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Annex text   
Energy Efficient IAQ Management in residential buildings 
     
This annex will propose an integrated rating method for the performance assessment and optimization of energy 
efficient strategies of managing the indoor air quality (IAQ) in new and existing residential buildings.  
To achieve this, we will gather the existing scientific knowledge and data on pollution sources in buildings, look at 
the opportunities that spring from the rise of IoT connected sensors, study current and innovative use cases of IAQ 
management strategies and develop road maps to ensure the continuous performance of the proposed solutions 
over their lifetime.  
In the annex, experts from different fields including mechanical engineering, building science, chemistry, data 
science and environmental health will work together with other stakeholders towards consensus on the basic 
assumptions that underlie such a performance assessment and practical guidelines and tools to bring the results to 
practice.  
The goal is to accelerate the development of better and more energy efficient IAQ management strategies to address 
rapidly changing expectations of the home environment due to challenges such as peak oil, climate change or 
pandemics. 
 
1. Background, research issues and justification 
   
The energy performance of new and existing residential buildings needs to be radically improved to meet ambitious 
climate change goals and residential buildings are by far the largest component in the total building stock. A central 
boundary condition in constructing energy efficient buildings is doing so while maintaining a healthy, acceptable 
and desirable indoor environment. In its mission statement, the IEQ-Global alliance (IEQ_GA) states that Indoor 
Environmental Quality includes the thermal environment, the indoor air quality, lighting and the acoustic 
environment that occupants experience in buildings. While ventilation is the main strategy that is adopted for IAQ 
management, other technologies influencing IAQ (e.g. air filtration) are available as well and a large number of 
ventilation strategies exist. There is, however, no coherent assessment framework to rate and compare the 
performance of IAQ management strategies. This annex will therefore focus on assessing the performance trade-
off between and identifying the optimal solutions for maximizing energy savings while guaranteeing a high level of  
indoor air quality in new, renovated and existing residential buildings.   
 
1.1 Background 
The annex will source from the knowledge on general residential ventilation that has been developed in completed 
EBC annexes, namely Annexes 8, 9, 18, 23, 27, 66, 68 and the AIVC (Annex 5). Below, the most important input from 
the final reports of these annexes and the open questions in light of the context given above are summarized. 
 
IEA EBC Annex 8 (1984-1987) dealt with the impact of occupant behavior on ventilation, its consequences from an 
energy point of view, and the suitability and applicability of different methods of influencing inhabitants' behaviour. 
It focused on window airing. It concluded that: 

- ventilation behaviour (its frequency and duration and its underlying motives) is related to the type of room 
in which it occurs; 
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1.3 Justification 
From the overview of the state of the art, it is clear that the issues raised in the previous section can’t be solved 
directly from existing knowledge. Partial answers to each of these issues are available, but a new annex is needed 
to address the gaps and integrate the available solutions in a coherent and operable rating method.  
International collaboration is a prerequisite for this effort since market access for innovative IAQ management 
strategies is currently blocked in many countries due to all kinds of prescriptive regulatory constraints. With the 
methods developed in the annex, we will be able to generate the necessary body of evidence to take regulatory 
action to overcome these barriers, generate consensus, open these markets and create a level playing field, which 
today is limited by very sparse and inconsistent approaches in the different member states. 
 
   
2. Aim, Objectives and Scope    
  
As mentioned above, the goal of this proposed annex is to work in an international collaboration to create an 
integrated general assessment method to operationalize the air quality approach suggested by IEA EBC Annex 9 to 
support the development, rating and implementation of innovative and highly energy efficient IAQ management 
strategies. 
 
An IAQ management strategy is understood to be any coherent set of measures by a stakeholder in the building 
that aims to improve IAQ.  
   
  
2.1 Aim 
The annex proposal aims to improve  the energy efficiency of the IAQ management strategies in operation and to 
improve their acceptability, control, installation quality and long-term reliability. 
 
Key objectives   
The Annex has the following specific key objectives:   

- To select metrics to assess energy performance and indoor environmental quality of an IAQ 
management strategy and study their aggregation 

- To improve the acceptability, control, installation quality and long-term reliability of IAQ management 
strategies by proposing specific metrics for these quality issues 

- To set up a coherent rating method for IAQ management strategy that takes into account the selected 
metrics    

- To identify or further develop the tools that will be needed to assist designers and managers of 
buildings in assessing the performance of an IAQ management strategy using the rating method 

- To gather existing or provide new standardized input data for the rating method 

- To study the potential use of smart materials as (an integral part of) an IAQ management strategy 

- To develop specific IAQ management solutions for retrofitting existing buildings 

- To benefit from recent advances in sensor technology and cloud-based data storage to systematically 
improve the quality of the implemented IAQ management strategies, ensure their operation and 
improve the quality of the rating method as well as  the input data 

- To improve the availability of these data sources by exploring use cases for their providers 

- To disseminate about each of the above findings.   
 
Relation to the EBC strategic plan 2019-2024   
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This annex will propose an integrated rating method for the performance assessment and optimization of energy 
efficient strategies of managing the indoor air quality (IAQ) in new and existing residential buildings.  
To achieve this, we will gather the existing scientific knowledge and data on pollution sources in buildings, look at 
the opportunities that spring from the rise of IoT connected sensors, study current and innovative use cases of IAQ 
management strategies and develop road maps to ensure the continuous performance of the proposed solutions 
over their lifetime.  
In the annex, experts from different fields including mechanical engineering, building science, chemistry, data 
science and environmental health will work together with other stakeholders towards consensus on the basic 
assumptions that underlie such a performance assessment and practical guidelines and tools to bring the results to 
practice.  
The goal is to accelerate the development of better and more energy efficient IAQ management strategies to address 
rapidly changing expectations of the home environment due to challenges such as peak oil, climate change or 
pandemics. 
 
1. Background, research issues and justification 
   
The energy performance of new and existing residential buildings needs to be radically improved to meet ambitious 
climate change goals and residential buildings are by far the largest component in the total building stock. A central 
boundary condition in constructing energy efficient buildings is doing so while maintaining a healthy, acceptable 
and desirable indoor environment. In its mission statement, the IEQ-Global alliance (IEQ_GA) states that Indoor 
Environmental Quality includes the thermal environment, the indoor air quality, lighting and the acoustic 
environment that occupants experience in buildings. While ventilation is the main strategy that is adopted for IAQ 
management, other technologies influencing IAQ (e.g. air filtration) are available as well and a large number of 
ventilation strategies exist. There is, however, no coherent assessment framework to rate and compare the 
performance of IAQ management strategies. This annex will therefore focus on assessing the performance trade-
off between and identifying the optimal solutions for maximizing energy savings while guaranteeing a high level of  
indoor air quality in new, renovated and existing residential buildings.   
 
1.1 Background 
The annex will source from the knowledge on general residential ventilation that has been developed in completed 
EBC annexes, namely Annexes 8, 9, 18, 23, 27, 66, 68 and the AIVC (Annex 5). Below, the most important input from 
the final reports of these annexes and the open questions in light of the context given above are summarized. 
 
IEA EBC Annex 8 (1984-1987) dealt with the impact of occupant behavior on ventilation, its consequences from an 
energy point of view, and the suitability and applicability of different methods of influencing inhabitants' behaviour. 
It focused on window airing. It concluded that: 

- ventilation behaviour (its frequency and duration and its underlying motives) is related to the type of room 
in which it occurs; 
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improve their acceptability, control, installation quality and long-term reliability. 
 
Key objectives   
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Relation to the EBC strategic plan 2019-2024   

A bit of history about this annex

• Annex 68: Indoor Air Quality Design and Control in Low Energy Residential 
Buildings
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particles within the zone air is equal to the rate that particles are added to the zone air (from 
the outdoors via infiltration, from the supply airflow of the AHS, and directly by particle 
generation within the zone) minus the rate they are removed from the zone air (via the return 
airflow of the AHS and deposition to the room surfaces). Equation (2) indicates the time rate of 
change of particle mass on the surfaces of the zone is equal to the rate that particles are 
deposited on the surfaces. CONTAM performs all contaminant calculations in mass-based units. 
However, particle sources can also be input on a number basis. The tool converts between 
mass-based and number-based units using the user defined particle diameter and density.  

 

 

Figure 1 – Schematic of Single-zone Model 
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where: 

C = particle concentration in air [kg/m3], subscripts: zone, outdoor air, and supply 
Q = volumetric airflow rate [m3/s], subscripts: supply, return, infiltration,  

air cleaner, and local exhaust  
Lsi = surface loading for surface i [kg/m2] 
V = zone volume [m3] 
Asi = deposition surface area for surface i [m2] 

di = particle deposition velocity for surface i [m/s] ( d = kd V /As) 
Ns = number of surfaces (floor, walls, and ceiling) 

ac = particle filtration efficiency of air cleaner [-] 
kd = particle deposition rate [1/s] 
G = particle generation rate [kg/s] 
P = particle penetration factor [-] 
t = time [s] 
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Figure 41: An example of IAQ/Energy signature for low-energy residential buildings (data represented here 

are just for display and do not represent actual situation).  
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A bit of history about this annex

• Annex 68: Indoor Air Quality Design and Control in Low Energy Residential 
Buildings

• Remaining questions:
• How to assess the performance trade-off between solutions for maximizing energy 

savings while guaranteeing a high level of maintaining indoor air quality in residential 
buildings?

• How to identify optimal solutions?

• How to include operational constraints and durability?
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particles within the zone air is equal to the rate that particles are added to the zone air (from 
the outdoors via infiltration, from the supply airflow of the AHS, and directly by particle 
generation within the zone) minus the rate they are removed from the zone air (via the return 
airflow of the AHS and deposition to the room surfaces). Equation (2) indicates the time rate of 
change of particle mass on the surfaces of the zone is equal to the rate that particles are 
deposited on the surfaces. CONTAM performs all contaminant calculations in mass-based units. 
However, particle sources can also be input on a number basis. The tool converts between 
mass-based and number-based units using the user defined particle diameter and density.  

 

 

Figure 1 – Schematic of Single-zone Model 
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airflow of the AHS and deposition to the room surfaces). Equation (2) indicates the time rate of 
change of particle mass on the surfaces of the zone is equal to the rate that particles are 
deposited on the surfaces. CONTAM performs all contaminant calculations in mass-based units. 
However, particle sources can also be input on a number basis. The tool converts between 
mass-based and number-based units using the user defined particle diameter and density.  
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di = particle deposition velocity for surface i [m/s] ( d = kd V /As) 
Ns = number of surfaces (floor, walls, and ceiling) 

ac = particle filtration efficiency of air cleaner [-] 
kd = particle deposition rate [1/s] 
G = particle generation rate [kg/s] 
P = particle penetration factor [-] 
t = time [s] 
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2 

particles within the zone air is equal to the rate that particles are added to the zone air (from 
the outdoors via infiltration, from the supply airflow of the AHS, and directly by particle 
generation within the zone) minus the rate they are removed from the zone air (via the return 
airflow of the AHS and deposition to the room surfaces). Equation (2) indicates the time rate of 
change of particle mass on the surfaces of the zone is equal to the rate that particles are 
deposited on the surfaces. CONTAM performs all contaminant calculations in mass-based units. 
However, particle sources can also be input on a number basis. The tool converts between 
mass-based and number-based units using the user defined particle diameter and density.  

 

 

Figure 1 – Schematic of Single-zone Model 
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where: 

C = particle concentration in air [kg/m3], subscripts: zone, outdoor air, and supply 
Q = volumetric airflow rate [m3/s], subscripts: supply, return, infiltration,  

air cleaner, and local exhaust  
Lsi = surface loading for surface i [kg/m2] 
V = zone volume [m3] 
Asi = deposition surface area for surface i [m2] 

di = particle deposition velocity for surface i [m/s] ( d = kd V /As) 
Ns = number of surfaces (floor, walls, and ceiling) 

ac = particle filtration efficiency of air cleaner [-] 
kd = particle deposition rate [1/s] 
G = particle generation rate [kg/s] 
P = particle penetration factor [-] 
t = time [s] 
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Mash-up of Weschler et al. & Dols, 2020, https://doi.org/10.6028/NIST.TN.2095
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Figure 6.14 Principle of how to obtain the health-equivalent energy efficiency factor. D_ref 
and C_ref are the reference lines defined by varying nominal system D and 
nominal system C respectively. Lin_ref is a theoretical reference line based on 
targets. 

In line with the Freduc study, the reference curve can be defined by the health-scores 

of the nominal (NBN-D50-001) ventilation system most closely resembling the 

smart ventilation system conceptually (e.g. exhaust only continuous ventilation vs 

exhaust only smart ventilation system). In the Freduc study, the curve is obtained by 

varying the maximum flow rate of the respective continuous airflow reference 

system between 30% and 100% of the nominal flow rate with increments of 5% or 

10%. A slightly different approach is displayed in Figure 6.14, where the health scores 

obtained for three reference points (10%, 50% and 100% of the nominal flow rate) 

define a unique exponential decay function. 

For a system with relative indicators [Esys, Dsys]: 

Eq. 6.24 η = 
Esys

Esys,ref(Dsys)
 

With 

  η [-] Health equivalent energy efficiency reduction 

factor 
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A RATING ECOLOGY

A definition: the totality or 

pattern of relations between 

organisms and their 

environment. 

(Merriam-Webster dictionary)
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