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IEA EBC Annex XX – May 2020 
   
Jelle Laverge, Ghent University   
   
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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The energy performance of new and existing residential buildings needs to be radically improved to meet ambitious 
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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   

Annex 86

Partners

42 institutes from 24 countries

Active participation by companies 
encouraged!
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over their lifetime.  
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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; 

List of annex participants per country:
Australia: CSIRO
Austria: University of Innsbruck
Belgium: UGent, KUL, BBRI, University of Antwerp
Brazil: Pontfical Catholic University of Parana
Canada: NRC
Chile: PUC
China: Nanjing University, BUCE and Tsinghua University
Denmark: DTU and Aalborg University Copenhagen
Finland: Aalto University
France: La Rochelle University, ENS PSL, CEREMA, Université de Lille, UPJV and CETIAT
Germany: TH Rosenheim
Ireland: NUIG
Italy: EURAC research center
New Zealand: BRANZ
Netherlands: Technical University of Eindhoven, BBA/TUDelft and Zehnder
Norway: Oslo Metropolitan University and SINTEFF
Portugal: University of Coimbra, Polytechnic Institute of Viseu and University of Porto
Singapore: National University of Singapore
Spain: Eduardo Torroja Institute for Constructon Sciences – CSIC
Sweden: Chalmers University and KTH
Switzerland: ETH
Turkey: TTMD
United Kingdom: University of Strathclyde, Lancaster University and University of Nottingham
USA: Syracuse University, UMD, UTexas and LBL
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Workplan

6 Subtasks

ST 1 and 2: methodology

ST 3 and 4: application to technology

ST 5: new opportunities through IoT

ST 6: dissemination and management
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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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In addition to a rating method, the annex will provide the target audience with tools for the development, design 
and quality testing based on the performance and practical results of a proposed IAQ management strategy. With 
these tools, manufacturers and practitioners will be able to identify quality products and select the most 
appropriate systems for their applications and projects. 
 
Building owners and occupants, facility managers, environmental health professionals and researchers not 
participating in the annex are secondary stakeholders for the proposed annex 
 
    
3. Means   
 
By mapping the existing work on the pollution sources in residential context (including occupant activities and the 
penetration of outdoor pollution), we want to develop a consistent set of metrics that allows us to assess the 
performance of the various technologies in terms of energy efficiency, comfort and health for the occupants. This 
includes extending the framework developed in Annex 68 with specific metrics for energy efficiency and particulate 
matter, explicitly including moisture control and HVAC component modeling as well as creating a common 
methodology for IAQ data sharing among smart devices. By pooling and analyzing the data, the range of conditions 
in dwellings can be better understood and the most appropriate energy efficient IAQ management strategies can 
be identified. The application of the metrics over time will also allow continuous commissioning to ensure that the 
predicted energy efficiency is actually maintained over the lifetime of the system. Another advantage is the 
possibility of conveying the information towards building occupants, building operators and facility managers in a 
coherent way. Ensuring performance over the lifetime of the system, however, requires continuous commissioning 
of the technical components of the system as well to prevent deterioration of the performance.  
These activities will be structured in 6 subtasks as described below.  
   
 
3.1 Methodology 
A range of methods will be used to accomplish the work in this annex, ranging from literature review to 
experimental lab work. There will be face to face consent workshops, for the development of the rating method. 
There will also be a considerable amount of numerical modeling to compare system options in identical conditions. 
 
 
3.2 Research Strategy 
The general research strategy of the annex is cyclical consent building. The 6 subtasks proceed in parallel, each with 
their specific work plan, methods and goals, but yet coordinate closely where needed to achieve the overall goal of 
the Annex. Although the subtasks work largely in parallel, their work is closely interconnected, with the results from 
the different tasks feeding into the work of others. This requires an iterative process of interaction with the whole 
group. Contributing from their own activities, the subtasks work together towards a set of 4 common deliverables. 
The 6-monthly meetings (in person or via internet) are used to exchange status across the different subtasks and 
monitor the overall convergence of the work. At the end of these meetings, the work plans for the next 6 months 
are discussed in plenary and updated based on the latest findings in the other subtasks.  
 
 
3.3 Subtasks and division of work  
Subtask 1 Metrics and development of an IAQ management strategy rating method  
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This subtask is devoted to the development of a general rating method for the benchmarking of the performance 
of IAQ management systems. In addition to relevant metrics, a set of appropriate tools, consistent modeling 
assumptions and monitoring protocols are also proposed. 
   
Activities:   
A1.1  Selecting performance metrics. 

Starting from a thorough analysis of the metrics currently used in different partner countries, those 
described in literature dedicated to smart ventilation and in Annex 68, this activity addresses how to include, 
in addition to health, other factors such as comfort, productivity, user friendliness, durability, sustainability, 
resilience and economic factors (investment and operational costs) in a residential context. This includes 
proposing a method to aggregate the selected metrics for optimization purposes.  
 
UoN: will lead the literature review and summarize it for publication 

UoN: will carry out a health impact study of known pollutant in houses and prioritize them to determine criteria 
pollutants (this will link with ST2) 

PUC: will contribute to the literature review 
LU: will contribute to literature review 

UoS can contribute to the literature review on IAQ parameters/ metrics and methodology development for 
assessing IAQ in energy efficient homes  
BBRI: can search for criteria based on current results on filtration of PM, performance assessment of ventilation 
systems (IAQ and Energy), and possibly LCA analysis 
UGent: will collaborate with BBRI 

ULR: will contribute to the literature review 
DTU: will collaborate with UoN  
 

A1.2 Setting up a rating method. 
The rating method describes the requirements for the modeling tools, the matching of relevant modeling 
assumptions and monitoring protocols. Rather than selecting 1 specific option for each of these, this activity 
is focused on systematically analyzing the properties and mechanisms of the IAQ management strategies 
under consideration and matching these with the available options. 

 
UoN: will consider appropriate monitoring diagnostics required to determine an IAQ metric 
PUC: will consider appropriate monitoring diagnostics required to determine an IAQ metric 
DTU: will consider appropriate monitoring diagnostics required to determine an IAQ metric 
 
A1.3 Use case testing. 

This activity consists of checking that the needs of the stakeholders are met with the proposed rating method 
through use cases where the proposed methods are applied to current questions of the stakeholders.  

 
UoN: Will apply metrics to a case study problem to quantify the health effects of an intervention in homes 
PUC: will apply metrics to a case study problem to quantify the health effects of an intervention in homes 
BBRI: can apply to a case study 
DTU: Will try to apply metrics to a case study problem to quantify the health effects of an intervention in homes 
(dependent on available projects). 

 
Deliverables:   
D1.1 A literature review on relevant performance metrics.   
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D1.2 A literature review and synthesis report on appropriate modeling tools, relevant modeling assumptions and 
monitoring protocols  

D1.3 A report of use cases of coherent sets of performance metrics and matching tools 
 
Partners involved:  
UoN (UK), PUC (Chile), BBRI (BE), UGent (BE), UoS (UK), ULR (FR), LU (UK), DTU (DK) 
 
Stakeholders involved: 

- Policy makers and regulatory bodies will be able to use this method for the rating of energy efficient iaq 
management systems 

- Manufacturers (eg. enVerid (USA)) will be able to use the method to further develop and benchmark their 
product portfolio 

 
   
Subtask 2 Source characterization and typical exposure in residential buildings 
This ST creates consistent input values for the assessment method developed in ST 1 and control strategies in ST 4. 
It starts from information available in literature, adding new experimental results where needed and reviewing and 
developing models (empirical, semi-empirical or physical models) for characterizing relevant residential sources. 
Areas of particular interest are: 
- Sources from building materials and pieces of furniture (review and consolidation of models and 

parameters) 
- Indoor sources from occupants and occupant activities (cooking, cosmetics, cleaning…) and occupancy 

patterns (partly drawing on the outputs of Annex 79) 
- Heating and cooking appliances (wood and gas stoves, fireplaces…) 
- Outdoor sources (from air and from ground) 
- Biological activity (fungal growth) 
- Secondary emissions due to indoor chemistry (e.g., O3-initiated reactions)  
- Bedroom environments 
- Epidemiology aspects (airborne transmission paths) 
   
Activities:   
A2.1 Literature review  

This activity includes a review of existing data regarding indoor sources of residential buildings and inputs 
regarding the outdoor sources. Emission rates of indoor sources will be compiled into an internet-based 
database available for the scientific community in open access. 
 

UASoS: will lead and coordinate literature review 
ULille : we will participate in the literature review 
LU: can contribute to literature review 
ULR : we will participate in the literature review 
EPFL: will contribute to this subtask 
SU: on secondary emissions, VOCs, cooking emissions 
NJU: on SVOCs and VOCs 
TU: Emissions from occupants 
BRANZ : can contribute to literature review 
BBRI: we can contribute to the literature review with a focus on indoor sources in Belgian dwellings and (S)VOC 
emission rate from interior paints and varnishes, and also on the outdoor sources and PM issue. 
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NJU: Small scale chamber tests will be conducted to obtain SVOCs and VOCs emission data. 
TU: Emissions from occupants are available from past research projects (new data may also be available from their 
occupant testing chamber--please check with Prof. Xudong Yang). 
BBRI: we can contribute with (S)VOC emission data from interior paints and varnishes. 
UASoS: we will review and test available source models and coordinate further developments 

 
Partners involved:    
UASoS (AT), ULR (FR), ULille (FR), LU (UK), NUIG (Ire), UoS (UK), UoN (UK), EPFL (CH), SU (USA), NJU (CN), TU (CN), 
BBRI (BE), CETIAT (FR), PUC (CHile), BRANZ (NZ) 

 
Stakeholders involved: 
Regulatory bodies, environmental health professionals and researchers will be able to refer to the collected input 
data 
  
Deliverables:    
D2.1 Report on source characterization and typical exposure in residential buildings. 
D2.2 An internet-based open access database of emission rates of indoor sources. 
D2.3 A database on residential IAQ. 
 
 
Subtask 3 Smart materials as an IAQ management strategy 
This ST identifies opportunities to use the building structure and (bio-based) building materials (focussing on hemp 
concrete) and the novel functional materials inside it to actively/passively manage the IAQ, for example, through 
active paint, wallboards, textiles coated with advanced sorbents or hemp concrete, and quantifies their potential 
based on the assessment framework developed in ST 1.  
 
Activities:    
A3.1  Material properties and characterization of the products 

Literature survey and laboratory testing to gather relevant data and existing knowledge about properties 
for transport, retention and emission of chemical substances and moisture in new functional materials (eg. 
Metal-organic frameworks (MOFs), precise humidity control material (PHCM), hemp concrete, etc.). A 
starting point will be the further study of the similarities between VOC and moisture diffusion. 
 

DTU will develop the new functional materials and characterize its adsorption/conversion capabilities. 
SU & DTU will jointly investigate the applicability of the similarity principle to the new functional materials. 
SU & UPJV will jointly test and model the hemp concrete material and simulate its potential impact on damping 
the VOC concentration as well RH in ventilated spaces. 
 
A3.2  Modeling of the behaviour under typical residential conditions 

Model setup and laboratory tests to analyze the performance of the new materials for IAQ control in 
residential buildings. The behaviour of the materials over time under different climates will be analyzed and 
corresponding control strategies for IAQ management will be developed.  
 

UPJV and SU: Modeling the effect of RH on VOC and moisture potential buffering capacities of hemp concrete in 
building materials, study the effect of coating layer (for multi-layered wall) on IAQ and thermal comfort 
SU and NJU: Chamber tests will be conducted to evaluate the effectiveness of selected functional materials for 
VOC adsorption/conversion to validate the model prediction. 
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A3.3  Assessing energy saving and exposure reduction potential 

Numerical simulations to study the energy saving and exposure reduction potential of the new smart 
materials in residential buildings under different climatic conditions.  

 

DTU and UMD: Experimental and modelling study of the energy saving potential of the new functional materials 
in residential buildings under different climates  
BUCEA and DTU: Experiments on exposure reduction potential of the new materials in residential buildings  
 
Partners involved:    
DTU (DK), SU (USA), UMD (USA), UPJV (FR), NJU (CN), BUCEA (CN), BBRI (BE) 
 
Stakeholders involved:    
-        Manufacturers of building materials shall be involved regarding testing and possible co-development of 

products that have function to absorb indoor pollutants.  
-      Building designers, health organizations and technological institutes who make testing for industry and run 

their labelling systems are also among potential stakeholders.  
 
Deliverables:    
D3.1 A database of emission and transport properties of the smart materials developed in the project for active 

IAQ control. 
D3.2 Mechanistic models for estimating the energy saving and exposure reduction potential of the new materials 

under realistic environmental conditions. The database and models will be published in scientific journal 
articles and in a project report. 

D3.3 Chamber test data to validate the simulation model and confirm the effectiveness of selected smart 
materials or products. 

 
 
Subtask 4 Ensuring performance of smart ventilation 
This subtask focuses on practical conditions that assure reliable, cost effective and robust implementation of smart 
ventilation. This includes both installation and operation. A poor performance of smart ventilation systems can not 
only lead to waste of energy and aggravated IAQ. It can also create a bad reputation of smart ventilation among 
relevant stakeholders - designers, installers as well as occupants. This, in the end, can lead to adoption of more 
primitive, less efficient (in terms of energy use) and less effective (in terms of IAQ) forms of IAQ management. The 
subtask defines a smart ventilation according to the AIVC: “Smart ventilation is a process to continually adjust the 

ventilation system in time, and optionally by location, to provide the desired IAQ benefits while minimizing energy 

consumption, utility bills and other non-IAQ costs (such as thermal discomfort or noise). (…)”. Starting from this 
definition, demand-controlled ventilation (DCV) is considered as a specific subset of smart ventilation. This 
definition of smart ventilation includes a wide range of systems currently available in the literature and on the 
market depending on the type of sensing parameters (CO2, humidity, occupancy, …), the type of sensing 
combinations, the type of installation (centralized/decentralized) and the types of control algorithms. The subtask 
will also  extend the scope to include alternative airflow distribution patterns and system configurations.      
 
Activities:    
A4.1  Rating existing smart ventilation strategies 

This activity includes a review of existing knowledge about IAQ and energy performances of residential 
smart ventilation, their cost, and the choice of several (max. 5-7) smart ventilation strategies being 
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Deliverables:    
D4.1 Review report on IAQ and energy performance of smart ventilation (activity 4.1) 
D4.2 Investigation report : IAQ and energy performances, durability and occupant interaction of 5 smart 

ventilation strategies 
D4.3 Inspection protocol for residential smart ventilation ensuring the guaranteed performance over the lifetime 
 
 
Subtask 5 Energy savings and IAQ: improvements and validation through cloud data and IoT connected devices 
This subtask is exploring the potential of the new generation of IoT connected devices (both standalone and 
embedded in eg. AHU’s) for smart IAQ management. What can we learn from big data? Can we benchmark system 
energy and IAQ performance based on this data? How can we make sure that the data is available and can be 
accessed? Can we update what we think we know about what happens in dwellings based on what we see in big 
data rollouts? What are the best protocols and ontologies? How to create viable services out of the data/business 
plans? How can we integrate data with smart grids? 
These issues will be addressed by reporting experiences from a series of implementation case studies and overview 
of available (types of) datasets. 

The implementation case studies will showcase state-of-the-art use of cloud data in the context of IAQ management 
systems regarding one or more of the following goals: 

- Continuous commissioning (see link with ST4): fault diagnosis, (preventive) maintenance 
- Continuous optimisation (see link with ST4): self-learning and -calibration, predictive control 
- 2-way user-centered communication: giving and getting feedback to and from users 
- Learning, developing and assessing: improving scientific knowledge, assessment frameworks and product 

development and targeting  
- New business cases or applications: e.g. related to aggregation and availability of IAQ or OAQ data-sets, 

offline and in real-time online, for R&D or real-time commissioning/optimisation/… 

Some of the above mentioned goals are strongly related to some of the aims and activities of other subtasks. Within 
Subtask 5, the focus will be on the specific challenges from the use of IoT, as IoT offers great potential to support 
those activities.  Added challenges studied in this subtask will include: 

- Discerning cause and effects (e.g. system biased results, availability of control groups or control(led) 
periods…) 

- Using external or indirect/deduced values (e.g. data from other, local or remote data sources to 
complement embedded sensors (from IAQ monitoring units, presence information from security systems, 
OAQ, weather forecasts...), balancing optimal use of those external sources and robustness/fall-backs) 

- Practical concerns: GDPR & IT (soft- & hardware): focussing on specificities of IAQ control strategies and 
related metrics (e.g. location and durability/calibration/… of sensors, instantaneousness) (for data 
communication and management protocols, see other IEA-EBC Annex 81) 

- … 
 

It is not the aim of this subtask to deepen the knowledge on the separate fields of research related to these 
challenges in general (e.g. developing new state-of-the art communication protocols: see IEA-EBC Annex 81), but 
to focus on the specificities related to energy efficient IAQ management strategies in residential buildings. 
Different types of activities will take place in this subtask. The first (Activity 5.1) will focus on classification and 
registration of existing data-sets relevant for the goals mentioned above (e.g. IAQ, OAQ, climate data…, real-time 
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This activity will focus on the state-of-the-art on improved and continuous commissioning and optimisation 
of IAQ management systems using IoT sensors and cloud data. Examples of methods explored in this activity 
can be monitoring systems based on IoT sensors and/or internet enabled ventilation systems, which allow 
the building operator to identify operation anomalies like unbalanced airflows, malfunctioning by-pass in 
heat recovery or faulty sensors in particular rooms. These methods can be based on automated analysis of 
sensor data, potentially complemented with cloud-based interactions with the user (e.g. via apps). 

 
DTU will contribute with data from several case studies in apartment buildings including both decentralized and 
room-based ventilation systems. We are currently working on methods for analysis and visualization of data 
collected from residential ventilation systems. This work will continue under the annex.   
CETIAT could be interested to contribute to this task by working on how the data from the control sensors can 
provide information useful for the monitoring and maintenance of the systems. 
ULille developing realtime online systems for IAQ monitoring, occupancy… visualization, analysis. 
 
Partners involved:    

UGent (BE), DTU (DK), LU (UK), ULille (FR), CETIAT (FR) 
 

Stakeholders involved: 
- manufacturers offering IoT connected IAQ monitoring and management devices research institutes, 

governmental agencies and regulatory bodies   
for 

- conclusions from the data analysis 
- use cases of their data 

 
Deliverables:    
5.1  Classification/reporting guideline on IoT-data for energy efficient IAQ management strategies 
5.2 Overview registry of the most important online datasets for energy efficient IAQ management strategies   
5.3 Report on the state of the art in offline IoT implementations for energy efficient IAQ management strategies 

5.4  Report on the state of the art in online IoT implementations for energy efficient IAQ management 
strategies 

 
 
Subtask 6 Dissemination, management and interaction 
The final subtask assures the close alignment of the activities within the annex and the interaction with the AIVC. 
This subtask includes the outreach of the annex, eg. by managing the dedicated section of the IEA EBC webpage. It 
uses the different platforms that the AIVC provides to interact with the broader target audience. This task will also 
ensure the continuation of the link with (the results from) other ongoing and ended annexes, especially annex 68.  
 
Activities: 
A6.1  Dissemination of the reports and results of the subtasks as TechNotes, Webinars or Ventilation nformation 
Papers (depending on the subject) 
A6.2  Alignment of the Annex meetings with AIVC meetings  
A6.3  Dedicated sessions during the AIVC conference 
A6.4  Regular updates on the progress through the newsletters and social media activities 
A6.5  Liaison with IEQ-GA and other annexes 
    
Deliverables:    

Annex 86

Workplan

6 Subtasks

ST 1 and 2: methodology

ST 3 and 4: application to technology

ST 5: new opportunities through IoT

ST 6: dissemination and management
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IEA EBC Annex XX – May 2020 
   
Jelle Laverge, Ghent University   
   
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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In addition to a rating method, the annex will provide the target audience with tools for the development, design 
and quality testing based on the performance and practical results of a proposed IAQ management strategy. With 
these tools, manufacturers and practitioners will be able to identify quality products and select the most 
appropriate systems for their applications and projects. 
 
Building owners and occupants, facility managers, environmental health professionals and researchers not 
participating in the annex are secondary stakeholders for the proposed annex 
 
    
3. Means   
 
By mapping the existing work on the pollution sources in residential context (including occupant activities and the 
penetration of outdoor pollution), we want to develop a consistent set of metrics that allows us to assess the 
performance of the various technologies in terms of energy efficiency, comfort and health for the occupants. This 
includes extending the framework developed in Annex 68 with specific metrics for energy efficiency and particulate 
matter, explicitly including moisture control and HVAC component modeling as well as creating a common 
methodology for IAQ data sharing among smart devices. By pooling and analyzing the data, the range of conditions 
in dwellings can be better understood and the most appropriate energy efficient IAQ management strategies can 
be identified. The application of the metrics over time will also allow continuous commissioning to ensure that the 
predicted energy efficiency is actually maintained over the lifetime of the system. Another advantage is the 
possibility of conveying the information towards building occupants, building operators and facility managers in a 
coherent way. Ensuring performance over the lifetime of the system, however, requires continuous commissioning 
of the technical components of the system as well to prevent deterioration of the performance.  
These activities will be structured in 6 subtasks as described below.  
   
 
3.1 Methodology 
A range of methods will be used to accomplish the work in this annex, ranging from literature review to 
experimental lab work. There will be face to face consent workshops, for the development of the rating method. 
There will also be a considerable amount of numerical modeling to compare system options in identical conditions. 
 
 
3.2 Research Strategy 
The general research strategy of the annex is cyclical consent building. The 6 subtasks proceed in parallel, each with 
their specific work plan, methods and goals, but yet coordinate closely where needed to achieve the overall goal of 
the Annex. Although the subtasks work largely in parallel, their work is closely interconnected, with the results from 
the different tasks feeding into the work of others. This requires an iterative process of interaction with the whole 
group. Contributing from their own activities, the subtasks work together towards a set of 4 common deliverables. 
The 6-monthly meetings (in person or via internet) are used to exchange status across the different subtasks and 
monitor the overall convergence of the work. At the end of these meetings, the work plans for the next 6 months 
are discussed in plenary and updated based on the latest findings in the other subtasks.  
 
 
3.3 Subtasks and division of work  
Subtask 1 Metrics and development of an IAQ management strategy rating method  
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This subtask is devoted to the development of a general rating method for the benchmarking of the performance 
of IAQ management systems. In addition to relevant metrics, a set of appropriate tools, consistent modeling 
assumptions and monitoring protocols are also proposed. 
   
Activities:   
A1.1  Selecting performance metrics. 

Starting from a thorough analysis of the metrics currently used in different partner countries, those 
described in literature dedicated to smart ventilation and in Annex 68, this activity addresses how to include, 
in addition to health, other factors such as comfort, productivity, user friendliness, durability, sustainability, 
resilience and economic factors (investment and operational costs) in a residential context. This includes 
proposing a method to aggregate the selected metrics for optimization purposes.  
 
UoN: will lead the literature review and summarize it for publication 

UoN: will carry out a health impact study of known pollutant in houses and prioritize them to determine criteria 
pollutants (this will link with ST2) 

PUC: will contribute to the literature review 
LU: will contribute to literature review 

UoS can contribute to the literature review on IAQ parameters/ metrics and methodology development for 
assessing IAQ in energy efficient homes  
BBRI: can search for criteria based on current results on filtration of PM, performance assessment of ventilation 
systems (IAQ and Energy), and possibly LCA analysis 
UGent: will collaborate with BBRI 

ULR: will contribute to the literature review 
DTU: will collaborate with UoN  
 

A1.2 Setting up a rating method. 
The rating method describes the requirements for the modeling tools, the matching of relevant modeling 
assumptions and monitoring protocols. Rather than selecting 1 specific option for each of these, this activity 
is focused on systematically analyzing the properties and mechanisms of the IAQ management strategies 
under consideration and matching these with the available options. 

 
UoN: will consider appropriate monitoring diagnostics required to determine an IAQ metric 
PUC: will consider appropriate monitoring diagnostics required to determine an IAQ metric 
DTU: will consider appropriate monitoring diagnostics required to determine an IAQ metric 
 
A1.3 Use case testing. 

This activity consists of checking that the needs of the stakeholders are met with the proposed rating method 
through use cases where the proposed methods are applied to current questions of the stakeholders.  

 
UoN: Will apply metrics to a case study problem to quantify the health effects of an intervention in homes 
PUC: will apply metrics to a case study problem to quantify the health effects of an intervention in homes 
BBRI: can apply to a case study 
DTU: Will try to apply metrics to a case study problem to quantify the health effects of an intervention in homes 
(dependent on available projects). 

 
Deliverables:   
D1.1 A literature review on relevant performance metrics.   
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D1.2 A literature review and synthesis report on appropriate modeling tools, relevant modeling assumptions and 
monitoring protocols  

D1.3 A report of use cases of coherent sets of performance metrics and matching tools 
 
Partners involved:  
UoN (UK), PUC (Chile), BBRI (BE), UGent (BE), UoS (UK), ULR (FR), LU (UK), DTU (DK) 
 
Stakeholders involved: 

- Policy makers and regulatory bodies will be able to use this method for the rating of energy efficient iaq 
management systems 

- Manufacturers (eg. enVerid (USA)) will be able to use the method to further develop and benchmark their 
product portfolio 

 
   
Subtask 2 Source characterization and typical exposure in residential buildings 
This ST creates consistent input values for the assessment method developed in ST 1 and control strategies in ST 4. 
It starts from information available in literature, adding new experimental results where needed and reviewing and 
developing models (empirical, semi-empirical or physical models) for characterizing relevant residential sources. 
Areas of particular interest are: 
- Sources from building materials and pieces of furniture (review and consolidation of models and 

parameters) 
- Indoor sources from occupants and occupant activities (cooking, cosmetics, cleaning…) and occupancy 

patterns (partly drawing on the outputs of Annex 79) 
- Heating and cooking appliances (wood and gas stoves, fireplaces…) 
- Outdoor sources (from air and from ground) 
- Biological activity (fungal growth) 
- Secondary emissions due to indoor chemistry (e.g., O3-initiated reactions)  
- Bedroom environments 
- Epidemiology aspects (airborne transmission paths) 
   
Activities:   
A2.1 Literature review  

This activity includes a review of existing data regarding indoor sources of residential buildings and inputs 
regarding the outdoor sources. Emission rates of indoor sources will be compiled into an internet-based 
database available for the scientific community in open access. 
 

UASoS: will lead and coordinate literature review 
ULille : we will participate in the literature review 
LU: can contribute to literature review 
ULR : we will participate in the literature review 
EPFL: will contribute to this subtask 
SU: on secondary emissions, VOCs, cooking emissions 
NJU: on SVOCs and VOCs 
TU: Emissions from occupants 
BRANZ : can contribute to literature review 
BBRI: we can contribute to the literature review with a focus on indoor sources in Belgian dwellings and (S)VOC 
emission rate from interior paints and varnishes, and also on the outdoor sources and PM issue. 
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A3.3  Assessing energy saving and exposure reduction potential 

Numerical simulations to study the energy saving and exposure reduction potential of the new smart 
materials in residential buildings under different climatic conditions.  

 

DTU and UMD: Experimental and modelling study of the energy saving potential of the new functional materials 
in residential buildings under different climates  
BUCEA and DTU: Experiments on exposure reduction potential of the new materials in residential buildings  
 
Partners involved:    
DTU (DK), SU (USA), UMD (USA), UPJV (FR), NJU (CN), BUCEA (CN), BBRI (BE) 
 
Stakeholders involved:    
-        Manufacturers of building materials shall be involved regarding testing and possible co-development of 

products that have function to absorb indoor pollutants.  
-      Building designers, health organizations and technological institutes who make testing for industry and run 

their labelling systems are also among potential stakeholders.  
 
Deliverables:    
D3.1 A database of emission and transport properties of the smart materials developed in the project for active 

IAQ control. 
D3.2 Mechanistic models for estimating the energy saving and exposure reduction potential of the new materials 

under realistic environmental conditions. The database and models will be published in scientific journal 
articles and in a project report. 

D3.3 Chamber test data to validate the simulation model and confirm the effectiveness of selected smart 
materials or products. 

 
 
Subtask 4 Ensuring performance of smart ventilation 
This subtask focuses on practical conditions that assure reliable, cost effective and robust implementation of smart 
ventilation. This includes both installation and operation. A poor performance of smart ventilation systems can not 
only lead to waste of energy and aggravated IAQ. It can also create a bad reputation of smart ventilation among 
relevant stakeholders - designers, installers as well as occupants. This, in the end, can lead to adoption of more 
primitive, less efficient (in terms of energy use) and less effective (in terms of IAQ) forms of IAQ management. The 
subtask defines a smart ventilation according to the AIVC: “Smart ventilation is a process to continually adjust the 

ventilation system in time, and optionally by location, to provide the desired IAQ benefits while minimizing energy 

consumption, utility bills and other non-IAQ costs (such as thermal discomfort or noise). (…)”. Starting from this 
definition, demand-controlled ventilation (DCV) is considered as a specific subset of smart ventilation. This 
definition of smart ventilation includes a wide range of systems currently available in the literature and on the 
market depending on the type of sensing parameters (CO2, humidity, occupancy, …), the type of sensing 
combinations, the type of installation (centralized/decentralized) and the types of control algorithms. The subtask 
will also  extend the scope to include alternative airflow distribution patterns and system configurations.      
 
Activities:    
A4.1  Rating existing smart ventilation strategies 

This activity includes a review of existing knowledge about IAQ and energy performances of residential 
smart ventilation, their cost, and the choice of several (max. 5-7) smart ventilation strategies being 
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Deliverables:    
D4.1 Review report on IAQ and energy performance of smart ventilation (activity 4.1) 
D4.2 Investigation report : IAQ and energy performances, durability and occupant interaction of 5 smart 

ventilation strategies 
D4.3 Inspection protocol for residential smart ventilation ensuring the guaranteed performance over the lifetime 
 
 
Subtask 5 Energy savings and IAQ: improvements and validation through cloud data and IoT connected devices 
This subtask is exploring the potential of the new generation of IoT connected devices (both standalone and 
embedded in eg. AHU’s) for smart IAQ management. What can we learn from big data? Can we benchmark system 
energy and IAQ performance based on this data? How can we make sure that the data is available and can be 
accessed? Can we update what we think we know about what happens in dwellings based on what we see in big 
data rollouts? What are the best protocols and ontologies? How to create viable services out of the data/business 
plans? How can we integrate data with smart grids? 
These issues will be addressed by reporting experiences from a series of implementation case studies and overview 
of available (types of) datasets. 

The implementation case studies will showcase state-of-the-art use of cloud data in the context of IAQ management 
systems regarding one or more of the following goals: 

- Continuous commissioning (see link with ST4): fault diagnosis, (preventive) maintenance 
- Continuous optimisation (see link with ST4): self-learning and -calibration, predictive control 
- 2-way user-centered communication: giving and getting feedback to and from users 
- Learning, developing and assessing: improving scientific knowledge, assessment frameworks and product 

development and targeting  
- New business cases or applications: e.g. related to aggregation and availability of IAQ or OAQ data-sets, 

offline and in real-time online, for R&D or real-time commissioning/optimisation/… 

Some of the above mentioned goals are strongly related to some of the aims and activities of other subtasks. Within 
Subtask 5, the focus will be on the specific challenges from the use of IoT, as IoT offers great potential to support 
those activities.  Added challenges studied in this subtask will include: 

- Discerning cause and effects (e.g. system biased results, availability of control groups or control(led) 
periods…) 

- Using external or indirect/deduced values (e.g. data from other, local or remote data sources to 
complement embedded sensors (from IAQ monitoring units, presence information from security systems, 
OAQ, weather forecasts...), balancing optimal use of those external sources and robustness/fall-backs) 

- Practical concerns: GDPR & IT (soft- & hardware): focussing on specificities of IAQ control strategies and 
related metrics (e.g. location and durability/calibration/… of sensors, instantaneousness) (for data 
communication and management protocols, see other IEA-EBC Annex 81) 

- … 
 

It is not the aim of this subtask to deepen the knowledge on the separate fields of research related to these 
challenges in general (e.g. developing new state-of-the art communication protocols: see IEA-EBC Annex 81), but 
to focus on the specificities related to energy efficient IAQ management strategies in residential buildings. 
Different types of activities will take place in this subtask. The first (Activity 5.1) will focus on classification and 
registration of existing data-sets relevant for the goals mentioned above (e.g. IAQ, OAQ, climate data…, real-time 
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This activity will focus on the state-of-the-art on improved and continuous commissioning and optimisation 
of IAQ management systems using IoT sensors and cloud data. Examples of methods explored in this activity 
can be monitoring systems based on IoT sensors and/or internet enabled ventilation systems, which allow 
the building operator to identify operation anomalies like unbalanced airflows, malfunctioning by-pass in 
heat recovery or faulty sensors in particular rooms. These methods can be based on automated analysis of 
sensor data, potentially complemented with cloud-based interactions with the user (e.g. via apps). 

 
DTU will contribute with data from several case studies in apartment buildings including both decentralized and 
room-based ventilation systems. We are currently working on methods for analysis and visualization of data 
collected from residential ventilation systems. This work will continue under the annex.   
CETIAT could be interested to contribute to this task by working on how the data from the control sensors can 
provide information useful for the monitoring and maintenance of the systems. 
ULille developing realtime online systems for IAQ monitoring, occupancy… visualization, analysis. 
 
Partners involved:    

UGent (BE), DTU (DK), LU (UK), ULille (FR), CETIAT (FR) 
 

Stakeholders involved: 
- manufacturers offering IoT connected IAQ monitoring and management devices research institutes, 

governmental agencies and regulatory bodies   
for 

- conclusions from the data analysis 
- use cases of their data 

 
Deliverables:    
5.1  Classification/reporting guideline on IoT-data for energy efficient IAQ management strategies 
5.2 Overview registry of the most important online datasets for energy efficient IAQ management strategies   
5.3 Report on the state of the art in offline IoT implementations for energy efficient IAQ management strategies 

5.4  Report on the state of the art in online IoT implementations for energy efficient IAQ management 
strategies 

 
 
Subtask 6 Dissemination, management and interaction 
The final subtask assures the close alignment of the activities within the annex and the interaction with the AIVC. 
This subtask includes the outreach of the annex, eg. by managing the dedicated section of the IEA EBC webpage. It 
uses the different platforms that the AIVC provides to interact with the broader target audience. This task will also 
ensure the continuation of the link with (the results from) other ongoing and ended annexes, especially annex 68.  
 
Activities: 
A6.1  Dissemination of the reports and results of the subtasks as TechNotes, Webinars or Ventilation nformation 
Papers (depending on the subject) 
A6.2  Alignment of the Annex meetings with AIVC meetings  
A6.3  Dedicated sessions during the AIVC conference 
A6.4  Regular updates on the progress through the newsletters and social media activities 
A6.5  Liaison with IEQ-GA and other annexes 
    
Deliverables:    
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NJU: Small scale chamber tests will be conducted to obtain SVOCs and VOCs emission data. 
TU: Emissions from occupants are available from past research projects (new data may also be available from their 
occupant testing chamber--please check with Prof. Xudong Yang). 
BBRI: we can contribute with (S)VOC emission data from interior paints and varnishes. 
UASoS: we will review and test available source models and coordinate further developments 

 
Partners involved:    
UASoS (AT), ULR (FR), ULille (FR), LU (UK), NUIG (Ire), UoS (UK), UoN (UK), EPFL (CH), SU (USA), NJU (CN), TU (CN), 
BBRI (BE), CETIAT (FR), PUC (CHile), BRANZ (NZ) 

 
Stakeholders involved: 
Regulatory bodies, environmental health professionals and researchers will be able to refer to the collected input 
data 
  
Deliverables:    
D2.1 Report on source characterization and typical exposure in residential buildings. 
D2.2 An internet-based open access database of emission rates of indoor sources. 
D2.3 A database on residential IAQ. 
 
 
Subtask 3 Smart materials as an IAQ management strategy 
This ST identifies opportunities to use the building structure and (bio-based) building materials (focussing on hemp 
concrete) and the novel functional materials inside it to actively/passively manage the IAQ, for example, through 
active paint, wallboards, textiles coated with advanced sorbents or hemp concrete, and quantifies their potential 
based on the assessment framework developed in ST 1.  
 
Activities:    
A3.1  Material properties and characterization of the products 

Literature survey and laboratory testing to gather relevant data and existing knowledge about properties 
for transport, retention and emission of chemical substances and moisture in new functional materials (eg. 
Metal-organic frameworks (MOFs), precise humidity control material (PHCM), hemp concrete, etc.). A 
starting point will be the further study of the similarities between VOC and moisture diffusion. 
 

DTU will develop the new functional materials and characterize its adsorption/conversion capabilities. 
SU & DTU will jointly investigate the applicability of the similarity principle to the new functional materials. 
SU & UPJV will jointly test and model the hemp concrete material and simulate its potential impact on damping 
the VOC concentration as well RH in ventilated spaces. 
 
A3.2  Modeling of the behaviour under typical residential conditions 

Model setup and laboratory tests to analyze the performance of the new materials for IAQ control in 
residential buildings. The behaviour of the materials over time under different climates will be analyzed and 
corresponding control strategies for IAQ management will be developed.  
 

UPJV and SU: Modeling the effect of RH on VOC and moisture potential buffering capacities of hemp concrete in 
building materials, study the effect of coating layer (for multi-layered wall) on IAQ and thermal comfort 
SU and NJU: Chamber tests will be conducted to evaluate the effectiveness of selected functional materials for 
VOC adsorption/conversion to validate the model prediction. 

Annex 86
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Energy savings and IAQ: improvements and validation through 
cloud data and IoT connected devices 

- Smartness 
(e.g. smart ventilation incl. continuous commissioning & optimization, use of remote data, ST4)

- Knowledge & data-sets 
(e.g. for defining metrics (ST1), typical exposures (ST2)

applications 
real-time & delayed, on-line & off-line, new business cases?

challenges 
• real-life, uncontrolled environments (cause/effect?)
• data quality: often limited number and lower cost sensors
• GDPR
• IT
• …
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IEA EBC Annex XX – May 2020 
   
Jelle Laverge, Ghent University   
   
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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AIVC April Workshop

Series of four webinars
organised in collaboration with
IEA-EBC Annex 86 ‘Energy efficient IAQ management’

April 1, Building ventilation: How does it affect SARS-CoV-2 transmission?

April 8, IAQ and ventilation Metrics

April 13, Big data, IAQ and ventilation - part 1

April 21, Big data, IAQ and ventilation - part 2

Register at www.aivc.org

(academics)

(industry)
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Webinar management

Big data, IAQ and ventilation – part 1

.

webinar
2021.04.13

Big data, IAQ and ventilation – part 1

Objectives: 
To address

• the applications of IoT devices and big data in IAQ and ventilation and 
• discuss the possibilities they provide for research. 

To set the starting stage for subtask 5 of IEA-EBC Annex 86 

17:00 | Introduction
Marc Delghust – Ghent University, Belgium

17:10 | Improving IAQ with BIM based Predictive Twins
Wouter Borsboom – TNO, Netherlands

17:30 | Online personal IAQ monitoring, 
Benjamin Hanoune – University of Lille, France

17:50 | Brains for buildings: where to find all the relevant smart building data? 
Pieter Pauwels – Eindhoven University of Technology, Netherlands

18:10 | Questions and Answers
18:30 | Closing & End of webinar
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webinar
2020.04.13

How to ask questions during the webinar

Locate the Q&A box

Select All Panelists | Type your question | Click on Send

Note: Please DO NOT 

use the chat box to ask 

your questions!

NOTES: 

• The webinar will be recorded and published at www.aivc.org in a few days, along with the 

presentation slides.

• After the end of the webinar you will be redirected to our post event survey. Your 

feedback is valuable so take some minutes of your time to fill it in.

webinar
2020.04.13

Facilitated byOrganized by: www.aivc.org

Disclaimer: The sole responsibility for the content of presentations and information given orally during AIVC webinars lies with the authors. It does not necessarily reflect the opinion of AIVC. 

Neither AIVC nor the authors are responsible for any use that may be made of information contained therein.
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Big data, IAQ and ventilation – part 1

13

14



.

AIVC April Workshop

Series of four webinars
organised in collaboration with
IEA-EBC Annex 86 ‘Energy efficient IAQ management’

April 1, Building ventilation: How does it affect SARS-CoV-2 transmission?

April 8, IAQ and ventilation Metrics

April 13, Big data, IAQ and ventilation - part 1

April 21, Big data, IAQ and ventilation - part 2

Register at www.aivc.org

15
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IMPROVING IAQ WITH BIM BASED PREDICTIVE TWINS
WOUTER BORSBOOM 

WOUTER BORSBOOM

Towards Networks of predictive twins in the Built 

Environment,  Arjen Adriaanse, Wouter Borsboom, 

Rob Roef, 2021

https://repository.tudelft.nl/islandora/object/uui

d:ba8043dd-1dfc-4469-bfeb-53006de6e88a

Wouter Borsboom

Senior Business Consultant TNO

Energy Built Environment, 

Monitoring and assestment of 

dwellings and offices, energy, 

ventilation and health, Country 

representative IEA-ANNEX V: 

AIVC.org, Board Member 

INIVE.org, BDTA.

TNO (www.tno.nl) is an independent and not-for-profit organization. TNO connects 

people and knowledge to create innovations that boost the competitive strength of 

industry and the well-being of society in a sustainable way. This is our mission and 

it is what drives us, the over 3,400 professionals at TNO, in our work every day. We 

work in collaboration with partners and focus on nine domains.

1

2
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THERE IS A CLEAR NEED TO ASSESS INDOOR AIR QUALITY

DIFFERENT PROTOCOLS TO ASSESS IAQ

Example of a Dutch IAQ requirement, which parameters to

use, how to measure, where to measure.

www.pvegezondekantoren.nl

Thermal

Noise

IAQ

Light

Total IEQ

Theme Survey Continious

monitoring

Inspection Total

3
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BUILDINGS PROVIDE TONS OF DATA, BUT DO WE HAVE 
INFORMATION TO IMPROVE IAQ ?
WHAT CAN BIM AND PREDICTIVE TWINS MEAN?

Wouter Borsboom, Ruud van der Linden, TNO, 2021

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
10

15

20

25
Temperature 02-Feb-2016

600 room temperatures, which one to choose?

BUT HOW ARE DIGITAL SOLUTIONS REALLY GOING TO MAKE A 
DIFFERENCE TO THESE CHALLENGES?

Sustainability Health

Energy 

performance
Maintenance

Physical building Predictive building

Digital Twin

6

Living lab TNO (NL)

Wouter Borsboom, Ruud van der Linden, TNO, 2021

Predictive twins are predictive digital replicas of 

physical structures such as bridges, tunnels, 

homes and offices. With these twins, the future 

behaviour and use of structures and networks of 

structures can be predicted and influenced

5

6



BIM 2 PREDICTIVE TWIN

How can we use BIM information to structure and analyze data 

from building systems to check the current performance, detect 

events, predict, control and optimize? 

How to make it operational in the form of workflows in both 

design commissioning and operation?

How to use it to improve IAQ, event detection, optimize building 

processes & commissioning? 

Development of predictive twin methodologies and tools 

to meet these challenges for clients. 

Wouter Borsboom, Ruud van der LInden TNO, 2021

WHY USE BIM DATA, WE HAVE AI

Measurement data: generally a lot but usually important factors 

unmeasured

Many parameters in a data driven model with low quality data →

overfitting -> poor estimation

Advantages of using BIM in combination with physical models:

What you already know you don’t have to estimate.

You can do with less informative data to calibrate the model

Logical boundaries on parameters in a physical model

Power kW

Heatflow 

kW

Flow m3/s

Wouter Borsboom, Ruud van der Linden, TNO, 2021
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EXAMPLE BIM 2 PREDICTIVE TWIN:
BIM 2 BEM CHALLENGES

BIM models not made for simulation models

Decisions have to be made for zoning, and also for space

boundaries.

Inconsistencies especially on the space boundaries can give

issues for building model.

Different standards: IFC, gbXML, IDF.

8-zone BIM model 2-zone BEM model

Space boundaries issues

Wouter Borsboom, Ruud van der Linden, TNO, 2021

BIM 2 PREDICTIVE TWIN FOR IAQ AND ENERGY USE

Building Information Model (BIM) Building Energy Model (BEM)

TNO SirenE Predictive Twin

User behaviour model (data en machine learning) Physical model energy use

BIM-Information

Dynamic data 

(measuring

data)

Wouter Borsboom, Ruud van der Linden, TNO, 2021

Revit gbXML & IDF

HayStack
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BIM INFORMATION: EXAMPLE OF GBXML 2 MODEL

gbXML data container standard 6.1 & IDF file

Dwelling: two zone 

gbXML model

SirenE: Generation of a general struct containing all

information needed for building simulation

-

File import / data 

selection

Wouter Borsboom, Ruud van der Linden, TNO, 2021

TNO AirMaps ventilation model TNO Heat transfer model

This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No. 869918

IDF HVAC model

OCCUPANT MODEL , WORK IN PROGRESS

Adaptive triggers:  environmental trigger 

(e.g. due to discomfort)

Non-adaptive triggers: intentional actions 

(e.g. showering)

Contextual factors: influence the

magnitude of the triggers (e.g. occupants

clothing)

Occupancy:

- usually modeled with time profiles

Behavior:

- usually modelled with Markov chains,

- TNO research on federated learning

Wouter Borsboom, Ruud van der Linden, TNO, 2021

Schweiker, 2017
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EXAMPLE: PREDICTIVE TWIN TO ESTIMATE FLOOR 
TEMPERATURE

TKI Officecomfort

DYNAMIC DATA FOR PREDICTIVE TWINS: DECISION MAKING 
NEEDS RELIABLE AND INFORMATIVE DATA

“Data Tsunami”

What is monitored?

• Data from Building Automation System: room 

thermostats, Air Handling Units, DID’s, 

Coolers etc.

• Energy meters.

• IOT data

• Additional systems: (entry gates), sun 

shades, complaints etc.

• AIM: services, retrofitting

time stamp 

database(s)

Data consistency 

Data ≠ Information
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Wouter Borsboom, Ruud van der Linden, TNO, 2021
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DATA ISSUES

03/06 03/13 03/20 03/27 04/03
14

16
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22

24

26
room temperatures: 8ste

An outlyer or a problem?
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pressure-difference-airfilter-supply

14 21 28 06 13 20 27 03
0

50

100
LBK 1: air return

 

 

control-signal-return-fan /10
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temp-air-supply-after-heat-wheel

outlet-watertemperature-heating-coil
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LBK 1: pressures

 

 

supply-pressure

return-pressure

Lots of parameters in the AHU, but will it give me 

insight?

Wouter Borsboom, Ruud van der Linden, TNO, 2021

DEMONSTRATION USE CASE GUI SCALABLE MODELS

Wouter Borsboom, Ruud van der Linden, TNO, 2021
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WHAT IS NEEDED?

Optimi-

zation

Prediction & Control

Intelligent Monitoring, event 

detection

Only a process that is monitored can 
be controlled

Only a process that is controlled 
can be optimized

IOT, Near Real-time Data

Data quality assessment 
and data repair

Optimal IAQ & Energy efficient office

Wouter Borsboom, Ruud van der Linden, TNO, 2021
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Data quality 
assessment & 

filtering

DATA INFORMATION FLOW

Logging of 
maintenance / 

operations actions

Real-time tagging 
of data

Measurement of 
current peformance
(sensors or human)

Structuring of data 
from multiple 

sources

Smart data 
analysis for 
correlations

Model-based 
analysis of data 
and root causes

Assessment of 
current status 

asset

Prediction of 
future 

development

Combining with 
financial / business 

criteria

Recommendations 
for action

Planning of actions 
in time 

Execution of 
maintenance / 

operations actions

Evaluation of 
effectiveness 

actions

Standardized 
training of staff

Naar Henk Akkermans, 
WCM/TiU 2015

Wouter Borsboom, Ruud van der Linden, TNO, 2021

Actions in 
workflow 

management 
system

MANY STAKEHOLDERS INVOLVED,

INTEGRATION WITH BIM IN OPERATION AND WORKFLOW 

ORGANIZATION IS CRUCIAL TO EFFECTIVELY IMPROVE IAQ

19
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THANK YOU
FOR YOUR ATTENTION 
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Online personal IAQ monitoring –
personal exposure to indoor air pollutants.

B. Hanoune

benjamin.hanoune@univ-lille.fr

• Development of small-size, low-cost, pollutant monitoring system adapted to indoor and outdoor
environments

• U Lille campus-wide sensor network, can be deployed in other environments

• Research objectives : to understand the drivers of the dynamics of pollution inside buildings (U 
Lille and other environments), and to quantify the exposure of people

• Educational and awareness tool for students, staff, academics and general public

https://www.apolline.science

1

2
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Strategies to monitor personal IAP exposure

Strategy #2 : Fixed indoor air sensors
- Electrical plug and ethernet available
- Sensor box can be somewhat large
- Access to room/building air concentration, not exposure

Strategy #1 : Personal sensors
- Size, weight, autonomy, communications are critical

factors
- Few sensors inside the device
- Access to indoor and outdoor personal exposure

From sensors to data

Sensing node Server (storage infrastructure)Communication 

protocol

Delayed or real-time 

web-based display

Individual sensors

3
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« Wearable sensors » strategy

Do we really want to have sensors on everyone ? (would be great also, but…)

24 hours with a sensor

Challenges :
- Discrimination indoor/outdoor : jumps in T, RH, 

number of satellites…
- Metrology of sensors (changes in T, RH, speed)
- Data transfer
- Autonomy
- Time and space variability
- Inter-individual variability
- Are the sensor people-proof ?

5
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PM10 Subway concentrations up to 80 

µg/m3

PM1 Subway concentrations up to 50 µg/m3

Indoor Outdoor OutdoorMetro

Indoor concentrations ~ 5 µg/m3

Outdoor concentrations ~ 10 µg/m3

Apolline in the subway

« Fixed sensors » strategy

Do we really want to have sensors in every room of every building ? (would be great, but…)

7
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What inter-dwellings variability ?

All investigated

environments behave

similarly.

Main difference is T and 

RH, driven by behavior, 

not by pollution sources.

The « statistical » outliers

correspond to pollution 

episodes driven by 

activities.

Identification of patterns associated to activities

Self-reported activities : cooking (various

methods), some cleaning.

Some events detected but not reported.

« Chemical signature » of activities. 

Need to construct a database for such

signatures.

9
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Sensors and ventilation

AER Students in their office at the University

CO2 as a proxy to trigger ventilation only when
necessary.

From sensors to usable information

Sensing node
Server (storage infrastructure)

Data analysis :

ongoing work, and the 

key to putting sensors

everywhere

Can we / should we analyze the 

data before transmission ?

- Partial information

- Computation power

- Less transmissions

- Energy efficiency

11

12



Take home messages

• Wearable and fixed sensors allow to monitor or evaluate personal exposure.

• Provided you can fix all technical issues : sensor response, size, weight, autonomy, cost, communication protocols, storage
infrastructure…

• Not that much low cost, if you consider putting sensors everywhere, framework infrastructure, calibration and operation, 
environmental cost

• For exposure, recommandation for a network of wearable sensors / fixed sensors / reference monitoring stations

• Issue #1 : make sure what the goal is : exposure characterization, building-related pollution, activity-related pollution, building 
management, alerting system…

• Issue #2 : what are we looking for ? Environmental parameters, particles, (speciated) gases, exposure duration, pre-identified
events, unexpected events…

• Issue #3 : how and when to analyze ? Delayed/real-time. Server/on-board sensor. Time-series, classification, artificial
intelligence…

https://annex86.iea-ebc.org/
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Thanks to :

• the participants in the studies

• the U Lille APOLLINE team that designed and implemented the sensors network infrastructure

• the APOLLINE funding partners : CLIMIBIO, IREPSE, CaPPA, Rincent Air, I-SITE ULNE

• the AIVC Webinar organizers

• the audience
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Brains for buildings: where to find all the relevant smart 
building data?
TUESDAY 13 APRIL 2021 – WEBINAR – BIG DATA, IAQ AND VENTILATION – PART 1

Pieter Pauwels, Associate Professor

Department of the Built Environment, Information Systems in the Built Environment

Who am I?

Associate Professor TU Eindhoven (2019)

Assistant Professor Ghent University (2016-2019)

Postdoc Ghent University (2014-2016)

Postdoc University of Amsterdam (2012-2014)

Master & PhD in Civil Engineering – Architecture 
@Ghent University (2008, 2012)

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels2
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Presentation Outline

1. Brains 4 Buildings: why?
2. Building Data Semantics: BIM, IFC, LBD, BRICK, etc.
3. System Integration for scalability and feasibility

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels3

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels4

- Buildings are to serve people’s needs:
- Occupants and FM: Health, comfort, ease of use & ease of operation, 

affordability
- Humankind: energy efficiency, renewables

- Building operation is key (Energy & Indoor climate systems)
- Lots of occupants & FM dissatisfaction
- Lots of energy wastage

- Operation data & data analytics, ML, AI are key to:
- Understand
- Steer & Control optimally
- Adapt to renewable energy
- Make better designs

3
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End aims and user stories

- Fault detection (improved building management systems – BMSs)
- understanding what goes wrong in a system
- predicting when faults occur and having clues about the why
- live detection

- User-centered systems
- comfort levels per individual user
- learning from user interaction

- Flexible Energy (interfaces): 
- consumption of energy where it is being created
- creation of energy where it is consumed
- load balance in the local and regional grid, including the appliances used

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels5

DATA 
INTEGRATION

Data Integration for Smart Buildings

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels6

To enable making our buildings smarter, advanced data integration
is needed (among several other matters):

- Ensure data connectivity between applications

- Ensure security, ethical use and privacy of data

- Standardise data sets and approaches

- Aim for system integration at API level, between individual
systems of diverse manufacturers

5
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Presentation Outline

1. Brains 4 Buildings: why?
2. Building Data Semantics: BIM, IFC, LBD, BRICK, etc.
3. System Integration for scalability and feasibility

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels7

All sorts of data available …

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels8
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BIM Data

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels9

BIM data: Revit, modelling guidelines, agreements, 3D 
modelling, and IFC

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels10

9
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Data in the Industry Foundation Classes (IFC)

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels11

- Overall building shape and topology easy
- Classification of elements possible, but not many classes => extension 

with bSDD classes and properties possible
- Difficult (not impossible) to include sensor data (timeseries data)
- Availability in STEP, XML, RDF, and JSON

W3C Linked Building Data

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels12
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Emergence of W3C LBD Community Group: Mission 
Statement

Bring together experts in the area of Building Information Modeling (BIM) 
and Web of Data technologies to:
1. define existing and future use cases and requirements for Linked Data 

based applications across the life cycle of buildings.
2. discuss best practices for publishing building data on the Web propose 

ontology models to describe:
1. Buildings and building elements (topology, associate values to properties)
2. Products and product properties

3. discuss how they can be used together with other specifications:
1. existing standards (IFC, GeoSPARQL, Semantic Sensor Network, ...)
2. separate initiatives (schema.org, Haystack, BRICK, ...)

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels13

Scope of BOT: just the start, allowing to extend

- Limited set of classes
- Extensible and easy to combine with other ontologies and data sets
- Comprehensible

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels14
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Modular ontology modelling advocated by LBD group

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels15

BOT
Schema
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OPM GEOM
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oshbot4osh
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DOG
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• Implemented using Semantic Web Technologies -> Web-scale, queryable

• Reuse of existing ontologies -> Modular

• Linking at instance level -> Multi-model method

Sample dataset available at: 
https://github.com/TechnicalBuildingSystems/OpenSmartHomeData

Modular approach to building data

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels16
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Reference ontologies

BOT https://w3id.org/bot#
BEO https://pi.pauwel.be/voc/buildingelement/
MEP https://pi.pauwel.be/voc/distributionelement/
OMG https://w3id.org/omg#
FOG https://w3id.org/fog#
BPO https://www.w3id.org/bpo#
OPM https://www.w3id.org/opm#

Revit to LBD exporter: on demand
IFC to LBD converter: on demand

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels17

BRICK, HTO, SAREF, and REC

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels18
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Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels19

https://brickschema.org/

BRICK, HTO, SAREF, REC, etc.

- Developments are rather 
disconnected from any BIM-
or building-related area

- Focus on systems, incl. 
operation and control

- Focus on the sensor Point 
and Equipment types

- Beware of biased overview 
tables

BRICK - A uniform metadata schema for buildings

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels20

https://brickschema.org/

19
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BRICK, HTO, SAREF, REC, etc.

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels21

Real Estate Core

SAREF4BLDGBRICK

In short

Nothing that cannot be included in a modular linked building data (LBD) 
cloud.

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels22
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Presentation Outline

1. Brains 4 Buildings: why?
2. Building Data Semantics: BIM, IFC, LBD, BRICK, etc.
3. System Integration for scalability and feasibility

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels23

Mapping all into RDF

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels24
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Available options for integration for software

OPTION 1: Transform all into semantic graphs (e.g. R2RML or custom data 
transformers) and do data integration
• Plus: all in same format
• Plus: inference possible
• Minus: unfit storage
• Minus: disconnect from origin
• Minus: no ML algorithms nor procedural code possible
• Minus: how to handle privacy and security (trust?)

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels25

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels26

End user 
application 
development

ETL p
ro

ced
u

re

RDF 
stores

RDF 
stores

Native data 
format

Native data 
format

Native data 
format

Linking data

Data 
management in 

application 
back-end
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James O’Donnell, Edward Corry, Edward Curry, Marcus Keane. Building and using multi-domain data. 
1st Intl. Workshop on Linked Data in Architecture and Construction. Ghent, BE, 2012.

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels27

Gonçal Costa, Alvaro Sicilia, Leandro Madrazo. Energy efficiency of buildings. 
1st Intl. Workshop on Linked Data in Architecture and Construction. Ghent, BE, 2012.

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels28

End user 
application 
development

ETL p
ro

ced
u

re

RDF 
stores

RDF 
stores

Native data 
format

Native data 
format

Native data 
format

Linking data

Data 
management in 

application 
back-end

- Disconnect from source
- Specialised software and data 
handling lost

Security and data access 
protocols?

27
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Maintaining specialized data stores and deploying 
web technologies

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels29

Available options for integration in trustworthy 
manner

OPTION 2: Store all in well-fit data stores (KV stores, graphDBs, relational 
DBs, timeseries stores, etc.) and perform data integration (also) on a 
system and API level (system integration)
• Plus: apt data storage
• Plus: data stays at source -> web-based connections needed
• Plus: ML algorithms and procedural algorithms not blocked
• Plus: Privacy and security can be easily handled at the gates of APIs and 

DBs.
• Minus: multitude of systems requires lots of diverse software and 

expertise

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels30
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Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels31

Native data 
format

Native data 
format

Native data 
format

Data Access 
Layers (REST APIs)

End user 
application 
back-end

RDF

Linking data in server 
back-end across 
different types of 
databases

Data 
management in 

application 
back-end

RDF

SQL

End user 
application 
back-end

Native data 
format PCD

Standard web 
technologies 

(ACL)

Petrova, E., Pauwels, P., Svidt, K., Jensen, R.L. (2018) From patterns to evidence: Enhancing sustainable building design with pattern recognition and
information retrieval approaches. Proceedings of the 12th ECPPM  conference, pp. 391-399.

Brains for buildings: where to find all the relevant smart building data? - Pieter Pauwels32
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33

Petrova, E., Pauwels, P., Svidt, K., Jensen, R.L. (2018) From patterns
to evidence: Enhancing sustainable building design with pattern
recognition and information retrieval approaches. Proceedings of 
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Abox linking to point cloud data and geometry
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Increase simplicity, preserve semantics
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Simplicity

Physical building
Semantic 3D model (BIM)

Digital Twin System (DTLab) Topological map of floor 8

Metric map of floor 8

Full simulated world

GraphDB / 
Neo4J / …

API

E
v
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n
t

b
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InfluxDB / 
…

API

MongoDB

API

Security -
Authentication -

SCADA system

Non-semantic 2D 
& 3D geometry

Knowledge graph

Research Challenges:
- Trustworthy Data Integration
- Merging Models and Data 
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Presentation Outline

1. Brains 4 Buildings: why?
2. Building Data Semantics: BIM, IFC, LBD, BRICK, etc.
3. System Integration for scalability and feasibility
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