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2002 – 23 – 17 – 1
2024 – 84 – 38 – 10

What do these numbers represent?
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2002 EPBD
The directive had

• 23 Recitals
• 17 Articles
• 1 Annex

2024 Revised EPBD
The directive has

• 84 Recitals (3.7 times > 2002)
• 38 Articles (2.3 times > 2002)
• 10 Annexes (10 times > 2002)

22 May 2024 tunES - Tuning EPC and SRI. Practices and methods to analyse national challenges

BREATHING LIFE INTO EFFICIENCY: INDOOR 
ENVIRONMENTAL QUALITY AS A CORNERSTONE 

IN BUILDING POLICY

https://energy.ec.europa.eu/topics/energy-efficiency/energy-efficient-buildings/energy-performance-buildings-directive_en#revised-energy-performance-of-buildings-directive
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Overview of IEQ and its 
importance

Pawel Wargocki (pawar@dtu.dk)
International Centre for Indoor Environment and Energy
DTU Sustain, Technical University of Denmark



Article 13 Technical building systems

4. Member States shall set requirements for the implementation of in 
order to maintain a healthy indoor climate. adequate indoor 
environmental quality standards in buildings

5. 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 be required, where technically and 
economically feasible, when a building undergoes a major renovation. 
Member States may require the installation of such devices in residential 
buildings.



Opening remarks



Source: Klepeis et al. (2011)

Current human habitat are buildings 
We spent most of our live in buildings…

Adapted from Klepeis et al. (2011)



Decoding the ”Da-building” code:
■ 79 years (average life time, male EU)

■ 69 years (in buildings)
■ 54 years (at home)
■ 26 years (sleeping)

■ ~4 years (commute)

■ 6 years (outdoor air)

Source: Pinterest

Human natural habitat is outdoors 
But we stay only 6 years outdoors….



>85% of time indoors

We drink 2-3 L of water a day We breathe 11,000 L of air a day 

Source: Glass-of-water icons created by Freepik - Flaticon

We inhale a swimming pool of air every day



IEQ
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Humans (in buildings) 
and buildings 
must be in focus: 
green + healthy = 
smart buildings

• Buildings must be climate neutral 
by minimizing their carbon footprint 
when constructed, retrofitted and 
operated

• Buildings must ensure conditions 
that do not create the risks for 
health and promote health and 
healthy behaviors of their 
occupants (are healthy)

Sustainable development meets the 
needs of the present without 
compromising the ability of future 
generations to meet their own needs



The goal is all buildings being healthy

• A healthy building should 
not compromise the basic 
human requirements of 
every building occupant 
and foster high quality of 
life, good health, optimal 
physical and mental 
activity, and sleep quality

Source: thegoldenhammer.net



What do we know 
about IEQ?
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Documented effects of components characterizing a 
healthy building
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Environment in buildings and effects on work, 
learning and sleep
• Reduced work performance, 
expected loss is at least up to 
5%

• Increased absenteeism and 
presenteeism

• Reduced learning of children, 
expected loss of up to 10-
15%

• Brand new data: Disturbed 
sleep quality, poor sleep 
quality => reduced health, 
cognitive performance 

Source:Seppanen et al. (2006)

Source:Sekhar et al. (2020)



The effects are similar across 
climates and regions
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IEQ still not satisfactory 

Source: Courtesy of Corinne Mandin; Bluyssen et al. (2016)

Buildings (even the 
newer ones) do not 
perform 
satisfactorily with 
respect to IEQ 
albeit they comply 
with the current 
codes and 
standards
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Requirements are not sufficiently ambitious?
Limiting innovation and advanced development

• Overdependence on the existing rather 
crude technological solutions and 
minimum standards.

• Based on population data thus addressing needs 
for an average person and neglecting individual 
preferences, diversity, vulnerability, differences, 
etc.

• Comfort (satisfaction) is the main design criteria, 
other outcomes not addressed sufficiently

• Addressing one aspect of IEQ not a combined 
effect

• There no tools to secure high IEQ at the design, 
operation and maintence phase



IEQ somewhat disregarded/overlooked…costly?
(can we adapt and tolerate?)
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Sources: Biznes.Interia; Fakt.pl; Freepik



Is IEQ truly costly?
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Building occupants are major costs =>
Considerable economic implications, work, health, sleep 

• Modest gains in work 
performance can deliver 
significant financial benefits –
even 1% increase in productivity 
is cost-effective 

• Pay-back times are usually <1 
(max. 2) years

• Crude estimate: Too short sleep 
(<7 hours) causes 3.7-6 working 
days lost per year Source:  WGBC (2014)



Costs for disregarding health are also major
• Exposure in buildings estimated in EU to 

cause >2 mil healthy-life years lost due to 
poor indoor air quality (IAQ) (ca. €200 billion 
annually)

• This effects is comparable with, e.g. road 
traffic injuries, cost similar to GDP of Cyprus

• 200 million in Europe live with allergies, 
asthma and COPD

• COVID-19 costs in Denmark were 30,000 
healthy life years in Denmark (only) partly 
attributable to poor IAQ (€1 trillion/mo 
globally) 

Source: ENVIE (2009)

(inhaled indoors)



IEQ is in fact a low-hanging fruit



The way forward
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Resilience in building design and operation

Overheating
Infection control
Wild fires
Ambient air pollution
Any other unexpected event



Flexibility in building design and operation

Address 
(when 
needed and 
for whom) 
health –
comfort –
performance 
– sleep 



Monitoring and documentation is of an essence

• Useful data for all building stakeholders and additional incentives 
for improvement of IEQ

• Create benchmark, reference, building data-base
• Monitor performance – compliance and maintenance
• Input to sustainable investments, and technological 

advancements
• Input to control and AI
• Input to energy simulation and reduce performance gap
• Input to economic calculations
• Demonstrate invisible - occupants feel secure (no risks)
• Raising awareness



Proposed IEQ rating schemes but not in general use
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IEQ-Compass
(asset rating)

TAIL
(performance rating)

Source: Wargocki et al. (2020)
Source: Larsen et al. (2020)

Source: European Commission

A common language for 
assessing and reporting on the 
sustainability performance of 
buildings



Health performance indicators

• Developing Health Performance 
Indicators using biomarkers 
and monitoring total exposure 
for detecting the underlying health 
risks and implications for cognitive 
performance and modifiers of these 
indicators (e.g. stress).

Courtesy of MGM

Courtesy of Joon-Ho Choi



It is high time for a 
change
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From 
pathogenesis to 
salutogenesis
(buildings 
promoting health 
and not only 
avoiding risks)



Thank you
29

Pawel Wargocki (pawar@dtu.dk)
International Centre for Indoor Environment and Energy
DTU Sustain, Technical University of Denmark
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IEQ monitoring using BACS 

in non-residential (Art. 13, Par. 9-10)

EFFECTIVE RATED OUTPUT >290 kW
BY 

2025

BY 

2030
EFFECTIVE RATED OUTPUT >70 kW

a) continuously monitoring, logging, analysing and allowing for adjusting energy usage; 
b) benchmarking the building’s energy efficiency, detecting losses in efficiency of technical building systems, 

and informing the person responsible for the facilities or technical building management about 
opportunities for energy efficiency improvement; 

c) allowing communication with connected technical building systems and other appliances inside the 
building, and being interoperable with technical building systems across different types of proprietary 
technologies, devices and manufacturers.

d) by 29 May 2026 monitoring of indoor environmental quality.

CAPABILITIES:

https://vdmaservices.sharepoint.com/:w:/r/teams/MGO-eu.bac/Freigegebene%20Dokumente/eu.bac%20Advocacy/2024%20EPBD%20Transposition/2024_EPBD%20BACS%20COMPLIANCE%20VERIFICATION%20CHECKLIST/EN_Non-residential/2024_EPBD_BACS_COMPLIANCE%20VERIFICATION%20CHECKLIST_non-residential_EN.docx?d=w6530a8b4c01a488597180d5a53c74923&csf=1&web=1&e=JWudil
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EUSEW SUSTAINABLE ENERGY DAY 2024: 

PANEL 1: IEQ INTRO SLIDE

DEPARTMENT OF ARCHITECTURE AND URBAN PLANNING

BUILDING PHYSICS, CONSTRUCTION AND SERVICES RESEARCH GROUP

While we breathe, we hope - Barak Obama



2

7S815 3

Prescriptive versus Performance

“Turn left at the next traffic lights, then take the fourth street to the 

right, go right ahead at the first roundabout, turn to the

right at the second roundabout and keep the left lane, then turn 

……..”

Spekkink, D. 2005. Key note presentation on PeBBu, CIB Conference, Helsinki, 2005

What is the difference?
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Prescriptive versus Performance

“To the airport!”

What is the difference?

Spekkink, D. 2005. Key note presentation on PeBBu, CIB Conference, Helsinki, 2005
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Prescriptive versus Performance

“To the airport!”

What is the difference?

Spekkink, D. 2005. Key note presentation on PeBBu, CIB Conference, Helsinki, 2005



Jelle Laverge
Associate professor

ARCHITECTURE & URBAN PLANNING

E jelle.laverge@ugent.be

T +32 9 264 37 49

architecture.ugent.be

Ghent University

@Jlaverge

Jelle Laverge
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109/11/2023

Introductory slide on 
IEQ 

First panel discussion

Elena Scaroni 
Secretary General 
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Blagodarjá!

Hvala!

Děkuji!

Tak!

Dank je!

Thank you!

Aitäh!

Kiitos!

Merci!

Danke!

Efcharisto!

Köszönöm!

Go raibh maith agat! 

Grazie!

Paldies!

Ačiū!

Grazzi!

Dziękuję!

Obrigado!

Mulțumesc!

Ďakujem!

Hvala!

Gracias!

Tack!
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