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Abstract
The rating scheme for indoor environmental quality (IEQ) will be presented. It is called TAIL. It creates the framework 

for rating IEQ and its components: thermal acoustic and luminous environments and indoor air quality. TAIL is an 

integrated rating first developed for buildings undergoing deep energy renovation. It can now be used for any building, 

including offices, schools, and hotels. TAIL complements the existing approaches for assessing IEQ and complies with 

the major certification schemes. All components of the TAIL are treated equally - to achieve a high-quality level, all 

components of the TAIL must be at a high level, and no compromises are accepted. TAIL is based on measurements 

of ten parameters, observation of one, and simulations of one; 14 parameters are monitored for schools. TAIL has 

been used in measuring campaigns and has been shown to be an effective tool for demonstrating indoor environment 

quality. Because TAIL is a performance metric used in buildings under operation, a tool was developed called 

predictable, allowing the estimation of IEQ at the design stage. It uses similar principles as TAIL but cannot be used to 

rate IEQ in the building that is in use. So, it gives an indication of how the design decisions may affect the level of IEQ. 

Attempts were recently made to supplement the objective measurements with subjective evaluations made by the 

building occupants to achieve a holistic view of IEQ in a building. The results of these attempts will be presented as 

well. 
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PROLOGUE
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The five-dimensions of future healthy buildings

Source: Elnagar et al. (2024)
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Q1: How can we 
document whether 
the building is 
healthy or sick?

Source: thegoldenhammer.net
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IEQ certification in green buildings
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Q2: How can we 
document whether 
the green building 
has high IEQ?
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A1-2: We cannot!
We live in a world 
full of labels, 
markers, and 
indicators.
No agreed method 
for IEQ rating
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Courtesy: La Linea
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A METRIC FOR IEQ IS NEEDED
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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.

Why? (1)
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Monitoring and documentation of 
IEQ 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

Why? (2)
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Interactive poll
Name which of the following pollutants are in your room now at 
potentially toxic levels:

– PM2.5
– Formaldehyde
– SARS-CoV-2
– NO2

– Radon
– Ozone
– Excessive odors
– I do not know

Why? (3)
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Examples of rating schemes but not in general use

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
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THE TAIL RATING SCHEME
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The TAIL rating scheme



1-2 April 2025, Workshop, Stuttgart, "Indoor Environmental Quality in Sustainable Buildings" Wargocki. P. The TAIL rating schemes for offices and schools are the way to reduce carbon emissions and improve IEQ

Selected 12 IEQ parameters
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Ranges of parameters included
in TAIL: IAQ
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Measuring protocol
TAIL is determined based on measurements during the heating and cooling seasons or during the 
same season before and after renovation.
TAIL is determined for the working hours in offices and sleeping hours in hotels.
2 – 10 rooms per building are selected to be representative of different orientations, floors, and 
room types.
Measurements should last 2 months for radon in radon-prone areas, 1 month for temperature and 
relative humidity, and 1 week for the other parameters.
Interim rating is calculated for each parameter if it is measured in several rooms in a building.
The final ratings of T, A, I, and L are determined according to the worst quality level among the 
parameters.
The final rating of the overall IEQ is determined according to the worst quality level among T, A, I, 
and L.
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TAIL, feasibility studies
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CHALLENGES
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Component aggregation
• Generally assumed: equal weighting

• No compromises or trading between 
parameters, no averaging or weighing. 
All components should be treated equally

• A new approach under development
(% from maximum)

Thermal

AcousticIndoor air 
quality

Light
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No TAIL meter
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EXTENSIONS
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27

TAIL for schools
IEQ parameter Measured Modelled Visual 

inspection
T Indoor temperature (oC)

A Noise level (dB(A))
Reverberation time (s)

I CO2 (ppm)
Ventilation rate (L/s)
Formaldehyde (μg/m3)
Benzene (μg/m3)
PM2.5 (μg/m3)
Radon (Bq/m3)
Indoor air relative humidity (%)
Visible mold (cm²)
Nitrogen dioxide (μg/m3)

L Daylight factor (%)
Illuminance (lux)
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Illustrate invisible, TAIL for 308 
schools in France, example

Quality of thermal 
environment (T)

Quality of acoustic 
environment (A) IAQ (I)

High, desired Low - undesiredOrdinaryMedium

Source:  Tran et al. (2023)

Quality of luminous 
environment (L)
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PREDICTAIL, the method for 
rating simulated IEQ

Four components:
• Thermal environment
• Acoustic environment
• Indoor air quality
• Light – Luminous (visual)

environment

Overall IEQ:
•

I II III I
V

Source: Wei et al. (2021)
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Subjective TAIL (OccupanTAIL)

3
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Air temperature 

Sound pressure

Illuminance

Day light factor

Ventilation rate

Carbon dioxide

Formaldehyde

Humidity

Benzene

PM2.5

Radon

Visible mould

A

I
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T

• A b s e n t e e i s m

• P e r f o r m a n c e  – O b j e c t i v e

• P e r f o r m a n c e  – S e l f - a s s e s s e d  

• E m p l o y e e  r e t e n t i o n

• S B S  s y m p t o m s  c o m p l a i n t s

• E m p l o y e e  d i s t r a c t i o n

• C o m p l a i n t s  t o  f a c i l i t y  

m a n a g e m e n t

E X P O S U R E  I M P A C T S *

*Impacts that can be translated into 
monetary or health terms

Monetizing TAIL via Harm 
Quantification, an example
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Achieving green IAQ (I) class in TAIL…
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EPILOGUE

The success story

2001 2008 2024



The success story

2001 2008 2024

The success story
benchmark-fix bugs-add new features-
advance features that work

2001 2008 2024
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Courtesy: La Linea

“New chemicals and other contaminants appear 
in buildings almost daily. Many in the indoor air 
community fear that some of these may be 
significant health hazards either singly or in 
combination. Undoubtedly, some will. 

But rather than speculate on that 
…(…) it makes more sense to work with the 
information we have on contaminants that have 
demonstrated harm to the population (…)  .
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Thank you
Please connect with pawar@dtu.dk for questions and comments
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READING
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