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EBC-IEA ANNEX 78: Operating Agents

• Dr. Bjarne W. Olesen, Technical University of Denmark.
• Dr. Pawel Wargocki, Technical University of Denmark.

• PREPARATION PHASE 01-07-2018 TO 30-06-2019

• WORKING PHASE 01-07-2019 TO 30-06-2023

• REPORTING PHASE 01-07-2023 TO 30-06-2024

ANNEX STRUCTURE

• Subtask A: Energy benefits using gas phase air cleaning

• Subtask leader: Alireza Afshari, Denmark 

• Co-leader: Sasan Sadrizadeh , Sweden

• Subtask B: How to partly substitute ventilation by air cleaning

• Subtask leader: Pawel Wargocki, Denmark

• Co-leader: Shin-Ichi Tanabe , Japan 

• Subtask C: Selection and testing standards for air cleaners

• Subtask leader: Paolo Tronville, Italy 

• Co-leader: Jinhan Mo, China

• Subtask D: Performance modelling and long-term field validation of gas phase 
air cleaning technologies

• Subtask leader: Karel Kabele, Czech 

• Co-leader: Jensen Chang , USA
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Concept for calculation of design ventilation rate
ISO  CEN ASHRAE
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CO2 as reference
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Qh is the ventilation rate required for dilution, in m3

per second;
Gh is the generation rate of the substance, in

micrograms per second;
Ch,
i

is the guideline value of the substance, in
micrograms per m3;

Ch,
o

is the concentration of the substance of the supply
air, in micrograms per m3;

εv is the ventilation effectiveness.
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CONCEPT OF SUPPLEMENTING VENTILATION BY 
GAS PHASE AIR CLEANING. 

• Clean Air Delivery Rate (CADR)

• CADR = εPAQ·QAP·(3,6/V)

• where:

• clean or PAQ. is the air cleaning efficiency

• QAP· is the air flow through the air cleaner, l/s;

• V is the volume of the room, m3.

• Air Cleaning Efficiency
• clean = 100(CU – CD)/CD

where:

• clean is the air cleaning efficiency

• CU is the gas concentration before air cleaner

• CD is the gas concentration after air cleaner.

• Higher Air Quality Category

• where:

• εPAQ is the air cleaning efficiency for perceived air quality;

• Qo is the ventilation rate without air cleaner, l/s;

• QAP is the ventilation rate with air cleaner, l/s;

• PAQ is the perceived air quality without the air cleaner, decipol;

• PAQAP is the perceived air quality without the air cleaner, decipol

/ ( / 1) 100PAQ o AP APQ Q PAQ PAQ =  − 

Testing Gas Phase Air Cleaners
Standards

• ISO 10121-2:2013 "Test methods for assessing the performance of gas-phase air 

cleaning media and devices for general ventilation - Part 2: Gas-phase air cleaning 

devices (GPACD)"

• • ISO 10121-1:2014 "Test method for assessing the performance of gas-phase air 

cleaning media and devices for general ventilation - Part 1: Gas-phase air cleaning 

media"

• • ANSI/ASHRAE Standard 145.2-2016 "Laboratory Test Method for Assessing the 

Performance of Gas-Phase Air-Cleaning Systems: Air-Cleaning Devices" (first 

edition in 2011)

• • ANSI/ASHRAE Standard 145.1-2015 "Laboratory Test Method for Assessing the 

Performance of Gas-Phase Air-Cleaning Systems: Loose Granular Media" (first 

edition in 2008)
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ISO/FDIS 10121-2:2012(E)

are used for GPACD < 610 × 610 mm. In addition, a duct with internal dimension (ID) 300 × 300 mm 
is permitted for testing of a full size 300 × 300 mm GPACD. Acceptable sizes of GPACD for testing are 
300 × 300 mm to 610 × 610 mm. The length of the GPACD section shall be greater that the inner dimension 
(ID) of the duct, ideally 1–3 × ID. Any changes in duct diameter before and after the GPACD section should 
be designed so that the flow is uniform over the entire GPACD cross section.

Key

1 diffusor and Δp device

2 sampling points – should be of “fork” type or similar with multiple inlet points to make a compounded sample 
over the whole cross section

3 GPACD under test

4 GPACD section of test duct

5 upstream sampling point for TU, RHU, pU and CU at X mm before the GPACD

6 Downstream sampling point for TD, RHD, pD and CD at Y mm after the GPACD

7 Q, air flow rate sampling point at Z mm after the GPACD

W internal width of the test duct along the GPACD section, 3+4

h internal height of the test duct along the GPACD section, 3+4

Figure 1 — Normative section of test stand showing ducting, measurement parameters and 
sampling points

5.3 Raw data, sampling accuracy and normative generation parameters

Ideally all measurement parameters in Figure 1 should be measured continuously with a computerized 
logging system. The sampling frequency should be fast enough to produce smoothly changing data and 
not overlook any events. In Table 1 below normative generation parameters in addition to prescribed 
accuracy are given.
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ISO 10121-2:2014
Air Cleaning Efficiency

clean = 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

PERCEIVED AIR QUALITY

Test Panel
• Trained
• Untrained

Odour
• Acceptance
• Intensity
• Hedonic tone
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11

Air temperature 23oC
Relative humidity 35%

Experimental setup

12

Sensory measurements

• Panel of 50 untrained subjects assessed
acceptability of air quality

Pollution sources

ACCEPTABILITY SCALE

Clearly acceptable

Clearly not acceptable

Just acceptable
Just not acceptable
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errors. The scale is coded as follows: clearly not acceptable=-1, just not acceptable/just 

acceptable=0, clearly acceptable=1. Single ratings made by each observer in a group are 

used for calculating the group mean vote of acceptability characterizing indoor air quality 

in a given environment [1]: 

N

)ACC(

ACC

Ni

1i

∑
=

==  
[1]

where: 

ACC = mean vote of acceptability of air quality; 

ACCi = acceptability vote by the observer. 

N = number of observers. 

 

The accuracy of evaluations is expressed by a standard error of the measured acceptability 

[2]: 

N

SD
SE =  [2]

where: 

SE = standard error; 

SD = standard deviation of mean vote of acceptability; 

N = number of observers. 

 

Using mean acceptability ratings, the percentage dissatisfied with the air quality can be 

calculated (Gunnarsen and Fanger, 1992) [3]: 

100
ACC)28.5exp(-0.181

ACC)28.5exp(-0.18
PD ∑

∑∑+

∑∑
=  [3]

where: 

PD = percentage dissatisfied with the air quality, %; 

ACC = mean vote of acceptability. 

 

Using the percentage dissatisfied, the perceived air quality expressed in decipol, as defined 

by Fanger (1988), can be calculated [4]: 

( )[ ] 4-5.98PDln112=PAQ ∑∑  [4]

where: 

PAQ = perceived air quality, decipol; 

PD = percentage dissatisfied with the air quality, %. 

 

Both the percentage dissatisfied with the air quality [3] and the perceived air quality in 

decipol [4] are used to set requirements regarding air quality and ventilation of spaces 

(e.g., ASHRAE, 2004; CEN, 1998).  

 

Factors influencing the measurements of perceived air quality 
 

Human observers 

 

The selection of human observers (subjects) evaluating the air quality can affect the results 

of the measurements of perceived air quality. Theoretically, the observers from the relevant 
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PERCEIVED AIR QUALITYpopulation for which the measurements are addressed should be selected. This may be 

difficult to achieve in practice. A rational compromise is to select observers of a similar 

age, as age has been shown to have a major impact on sensitivity, while gender and 

smoking status are of less importance. The sensitivity of observers should nevertheless be 

documented separately. This can be done, e.g. by exposing the observers to some reference 

stimuli. For example, the observers can take olfactory tests comprising a ranking test with 

n-butanol at 4 concentrations: 10, 80, 320 and 1280 ppm (vol./vol.) and a matching test 

with n-butanol, 2-butoxyethanol and 2-butanone, each compound being at a concentration 

of 640 ppm (vol./vol.) and a “blank” exposure with no chemical compound according to 

ISO 8587 (1988) and ISO 8586-1 (1993). The former evaluates the ability of people to 

classify different odour intensities of the same substance, and the latter the capacity of 

people to identify several odorous stimuli. Finally, in a short interview prior to selection, 

the attitude of observers towards the measurements, their motivation, and personal hygiene 

is evaluated. The observers whose personal hygiene could influence the measurements and 

whose motivation is poor are excluded. 

 

The number of observers evaluating the air quality affects the accuracy of measurements. 

This is due to considerable variation in ratings of acceptability of air quality among 

individuals as a consequence of variation in chemosensory sensitivity in combination with 

variables such as personality, preference, mood and prior experience. The standard 

deviation of the acceptability ratings is usually between 0.3 and 0.6 (Gunnarsen and 

Bluyssen, 1994; Knudsen et al., 1998). Increasing the number of observers above 30-50 

people has consequently very little effect on accuracy (Figure 3). At the same time, 

increasing the number of observers causes logistic problems and increases the cost of the 

measurements, especially when they are conducted in the field. Taking the above reasoning 

into account, 30-40 observers are usually selected. 
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Figure 3. Standard error of the acceptability rating as a function of number of observers 

and standard deviation of the rating of acceptability 

 

Trained vs. untrained observers 

 

To reduce the number of observers and at the same time the cost of the measurements 

without reducing accuracy, trained observers are sometimes used for measurements of 

perceived air quality. Usually 10 to 15 trained observers are selected. Unlike untrained 
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Results: Bldg mat, PCs, filters
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Results: Human bioeffluents
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Clean Air Delivery rate per person

Issues

• International Standards for Ventilation (Indoor Air Quality) like 
EN16798-1, ISO17772-1 and ASHRAE 62.1 are mainly based on 
criteria for the Perceived Air Quality (PAQ), sometimes expressed 
as levels of CO2 as a tracer for emission from occupants. 

• If air cleaning is used, an equivalent level of air quality will be 
reached at higher CO2 concentrations. 

• It is also assumed that when ventilation is used for PAQ, the 
required ventilation will also dilute other substances like Radon, 
VOCs. 

• The decreased ventilation rate when using gas phase air cleaning 
may not be sufficient. 
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ΔCO2 levels considering a 30 % reduced 
ventilation rate due to air cleaners

Space type            

Single office

Occupancy

[m2per person]

Category Derived from qtot

Very low-polluting 

building

Low-polluting 

building

Indoor CO2 level above outdoor level ΔCO2 

[ppm]

Without air cleaner 10 IEQI 370 278

IEQII 529 397

IEQIII 926 694

IEQIV 1389 (1010) 1010 (794)

With air cleaner 10 IEQI 529 397

IEQII 756 567

IEQIII 1323 (1029) 992 (817)

IEQIV 1984 (1100) 1443 (911)

Issues

• Today, gas phase air cleaners are tested based on a chemical 
measurement, which do not account for the influence on PAQ 
and human bio effluents as a source of pollution. 

• Studies have shown that some gas phase air cleaning 
technologies will not work when humans are the source, and the 
evaluation is done by PAQ.

• There is a need for new test standards

• Testing with PAQ requires a measurement of subjective reactions

• Testing with human bio effluents as a source requires the use of 
humans as a source
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Testing Issues

• If only a test with chemical measurements is done, 
should it be allowed to reduce the building 
component?

• How to standardise the building source?

• How to standardise the human bio effluent source?

• What if human source is Chinese persons and 
testing panel is Danish persons?

• It is a relative measurement, which makes some of 
the issues less important

ENERGY USE-INDOOR ENVIRONMENT

• Reduced Energy Use
• Heating/Cooling of Supply Air
• Reduced energy for humidification and/or De-humidification
• Fan Energy
• Energy Use of Air Cleaner
• Heat Recovery or not

• Noise level
• Reduced air flow in AHU
• Noise from air cleaner

• Draught level
• Reduced air flow in occupied space
• Draught from portable air cleaner
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• A concept for substituting part of the required ventilation with gas phase air 
cleaning technology has been presented

• There is a need for new testing standards that considers perceived air quality and 
human emissions as a source.

• The energy impact of using gas phase air cleaning must be studied further. By 
reducing the ventilation rate energy use can be reduced for:
• pre-heating or pre-cooling of outside supply air

• humidifying or de-humidifying

• fan energy for air transport

• Energy use may be increased due to:
• Additional fan energy for stand-alone air cleaners

• Additional fan energy due to increased pressure drop over the device

• Reduced potential for cooling by outside air

• 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. 

Conclusion

Bjarne W. Olesen

bwo@byg.dtu.dk

Questions?
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