
To ensure that occupants’ health and well-
being are not compromised in energy-efficient 
buildings, the EU Directive on the energy per-

formance of buildings (EPBD) states that

‘‘the energy needs for space heating, space 
cooling, domestic hot water, ventilation, 
lighting, and other technical building systems 
shall be calculated in order to optimize health, 
indoor air quality and comfort levels”.

To ensure that this guidance is observed, indoor envi-
ronmental quality  (IEQ) in buildings undergoing 
energy renovation must be monitored before and after 
the renovation process. This requires standard methods 
for rating the overall IEQ in buildings and the quality 
of the thermal, acoustic, and luminous environment 
and indoor air quality (IAQ). No agreed, and standard 
method exists at the moment to provide such a rating. 
Consequently, a rating scheme called TAIL has been 
developed (Wei et al., 2020a, Wargocki et al., 2021). 
The TAIL (Figure 1) allows assessment of the four 
IEQ components: thermal environmental quality (T), 
the acoustic environmental quality (A), the indoor air 
quality (I), and the luminous (visual) environmental 
quality (L), as well as the overall IEQ.

The quality of the TAIL components is determined 
by evaluating twelve parameters in buildings under 
regular use (Table 1). Ten of them are measured, one is 
inspected, and one is modelled. These parameters were 
selected to describe components of IEQ adequately, 
based on a literature review of existing IEQ stand-
ards, green building certification schemes, European 
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Figure 1. Graphical presentation of the TAIL rating 
scheme including four IEQ components: thermal 

environmental quality (T), the acoustic environmental 
quality (A), the indoor air quality (I), and the 

luminous (visual) environmental quality (L), as well as 
the overall IEQ in the centre.
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Table 1. Environmental parameters included in the TAIL rating scheme.

Parameter Threshold value

Quality level: I Quality level: II Quality level: III Quality level: IV

Thermal environment (T)

Air 
temperature

Building with mechanical cooling

Heating season: 22 ± 1°C

Non-heating season: 
24.5 ± 1°C

Heating season: 22 ± 2°C

Non-heating season: 
24.5 ± 1.5°C

Heating season: 22 ± 3°C

Non-heating season: 
24.5 ± 2.5°C

If other quality levels 
cannot be achieved

Building without mechanical cooling

Heating season: 22 ± 1°C

Non-heating season: 
upper limit 0.33 ɵrm + 
18.8 + 2°C, lower limit 
0.33 ɵrm + 18.8 – 3°C

Heating season: 22 ± 2°C

Non-heating season: 
upper limit 0.33 ɵrm + 
18.8 + 3°C, lower limit 
0.33 ɵrm + 18.8 – 4°C

Heating season: 22 ± 3°C

Non-heating season: 
upper limit 0.33 ɵrm + 
18.8 + 4°C, lower limit 
0.33 ɵrm + 18.8 – 5°C

If other quality levels 
cannot be achieved

Acoustic environment (A)

Sound 
pressure level

Small office: 30 dB(A)

Landscape office: 
35 dB(A)

Hotel: 25 dB(A)

Small office: 35 dB(A)

Landscape office: 
40 dB(A)

Hotel: 30 dB(A)

Small office: 40 dB(A)

Landscape office: 
45 dB(A)

Hotel: 35 dB(A)

If other quality levels 
cannot be achieved

Indoor air quality (I)

Air relative 
humidity

Office: 30 – 50%

Hotel: 30 – 50%

Office: 25 – 60%

Hotel: 25 – 60%

Office: 20 – 70%

Hotel: 20 – 60%

If other quality levels 
cannot be achieved

Ventilation 
rate

≥ (10 ℓ/s/p + 
2.0 ℓ/s/m² floor)

≥ (7 ℓ/s/p + 
1.4 ℓ/s/m² floor) 
and < (10 ℓ/s/p + 
2.0 ℓ/s/m² floor)

≥ (4 ℓ/s/p + 
0.8 ℓ/s/m² floor) 
and < (7 ℓ/s/p + 
1.4 ℓ/s/m² floor)

If other quality levels 
cannot be achieved

CO₂ 
concentration

550 ppm above outdoor 
concentration

800 ppm above outdoor 
concentration

1350 ppm above 
outdoor concentration

If other quality levels 
cannot be achieved

Formaldehyde 
concentration

< 30 µg/m³ ≥ 30 µg/m³ No criteria ≥ 100 µg/m³

Benzene 
concentration

< 2 µg/m³ ≥ 2 µg/m³ No criteria ≥ 5 µg/m³

PM2.5 
concentration

< 10 µg/m³ ≥ 10 µg/m³ No criteria ≥ 25 µg/m³

Radon 
concentration

< 100 Bq/m³ ≥ 100 Bq/m³ No criteria ≥ 300 Bq/m³

Visible mould 
area

No visible mould Minor moisture damage, 
minor areas with visible 
mould (< 400 cm²)

Damaged interior 
structural component, 
larger areas with visible 
mould (< 2500 cm²)

Large areas with visible 
mould (≥ 2500 cm²)

Luminous environment (L)

Illuminance Office: ≥ 60% and 
≤ 100% of the time with 
measured illuminance 
between 300 and 500 lux

Hotel: 0% of the 
time with measured 
illuminance ≥ 100 lux

Office: ≥ 40% and 
< 60% of the time with 
measured illuminance 
between 300 and 500 lux

Hotel: > 0% to ≤ 50% of 
the time with measured 
illuminance ≥ 100 lux

Office: ≥ 10% and 
< 40% of the time with 
measured illuminance 
between 300 and 500 lux

Hotel: > 50% to ≤ 90% of 
the time with measured 
illuminance ≥ 100 lux

If other quality levels 
cannot be achieved

Daylight factor Office: ≥ 5.0%

Hotel: no criteria

Office: ≥ 3.3%

Hotel: no criteria

Office: ≥ 2.0%

Hotel: no criteria

If other quality levels 
cannot be achieved

ɵrm: outdoor running mean temperature
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research projects, and scientific publications  (Wei 
et al., 2020b). Their ranges were defined based on 
recommendations and prescriptions in the current 
standards (EN 16798-1, 2019) and air quality guide-
lines (WHO, 2005, 2010), as well as other relevant 
documents (Level(s), 2017). According to the pro-
tocols defined by TAIL, these parameters should be 
evaluated at least in one season.

The quality of each of the parameters determines the 
quality of the four TAIL components and is presented 
by one of the four colours:

•	 Green describing a high (desired) quality level,
•	 Yellow describing a medium (refined) quality level,
•	 Orange describing a moderate  (ordinary) quality 

level,
•	 Red describing a low (undesirable) quality level.

The overall IEQ level of the indoor environment is 
then determined based on the quality of TAIL com-
ponents, where the worst quality level among the four 
TAIL components determines the overall IEQ in a 

building. This is done to ensure that none of the IEQ 
components is compromised. The overall IEQ level 
is indicated by a Roman numeral between I and IV:

•	 I indicating a high (desired) IEQ,
•	 II indicating a medium (refined) IEQ,
•	 III indicating a moderate (ordinary) IEQ,
•	 IV indicating a low (undesirable) IEQ.

The colours, Roman numerals, and levels of IEQ were 
selected to follow the indoor environmental categories 
defined by the standard EN 16798-1 (2019), one of 
the standards supporting the EPBD.

The TAIL rating scheme is a performance metric; it 
was examined in several buildings (Wargocki et al., 
2021). It describes the actual IEQ in a building that 
is in regular use. It was developed especially for offices 
and hotels, but the activities are ongoing to assess 
whether it can also be used for other building types; 
this is expected to be likely. It was also defined with the 
premise of use in buildings undergoing energy renova-
tions to determine IEQ before and after renovation. 
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However, it is expected that it can also be used to 
characterize IEQ in buildings that do not undergo 
energy renovation.

Because TAIL provides the rating of IEQ in build-
ings during regular use, it cannot be used during the 
design process to determine the consequences of dif-
ferent renovation options for IEQ; such as a tool was 
developed recently in Denmark for dwellings (Larsen 
et al., 2020). Therefore, TAIL was supplemented by a 
method that allows predicting its parameters during 
design; the method is called PredicTAIL (Wei et al., 
2022). In the method, one-year simulations of ten of 
the twelve TAIL parameters are conducted to predict 
the quality level of the TAIL indicators and subse-
quently the overall IEQ level. The ten parameters that 
can be predicted by the PredicTAIL method are indoor 
air temperature, relative humidity, sound pressure level, 
daylight factor, illuminance, and concentrations of 
carbon dioxide (CO₂), formaldehyde, benzene, radon, 
and PM2.5; mould cannot be predicted, and ventilation 
design should follow the codes so is prescribed.

To test the feasibility of the PredicTAIL method, pre-
dictions of the TAIL parameters were conducted in two 
buildings, an office and a hotel, located in two European 
cities (Wei et al., 2022). The results of only the office 
building are presented in this paper as an illustration of 

the PredicTAIL method. The building was a two-floor 
concrete structure building constructed in 1900 in an 
urban environment; the four rooms selected for the 
simulations were considered representative of the office 
rooms. Simulations of the TAIL parameters considered 
a base-case scenario (current state) and four renova-
tion scenarios: two scenarios considered renovation 
actions expected to impact the IEQ, and the other 
two addressed renovation actions expected to reduce 
energy use in buildings. These scenarios were selected 
to examine whether the method would be sensitive 
to detect changes in IEQ due to the changes defined 
by the scenarios. Simulations were conducted using 
TRNSYS for the indoor air temperature and relative 
humidity, ACOUBAT for the sound pressure level, 
MATHIS-QAI for the indoor pollutants, and PHANIE 
for the illuminance and daylight factor. However, it is 
expected that any other validated and relevant simula-
tion tools can be used to perform these calculations.

Figure 2 shows the results of the predicted TAIL rating 
for the office building.

The overall IEQ level was red  (level IV, undesir-
able IEQ) in the base-case (current state) scenario. 
The thermal environment was poor due to large 
variations in indoor air temperatures in the shoulder 
season  (spring/fall)  (min: 16.3°C, max: 27.7°C). 

Figure 2. Predicted TAIL rating for the office building for  
(a) current state (T: red, A: orange, I: red, L: orange),  
(b) IEQ renovation (T: red, A: yellow, I: yellow, L: orange).
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The acoustic environment was orange  (moderate 
quality) because the building was located in an urban 
environment with high outdoor noise. The IAQ level 
was rated as undesirable due to large variations in the 
indoor air relative humidity (min: 10% for a few hours 
in the heating season, max: 92% for a few hours in the 
shoulder season), particularly in the shoulder season. 
The ventilation rate was too low, and consequently, the 
CO₂ concentration was rated as orange in the shared 
office rooms. The predicted TAIL rating for the base-case 
scenario indicated that apart from PM2.5, formaldehyde 
and benzene, other parameters had high improve-
ment potential because of their critical ratings for the 
base-case scenario. The renovation scenarios showed 
that increasing the ventilation rate to 10 ℓ/s/person 
according to the standard EN 16798-1 (2019) and 
installing an F7 filter on the outdoor air inlet could 
reduce indoor pollutant concentrations, and as a result, 
the green level could be reached. Improved insulation 
of the walls and installing double-glazed windows could 
improve the acoustic environment of the office building 
located in the urban area to the yellow level (medium 
quality). Moreover, the predicted TAIL rating showed 
that the glass curtain wall at the west facade could cause 

high solar gains and high illuminance levels during 
the daytime, resulting in moderate and low levels of 
the luminous and thermal environmental qualities 
for the office rooms oriented toward the west. As a 
result, specific actions not considered in the examined 
scenarios would be needed to improve further the 
hygro-thermal and luminous parameters for these office 
rooms next to the glass curtain wall. The prediction 
results showed that the PredicTAIL method was very 
useful in guiding design decisions that would lead to 
improved IEQ. It could identify the changes in IEQ as 
a result of renovation actions, which means that it was 
sufficiently sensitive within the IEQ boundaries set by 
the TAIL rating scheme.

Conclusions
TAIL and PredicTAIL provide a complete tool allowing 
characterization of IEQ in buildings. It is expected that 
they will become a standard method of benchmarking 
IEQ in buildings when applied. This requires however 
further validation. It is also expected that they will 
stimulate actions leading to the general improvement 
of the IEQ in buildings. 
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