
(beyond London)

To quantify the outdoor air 
pollution penetration 
indoors when different NV 
scenarios are applied
To investigate the tradeoffs 
between air pollution 
penetration and increased 
overheating
To examine if the proximity 
to traffic plays a critical 
role in the indoor pollution 
levelsW
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Objectives

Image source: PAHO/WHO



Methods:: Investigatedd locations
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Background Traffic

Lausanne-Plaines du Loup Lausanne-César-Roux

Methods:: Selectionn off Representative Air Pollutionn Data
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Three major air 
pollutants (PM10, O3, 
NO2)
Hourly concentrations 
for the five last years 
(2015-2019)
Equivalent method for 
the creation of TMY
Creation of 
representative year-long 
timeseries
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entativeve Air Pollut



Methods:: Buildingg simulationn model
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Geometry: 
NF EN 15265 2008 & NF EN 
ISO 13790 2013 
Envelope characteristics: 
(walls, windows, infiltration 
etc.): 
Rinquet and Schwab, 2017

Operation, occupation, 
lighting, shading, appliances 
ventilation schedules: 
EN 16798-1 
Calculated NV considering 
wind and stack effect
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Typical apartment building built 
between 1960-1975

Figure Source: EnergyPlus 

Hygienic ventilation: 
CO2 > 900 ppm 

Ventilative cooling:
Tin > 24 oC & Tin > Tout

& Tout > 10 oC

No window 
opening

DCV window opening 
(T, RH, CO2 & 

pollution)

Methods:: Ventilationn scenarios
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Continuous 
mechanical 
ventilation

Scheduled and 
summer comfort 
window opening

DCV window opening 
(T, RH, CO2)

1 2 3 4

Three times per 
day + when Tin > 

24 oC

Hygienic ventilation: 
CO2 > 900 ppm 

Ventilative cooling:
as in 3 but only if 
outdoor pollution  



DCV window opening 
(T, RH, CO2 & 

pollution)

Methods:: Ventilationn scenarioo 4
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4

Hygienic ventilation: 
CO2 > 900 ppm 

Ventilative cooling:
as in 3 but only if 
outdoor pollution  

Limits for outdoor air pollution: 
• PM10 < 20 μg/m3

• O3 < 100 μg/m3

• NO2 < 40 μg/m3

(Limit values of WHO 2005 air quality 
guidelines)

If all apply Ventilative cooling is 
permitted

Methods:: IAQQ modelling
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Mass-balance model

: Outdoor concentration [μg/m3]
P: Penetration coefficient [-]
: infiltration/exfiltration rate [h−1]

v: Ventilation air-flow [m3/h]
: Deposition rate [h−1]

V: Room Volume [m3]
: Indoor concentration [μg/m3]



Methods:: IAQQ modelling
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Mass-balance model

Pollutant P k

PM10 0,2 1,2

O3 0,54 1,62

NO2 0,72 0,27

(Stratigou et al. 2020, Zhao and Stephens 2016 & Zhao et al. 2019 )

CO2: emission by the occupants: 0,66 l/(m2, h) (EN 16798-1) 
CO2: outdoor concentration: 400 ppm
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16Results:: Outdoorr airr quality

Traffic

Background

PM10 O3 NO2

Max 97.56 521.8 197.38 158.5 108.2 148.1
Mean 11.1 16.0 61.7 44.5 16.8 36.5
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17Results:: Ventilationn ratess perr model

Background

Model 1 Model 2 Model 3 Model 4
Mean 0.65 0.25 0.33 0.28

Mean infiltration rate ~ 0.14 ACH
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18Indoorr CO2 concentrations
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19Results:: Indoorr PM10 concentrations
Background

Model 1 Model 2 Model 3 Model 4
Mean 6.96 3.76 4.65 4.18
Max 40.92 34.54 36.11 23.41

WHO 
2005
WHO 
2021
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20Results:: Indoorr O3 concentrations
Background

Model 1 Model 2 Model 3 Model 4
Mean 18.35 8.47 9.57 7.04
Max 56.95 72.48 67.89 31.88

WHO 
2021
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21Results:: Indoorr NO2 concentrations
Background

Model 1 Model 2 Model 3 Model 4
Mean 11.86 6.21 8.01 7.74
Max 66.52 43.4 42.9 42.9

WHO 
2005

WHO 
2021
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PM10 O3 NO2 Overheating hours

W
EB

IN
AR

 | 
AI

C
V 

-I
EA

 E
BC

 A
nn

ex
 8

6

Ev
an

ge
lo

s 
BE

LI
AS

22Results:: Pollutionn penetrationn VSS overheating

Model 1 Model 2 Model 3 Model 4

10 3 2 Background
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23Results:: Pollutionn penetrationn VSS overheating
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24Results:: Background VS Traffic indoorr concentrations 
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PM10 O3 NO2

Max 40.92 202.57 56.95 45.98 66.53 93.3
Mean 6.9 10.1 18.15 13.3 11.8 25.9

Traffic

Background
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25Results:: IAQQ compliance
WHO air quality guidelines 2005:

WHO air quality guidelines 2021:

All models in all locations in compliance

Model 1 Model 2 Model 3 Model 4
Background Traffic Background Traffic Background Traffic Background Traffic

Annual 
mean 6.96 10.02 3.76 5.21 4.65 6.59 4.18 5.64
24-h 

exceedance 0 1 0 0 0 0 0 0
8h mean 

maximum ex 0 0 0 0 0 0 0 0
8h mean 

peak season <60 <60 <60 <60 <60 <60 <60 <60
Annual 
mean 11.86 25.88 6.21 14.66 8.01 18.26 7.74 15.31
24-h 

exceedance 16 203 0 49 1 66 1 10

PM10

O3

NO2

Conclusions
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Withh thee neww 
WHOO airr qualityy 
guidelines,, NO2

becomess criticall 

Thee proximityy too 
trafficc influencess 
significantlyy thee 

IAQQ 

Reducingg outdoorr 
airr pollutionn 
penetrationn 

increasess 
overheating

Merci.
Questions?

Thee proximityy too trafficc influencee significantlyy thee IAQQ 

Thee DCVV reducess 
thee penetrationn off 

outdoorr airr 
pollutants
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