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The good news is ...

 Indoor air is on the (political) agenda!

]
TUDelft

t public health

Towards better indoor air
quality in the European
~ residential context

HEALTHY
INDOOR AIR:
A GLOBAL
CALLTO
ACTION

| & =
s GOUVERNEMENT
. Go cnt Liberst

PN

y
Science

=)

Burne

t

HIGH-LEVEL

SIDE EVENT AT

UN HEADQUARTERS
23 SEPTEMBER 2025

432 School of
K /
% g Public Health OSLU\




The bad news is ...

* In Brussels we only take ‘half-hearted’ steps to really improve IAQ in
Europe

Exceptions: outdoor air legislation, EPBD 4* (e.g. IAQ monitoring
requirement), Ecodesign (e.g. regarding emissions of cooking appliances)

ey e Eoroponn European and national regulatory environments

sidential context

The European environment

IAQ has been called a “regulatory no [wolman's land”, and this becomes apparent
after a first look at the myriad of policies and regulations that impact aspects of in-
door air quality, on a background of a lack of a common EU-wide understanding as
to what constitutes “a healthy indoor air quality”. Some EU initiatives display an

awareness of this issue, but fail to directly and comprehensively tackle it.
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WHO statement 2002

World Health

Right to Healthy Indoor Air Organization

P11 Under the principle of the human right to health, everyone has the right to breathe
healthy indoor air.

P2 Under the principle of respect for autonomy, everyone has the right to adequate
Information about potentially harmful exposures, and to be provided with effective
means for controlling at least part of their indoor exposures.

« P6 Under the principle of accountabillity, all relevant organizations should establish
explicit criteria for evaluating and assessing building air quality and its impacts on the
health of the population and on the environment.

P9 Under the Principe of sustainability, health and environmental concerns cannot
be separated, and the provision of healthy indoor air should not compromise global or
local ecological integrity, or the rights of future generations.
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Florence Nightinggale 1860

Nightingale’s environmental theory

Sources: Smith Archive & Nurses Labs
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Velux Healthy Homes Barometer

From the 2019 report:

* ‘One out of 6 European adults reports living in unhealthy homes.’

* ‘An alarming 26 million out of the 79 million European children IS
under the age of 15 live in unhealthy homes.’ &

 ‘About 10-15 percent of new cases of childhood asthma in Europe &
can be attributed to indoor exposure to dampness and mould.’ Healthy Homes,\,

« ‘Children from low-income households are at an even higher risk Barometer

of health issues related to poor indoor climate.’ 2019

* ‘Improving ventilation in e.g. schools and reducing dampness o
and mould in homes across Europe, could increase the European T
GDP by over €300 billion by 2060.’ ks A
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Energy Performance of Buildings Directive / EPBD 4

 The new directive takes a ‘whole building approach’ and looks at

building performance in total, beyond just energy performance

From the document;

« ‘Energy requirements shall take account of optimal indoor
environmental quality, in order to avoid possible negative effects
such as inadeguate ventilation, as well as local conditions (...).

 ‘Member States shall require non-residential zero-emission
buildings to be equipped with measuring and control devices for
the monitoring and regulation of indoor air quality.’

* ‘In existing non-residential buildings, the installation of such
devices shall also be required (...) when a building undergoes a
major renovation.’

« ‘Member States may require the installation of such devices in
residential buildings.’
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EPBD 4 & i1t's 'TEQ standard’

« EN 16798-1 ‘Indoor environmental input parameters for design
and assessment of energy performance of buildings addressing
iIndoor air quality, thermal environment, lighting and acoustics’

(UNDER REVISION)

Nederlandse norm

NEN-EN 16798-1
(en)

Energieprestatie van gebouwen - Deel 1:
Invoergegevens voor het binnenklimaat voor

ontwerp en beoordeling van energieprestatie van

gebouwen met betrekking tot

verlichting en akoestiek - Module M1-6

Category Expected Airflow per
Percentage non-adapted
Dissatisfied person
1/(s per person)
I 15 10
I1 20 7
[11 30 4
v 40 2,5
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EPBD 4 & i1t's 'TEQ standard’

« EN 16798-1 ‘Indoor environmental input parameters for design
and assessment of energy performance of buildings addressing
iIndoor air quality, thermal environment, lighting and acoustics’

(UNDER REVISION)
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Category Expected Airflow per
Percentage non-adapted
Miconatichind mAroAr
Category Design ACO, Design ACO,
\ concentration for concentration for
living rooms bedrooms
1 (ppm above outdoors) | (ppm above outdoors)
[1 I 550 380
vV II 800 550
I1I 1350 950
IV 1350 950

Nederlandse norm

NEN-EN 16798-1

(en)

Ene ppmsalevangbuwen De I1
aat

innen it, t i i
verlichting en akoestiek - Module M1-6

Ener erformance of bu ld gs V tilation for
Dy g P rt 1: Indoo mental input
ol

met 2019




EPBD 4 & i1t's 'TEQ standard’

« EN 16798-1 ‘Indoor environmental input parameters for design

and assessment of energy performance of buildings addressing
iIndoor air quality, thermal environment, lighting and acoustics’

(UNDER REVISION)

I
[1I

Category

Invoer

Nederlandse norm

NEN-EN 16798-1
(en)

Energieprestatie van gebouwen - Deel 1:

epre:
gebouwen met betrekking tot
it U . .

nen

v
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Expected Airflow per
Percentage non-adapted
Miccontichind TLATO AT
Category Design ACO, Design ACO,
concentration for concentration for
Number of Design extract air flow rates inl/s
matn rooms in Kitchen Bathroom or | Other wet Toilets
I the dwelling .
shower with room . . .
1l ) Single in Multiple (2 or
or without dwelling more in
1\ 1 20 10 10 10 10
2 25 10 10 10 10
3 30 15 10 10 10
4 35 15 10 15 10
5 and more 40 15 10 15 10

verlichting en akoestiek - Module M1-6

met 2019

ens voor het binnenklimaat voor

Tgegevens
ontwerp en beoordeling van energie statie van




Main factors that determine INDOOR AIR QUALITY

(local) outdoor air quality

indoor sources I, occupant

_ .. Indoor sources Il, building
choice / activity related

/ building systems related

ventilation system(s)* IAQ monitoring devices

* e.g. a combination of mechanical ventilation & operable windows
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EN 16798-1 & operable windows

6.3.5 Access to operable windows

It shall be possible to access operable elements in the building envelop (e.g. windows, ventilation flaps,
sky lights) provided for the ventilation, to allow the building occupants to make ventilation and to provide
contact to the outside. Alternatively a remote control e.g. by mechatronic drives or operating rods can be
used.

NOTE For example, this applies to bedrooms and living roon{g in dwellings ghd other buildings with rooms
intended for sleep, e.g. elderly homes. It also applies in schools and childcarefacilities. Increased air flow rates can
be determined according to EN 16798-7. For further guidance see FprCEN/TR 16798-2 [7].
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Intermezzo: importance of personal control options

« Human responses to sensory stimuli are modified when those that are exposed have
control over those stimuli.

« Itis not just the objectively measured indoor climate that affects perception of and
satisfaction with one’s environment.

« Control (access to operable windows, thermostats etc) acts as a ‘moderator’.

CONTROL

(available, exercised and
perceived)

Personal Control over

Indoor Climate in Offices
Impact on Comfort, Health & Productivity

COMFORT, HEALTH &

INDOOR CLIMATE PERFORMANCE

bouwstenen 222
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EN 16798-1 & air filtration

6.3.6 Filtration and air cleaning
The influence of the position of outdoor air intakes, filtration and air cleaning shall be considered. If
filtration and air cleaning is used the following points shall be considered:

— reducing the amount of airborne pollutants (pollens, moulds, spores, particles, dust) from the outdoor
air intake by passing the air through a filter or similar device;

— passing secondary air through a filter or other air cleaning technology to reduce the amount of
pollutants in the indoor air;
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Importance of source control (e.g. use of low emission flooring)

Max van Pettenkofer - German ‘hygienist’ (1818-1901) that conducted
groundbreaking research related to (clean) water supply, sewage
systems & ventilation

One of his more famous quotes:

‘If there is manure in the room,
don’t open the window,
stead remove the manure’
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EPBD4 & IAQ monitoring requirement

« New & renovated non-residential buildings shall be equipped with
measuring and control devices that monitor IAQ and temperature

* Suggested parameters to measure include CO,, CO, PM and
VOC'’s e e
. . . . . (67.5°F 350 o
 (IAQ monitoring is optional in new / renovated appartements) 4 B

— - &==
Smart monitoring of building

performance with IEQ sensor
networks

Source: www.aranet.com

The recent development of affordable Indoor Environmental Quality (IEQ) sensors has led
to a growing interest in continuous indoor climate monitoring. Introduction of advanced IEQ

T sensor networks will allow us to better analyse building performance. This article addresses . .
U D e I ft a couple of fundamental questions that need to be answered to assure the successful SO u rCe . R E HVA JO u m al

introduction of IEQ sensor networks at a larger scale.




Ventilation requirements > how much fresh air 1s enough?

European HEALTHVENT study:

 Objective was to reanalyze epidemiological evidence on the link between

outdoor air ventilation rates and health.

« Lowest ventilation rates at which no effects on health outcomes were observed
were at 6to 7 L/s per person (= cat. Il level EN 16798-1).

« Some field studies even suggest that no-effect limit is at 25-40 L/s per person (!).
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Why do we ventilate?

= to prevent olfactory discomfort (e.g. stuffy air complaints)

= to ensure a building does not become a ‘sick building’ (occupants suffering from
building related symptoms)

= to decrease infection risk (e.g. COVID, influenza, measles, tuberculosis)

= to enhance quality of live for those that suffer from asthma, COPD and other lung
diseases

= to boost productivity

= to extract humidity and other pollutants (often only locally within a structure)

= to enable certain processes (e.g in hospital, cleanroom, printing house, food industry)
= to get rid of access heat
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How to ventilate? A few basics

= For ventilation one needs
supply device, ii. an exhaust device, and
li. overflow measures

= The 3 main forces that can generate air flows are:
I. wind pressure,
ii. stack effect (‘schoorsteeneffect’) and
lii. (mechanical) fans
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HOW DOES STACK EFFECT WORK?
. a

Positive pressure

pushes air out of

windows, seams

and cracks on the
upper levels

Air rises to the upper
levels as it warms and
increases positive
pressure near the top
of the building

Negative pressure on lowels levels encourages
infiltration of cold outdoor air through windows,
doors, and openings



System types
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Natural

Exhaust

Mechanical




Example: system D solution for dwelling




System D ventilation system components
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The alternative > reqgulated natural supply &
mechanical exhaust

Pirctures: www.ventilatieshop.com & www.duco.nl
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Actual performance of system Cand D

Dutch study from 2011 in 299 (new) dwellings (50-50 system C and D); conclusions:

= Shortcomings are common in many homes and for both system C and D; these
Include insufficient ventilation rates, high noise levels and unclean systems.

= Indoor environmental quality was perceived more positive in homes with system C
when considering air quality, perceived air-dryness, noise and perceived control options.

Source: Balvers, J. et al. (2012) ‘Mechanical ventilation in Living room Master bedroom Other bedrooms
recently built Dutch homes: technical shortcomings, 141 1471 1471
possibilities for improvement, perceived indoor

environment and health effects’, Architectural Science i | M|
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Dutch indoor climate label (inspired by ALDREN project)

Objective: to develop a label that provides insight for ‘buildings in use’ related to the
guality of all 4 indoor environmental parameters: air, temperature, sound and light.

Developed by bba binnenmilieu in cooperation with TVVL, Binnenklimaat NL & TNO.

Reference performance criteria from EN 16798-1 & other existing standards

O

(Main version for now only for offices...)
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Methodology

3“ Occupant Survey

Klasse B - GOED
extra t.o.v. klasse C

Klasse A - ZEER GOED
extra t.0.v. klasse B

& Indoor climate monitoring
H Building Inspection
( HHE g Insp )
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Occupant Survey, example question about indoor air
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healthy
building Temperature Indoor air

index

somewhat dissatisfied

How satisfied are you with the air quality at your
workstation?

very dissatisfied very satisfied

You have indicated that you are dissatisfied with the air quality at your workstation. Which of the
following aspects contribute to your dissatisfaction? (check all that apply) The air in my workspace...

is often stuffy/stale No
is often too dry in summer No
is often too dry in winter No
is often too humid in summer No
is often too humid in winter No
is often not clean (for example dusty) No

often has a bad smell/odor No

27



Building inspection with risk factor checklist
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Climate

Wintercomfort
Summer comfort
Journey

Blowdown ventilation

Indoor air

Air exchange capacity
Blowdown ventilation
Hygiene supply
Outdoor Sources

Internal bronnen

Sound

= Room acoustics

= Use of space/layout

= Installation sound

= Sound insulation internally

= Soundproofing facade

Light

= Atrtificial light
= Daylight

= View

= Brightness Barrier

Slechte thermische isolatie glas (enkel glas
/ dubbel glas U>3 W/m2K)

Slechte thermische isolatie dicht delen
gevels

Verwarmingsysteem via lucht

Onvoldoende verwarmingsvermogen

Lage bezettingsgraad (>15 m2 ppop
kamerniveau)

Centrale regeling ruimtetemperatuur
(niet per zone)

Geen mogelijkheid tot handmatige
naregeling ruimtetemperatuur
stookseizoen

KLIMAAT

Risico's wintercomfort

Ja

O

c O O O O

O



Continuous monitoring - when & how?

Temperature, humidity & CO, concentration

*For a year.
-Sample interval max. 15 minutes. " eane
*At least 95% of the data must be available for analysis = “

"

;: 10 25 ;.,g ~

) f ot ¥ rous
Particulate matter (PM2.5) P
*To be measured for at least 1 week consecutively in 2-3 spaces. W}“?
-During this 1 week period the following requirements are met: 8 & & B P AT D

1. the PM2.5 outdoor concentration is at least 4 hours < 5 micrograms/m3
2. the PM2.5 outdoor concentration is at least 4 hours > 20 micrograms/ms3

°If the outdoor conditions weren’t adequate than longer period is needed.

& nacH en mestend B artooturen Unear [nacht en weskend Lnesr (La~tooreren)

TU Delft Source: P. Jacobs, 2015 ‘PM2.5 meetprotocol voor kantoren’



The end result

Klasse
Klasse
Klasse

Klasse
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Assessment per theme based on
outcomes of the verification protocol

Score per theme

More information via www.binnenklimaatlabel.nl

Indoor climate
label
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Take home messages

= Good news: indoor air is on the (political) agenda
= New EPBD 4 requirements (IAQ monitoring, replacement present EN 16798-1) do help
= But... further changes should first and for all come from member states themselves
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Take home messages

= Good news: indoor air is on the (political) agenda
= New EPBD 4 requirements (IAQ monitoring, replacement present EN 16798-1) do help
= But... further changes should first and for all come from member states themselves

Residential building related areas that need attention are for example:

= Minimum fresh air requirements in building codes (e.g. for bedrooms)
Actual performance of ventilation systems

Avoidance of installation noise issues (esp. when using system D)

Use of air filtration systems in locations with mediocre outside air
Obligation to combine base ventilation solutions with operable windows

The (further) introduction of a TAIL like labelling system would be useful too

.
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