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SOME FREQUENT QUESTIONS 
REGARDING VENTILATION

◼ How much ventilation is needed indoors?

◼ Which modality is affected by ventilation?

◼ Which modality should be used to set 
ventilation requirements?

◼ Can we reduce ventilation in buildings?

◼ What is an absolute minimum rate?

◼ Can we use epidemiological data for setting 
ventilation?

◼ Can ventilation be used as an IAQ metric?

◼ Is natural ventilation better than mechanical 
one?



COMMON BELIEFS 
REGARDING VENTILATION

◼ More ventilation always improves 
indoor air quality

◼ Lack of ventilation or low ventilation 
rates means poor air quality

◼ It is simple to measure ventilation
◼ Ventilation can be used to predict 

human responses (performance-based 
metric)

◼ Mechanical systems work better than 
passive (natural) systems



PERCEIVED AIR QUALITY
AND VENTILATION



PERCEIVED AIR QUALITY 
IMPROVES WITH 

VENTILATION

Source: EN16798-1 (draft)



ODOR INTENSITY IMPROVES 
WITH VENTILATION

Zhang et al. (2016a)

Zhang et al. (2016b)

Source: Zhang et al. (in the Press)
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HEALTH
AND VENTILATION



NON-SPECIFIC SELF-REPORTED 
ACUTE HEALTH SYMPTOMS (SBS) 

IMPROVE WITH VENTILATION

Source: Fisk et al. (2009)
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Source: Wargocki and Seppanen (2006)

SHORT-TERM SICK-LEAVE 
AND VENTILATION



INFECTIOUS DISEASE 
TRANSMISSION: COMMON 

COLD

Source: Sun et al. (2011)



PERFORMANCE
AND VENTILATION



Outdoor air supply rate (L/s per person)
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VENTILATION AND 
PERFORMANCE OF OFFICE WORK

Source: Wargocki and Seppanen (2006)



ABILITIES AND PERFORMANCE 
OF SCHOOL TASKS IMPROVE 

WITH VENTILATION (<K6 
PUPILS)

Source: Wargocki & Salazar (work in progress)



SLEEP
AND VENTILATION



SLEEP QUALITY AND NEXT DAY 
PERFORMANCE IMPROVES WITH 

VENTILATION

Source: Zhou et al. (2014); Strøm-Tejsen et al. (2016)
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(CO2 1620-3300 ppm) 

G
e

n
e

ra
l s

le
ep

 q
u

al
it

y 
sc

o
re

Improved vent.
(CO2 795-935 ppm) 

◼ Both sleep quality 
and next-day 
performance can be 
negatively affected 
when the outdoor air 
supply rate to the 
bedroom is reduced 

◼ A small current of 
fresh air to the 
breathing zone 
seems to improve 
sleep quality 



CURRENT VENTILATION STANDARDS 
ARE DILUTION STANDARDS, OUTDOOR 
AIR ASSUMED TO BE GOOD, COMFORT 

ENDPOINT

Airflow for building emissions
pollutions (l/s/m²)

Category Airflow per
person
l/s/pers.

Very low
polluting
building

Low
polluting
building

Non low
polluting
building

I 1O 0,5 1 2

II 7 0,35 0,7 1,4

III 4 0,2 0,4 0,8

Source: EN15251 (2007)



VENTILATION THROUGH 
HISTORY

1825

Tredgold

1836

Meikleham

1854

Adapted from Li (2013)



VENTILATION IS A 
MEDIATING FACTOR NOT THE 

CAUSE

SOURCES

VENTILATION
and/or 

INFILTRATION

EXPOSURE HEALTH 
HUMAN 
UPTAKE

Building: building 
materials, furnishing, 
equipment, consumer 
products, etc.
Humans: occupants & 
their activities

Outdoor air: 
combustion, industrial 
pollution, traffic, 
pollens, etc.
Ventilation system:
ventilation, air-
conditioning



Ca. three scores of studies on 
ventilation & human outcomes

Source: Carrer et al. (2015)



For health, the minimum no-effect rate ca. 6-7 L/sp
For schoolwork and office work, the minimum no effect rate 16-24 L/sp

RESULTS: MINIMUM 
VENTILATION RATE FOR NO 

EFFECT



LIMITATIONS OF THE 
AVAILABLE DATA

◼ Incomparable or difficult to compare

◼ Improper characterization of buildings and exposures

◼ Lack of data on indoor pollution sources including maintenance 
of ventilation systems

◼ Assumption of clean (unpolluted) outdoor air

◼ Weak characterization of health outcomes (mainly self-
estimated acute symptoms, no chronic outcomes)

◼ Weak (poor) characterization of ventilation, and crude 
ventilation measurements

◼ Poor or no characterization of exposed population and its 
sensibility

◼ Weak experimental designs



BURDEN OF DISEASE AS A RESULT 
OF JUST INCREASED VENTILATION 

(W/NO SOURCE CONTROL)
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THE BASE VENTILATION RATE 
REQUIREMENT

◼ It is a basic requirement that must 
always be satisfied when people are 
present indoors.

◼ The base ventilation rate is the rate 
intended to dilute and exhaust 
occupant bioeffluents. 

◼ HealthVent proposed 4 L/s per 
person acknowledging limited data 
but the rate may be different



TENTATIVE DOSE-RESPONSE 
RELATIONSHIP EXPOSURE FOR 

BIOEFFLUENTS

450 ppm CO2: detection of bioeffluents

1,100 ppm CO2: no observed effect level (except 
the effect on ETCO2 and perceived 
air quality and odor)

1,800 ppm CO2: lowest observed effect level 
(effect on decision making 
performance)

>3000 ppm CO2: range of adverse (negative) 
effects as regards self-estimated 
acute health symptoms, cognitive 
performance and physiological 
reactions



Summary 
of effects of 

CO2 on 
humans



COMMON BELIEFS 
REGARDING VENTILATION

◼ More ventilation always improves indoor air 
quality (YES/NO)

◼ Lack of ventilation or low ventilation rates 
means poor air quality (YES/NO)

◼ It is simple to measure ventilation (YES/NO)

◼ Ventilation can be used to predict human 
responses (performance-based metric) 
(YES/NO)

◼ Outdoor air and the systems are clean and 
free of pollution

◼ The air is fully mized within indoor volumes



QUESTIONS……

(paw@byg.dtu.dk)


