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🏢🏢 Current Position
Project Director – IEQ & Ventilation, Cerema
• National Design office (funded at 75% by the ministry 

for sustainable development)
Leads national & EU projects
Aligning standards, regulations & research

🌍🌍 International Leadership
Convenor, CEN TC 156/WG23 (inspection of ventilation 
systems)
Coordinates TightVent Airtightness Association Committee 
(TAAC) under AIVC/TightVent

🔬🔬 Research & Innovation
Drives projects like ISO 9972 revision
Coordinates EU and national research proposals
Sub-task leader for the new IEA-EBC Annex proposed by 
LBNL (lead by Iain Walker)

Previous Experience
Director, PLEIAQ Consulting
• R&D with ADEME, industry, and AIVC
• Comparative studies of European regulations
• Developed technical materials & webinars

🤝🤝 Professional Involvement
Active in CEN/TC 156, ISO/TC 205, Club Ventilation
Former member of ASHRAE Epidemic Task Force for residential 
buildings

⇒ Here in the context of the SmartVentib Project funded 
by Région Auvergne-Rhône-Alpes

WHO AM I AND WHY AM I HERE?



OBJECTIVES OF THE SMARTVENTIB PROJECT

• Facilitate international cooperation to
• Create a new method for quantitative assessment of overall performance for ventilation under normal and extreme 

conditions (resilience)
• Set up a comprehensive, reproducible framework and build (3) reference buildings for IEQ management practices to 

overcome existing barriers
• Identify in advance the technical barriers that may arise in different countries to increase the potential for application of

the developed performance approach and smart ventilation systems (differences in climates, building traditions)
• Integrate the performance-based approach into national standards and regulations by facilitating the inclusion of 

researchers (particularly in the revision of the European reference standard EN 16798-1
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MY OBJECTIVES IN THE SMARTVENTIB PROJECT (3 WEEKS IN 
LBNL)

Understand 
•Reasons behind requirements in US standards on ventilation
•Foreseen evolutions

To 
• Improve the compatibility between EU standards under revisions and US 
standards

• Evaluate how French products could fit into the US market.
Foreseen output
• Harm metric for IAQ in the futur EN 16798-1 (inspired by Annex D of Ashrae
62.2)

• Journal paper on this harm metric
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PROJECT PARTNERS

• The SmartVENTIB consortium includes complementary skills and experience over 
3 continents

• A national private research centers
• New Zeland: BRANZ

• 5 laboratories/universities  
• France : Cerema
• Belgium : Universities KU Leuven et Ugent
• UK : University of Nottingham UoN
• USA : LBNL (Berkeley Lab)

• Two industrial partners  
• France : ANJOS
• Denmark : VELUX
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SUBJECT OF THE TALK TODAY
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What is a performance-based regulation for IAQ

How to define it?
• Exemple with the foreseen regulation in France

Unique Health Metric



PRESCRIPTIVE VS PERFORMANCE APPROACH

Prescriptive approach:
• Design ventilation flow rate

Performance approach:
• Design IAQ indicator

The 2 approaches can co-exist as long as requirements are consistent



THE FRENCH EP-REGULATION RE2020
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Thermal confort

Energy use
• Reduce primary energy consumption.
• Encourage the use of renewable energy 

sources.
• Implement high-performance insulation 

and airtightness standards.

Life Cycle assessment
• Lower the carbon emissions 

over the building’s life cycle.
• Promote the use of low-

carbon materials and 
construction methods

Degree-hour of discomfort
Level of discomfort 
perceived by occupants 
over the entire hot 
season.

∑Δ(Tactual –Tcomfort) 
Tcomfort adapted to previous days

Heating, Cooling, 
Lighting, DHW, 
Ventilation,  Other 
appliances 

DH
°C.h

Bbio
-Cep

kWhep/m²
/an

Cep,nr
kWhep/m²

/an

Icénergie
Kgeq.CO2/

m²

Icconstruction
Kgeq.CO2/m²

⇒Hourly dynamic  EP 
calculation

⇒Performance based (6 
indicators), very few 
prescriptive 
requirements

- -----
------
------

- -----
------
------



NEW EUROPEAN PERFORMANCE OF BUILDING 
DIRECTIVE (EPBD) PUBLISHED IN 2024
IEQ is the result of an assessment of the conditions inside a building that influence the health 
and wellbeing of its occupants, based upon parameters such as those relating to the 
temperature, humidity, ventilation rate and presence of contaminants. 

• Must be taken into account in the energy performance calculation (at design and assessment level)
• To make sure required level are met

• E.U. States must support refurbishment that improve IEQ
• In case of major refurbishment, improvement of IEQ shall be demonstrated

• E.U. states must define minimum requirements in term of IEQ and make sure that objectives are met
• To maintain healthy indoor environment. 

• The BAC shall monitor the IEQ. 
• Guidance and training must be set up

Mandatory inspection of heating, cooling and ventilation system every 5 years (>70kW) or 
every 3 years (>290 kW)
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CONTEXT OF THE NEW REGULATION FOR IAQ

The new construction code states that : 

“Air renewal, shall be such as, in normal condition of use, the indoor air pollution does not endanger 
health and security of occupants and that condensation is avoided, except temporarily”. 

This is fulfilled if the system:
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Ambitious because defining KPI for ventilation with minimum is still a 
matter of research, research project IEA-EBC Annex 86
EN 16798-1 revised in the same time: compatibility needed

Respects

Fulfills 
Key Performance 
Indicators levels*
*(named Résultats minimaux – Minimal 

results) as defined in a Regulatory text to 
be published by January 2025.

Arrete de 82
requirements
Art.1 ____
Art.2 ____
Art.3 ____
Art.4 ____
Art.5 ____

Or



Actual prescriptive regulation
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Differences with Ashrae 62.2



ACTUAL PRESCRIPTIVE REGULATION « ARRÊTÉ DE 1982 »

Art. 1: The air renewal in dwelling is general and permanent at 
least during the heating season. 
Art2: The air renewal system shall include natural or mechanical 
inlet in main rooms and outlet in utility rooms. The air shall 
circulate between main and utility rooms
Art 3: The ventilation system shall be able to reach, 
simultaneously or not the following values:

Art. 4: The total extract flowrate can be reduced as follow :
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Number of 
main 

rooms in 
the 

dwelling

Extract flowrate in m3/h

Kitchen Bathroom 

Other 
room with 

water 
source

Toilet

Only one Multiple 
ones

1
2
3
4

5 or more

75
90

105
120
135

15
15
30
30
30

15
15
15
15
15

15
15
15
30
30

15
15
15
15
15

Number of main rooms
1 2 3 4 5 6 7

Total minimal 
flowrate in m3/h 35 60 75 90 105 120 135

Minimal flowrate 
in the kitchen 

m3/h
20 30 45 45 45 45 45

If the ventilation system automatically control flowrate to 
maintain an indoor air quality that is not dangerous for occupant 
and avoid condensation (except temporarily) the flowrate can be 
reduced. Provided that the system has been validated by the 
ministry in charge of construction and health. In any case the 
total extracted flowrate shall at least be:

Art.5: air inlet shall be designed to reach extracted flowrates 
defined at article 3.

Additional requirements are set for fire safety and 
interaction with combustion appliance.

Number of main rooms
1 2 3 4 5 6 7

Total minimal flowrate 
in m3/h 10 10 15 20 25 30 35

- -----
------
------

- -----
------
------

=> Need to create an equivalent but 
expressing the result in term of performance



DIFFERENCE BETWEEN THE FRENCH APPROACH AND ASHRAE
62.2
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ASHRAE 62.2 French Regulation

General Principle Continuous whole-house ventilation + 
local exhaust, assuming perfect mixing

Continuous mechanical air renewal with air extracted in 
service rooms and supplied in habitable rooms

Supply Air Typically mechanical or natural via 
infiltration; not explicitly prescribed

Typically natural air inlets (pressure-controlled) in main 
rooms (living rooms, bedrooms)

Exhaust Air Mechanical periodic exhaust required in 
kitchen and bathroom

Mandatory constant mechanical extraction in kitchen, WC, 
bathrooms + periodic additional  flow in kitchen

Flow Control Based on area + number of bedrooms; 
uses formulas Fixed minimum flow rates defined by number of main room

Ve
nt

ila
tio
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ra
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=> Mandatory inspection at commissionning



DIFFERENCE BETWEEN THE FRENCH APPROACH AND ASHRAE
62.2

Ai
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m
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t
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ASHRAE 62.2 (e.g., 2022) French Regulation

Whole-house flow rate 
(continuous)

Equation: Qtot (l/s) = 0.15Afloor + 
3.5(Nbr +1) 

29 l/s

Depends on number of main rooms 
(pièces principales)

29,1l/s

Kitchen (additional) 50l/s if cooking hood or 150 l/s if 
other extract 

Manual: depend on the number of 
main room 

+ 21 l/s

Bathroom 25l/s (intermittent) Continuous (included in whole
house)

WC ? Continuous (included in whole
house

Bedrooms/Living No direct exhaust, but considered 
in whole-house calc.

Air inlets sized according to 
number of habitable rooms (15-20 
m³/h per room)

Example of a 3 bedrooms appartment of 
100m² (1 toilet, 1 bathroom)



Definition of the performance 
based regulation
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General approach : revision of EN 16798-1

Specific example: the french regulation



GENERAL APPROACH TO ESTABLISH 
PERFORMANCE BASED REQUIREMENTS

Objectives

• Basic aim of the 
requirement

Principles

• Essential 
elements of the 
area covered 
by the code

• Help to 
elaborate the
meaning of 
objectives

Parameters

• Elements to 
check

Indicators

• Measurable
• To assess

whether 
objectives are 
met

Verifiers

• Observation or 
information to 
demonstrate 
that the 
required state
is met



WHAT CAN BE THE OBJECTIVES OF AN AIR RENEWAL SYSTEM?

General objectives of the IAQ management is to 
provide acceptable indoor air quality considering:
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Objectives

• Exposure (long term and acute)
to pollutants emitted by
• buildings components
• and by human

• Disease transmission

Impact on Health

• Percieved air quality
• The impact of systems on the 
sleep quality and the 
stuffiness in room.

• Productivity

Impact on Wellbeing

• The risk of condensation that 
may lead to mould
development

Avoiding damaging 
condensation

Means of 
dealing with 

IAQ

Air 
replacement

Ventilation Airing
Infiltration 

through 
leakage

Air cleaning

Air 
pollutants 

source 
control



OBJECTIVES OF THE IAQ MANAGEMENT SYSTEM DEPENDS ON 
THE PURPOSE OF THE ZONE!

Selection of objectives for IAQ management should 
consider:

- The extent and scope of the specific IAQ management 
strategy(ies) being evaluated (eg. ventilation)
- The applicability conditions:
• In normal use

• During occupied time
• All the time (Occupied and non-occupied period)

• In case of disruptive events

- IAQ management spaces
• the purpose of each space (e.g., bedroom, toilets, classroom, office, 

etc.)
• occupation scenarios (considering the type and duration of 

occupancy),
• external conditions (such as weather, pollution levels, or nearby 

activities),
• internal conditions (sources of pollutant, temperature, etc.)
• and the specific needs of the occupants (e.g., vulnerable 

populations like children or those with respiratory conditions)

18

Objectives

Health Well-being Building durability

Chronic Accute Disease 
transmission

Cognitive 
perfomance Quality of sleep Unpleasant 

odours
Avoid damaging

condensation

Residential

Bedroom M M - - M O M
Toilet - O - - - M M

Bathroom - O - - - M M
Kitchen M M - - - O M

Living room M M O O O O M
Storage (unoccupied room) - - - - - - M

Circulation - O - - - O M

Other (occupied room) M M - O O O M



OBJECTIVES OF VENTILATION SYSTEM IN THE FRENCH 
CONTEXT

The regulation deal with IAQ measures that can be improved by an increase of the ventilation 
air flow rate
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Objectives

• Exposure (long term and acute)
to pollutants emitted by
• buildings components
• and by human

Health

• The impact of systems on the 
sleep quality and the stuffiness 
in room.

• The level of perceived air 
quality in the toilets

Wellbeing

• The risk of condensation that 
may lead to mould development

Building durability

But no requirement on air treatment, ex:
Increase of humidity level, temperature
Quality of supply air, etc.

Removal of pollutant produced 
indoor (inc. Humidity/CO2, etc.)

Not compromise those objectives with pollutants produced indoor



SELECTION PRINCIPLES FOR INDICATORS AND THRESHOLDS

Selection Principles:
Parameters, indicators, and thresholds are chosen based on:

• Precautionary Principle: Address risks even without full scientific certainty.
• ALARA Principle: Keep pollutant levels As Low As Reasonably Achievable.
• Regulatory Alignment: Ensure consistency with existing laws and guidelines.

Additional Considerations:
To refine or adjust indicators:

• Efficiency: Maximize outcome with minimal resources.
• Durability: Ensure long-term effectiveness.
• Sustainability: Minimize ecological footprint.

Dealing with Trade-offs:
Some objectives may conflict, requiring compromises.

• Example: Boosting ventilation may lower moisture but raise outdoor pollutant exposure → select priority or balance both.

20

Principles



PRINCIPLES OF THE FRENCH IAQ REGULATION

Threshold values for those indicators should be consistent with performance 
of systems that respect the prescriptive regulation of “Arrêté de 82”
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The Performance indicator should be suitable for

validation through 
preliminary 
simulations

not through on-site 
measurements

Nevertheless, the ability of indicators to be compared to on-site measurement is a criterion to define them

Some prescriptive requirements can be kept as safe-guards

Principles



REQUIREMENTS ON PARAMETERS

Parameters for IAQ management must be:
• measurable or predictable (by simulation) factors 
• chosen to verify that the objectives of the IAQ management have been reached.

• At least 1 parameter per objective

These parameters are to be used  either for 
• designing, 
• controlling, 
• assessing 
• Or monitoring IAQ

The selection depends on the time of assessment
• Preliminary assessment through simulation during design phase 

• Design phase, allowing for predictive analysis of IAQ under different scenarios
• On-site assessment through continuous measurement during operational phase 

• For control 
• For monitoring

• On-site assessment through occasional measurement during commissioning phase or regular inspection

22

Parameters



Health Wellbeing (inc.
Comfort)

Building 
Durability

Existing « single » parameter
CO2 X* X

Humidity X* X

PM (1; 2.5, 10) (X)* X
Radon, Formaldehyde, Benzene, NO2, Ozone, 

other… X* X

Group of parameter
“Smelly” pollutant X

Health impacting X* X

Carcinogens X* X

Fictive parameter/Proxy-parameter
Emitted continuously X

Scenario of emission X

Air renewal rate
Outdoor air X X

Clean Air Delivery rate (for a given pollutant) X X
23

Parameters

Possible for…



USE OF FICTIVE POLLUTANT AND AIR RENEWAL

To use fictive pollutant the following conditions shall be met:
• the emission behavior is consistent with that of the real pollutant(s) 
represented by the fictitious one; 

• threshold values can be defined 
• either by equivalence with existing guidelines for the real pollutant(s), 
• or by equivalence to the performance of a reference system.

To use air renewal the following conditions shall be met:
• the air renewal rate is defined for a relevant emission scenario
•threshold values can be defined 

• by equivalence to the performance of a reference system.
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SELECTED PARAMETERS FOR CRITERIA

Why not include existing pollutant?
- Objective to cover all and not a specific one to avoid air cleaning that would remove only this one without taking care of others

- Simulation: need for relevant data of emission for each project prior to the project
- Depend on occupant/construction behaviour
- Depend on external conditions
- Depend on complex physic phenomena

- Target values difficult to define 
- Health guidelines vs performance of existing systems

25

• Known reference
• Adequacy between the 

ventilation system and the 
occupation

• Measurable
• Simulation possible

CO2

• Relevant for the risk of 
condensation

• Measurable
• Simulation possible

HR

• Suitable for simulation
• Cover all pollutants emitted 

by material and passive 
equipments

Proxy P1

• Suitable for simulation
• Reprensant episodic 

emissions linked with 
human actiivities

Proxy P2

• Easy solution for the toilet
• Relevant to control safe-

gard on minimum air 
renewal

Air 
replacement

Parameter



WHAT IS A SMART INDICATOR?
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Indicator/Metric

¨Parameters Possible indicators

Single pollutant (fictive or 
existing)

Mean exposure
Maximum exposure over a 
period
Cumulative exposure
% of time below a given 
target
Pic value
…..

Group of pollutant

Smelly Maximum OLF 
(adapted/non-adapted)

Health impacting DALY

Carcinogen

Air renewal Maximum reachable air flow 
rate
Mean air flow rate
Minimum air flow rate

• Targeting a particular area for improvement.
• One or more IAQ parameter

Specific

• Quantifying (through measure or simulation)
• Possible to check

Quantifiable

•Capable of detecting issues given the objective
Sensitive

• Practical for application
Achievable

• Directly connected to the IAQ objective.
• ≠ prescriptive flow rate

Relevant

• Including a timeline for expected results
• (ex. peak vs average)

Time-bound



SELECTED INDICATORS
For CO2

• For each room, the CO2 concentration (in ppm) below which it remains 67% of occupied 
time 

An indicator in ppm is more easily readable than a cumulative exposure in ppm.h
• For each room, the CO2 concentration (in ppm) below which it remains 95% of the 

occupied time
For Humidity
• For every room, a maximum percentage of time over 75% of relative humidity during the 

heating period. The maximum value will depend on the type of room (as surface finishing 
standards depend on it) 

For pollutant P1 -> permanent emission
• The mean exposure (for the most exposed person)
• The maximum exposure over one hour (moving average, for the most exposed person).

For pollutant P2 -> Emitted during cooking periods
• The maximum exposure over one hour (moving average, in the kitchen).
• The concentration below which it remains 95% time in bedroom 

Air renewal
• Minimum and reachable air renewal flow rate in the toilet

• Air renewal above which the dwelling is 95% of the time

27

Exposure to building 
component emissions

• Long term
• Acute

Percieved air quality 
in the toilets

Stuffiness in room
Sleep quality 

Damaging 
condensation

Exposure to human’s 
emitted pollutants

• Acute
• Long term

Indicators

Safe-guard limit



DEFINITION OF THRESHOLDS VALUES FOR METRICS/INDICATORS

To define thresholds, one or more of the following can be considered
• Reference values 

• ex. health-based guidelines to prevent adverse health effects, guidelines to prevent mould growth, etc. 
• Risk and uncertainty analysis 
• Equivalence principle: 

• in line with the performance of another system
Thresholds values should depend on
• the purpose of each zone 
• occupation scenarios (considering the type and duration of occupancy), 
• external conditions (such as weather, pollution levels, or nearby activities),
• and the specific needs of the occupants (e.g., vulnerable populations like children or those with 

respiratory conditions).

Threshold values may be defined for different level of expectation (category I to IV for exemple)
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PRELIMINARY DECISIONS FOR THRESHOLDS
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Before starting the work on indicators, it has been decided that:
The validation of systems shall be done building’s project by building’s 
project

The agreement is valid only for a given ventilation system in a 
defined architecture and climate. 

As some parameters of local climate is difficult to anticipate (such as 
wind) and may change over the years, parametric study will be done on 
those parameters

Today system that fulfill Arrêté de 82 
(modified in 83) regulation shall have 
performance in-line with required levels 
for indicators but not necessarily 
systematically comply for all kind of 
dwelling/location etc…

and not for a ventilation system. 

the 3 French 
climate zones 

multiple size 
and configuration

every existing
systems 

A performance-based regulation shall be more 
“safe-sided” than a prescriptive one.

To define thresholds the performance will be evaluated on : 

Indicators



THRESHOLD VALUES

Through simulations of each project with a 
software called “MATHIS” (COMTAM) :
•Fixed parameters:

•Occupation/emission scenarios
•Project parameters

•Meteo (8 climatic zones, various wind 
exposure)

•Ventilation system
•Architecture (kind of dwelling, room volume, 
interconnexion, etc.)

•Building exposure
•Building airtightness
•…
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To define threshold values
• More than 2000 simulations 

performed 
• 2 systems: extract only with fixed air 

flow rate and extract-only with HR-
based demand control system.

• Statistically consistent with the 
French housing stock 

Objective: around 67% of 
simulations should comply 
with threshold values.

Indicators



TARGET VALUES FOR INDICATORS
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Param. Indicator Location Suggested values
The CO2 concentration (in ppm) below which it remains 

67% of occupied time 
Maximum of occupied 

rooms 2000 ppm

The CO2 concentration (in ppm) below which it remains 
95% of occupied time 

Maximum of occupied 
rooms 2800 ppm

Percentage of time over 75% of relative humidity during 
the heating period

Bathroom
Kitchen

Other rooms

16%
8%
1%

The mean exposure Most exposed person 2600 P1/m3

Maximum exposure over one hour Most exposed person 8400 P1/m3

Maximum exposure over one hour Kitchen 2200 P2/m3

The concentration below which it remains 95% time Maximum of main rooms 200 P2/m3

Extracted Air Flow rate above which it is 95% of time
E.A.F.R. above which it is 95% of occupied time
Air replacement above which it is 95% of time

Toilets
Toilets

Full dwelling

5m3/h
15m3/h

0,38 m3/h/m²

Indicators



FORESEEN PROJECT VALIDATION PROTOCOL

For validation a system must-include 
• A system inspection and (maintenance protocol)
• Respect the minimum safeguards 
• Prove through simulation (pre-project) that it meets the 
minimum IAQ criteria

2 Steps validation
• Pre-analysis of the system
• Verification of KPI by simulating the system in the project 

32

Verifiers



FORESEEN PROJECT VALIDATION PROTOCOL
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Verifiers

Alternative 1: 2 steps

For each building 
project using this 

ventilation system

A commission validate:
• The modeling of the system in Mathis or  (approved 

commercial software implement it  RE2020
• Inc. input parameters

• The relevance of inspection protocol

Qualified design office
• Design the ventilation system
• Check through simulations that KPI are met

Qualified ventilation inspector
• Apply the inspection protocol
• Conclude on the conformity (or not) of the system

Done once for a given system

=> Validation of protocols, not a 
validation of systems 
themselves. 



VALIDATION PROTOCOL : COMMMISSION
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Verifiers
Co

nt
en
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he
 a
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4 types of input data
Non-modifiable default data, ex: 
•The occupancy
•Emission scenarios
•Outdoor CO2 concentration

Default data in general but which may be 
specific to the project , ex:
•the simulation time step

Data which must be specific to the system 

Data which must be specific to the project 
ex: 
•The architecture
•The climatic zone

Definition of sampling (for calculation and inspection)
broad outlines to be given in the regulation

Perimeter Sample size Selection process

System inspection procedure 

Sampling procedure (if applicable) 

Presentation of system integration in Mathis
2.1/ Input data
•All possible input 
data will be provided

2.2/The methodological note for taking the system into 
account in Mathis 
•implementation of the regulation, choice of libraries, choice 
of modelling).

2.3/ Simulation rules
•Numbering of rooms
etc.

Presentation of the system
Field of use Compliance with minimum technical requirements

2.4/ The sampling process for the simulations (if 
applicable)

2.5/ (An implementation example of a real or fictitious 
project)

Commission: 10 meeting per 
year.



PERFORMANCE-BASED DESIGN METHODOLOGY
=>VALIDATION  OF A PROJECT

Adjust:
• Ventilation 

flowrate
• Opening size
• Control 

strategies
• Air 

cleaning/filtra
tion

• …

35

Step 3: Make a final report including

Design assumptions Simulation inputs Results

Step 2: Check indicators against Thresholds

Thersholds meet Thresholds not meet

Step 1: Model the IAQ strategy in your building
Use predefined emission scenario and 

occupancy patern
Describe your building and ventilation system 

characteristics

Step 0: Determine objectives, indicators, thresholds in your project



This regulation should allow the development of low-tech ventilation 
systems with less impact on embodied energy which is now 
considered in the French energy performance regulation RE2020. 

CONCLUSION

France is about to have an alternative to its prescriptive regulation on ventilation 
developing a performance-based regulation that : 
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 And systems that will
 Maintain or improve the indoor air quality
 Limit the energy use and their embodied energy 
 Be designed according to the project need! (and not by default)

 A market more open 
to Smart-Ventilation 

The validation process has been thought to fit builders needs and to guaranty IAQ
• 3 steps validations:

• Check of the system calculation and inspection protocol prior to any project
• Check of the performance and design of the system during the design phase
• Inspection at commissionning

The objective is to publish the new 
regulation by the end of 2025 

Objectives Principles Parameters Indicators Verifiers



Work on a unique Health metric
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CONTEXT & OBJECTIVES

Current approach
• Pollutant-specific thresholds (e.g. WHO) → too rigid and not focusing on the real 
problem

Need: 
• assess cumulative health impact of indoor pollutants.

Objective: 
•Propose a harm-based unique metric/indicator for IAQ in DALY/10⁵pers/year.
•Support implementation in:

• EN 16798-1 revision
• French performance-based IAQ regulations

Starting point: work started here a decade ago and continued in Nottingham university



METHODOLOGY OVERVIEW

Two components:
Harm Intensity (HIₖ): DALY per µg/m³ per 10⁵ persons/year
Pollutant Concentration (Cₖ): measured or simulated indoor levels

𝐻𝐻𝐻𝐻𝐻𝐻𝑚𝑚𝑖𝑖 = 𝐻𝐻𝐻𝐻𝑖𝑖 ∗ 𝐶𝐶𝑖𝑖
𝐻𝐻𝑚𝑚 = �

𝑖𝑖

𝐻𝐻𝐻𝐻𝐻𝐻𝑚𝑚𝑖𝑖

Concentration data based on:
• Default concentration (Annex D Ashrae 62.2)
• Measurement: for on site assessment, based on monitoring /commissioning
• Simulated: for design assessment based on:

• Default emission scenario
• Default mitigation impact
• Ventilation scenarios
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HARM INTENSITIES AND  DEFAULT CONCENTRATIONS 
(EXAMPLES)
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Contaminant Median Harm
Intensity

GSD Approach

Benzene 0,067 1,4 pooled
Formaldehyde 4,3 2 pooled
Nitrogen dioxide 5,7 1,7 epidemiology
ozone 1,3 1,9 pooled
PM10 30 1,3 epidemiology
PM10−2,5 3,8 4,3
PM2,5 60 1,2 epidemiology
radon 0,44a 1,6 pooled

Contaminant Median
Concentration
(µg/m³)

GSD

PM2.5 26 1.3
PM10–2.5 35 1.4
NO2 22 1.3
Formaldehyde 28 1.2
Radon 78 Bq/m³ 1.4
Benzene 2.2 1.3
Ozone (O3) 7.3 2.2



REAL DATA: FRENCH HOUSING STOCK – MEASURED 
CONCENTRATION APPROACH

Source: OQEI CNL2 campaign (567 
homes)
Total Median Harm: 1148 
DALY/10⁵pers/year
•Only pollutants contributing >1% of 
total harm are recommended for 
inclusion.

41

Pollutant Mean
harm
impact

GSD Median
concentration
(measured)

GSD- concentration
(measured)

Median
harm

GSD
harm

% of harm
compare to
PM

PM2,5 60 1,2 15,91 2,32 954,36 2,37 100%
Formaldehyde 4,3 2 13,61 1,78 58,53 2,47 6,13%
Nitrogen dioxide 5,7 1,7 6,75 2,25 38,48 2,64 4,03%
Radon 0,44 1,6 41,75 3,18 18,37 3,48 1,92%
Acetaldehyde 0,053 4,8 8,38 1,90 0,44 5,45 0,05%
Limonene 0,0093 6,5 15,35 3,00 0,14 8,76 0,01%
Benzene 0,067 1,4 1,19 2,12 0,08 2,28 0,01%
Styrene 0,11 4,7 0,59 1,85 0,06 5,28 0,01%



SIMULATION APPROACH- EX. OF DEFAULT EMISSION SCENARIO
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Event Default duration Minimum Average Maximum Mitigation (multiplying coef.)
PM2.5

Em
iss

io
ns

 E
i(

m
g/

h)

Cooking 2*½ hour min /day 24.9 (25% percentile 
of data)

82.1 (mean of 
cooking data)

166.8 (mostly grilling) Use of cooker hood : 0.5

Use of aerosol 1/10 hour a day 0 (use of none) 56.2
(use of air 
freshener or 
candle

156.8
(use of Incenses)

Hoovering/clea
ning

½ hour per day 0,3 
reduced amount of 
cleaning

1.6
mostly 
vacuum 
cleaner

3
mostly sweeping 

Cooking 
appliance

3*3½ hour min/day 4.6 (use of  electric 
stove)

9.3 (use of 
both electrical 
and gas)

13.9
(use of gas oven and stove)

Use of cooking hood
50%

External µg/m3 24hours 7 12 20 Attenuation through the air renewal system default value
0,2 if filtration
0,5 for ventilation with thin air inlet

PM10-2.5
By default considered as 1.3 times previous emissions)

NO2
Ei (mg/h) Cooking 2*½ hour per day 0

Electrical appliance 
for cooking

72
State to the 
art gas 
appliance 

144
Old gas appliance or high power

External µg/m3 24 hours 8 12 18
HCHO (formaldehyde)



SIMULATION APPROACH- DEFAULT EMISSION SCENARIO

Dwelling: 100 m² – 250 m³
Input data:
• 1-hour time step
• Ventilation rates: 90–864 m³/h

• Perfect mixing assumed. No infiltration/window opening.
• Equation for contaminant buildup:

• 𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖 ℎ = 𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖 ℎ − 1 + 𝑄𝑄 ℎ 𝐶𝐶𝑒𝑒𝑒𝑒𝑒𝑒−𝐶𝐶 ℎ−1 +𝐸𝐸𝑐𝑐
𝑉𝑉𝑉𝑉𝑉𝑉
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SIMULATION RESULTS: TOTAL HARM VS FLOWRATE

Key point:
• Below ~300 m³/h, harm 
decreases sharply
⇒ Above, diminishing returns
⇒ Consistent with 
recommendations of EN 
16798-1
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CONCLUSIONS & OUTLOOK

A scientific, operational IAQ harm indicator in DALY/10⁵ persons/year is feasible.
•Robust to data source (measurement / simulation).

Confirms 
•PM, formaldehyde, NO₂, radon as top contributors.

Useful for:
•Regulation
•Certification schemes
•Performance-based design

Next steps:
•Refine emission scenarios (validation via OQEI)

45



THANK YOU
FOR YOUR ATTENTION



Difference in revision process 
in standards



🇺🇺🇺🇺 ASHRAE:
• Members approved by Chair and Standards 

Committee (if individual).
• Organizational members are approved by the 

Standards Committee.
• Members do not pay to participate.

• Standards under continuous maintenance
• Revised every 3 years, with ~10 addenda/year 

(automatically integrated).
• Process: Proposal → Committee review → Public 

review → Comment resolution → Final vote.
• Committee size: ~30 members (e.g., 62.2), majority 

needed for any public release.
• Abstention counts as a 'no' in practice.

🇪🇪🇪🇪 CEN/ISO:
Anyone can join if appointed and paid by their national body.
Chair approval is not required for participation

• Systematic revision every 5 years (unless deemed 
unnecessary).

• Amendments only for obvious errors.
• Process: Preliminary work item → 5-country support → 

Drafting → Public enquiry → Comment resolution → 
Formal vote.

• Final approval based on weighted majority of member 
states.

ASHRAE VS CEN/ISO
Standardization Committees

Development Process: 



USUAL MISTAKES…

Air inlets
• Dirty
• Mortise missing
• Installed the other way around….

Air terminal (extract)
• Not well-connected to the ductwork
• Behind furniture

• Not possible to disconnect for cleaning
• Dirty
• Clogged



USUAL MISTAKES…

The fan
•Access impossible
•Bad connection to the ductwork
•Or to the exhaust (outdoor)..

The ductwork
•Not tight…. at all!
•Design not … optimal
•Randomly insulated…



GRAPHIQUE
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Indicators
/Metrics

Designs

Assessment

Energy calculation
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