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Results: Bldg mat, PCs, filters
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Results: Human bioeffluents
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The concept for calculation of design ventilation rate
ISO 17772-1/2       EN 16798-1/2         ASHRAE 62.1
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ISO 10121-2:2014
Air Cleaning Efficiency

εclean = 100(CU – CD)/CD

where:
Εclean is the air cleaning efficiency
CU is the gas concentration before
air cleaner
CD is the gas concentration after air
cleaner.

TESTING OF GAS PHASE AIR CLEANERS
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PERCEIVED AIR QUALITY

Test Panel
• Trained
• Untrained

Odour
• Acceptance
• Intensity
• Hedonic tone



ISO/TC 146/SC 6

Date: 2023-09

ISO/FDIS 16000-44:2023 (E)

ISO/TC 146/SC 6/WG 25 

Secretariat: DIN

Indoor air — Part 44: Test method for measuring perceived indoor air quality for use in 
testing the performance of gas-phase air cleaners.

Air intérieur — Partie 44: Méthode d'essai pour mesurer la qualité perçue de l'airintérieur
en vue de tester les performances des épurateurs d'air en phase gazeuse



Testing of gas-phase air cleaners for improving perceived 
indoor air quality (PWI 23743) ISOTC142WG8
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Air cleaner

*AC1a was installed above the 
pollutant box

location for sensory 
assessment
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Setup in the test room



Sensory evaluations
Type of exposure Scale

Whole-body exposure Facial exposure

Clearly acceptable

Just acceptable

Just unacceptable

Clearly unacceptable

No odour

Slight odour

Moderate odour

Strong odour

Very strong odour

Overpowering odour
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• Two-stage-testing
– Stage 1: Pass/no pass with respect to the effect on indoor air quality
– Stage 2: Determine clean air delivery rate (CADR) and compare with 

equivalent ventilation requirements

• Use sensory assessment of air quality by human panel

• No testing of long-term performance

Afshari et al. (2022)



Air Cleaner 2-Acceptability

Empty People Building materials



Air Cleaner 4-Acceptability

Empty People Building materials



Stage 2
The purpose is to determine the Clean-Air-Delivery-Rate (CADR).

Conditions under test: ca. 22oC and 30-40%RH

Four levels of ventilation with outdoor air were tested (three with air cleaner in operation): 7.5, 12, 21 and 

30 L/s (0.5, 0.9, 1.5, 2.2 h-1) 

Sensory panel assessed the air quality with air cleaner idled and in operation

Chemical measurements were performed ay the lowest ventilation rate with air cleaners idled and in 

operation 
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More analyses – determination of CADR



Methods - CAE

Indicator for comparing the efficiency of the AHU and stand-alone air 
cleaner

Amount of air, CADR in L/s, and energy use for heating, cooling, 
and AUX or GPAC

2

𝐶𝐶𝐶𝐶𝐶𝐶 = CADR
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑢𝑢𝑢𝑢𝐸𝐸

[L/s per kWh]



Results - CAE

2

Bogatu et al. “Gas-Phase Air Cleaning Effects on Ventilation Energy Use and the Implications of CO2 Concentration as an IAQ Indicator for Ventilation Control.”, Proceedings of Building Simulation 2021, 2021.

• If the GPAC is compared only 
to AHUAUX, the GPAC is 
never efficient

• If a HEX is included the 
GPAC is not efficient

• Higher savings can be 
achieved if GPAC can be 
operated at a setting lower 
than HIGH (22 W)



• A concept for substituting part of the required ventilation with gas-phase air cleaning (GPAC) 
technology has been presented

• New testing standards need to consider perceived air quality and human emissions as a source.
• It must be verified that the reduced ventilation rate is still high enough to dilute individual 

contaminants.
• Adjusted CO2 criteria must be used to express the indoor air quality and to use for demand-

controlled ventilation. 
• Clean-Air-Efficiency (CAE) can be used to compare different solutions for providing clean air the 

space.
• In Copenhagen, DK (high heating load), GPAC was competitive only if the AHU was not equipped

with a HEX
• GPAC can be used to either improve IAQ or reduce air flow rate

Conclusion
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