
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Feasibility Study EPBD Art. 19a 
 

Selection of policy options for inspections of 

stand-alone ventilation systems and analysis of 
related potential impacts 

 
Final report 

 
Reference: 

ENER/C3/2018-447/05 

 
Client: 

European Commission’s 

Directorate General for Energy 
         

                                              

 

 
 

December 2019 
 

  



   European Commission – Impact analysis of policy options for stand-alone ventilation system inspections 

December 2019      
   

   2 
 

Technical coordinator Peter Wouters, INIVE 

  

Authors François Durier, INIVE-CETIAT 

Peter Wouters, INIVE-BBRI 

Arnold Janssens, Ghent University 

Yanaika Decorte, Ghent University 

 

Contributors Jelle Laverge, Ghent University 

Gaëlle Guyot, Cerema 

Maarten De Strycker, BCCA   

  

Reviewers Marianna Papaglastra, just-pm 

  

Project website epbd19a.eu 

  

  

Partners of the 

service contract 

  

  

 

 

  

  

Subcontractors to the 

service contract 

 

 

 

This study is a service contract with the European Commission’s Directorate General for Energy 
and has received funding under contract ENER/C3/2018-447/05. 

The information and views set out in this report are those of the author(s) and do not 

necessarily reflect the official opinion of the Commission. The Commission does not guarantee 
the accuracy of the data included in this study. Neither the Commission nor any person acting 
on the Commission's behalf may be held responsible for the use which may be made of the 
information contained therein. 

This report has been prepared by the authors to the best of their knowledge and ability. The 
authors do not assume liability for any damage that may arise for the use of the report or the 
information contained herein.  

©European Commission 

Reproduction is authorised provided the source is acknowledged. 

More information on the European Union is available on http://europa.eu/  

  

https://epbd19a.eu/
http://europa.eu/


   European Commission – Impact analysis of policy options for stand-alone ventilation system inspections 

December 2019      
   

   3 
 

Table of Contents 
 

Table of Contents .............................................................................................. 3 
Executive Summary ........................................................................................... 4 
1. Introduction .................................................................................................. 5 

1.1 Context .................................................................................................... 5 
1.2 Overall objectives ...................................................................................... 5 
1.3 Methodology ............................................................................................. 6 

2. Detailed description of the 6 options ................................................................ 7 
2.1 Awareness raising (option 1) ...................................................................... 7 
2.2 Training (option 2) .................................................................................... 9 
2.3 Visual inspection (option 3) .......................................................................11 
2.4 Inspection with measurements (option 4) ....................................................13 
2.5 Inspection with measurements and compliance (option 5) .............................15 
2.6 Indoor air quality requirements (option 6) ...................................................15 

3. Objectives and methodology of impact analysis ................................................17 
3.1 Objectives ...............................................................................................17 
3.2 Methodology ............................................................................................17 
3.3 Assumptions for an option with no action ....................................................18 

4. Impact analysis findings for the 6 options ........................................................21 
4.1 Awareness raising (option 1) .....................................................................21 
4.2 Training (option 2) ...................................................................................22 
4.3 Visual inspection (option 3) .......................................................................24 
4.4 Inspection with measurements (option 4) ....................................................25 
4.5 Inspection with measurements and compliance (option 5) .............................27 
4.6 Indoor air quality requirements (option 6) ...................................................29 
4.7 Conclusions for the 6 reference options .......................................................30 

5. Other considerations related to impact analysis ................................................34 
5.1. Importance to quantify multiple benefits of options 1 to 6 ............................34 
5.2. Cost aspects related to options 3 to 6 ........................................................35 
5.3. Options 3 to 6 as means against unfair competition .....................................35 
5.4. Importance of clear and manageable specifications (options 3-6) ..................35 
5.5. Impact analysis for non-residential and existing buildings? ...........................36 
5.6. Considerations about good IAQ during the whole building lifetime .................36 
5.7. Impact of evolutions of legislation on IAQ and ventilation .............................36 
5.8. Options 4 to 6 as drivers for innovation ......................................................37 
5.9 Change in options along time .....................................................................37 
5.10. Differences between newly installed and older systems ..............................38 
5.11 Impact of smart monitoring and control ....................................................38 

6. Conclusions ..................................................................................................40 
Annex 1 – Modules used to define options 3 to 6 ..................................................41 
Annex 2 – Details of the impact analysis methodology ..........................................47 
Annex 3 – Details of the impact analysis results ...................................................68 
 

  



   European Commission – Impact analysis of policy options for stand-alone ventilation system inspections 

December 2019      
   

   4 
 

Executive Summary 
A technical study has been contracted by the Directorate-General for Energy of the 

European Commission to a consortium formed by INIVE and BPIE, whose aim is to 

provide technical support on the possibilities and timeline for introducing: 

▪ the inspection of stand-alone ventilation systems in buildings and 

▪ an optional building renovation passport. 

This work is linked to the requirement of Article 19a of Directive 2018/844 that the 

Commission must carry out a feasibility study on these two topics before 2020. 

Concerning the inspection of stand-alone ventilation systems, the technical study 

should assess the relevance and feasibility to introduce EU provisions, e.g., the 

development or improvement of technical standards, guidelines and practices, or the 

possible extension of the mandatory regular inspection requirements of the EPBD to 

ventilation systems.  

The objectives are to deliver: 

▪ an analysis of the stock of ventilation systems in EU buildings and its foreseen 

evolution; 

▪ a review of existing regulations, schemes, guidelines and standards on the 

inspection of ventilation systems, and other relevant initiatives and projects; 

▪ an investigation of the relevance and feasibility of further promotion of 

inspections of stand-alone ventilation systems and an exploration of the 

possible approaches. 

This report addresses the third objective. Six options have been defined and are 

described in detail. They cover both legislative and non-legislative measures, and 

include three options concerning mandatory inspection, one option concerning 

voluntary measurement of indoor air parameters, and two options that include other 

measures than inspection (awareness raising of stakeholders and training of 

installers). 

The objectives and the methodology for the analysis of the potential impacts of these 

6 options are described. Results of the impact analysis calculations are presented and 

analysed.  

All options show, to a greater or lesser extent, a positive contribution to the 

improvement of the indoor air quality (IAQ), while at the same time increasing the 

energy consumption for ventilation. This is due to the assumption that, based on 

several publications analysed in a separate report1, actual building ventilation is on 

average too low for achieving good indoor air quality and that all of the options should 

contribute to an increase in air flow rates. Nevertheless, the choice for implementing 

these options should also take into account the cost of poor IAQ on health, impact on 

productivity, and other factors.  

It is not evident to rank the various options in terms of priority; they could be 

implemented consecutively, by looking at societal support in case of a mandatory 

implementation.  

The direct impact of stakeholder awareness raising might be limited but is essential for 

achieving the societal support for implementing other options. Moreover, awareness 

raising campaigns can contribute to the decision to implement IAQ or ventilation 

requirements in countries which do not have such requirements. 

Inspection schemes can be implemented with various sub-options. An interesting 

alternative to inspection can consist in defining indoor air quality requirements. 

Inspection and/or IAQ requirements might be a strong driver for the development of 

innovative systems.  
 

1 Feasibility Study EPBD19a - Stock of ventilation systems in EU buildings and foreseen 

evolution for 2030, 2040 and 2050 – June 2019 
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1. Introduction 

1.1 Context 

The publication, on 19 June 2018, of Directive 2018/844 amending Directive 

2010/31/EU on the energy performance of buildings and Directive 2012/27/EU on 

energy efficiency, represents the first major step towards the implementation of the 

Commission’s Clean Energy for all Europeans package. 

Article 19a includes the requirement for the Commission to perform, before 2020, a 

feasibility study to clarify the possibilities and timeline for introducing two aspects in 

order to improve buildings’ energy performance: 

▪ the inspection of stand-alone ventilation systems and 

▪ an optional building renovation passport.  

This technical study is contracted to a consortium formed by INIVE and BPIE who, 

together with a broad range of experts in the required fields, provide technical support 

to the Directorate-General for Energy of the European Commission for investigating 

the different elements covered by the feasibility study mandated under Article 19a of 

the amended EPBD. This technical study is coordinated by INIVE EEIG and runs from 

19 December 2018 until 18 December 2019. 

The first part of the technical study assessed the relevance and feasibility to introduce 

EU provisions (legislative and non-legislative) for the inspection of stand-alone 

ventilation systems in buildings, e.g., the development or improvement of technical 

standards, guidelines and practices, or the possible extension of the mandatory 

regular inspection requirements to stand-alone ventilation systems.  

In this study, stand-alone ventilation systems are defined as ventilation systems 

whose sole function is to ventilate a building.  

1.2 Overall objectives 

The objectives regarding inspection of stand-alone ventilation systems were to deliver:  

▪ an analysis of the stock of ventilation systems in EU buildings, including their 

technical characteristics, the distribution systems and foreseen evolution of the 

stock; a report previously published provides this analysis2;  

▪ a review of existing regulations, schemes, guidelines and standards on the 

inspection of ventilation systems, and other relevant initiatives and projects, in 

the EU, and, where relevant, in other regions; a report previously published 

provides this review3;  

▪ an investigation of the relevance and feasibility of further promotion of 

inspections of building stand-alone ventilation systems at the EU level and an 

exploration of the possible approaches to this end, including non-legislative and 

legislative measures. 

The third objective has been partly covered by a previous report4 that provides a 

description of a broad range of options for possible approaches at EU level for the 

inspection of stand-alone ventilation systems in buildings, including non-legislative 

and legislative options, and combinations of both. 

The current report, prepared by INIVE-CETIAT, INIVE-BBRI and the University of 

Ghent, also relates to the third objective.  

 
2 Feasibility Study EPBD19a - Stock of ventilation systems in EU buildings and foreseen 

evolution for 2030, 2040 and 2050 – June 2019 
3 Feasibility Study EPBD19a – Existing regulations, standards and guidelines on the inspection of 

ventilation systems, and other relevant initiatives and projects – June 2019 
4 Feasibility Study EPBD19a - Analysis of the relevance, feasibility and possible scope of 
measures for the inspection of stand-alone ventilation systems - September 2019 
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It provides: 

▪ a detailed description of the most feasible and relevant approaches to the 

inspection of stand-alone systems at EU-level; 

▪ an analysis of their potential impacts towards 2030, 2040 and 2050. 

1.3 Methodology 

Preparing this report relied on the following tasks: 

▪ the identification, in concertation with the European Commission, of six policy 

options to be further analysed, taking into account the description of a broad 

range of possible approaches from a previous report1 and the stakeholders' 

views from the first stakeholders’ meeting (June 2019); 

▪ the detailed description of the selected policy options and some of their 

variants, especially the description of the technical and organisational aspects, 

the legal and economic aspects, the stakeholders involved and their role, etc.; 

▪ the analysis of their advantages and drawbacks, including suggestions of a 

possible timeline for implementing them; 

▪ the setting-up of a model to evaluate the impacts of the policy options 

considered, for different ventilation systems and their stock, and taking into 

account their different defects and the ability of the policy options to correct 

these defects; 

▪ the implementation of this model into a calculation tool; 

▪ a series of calculations to analyse the impacts of the policy options considered 

towards 2050. 

The policy options whose potential impacts were to be analysed have been briefly 

described in a separate report4 and are: 

Option 1: Better knowledge about the status on the ground in combination 

with awareness raising of stakeholders  

Collection of data on stocks, markets and actual performances of installed systems. 

Information to stakeholders and consultation on possible actions to improve 

performance. 

Option 2: Professionals’ skills increase through training programmes 

Implementation of a mandatory training of installers leading to the certification of 

installation companies. 

Option 3: Visual inspection of stand-alone ventilation systems 

Mandatory initial visual inspection of new ventilation systems in buildings after their 

installation, performed by qualified companies.  

Option 4: Inspection of stand-alone ventilation systems with measurements  

Mandatory initial inspection of new ventilation systems in residential buildings after 

their installation, performed by qualified companies, including measurements of air 

flow rates at room level and fan(s) electrical power input.  

Option 5: Inspection of stand-alone ventilation systems with measurements 

and the obligation to make the system compliant  

The same as option 4 with the obligation to make the ventilation system compliant 

within a certain timeframe if the inspection shows non-compliance. Inspection must be 

repeated after corrective actions to check compliance.  

Option 6: Indoor air quality requirements 

Mandatory maximum values of an indoor air quality indicator in buildings with 

employees. Measurement of indoor air quality parameters by an independent certified 
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inspector can be asked by employees and/or employer, and a report is provided to the 

employees and employer. Corrective actions rely on further initiative of the employer. 

Note: in the current report, the definition and field of application of option 6 is revised 

in order to cover residential buildings, thereby allowing comparison with the other 

options (see section 2.6).  

2. Detailed description of the six options 

Data related to the stock and sales of ventilation systems from a previous part of the 

study2 showed that 93% of stand-alone ventilation systems are installed in residential 

buildings. Based on this, the options described here below, the analysis of their impact 

and the calculation approach focus on residential buildings.  

Consistent with the finding during a previous part of the study3 that existing 

regulations and guidelines mainly relate to initial inspection, it has also been chosen to 

estimate the impact of the different options for new stand-alone ventilation systems 

installed in new or renovated buildings.  

However, the various options could also be applied to existing ventilation systems, 

i.e., systems already installed for a while (see section 5.10). 

With some adaptations, the options could also be applied to non-residential buildings, 

especially in the case of small buildings, even if other instruments exist to ensure that 

these systems operate correctly, such as energy service companies, commissioning 

and maintenance contracts, building automation and control systems, etc. For large 

non-residential buildings, the definition of the options should probably be adapted.  

Systems in non-residential buildings were not chosen for the impact analysis because 

there are few available data on the distribution of their stock between different types, 

and also because the impact of the different options would depend to a very large 

extent on the type of building, the size of the system, the way it is operated and 

controlled, etc. These limitations do not allow a quantification of the impacts of the 

selected options for systems in non-residential buildings in the framework of this 

study. 

2.1 Awareness raising (option 1) 

2.1.1 Description of the reference case for impact analysis 

This option includes the following actions, managed or encouraged by public 

authorities: 

▪ collection of data about the national stocks and markets per type of building 

and type of ventilation system5; 

▪ surveys on actual performances of installed systems, focusing on air flow rates, 

energy efficiency (electrical consumption or power input), acoustics and 

hygiene of the system; 

▪ information to stakeholders about the findings of the two previous points; 

▪ consultation on possible actions to improve performance (air flow rates, energy 

efficiency, acoustics, hygiene). 

2.1.2 Motivation for considering this option 

Users and owners can play an important role in the quality of operation of stand-alone 

ventilation-systems, e.g.: by performing themselves some maintenance operations 

(for example cleaning of air exhausts terminals); by being able to identify operation 

defects, if their understanding of the role and architecture of the ventilation system is 

 
5 For the types of ventilation systems, the list in Annex 2, section 3.1.2 can be used. 
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sufficient; and by avoiding inappropriate interventions on the system. Increasing 

users/owners awareness can contribute to maintaining the performance of ventilation 

systems. 

Communication towards professionals can contribute to improving their 

knowledge/know how, and thus improving the quality and performance of ventilation 

systems. In addition to disseminating findings on the stock, market and actual 

performances of the installed systems, communication can also promote best practice, 

installation and maintenance guidelines, self-check procedures, etc. 

It is important that policy makers are informed about the important role of building 

ventilation and the current status of the operation/defects of installed ventilation 

systems.  

This option is in particular important for countries which at present have little 

information available about the status on the ground  

It is very difficult to find societal support for inspection schemes as described in 

options 3 to 6 if there is no clear evidence of the need for such schemes. 

The potential impact of this option strongly depends on the reference situation in a 

given country: 

▪ In a country with ventilation requirements for specific or all types of buildings, 

new and/or existing buildings, and/or buildings which undergo a major 

renovation: 

- awareness raising can highlight various aspects, e.g.: 

o although required, there might be a substantial share of buildings 

without a ventilation system; 

o for buildings with a ventilation system:  

• the actual airflow performances might be substantially different 

from the required performances; 

• there might be problems in terms of operation and 

maintenance; 

• there might be problems in other areas, e.g. acoustics. 

▪ In a country without ventilation requirements: 

- awareness raising activities can provide a good picture of the indoor 

climate performances, the presence of ventilation systems, and others. 

Potential impact: 

▪ Awareness campaigns can motivate the whole chain of stakeholders (building 

owners, architects and designers, engineers, manufacturers, installers, building 

users) to pay more attention to the presence of ventilation systems which 

perform correctly. 

▪ Awareness campaigns can result in stakeholders’ request for governmental 

actions, e.g., to impose the installation of ventilation systems, to impose 

inspection of ventilation systems or similar measures, and/or to increase the 

type and level of requirements, e.g., on acoustical performances, or 

assessment of performances during the system’s lifetime, etc. 

2.1.3 Legal, economic and other aspects 

There are no major legal issues in implementing this option. It must not lead to anti-

competitive effect and personal data must be managed according to the General Data 

Protection Regulation. 

The cost of the option can vary significantly depending on the effort and ways to 

collect data and operate surveys. The budget for communication can also vary 

significantly. 
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Such an option should probably be financed by public authorities or through research 

projects, but professional organisations could also contribute to the effort in kind or 

cash. 

Monetising the benefits of such an option is very difficult. Its impact on the quality of 

the installed ventilation systems leads indirectly to an improved indoor air quality, 

with individual and societal benefits. 

The stakeholders involved in the implementation of the framework are: 

▪ the public authorities and/or organisations in charge of research, to decide, 

manage and coordinate the actions and disseminate the findings; 

▪ professional organisations (system manufacturers, building contractors, 

installers, maintenance companies, etc.) or contractors, contributing to the 

collection of data and surveys 

▪ stakeholders involved in the dissemination of the information; 

▪ building owners and occupants participating to the survey. 

This option would probably receive societal support. It does not directly stimulate nor 

create barriers to innovation. 

There are no identified significant risks linked to this option. 

2.2 Training (option 2) 

2.2.1 Description of the reference case for impact analysis 

This option consists of implementing a mandatory theoretical and practical training of 

installers, in order to increase the quality of their works and thus improve the 

performance of newly-installed stand-alone ventilation systems. This option also 

includes a mandatory certification6 of installation companies based on training a 

certain number or share of their employees. 

Training should have the objective that installation companies increase their skills on 

the design of ventilation systems and on the choice of components, the installation 

works and the commissioning, including measurements of air flow rates, electrical 

power input and hygiene of the systems. Training should be part of a process by which 

installation companies receive a certification by a third party for their ability to 

perform installation works. 

2.2.2 Motivation for considering this option 

Training improves installers’ knowledge and know-how about the role, design, 

installation, commissioning and maintenance of ventilation systems. It helps them to 

improve their usual practice, correcting possible defects and thus contributes to 

improving the quality and performance of ventilation systems. 

In certain countries, it is common practice that owners themselves install a ventilation 

system; obliging the use of a trained installer might reduce the societal support for 

such option in these countries. This concern does not exist with options 3 to 5, as the 

assessment is based on the performances obtained on site. 

2.2.3 Legal, economic and other aspects 

Training must be implemented by considering some legal issues: it must not create 

obstacles for EU service providers to establish themselves freely or provide services in 

any EU Member State. It must rely on mutual recognition of qualifications of persons 

in the EU Member States. 

 
6 Certification is the procedure by which a third party gives a written assurance that a product, 

a process, a system, or a person conforms to specified requirements mentioned in the rules of 
the relevant certification scheme. 
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The cost for implementing the option can vary according to the contents of the 

training. It also depends on the decision to use an already existing training framework 

or to fully develop a new one. The implementation phase requires the financial support 

of public authorities. 

The cost for the training itself corresponds to a theoretical and practical training of 

some days (from 2 to 4), paid by the installation companies that want to get certified.  

Monetising the benefits of such an option is not easy. Its impact on indoor air quality 

certainly provides a certain benefit to occupants, and more generally to the society. 

There might be an energy saving due to a better sizing, installation and operation of 

systems thanks to training, but this is not always the case. For example, if training 

leads to an increase in the systems’ size compared to the usual practice without 

training, the energy consumption may increase (along with an improvement of the 

indoor air quality).  

The stakeholders directly involved in such an option are: 

▪ the installation companies and their employees; 

▪ the training body(ies) with their trainers; 

▪ the body(ies) that manage(s) and deliver(s) certificates to installation 

companies. 

The stakeholders involved in the implementation and management of the framework 

are: 

▪ the public authorities to implement the regulation which makes training 

mandatory; 

▪ the body responsible for deciding on the contents of the training; 

▪ the body performing training and qualification of trainers; 

▪ the body that decides on the certification rules for installation companies. 

Some of these actions can be combined under the responsibility of one stakeholder. 

The minimum role for public authorities is to implement the regulation requiring 

mandatory training and to decide on the bodies that are mandated for the different 

aspects of the option (deciding on the contents of the training, training of trainers, 

qualification of training bodies and certification of installation companies). 

Such an option can create a market differentiation between buildings with systems 

installed by certified installers and other buildings. 

It is not evident that such an option would receive societal support: in some countries, 

installers already have to get several qualifications/certifications for the installation of 

different products, and they could consider this option a constraining measure. On the 

other hand, a mandatory training of installation companies would reassure customers.  

This option does not seem to create barriers to innovation, except if the training does 

not consider all systems. It is therefore crucial that the training programmes are 

regularly updated to take into account innovative systems. 

Defining this option according to thresholds (for example on the capacity of the 

system or on the ventilated floor area) does not seem necessary since residential 

systems represent a homogeneous group in terms of technologies, operating 

conditions and stakeholders. 

There are no identified significant risks linked to this option.  
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2.3 Visual inspection (option 3) 

2.3.1 Description of the reference case for impact analysis 

Option 3 is a mandatory initial visual inspection of each new stand-alone mechanical 

ventilation system in a residential building, whatever the type and location of this 

building and the type of mechanical ventilation system. 

Occupants should benefit from this inspection, whose aim is to focus on energy 

performance, air flow rates/air change and hygiene of the ventilation systems. 

The inspection relies on a pre-established checklist of the points that must be visually 

inspected, covering completeness, cleanliness and hygiene of the components, the 

ductwork, the ventilation unit and filter(s), general state and good overall operation of 

the whole ventilation system. 

Inspection can be performed, whatever the season, in an unoccupied or occupied 

building. Even if no measurement is performed, it must be possible to operate the 

system during inspection in order to check for example the right direction of air flows 

at air inlets / air outlets and the right direction of rotation of the fan. 

Results of visual checks (usually binary answers such as yes/no) are listed in a report, 

based on the checklist used. This report is provided to the building owner and to a 

local, regional or national public authority. Both the building owner and the public 

authority keep the report for a certain period of time.  

The inspection can be carried out by several types of operators, not only by 

independent inspectors/third party service providers, but also by system designers, 

installers, architects, building airtightness testers, persons in charge of the calculation 

of the building energy performance and property owners, provided that each of the 

operators has successfully completed a theoretical and practical training and got a 

qualification, i.e., the recognition by a third party of the ability to perform the visual 

inspection. 

A surveillance of inspectors is organised through audits and sanctions are foreseen 

and implemented if inspection is not performed according to the rules. 

The rules do not include specific action in case of non-compliance; defining and 

implementing corrective actions relies on further interaction between the owner and 

the installer or designer, and falls outside the scope of the inspection itself. 

2.3.2 Motivation for considering this option 

This option is likely to motivate all professionals involved, e.g., installers, 

manufacturers, designers, architects, to deliver compliant systems with good 

performance.  

The option relies on a rather simple inspection approach, requiring only visual checks 

and avoiding the use of measuring instruments. This does not fully guarantee that air 

flow rates and indoor air quality are achieved, but contributes to improving the current 

situation, by limiting big installation mistakes that can currently be observed in many 

countries. 

This option could be implemented as a result of option 1. 

2.3.3 Legal, economic and other aspects 

Such an option must be in conformity with the EU legislation and national, regional 

and local legislations:  

▪ It must not create obstacles to the free movement of goods, and no obstacle 

for EU service providers to establish themselves freely or provide services in 

any EU Member State. It must not lead to anti-competitive agreement or 
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effect, and must rely on mutual recognition of qualifications of persons in the 

EU Member States. 

▪ Personal data must be managed according to the General Data Protection 

Regulation. 

▪ National public procurement and/or concession laws must be followed for the 

selection of a private party that would be asked to supply services to the public 

authorities, like the qualification or audits of inspectors, the management of 

inspection reports, etc. 

More details about these legal issues can be found in a previous report7. 

There is no estimation available on the time required for such an inspection. One hour 

in total (including the inspection and the preparation of the report but excluding time 

for travel) could be considered as a possible target for a single-family house. 

Such an inspection is finally paid by the building owner. It can be invoiced directly to 

him, or be ordered by another stakeholder, the cost then being passed on to the 

building owner. 

Although the impact of this option on indoor air quality clearly provides a certain 

benefit to occupants, and more generally to the society, monetising the said benefits 

is not simple.  

The stakeholders directly involved in such an inspection are: 

▪ the building owner or its representative; 

▪ the operator of the inspection. 

The stakeholders involved in the implementation of the framework are: 

▪ the public authorities to implement the regulation which makes inspection 

mandatory; 

▪ the body responsible for establishing the check-list (public authority, 

professional organisation, standardisation body, etc.) and probably also a 

template for the report; the recently published/updated standards EN 141348 

and EN 16798-179 can be helpful to establish the check-list and the template; 

▪ the body responsible for deciding on the contents of the training of inspectors; 

▪ the body that decides on the qualification rules for inspection companies; 

▪ the body that decides on the organisation of the audits of inspectors; 

▪ the body that decides on the sanctioning rules for the inspectors. 

The stakeholders involved in the management of the framework are: 

▪ the local, regional or national public authority that will receive and keep the 

reports; 

▪ the body(ies) that propose(s) theoretical and practical training to inspection 

operators; 

▪ the body(ies) that manage(s) and deliver(s) qualification to inspection 

companies; 

▪ the body(ies) that perform(s) audits of the inspectors; 

 
7 Feasibility Study EPBD19a - Analysis of the relevance, feasibility and possible scope of 

measures for the inspection of stand-alone ventilation systems – September 2019 - See Annex 
2 of this report: "Considerations regarding legal boundary conditions for the implementation of 
inspection schemes" 
8 EN 14134 (2019): Ventilation for buildings - Performance measurement and checks for 

residential ventilation systems 
9 EN 16798-17 (2017): Energy performance of buildings. Ventilation for buildings. Guidelines for 

inspection of ventilation and air conditioning systems (Module M4-11, M5-11, M6-11, M7- 11) 
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▪ the body that decides on individual sanctions for inspectors that did not 

perform inspection according to the rules. 

Some of the actions can be combined under the responsibility of one stakeholder. 

The minimum role for public authorities is to implement the mandatory inspection, to 

receive and keep the reports, to decide on the bodies that are mandated for the 

different aspects of the implementation and management of the framework, and to 

follow up the overall operation of the framework. 

Such an inspection creates a market differentiation between buildings with newly 

installed ventilation systems and other buildings. 

It is not evident that such an inspection would receive societal support: this probably 

depends, on the one hand, on the awareness of building owners and occupants, and 

on the cost for owners, on the other. It also depends on the acceptance by installers 

for being controlled, especially in the case this inspection is provided by a third-party. 

This option does not seem to create barriers to innovation, except if the checklist used 

does not allow inspecting all systems. It is therefore crucial that the inspection rules 

are regularly updated to take into account innovative systems. 

Defining this option according to thresholds (for example on the capacity of the 

system or on the ventilated floor area) was considered as not appropriate: the skills, 

procedures and tools to operate visual inspection are the same for all types and sizes 

of systems in residential buildings, as well as for all involved stakeholders. 

There are no identified significant risks linked to this option. 

2.4 Inspection with measurements (option 4) 

2.4.1 Description of the reference case for impact analysis 

Option 4 is a mandatory inspection of each newly-installed stand-alone mechanical 

ventilation system in a residential building, including measurements. 

Occupants should benefit from this inspection, whose aim is to focus on energy 

performance, air flow rates/air change and hygiene of the ventilation systems. 

The inspection includes the visual inspection of the hygiene of the ductwork, 

ventilation unit and filter(s)10, the measurement of air flow rates at room level (or 

pressures in case of demand-controlled ventilation), the measurement of air cross-

section areas of air transfers between rooms and the measurement of fan(s) electrical 

power input. 

The measuring instruments required are air flow meter (or manometer) and 

wattmeter, with a measuring uncertainty below a given threshold. They must be 

regularly calibrated by an accredited laboratory on a regular basis. 

Inspection can be performed, whatever the season, in an unoccupied or occupied 

building. It must be possible to operate the system during inspection. 

A report includes the inspection results compared to target values fixed by a 

regulation, a standard or guidelines. This report is provided to the building owner and 

to a local, regional or national public authority. Both the building owner and the public 

authority keep the report for a certain period of time. 

The inspection can be carried out by several types of operators: independent 

inspectors/third party service providers, system designers, installers, architects, 

building airtightness testers, persons in charge of the calculation of the building 

energy performance and property owners, provided that they have successfully 

 
10 This visual inspection is therefore lighter than the visual inspection of option 3.  
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completed a theoretical and practical training and received the relevant qualification, 

i.e., the recognition by a third party on their ability to perform the inspection. 

A surveillance of inspector is organised through audits, and sanctions are foreseen and 

implemented if inspection is not performed according to the rules. 

The rules do not include specific actions in case the target values or the hygiene level 

are not met; defining and implementing corrective actions relies on further interaction 

between the owner and the installer or designer, and falls outside the scope of the 

inspection itself. 

2.4.2 Motivation for considering this option 

This option is likely to motivate all professionals involved, e.g., installers, 

manufacturers, designers and architects, to deliver compliant systems with good 

performance.  

Because it requires measurements, this option secures compliance of air flow rates. 

This option could be implemented as a result of option 1, or as an evolution of option 

3. 

2.4.3 Legal, economic and other aspects 

The legal and economic aspects are the same as in option 3 (see paragraph 2.3.3). 

The time required for such an inspection is mentioned in one of the existing 

guidelines11: it is estimated to range between 1.5 and 2 person days for an apartment 

building of 30 dwellings with a centralised unidirectional ventilation system, whereby 

the measurements are performed on a sample of the dwellings (at least the closest 

and the farthest from the ventilation unit)12. 

The stakeholders directly involved in such an inspection are the same as in option 3. 

The stakeholders involved in the implementation of the framework are the same as in 

option 3. The body responsible for establishing the checklist must also define the 

measurement protocol. The qualification rules must take into account the ownership 

and the calibration of measuring instruments. The recently published/updated 

standards EN 141348 and EN 16798-179 can be helpful to establish the checklist, the 

measurement protocol, the measurement devices uncertainty requirements and a 

template for the report. 

The stakeholders involved in the management of the framework are the same as in 

option 3. Two additional stakeholders are the producers of measuring instruments and 

the body(ies) that perform(s) the calibration of the measuring instruments.   

The role of public authorities is the same as in option 3, as are the resulting market 

differentiation and the possible barriers to innovation.  

As for option 3, it is not evident that such an inspection would receive societal 

support, especially taking into account its higher direct and indirect costs (see section 

5.2.3 about the costs of an inspection scheme). 

As for option 3, defining this option according to thresholds (capacity of the system, 

ventilated floor area, etc.) does not seem necessary, even if the measuring 

instruments used must be adapted to the size of the inspected system: the skills,  

 
11 CETIAT, PBC (France) - Diagnostic des installations de ventilation dans les bâtiments 
résidentiels et tertiaires - Guide pratique DIAGVENT – 2005 
12 The French document "Livre blanc de la ventilation – Acte 1" (www.batiment-ventilation.fr/a-

propos/livre-blanc) gives the following values in € (excluding taxes, including travelling 

expenses) for France: 150 to 300 € for a single family house, 450 € for 3 semi-detached 
houses, 750 to 1500 € for a multi-family building of less than 30 apartments, 750 to 5000 € for 
a multi-family building of more than 30 apartments.  

http://www.batiment-ventilation.fr/a-propos/livre-blanc
http://www.batiment-ventilation.fr/a-propos/livre-blanc
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procedures and stakeholders are similar whatever the size of the considered 

ventilation systems. 

There are no identified significant risks linked to this option. 

2.5 Inspection with measurements and compliance (option 5) 

2.5.1 Description of the reference case for impact analysis 

Option 5 is exactly the same as option 4 (see paragraph 2.4) with the additional 

requirement that the ventilation system is made compliant within a certain timeframe 

if the inspection shows non-compliance. Inspection must be repeated after corrective 

actions to check compliance. 

This means that the report not only includes results of visual checks and 

measurements, but also a certificate stating compliance. 

Sanctions should also be foreseen if the ventilation system is not made compliant 

within the given timeframe. 

2.5.2 Motivation for considering this option 

This option creates a very strong motivation for all professionals involved, e.g., 

installers, manufacturers, designers and architects, to deliver compliant systems with 

good performance. It also creates a motivation for owners to order a compliant 

system. 

Because it requires measurements and compliance to target values, this option fully 

secures compliance of air flow rates. 

This option could be implemented as a result of option 1, or as an evolution of option 

4. 

2.5.3 Legal, economic and other aspects 

The legal and other aspects are the same as in option 4 (see paragraph 2.4.3). The 

recently published standard EN 16798-179 would also here be helpful to establish the 

advice for improvements. 

The cost is increased in case of non-compliance since inspection must be repeated 

after corrective actions. 

2.6 Indoor air quality requirements (option 6) 

2.6.1 Description of the reference case for impact analysis 

The reference scenario for option 6 covers a case with mandatory requirements about 

the maximum value of an indoor air quality criterion in residential buildings equipped 

with a newly-installed ventilation system. This criterion is, e.g., the maximum CO2 

concentration in bedrooms and living rooms. 

The measurement of this indoor air quality parameter can be performed by occupants 

or requested by occupants to the owner, sometime after the installation of the 

ventilation system. 

Measurements can be done for example with low cost analysers placed in the dwelling 

for some days. Such analysers usually have an internal self-calibration procedure, 

based on an assumption on what should be the level of the minimum measured value. 

Their measurement uncertainty can be high: therefore, measured concentrations 

higher than the threshold value should be allowed within a certain tolerance which 

should be mentioned in the mandatory requirements. 

Possible corrective actions rely on further initiative of the occupant or owner, and fall 

outside the scope of the option itself. Nevertheless, the impact analysis assumes that 
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this option has a market impact and that the performances will be improved, 

especially regarding indoor air quality. 

2.6.2 Motivation for considering this option 

As already mentioned, this option was initially considered for buildings with 

employees, where the measurement of indoor air quality parameters ccould be done 

either by employees or by an independent certified inspector, and a report is provided 

to the employees and employer. Corrective actions could then rely on further initiative 

of the employer or the building owner. 

In this report, it was chosen to adapt this option to residential buildings, in order to be 

able to compare its possible impacts with those of the other options. 

Even if this option could be considered as more adapted to non-residential buildings, 

the motivation to consider it for residential buildings is that it can be worth to focus on 

the consequences of the operation of the ventilation system, i.e., the indoor air 

quality. This consists in looking at the results (indoor air quality) from the point of 

view of the occupants, and not at the means used to get these results (ventilation 

system). 

This makes this option rather simple in its implementation and management. In order 

to have a robust compliance and enforcement framework, it is important that the 

boundary conditions for the performance assessment are clearly specified (e.g., 

occupancy, weather conditions, allowed deviation for deciding on compliance, etc.). 

The practical applicability of this option has substantially increased due to the 

availability of cheap sensors, IoT and data in the cloud. There are already systems on 

the market which continuously monitor the indoor air quality, and which regulate the 

ventilation systems as function of these measurements. Moreover, such systems can 

inform the occupants or the installer in case of problems or maintenance issues. It is 

expected that, on the longer term, such systems become the reference. For such 

systems, one could consider the development of an inspection scheme which would be 

fully based on data collected in the cloud in combination with random checks 

concerning the reliability of collected data. 

2.6.3 Legal, economic and other aspects 

Such an option must be in conformity with the EU legislation and national, regional 

and local legislations, and especially personal data must be managed according to the 

General Data Protection Regulation. 

The cost of one CO2 sensor or a sensor to detect volatile organic compounds ranges 

between 100 and 200 € and the price is expected to decrease if the market becomes 

bigger. 

Monetising the benefits of such an option is not simple. Knowledge about the indoor 

air quality level can lead to its improvement, providing a benefit to occupants, and 

more generally to the society. 

The stakeholders directly involved in such an inspection are the occupant, the building 

owner or its representative, and the manufacturer and provider of sensors. 

The stakeholder involved in the implementation of the framework is a public authority 

for preparing and publishing the regulation on maximum indoor air quality criteria. 

Such an option does not seem to create a market differentiation. 

The societal support would probably be neutral. It is not evident that a lot of 

occupants would decide or ask for a measurement. It is also not evident that 

corrective actions would be implemented. 

This option does not seem to create barriers to innovation. 
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Defining thresholds on the systems to be considered does not seem appropriate since 

the checked characteristic (indoor air quality) is independent from the size of the 

system. 

The main risk is that this option is not much used and that conflicts occur about the 

results and the need and contents of the corrective actions. 

3. Objectives and methodology of impact analysis 

3.1 Objectives 

The objectives of the impact analysis are: 

▪ to set-up a model to assess the impacts of the 6 policy options considered, for 

different ventilation systems and their stock, and taking into account their 

different defects and the ability of the policy option to correct these defects; 

▪ to implement this model into an Excel tool and to perform with this tool 

calculations to analyse the impacts of the 6 policy options on different 

parameters towards 2050: electrical and primary energy use, carbon 

emissions, indoor air quality (IAQ). 

As already mentioned, the data about the stock and sales of ventilation systems from 

a previous report13 show that 93% of stand-alone ventilation systems are installed in 

residential buildings. The chosen options, the impact analysis and the calculation 

approach therefore focus on residential buildings. It is also assumed in the calculation 

that the different options for inspection of stand-alone ventilation systems only have 

an impact on new systems installed in new or renovated buildings: this is consistent 

with the options described in the previous chapter.  

3.2 Methodology 

The methodology for the impact analysis is described in detail in Annex 2. It consists 

of the following steps, which are performed for 5 European climate regions, and for 

the EU-28: 

1. Calculation of the performances of dwellings with 10 different types of 

ventilation systems (see Annex 2, section 3.1.2), considering the impact of the 

6 policy options on various parameters influencing the energy use and IAQ, 

such as the quality of design and installation, the control of systems, the 

specific fan power, etc. The calculations of ventilation related energy indicators 

and carbon emissions are based on the ecodesign SEC-calculation method 

(Directive 2009/125/EC). Energy performances (fan energy use, ventilation 

related heating energy use, ventilation related primary energy use) are 

expressed as a specific value per m² of floor area, and quantify the average 

performance of dwellings with a specific type of ventilation system. The IAQ-

indicator is based on the assessment of a generic pollutant dose taking account 

of the effective flow rates and exposure times of the different types of 

ventilation systems. In case of poor IAQ, the exposure indicator has a value 

larger than 1; in case of improved IAQ it has a value smaller than 1.  

2. Estimation of the distribution of different types of ventilation systems in the 

existing dwelling stock, and of the evolution of the market share of ventilation 

systems in future new and retrofitted dwellings towards 2050. The estimation 

is based on the analysis of the stock of ventilation systems in EU buildings13 

and on the building stock evolution derived from ‘the Agreed Amendments 

pathway’ used in the technical study commissioned and supervised by the 

European Commission towards the development of a smart readiness indicator 

 
13 Feasibility Study EPBD19a - Stock of ventilation systems in EU buildings and foreseen 
evolution for 2030, 2040 and 2050 – June 2019 
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for buildings14. The impact of the 6 policy options on the evolution of the 

market share of ventilation systems is also considered, by assuming that more 

new ventilation systems are installed in comparison with a baseline option with 

no actions.  

3. Extrapolation of the specific performance indicators calculated in step 1 to the 

total building stock by combining the specific performance indicators with the 

building stock data and the data about the market share of ventilation systems, 

estimated in step 2. As a result, the impact of the 6 policy options may be 

compared for the following global indicators, assuming that each policy option 

is introduced in 2020 and has an immediate effect: 

a. the electrical, heating and primary energy use, as a result of the 

ventilation of the dwelling stock; 

i. electrical energy use relates to the fan energy use in mechanical 

ventilation systems; 

ii. heating energy use relates to the ventilation and infiltration heat 

losses for which building heating systems need to compensate; 

iii. primary energy use is the sum of primary electrical and heating 

energy used for ventilation. It only includes the primary energy 

use by fan operation and by ventilation and infiltration of air. 

b. the carbon emissions resulting from the ventilation of the dwelling 

stock; 

c. the average exposure to pollutants over the dwelling stock. 

Given the uncertainties and the many parameters involved in the ventilation system 

performance calculation, in the estimated evolution of the ventilation stock and in the 

estimated distribution of ventilation system types over the dwelling stock, the 

outcome of the analysis should be treated with care.  

Given the high number of hypothesis made for the impact analysis, the graphs in 

Chapters 3, 4 and Annex 2 should not be used to compare different ventilation 

systems, but only to estimate the possible differences between the impacts of the 

various options analysed. 

3.3 Assumptions for an option with no action 

The impact of the 6 options is compared to a baseline scenario with no specific policy 

actions at a European level (also referred to as ‘no policy option’). This scenario 

considers the fact that in a vast majority of European countries the quality of installed 

ventilation systems is very poor13. The main factors taken into account in the 

calculation of the performances of different ventilation systems are the following: 

▪ A large proportion of systems (20%-55% depending on system type) have flow 

rates which are significantly lower than the required values. 

▪ In a large proportion of systems (50%-75% depending on system type), users 

operate the systems at lower flow rates than the nominal values, e.g. because 

of noise or draft problems. 

▪ A large proportion of mechanical ventilation systems (25%-70% depending on 

system type) have a higher specific fan power than the default values defined 

in ventilation standards (500-750 W/(m³/s) per fan). 

▪ A large proportion (50%) of balanced mechanical systems with heat recovery 

have imbalanced supply and extract air flows or malfunctioning devices, 

decreasing the heat recovery performance.  

 
14 VITO et al. - Support for setting up a Smart Readiness Indicator for buildings and related 
impact assessment – August 2018 
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The figures indicated above are derived from published studies (QALICHeCK15, AIVC16 
17) and applied in the impact analysis discussed in the next paragraph.  

Figure 1 shows the estimated distribution of different types of ventilation systems in 

the existing dwelling stock, and of their evolution towards 2050. Annex 2 includes the 

definition of the different types of ventilation systems. Figure 2 shows the evolution of 

the market share of newly installed ventilation systems in future new and retrofitted 

dwellings, which may be impacted by the 6 policy options. The estimates show a 

gradual evolution of the market share of ventilation systems towards more mechanical 

and smart systems. They assume that there are no future changes in ventilation 

regulation. In many European countries it is not mandatory to install ventilation 

systems in new or retrofitted dwellings (e.g. Germany, Greece, etc.), or ventilation 

regulations are not enforced. This results in approximately 50% of new and retrofitted 

dwellings not being equipped with new ventilation systems, as is also the case today.  

 

 

Figure 1: EU evolution of total number of dwellings with a specific ventilation system  
(see Annex 2 – section 3.1.2 for a description of the different types of ventilation systems) 

 
15 Overview of existing surveys on energy performance related quality and compliance – Report 
from the European project QUALICHeCK, June 2015, Lund (Sweden) - http://qualicheck-

platform.eu/  
16 Securing the quality of ventilation systems in residential buildings – Presentations at an AIVC 

Workshop, March 2013, Brussels (Belgium) – www.aivc.org  
17 Quality ventilation is the key to achieving low energy healthy buildings – Presentations at an 
AIVC Workshop, March 2019, Dublin (Ireland) – www.aivc.org  

http://qualicheck-platform.eu/
http://qualicheck-platform.eu/
http://www.aivc.org/
http://www.aivc.org/
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Figure 2: EU evolution of total number of new and retrofitted dwellings  
with a specific ventilation system 

(see Annex 2 – section 3.1.2 for a description of the different types of ventilation systems) 

Figure 3 shows the evolution of the ventilation related primary energy use of the 

European dwelling stock, and the evolution of the average exposure to pollutants over 

the dwelling stock. As a result of the growth of the dwelling stock and of the expected 

increase of ventilation systems on the market, the primary energy use as a result of 

the ventilation of the dwelling stock (fan energy, ventilation and infiltration heat loss) 

will increase by 18% in between 2020 and 2050, while the average exposure to 

pollutants will decrease by 10%. For comparison: the EU dwelling stock floor area is 

estimated to increase by 15% between 2020 and 2050. As Figure 3 shows, the total 

primary energy use is dominated by the primary heating energy use related to 

ventilation and infiltration, while the primary fan energy use represents a small 

fraction (3% in 2020, 6% in 2050) of total primary energy use. A larger share of the 

total primary energy use is the result of infiltration due to air leakages (57% in 2020, 

53% in 2050).  

 

Figure 3: Evolution of the total ventilation related primary energy use, primary fan energy use 
(primary axis) and the average exposure to pollutants (secondary axis) over the European 

dwelling stock in case no policy actions are taken. 
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4. Impact analysis findings for the 6 options 

4.1 Awareness raising (option 1) 

4.1.1 Reference 

Based on literature findings, it is assumed that the impact of awareness raising on the 

performances is limited compared to the baseline scenario. Experiences for instance in 

France showed that, despite the implementation of ventilation compliance checks by 

state controllers on samples of the yearly production of new buildings and raising 

awareness about the poor status of residential ventilation systems on the ground, 

there is little or no effect on the high non-compliance rate observed for many years18. 

However, awareness campaigns can result in stakeholders’ request for governmental 

action, e.g., imposing inspection of ventilation systems based on visual observations 

or measurements. Awareness campaigns can also motivate various stakeholders to 

give more attention to the installation of ventilation systems and to the correct 

performance of these systems, for instance when awareness campaigns show the 

relation between ventilation and health. Moreover, in countries with no ventilation or 

IAQ requirements, awareness raising campaigns can highlight the need for appropriate 

ventilation systems and therefore be a driver for appropriate legislation regarding 

ventilation and/or IAQ requirements. Once such regulation exists, options 2 to 6 can 

be considered. 

4.1.2 Variants 

The variants of the reference option as described in 2.1.1 correspond to different 

levels of efforts:  

▪ Surveys on actual performances of installed systems: the surveys on indoor air 

quality performances and/or actual performances of installed systems can vary 

widely in sample size and in the aspects covered in the data collection, e.g.:  

- whether or not there are ventilation systems; 

- indoor air climate related parameters (indoor air quality, acoustics, …); 

- physical measurements on the ventilation systems (e.g., air flow rates, 

energy related performances, acoustics, cleanliness of the system, …); 

- perception of the users; 

- comparison of the performances of different samples (e.g., with/without 

inspection, with/without a ventilation system, new systems versus older 

systems, etc.). 

▪ Information to stakeholders can cover a very wide range of potentially 

interested stakeholders. The general public, as users of the buildings, is a very 

important group. Politicians as well as all professionals active in the sector are 

also an important target. 

▪ Consultation on possible actions to improve performance can also have 

different scopes and the required effort can vary widely. 

 

 

 

 

 
18 François Rémi Carrié (ICEE), Sandrine Charrier, Adeline Bailly (Cerema) - Regulatory 
compliance checks of residential ventilation systems in France – QUALICHeCK Factsheet #06 – 
Nov. 2015 
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A potential impact of awareness raising can be an 

interest to improve the performances of stand-

alone ventilation systems and to impose 

requirements on ventilation systems and/or to 

implement options 2 to 6.  

Such implementation can be a voluntary measure 

() or a measure made mandatory by the public 

authorities (). In terms of impact analysis of 

option 1, this indirect effect can be important 

when assessing the cost benefit relation.  

In practice, it is in many circumstances essential 

to have sufficient awareness raising before there 

will be societal support for imposing ventilation 

requirements and/or options 2 to 6. 

4.2 Training (option 2) 

4.2.1 Reference 

It is not evident to assume that more competence will automatically result in better 

installations or in more installations of ventilation systems in new and retrofitted 

dwellings. If the price competition is very high and/or if the clients are not in a good 

position to easily refuse non-compliant installations, the impact of training may be 

limited. 

Still, in the impact analysis it is assumed that training has a positive influence on the 

quality of design and installation, resulting in 0-10% more systems (depending on 

system type) achieving required flow rates, 5-10% less systems operated at 

significantly lower flow rates than nominal values because of comfort problems 

experienced by users, 10% more systems achieving specific fan power default values, 

and 10% less imbalanced systems, in comparison with the option with no actions.  

Furthermore, this scenario assumes that the increase in awareness and expertise 

among professionals results in 5% more new systems installed in new and retrofitted 

dwellings. 

As a consequence, this policy option results, for the total EU dwelling stock (Figure 4) 

in a limited increase of the ventilation related energy use (+1% by 2050), and in a 

reduction of the average exposure to pollutants in the dwelling stock (-2% by 2050). 

The influence of this policy option on increased flow rates has a larger overall impact 

on energy use in comparison to its influence on reduced fan energy and improved heat 

recovery. 

Although the impact at the level of the dwelling stock is limited because the policy 

option is assumed to impact only newly installed systems, the impact of this policy 

option at dwelling level is larger and depends on the type of ventilation system. For 

dwellings equipped with central bidirectional systems for example, the estimated 

reduction of exposure to pollutants is 11-15% at the expense of an increase of 

primary energy use per m2 of floor area of 0-3% (mean system performance), 

depending on the type of control. 
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Figure 4: Impact of policy option 2 on the evolution of ventilation related primary energy use 
and exposure to pollutants for the EU-dwelling stock, in comparison to option 0 without actions. 

4.2.2 Variants 

Possible variants of the reference option as described in paragraph 2.2.1 could be: 

▪ to implement a training offer with no obligation of training and certification; 

▪ to implement a mandatory training but no mandatory certification; 

▪ to include more or less aspects in the training and certification. An important 

aspect is the acoustical performance. Acoustics is clearly a very critical aspect 

of ventilation systems and requires specific competence. 

A specific challenge in the case of mandatory training and/or certification, is to define 

the contents of the training and related assessment. There is a wide range in 

complexity of ventilation systems to cover (individual dwelling ventilation systems vs. 

collective ventilation systems in apartment buildings, various types and technologies 

of ventilation systems, etc.). In order to have societal support for such mandatory 

training/certification and the required added value, it might be necessary to foresee 

various types of training/certification. 

The initiative for mandatory training (and 

certification) can be an explicit decision by 

government or prescribers. 

However, it is also possible that a strong interest in 

voluntary training is created due to the existence of 

inspection schemes (option 3 to 5) or indoor climate 

related requirements (option 6).  

If the practitioners experience difficulties in meeting 

the requirements, there might be a strong interest 

to voluntary follow training courses in order to work 

more efficiently with the resulting cost savings.  

Such situation has a number of advantages in terms 

of societal acceptance as there is no obligation to 

follow training and/or to be certified. 

Another variant of the reference option could be that mandatory training is extended 

to professionals other than installers, i.e., designers and maintenance staff. 
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4.3 Visual inspection (option 3) 

4.3.1 Reference 

Initial visual inspection of newly installed ventilation systems allows to assess 

completeness and good overall operation of the systems, by checking the presence 

and functioning of all relevant components. As a consequence, the effect of visual 

performance on system performance is system type dependent. For systems where 

the achieved flow rates and operation are largely related to the presence of different 

components, such as in natural ventilation systems, the impact of visual inspection is 

probably larger than for mechanical ventilation systems, where correct performance is 

less likely to be assessed without measurements. However, also with mechanical 

systems, visual inspection may contribute to a better performance by checking the 

presence and location of different components, the presence of silencers when 

prescribed, draught risk related to the position of supply vents, the presence and 

functioning of heat recovery systems, etc. 

Based on these considerations, in the impact analysis it is assumed that initial visual 

inspection has a positive influence on the quality of design and installation, resulting in 

5-20% more systems achieving required flow rates (depending on system type), 10% 

less systems operated at significantly lower flow rates than nominal values because of 

comfort problems experienced by users, and 15% less systems with imbalanced or 

malfunctioning heat recovery system, in comparison with the option with no actions.  

Also, in construction and renovation projects that are subject to ventilation 

requirements, visual inspection allows for the detection of systems’ effective and 

complete installation. In countries with mandatory ventilation regulations, this option 

may therefore help to comply with regulations. As a consequence, the impact analysis 

assumes that 10% more new systems are installed in new and retrofitted dwellings in 

comparison with the option with no actions.  

Based on the above, this policy option results, for the total EU dwelling stock, in a 

similar increase of the ventilation related energy use (+1% by 2050), and reduction of 

the average exposure to pollutants in the dwelling stock (-2% by 2050), as estimated 

for the previous policy option (training). The impact on pollutant exposure is largely 

(67%) related to the assumed 10%-increase of newly installed ventilation systems 

due to the introduction of initial visual inspection. 

The impact of this policy option at dwelling level is larger than at the level of the 

dwelling stock. For example, for dwellings equipped with central bidirectional systems 

with manual control or Demand Control Ventilation (DCV), the estimated reduction of 

exposure to pollutants is 11-13% at the expense of an increase of primary energy use 

per m² of floor area of 3-4% (mean system performance). 

4.3.2 Variants 

Possible variants of the reference option as described in paragraph 2.3.1 could be (to 

be considered alone or in combination): 

▪ to implement not only an initial inspection of newly installed ventilation system, 

but to require also a regular inspection at a given time frequency; this would 

allow to check that the general state of the ventilation system remains good; it 

could be combined with regular maintenance; 

▪ to make an initial visual inspection mandatory not only for newly installed 

systems, but also for all systems already in operation for a while, to be 

performed before a given deadline; this would probably contribute to improving 

the whole stock; 

▪ to include into the technical aspects covered by the inspection the check of the 

adequacy between design and installation. This is for example suggested by the 
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European standards EN 1413419 and EN 16798-1720, as well as by the French 

protocol Promevent21, and requires a pre-check phase to collect the relevant 

information; 

▪ to focus inspection on some specific systems for which risks of installation 

defects are higher; 

▪ to choose that inspection is performed by independent inspectors only; in the 

reference option, visual inspection can be performed by several types of 

operators (designers, architects, property owners, installers, etc.) provided 

that they are trained and qualified; this variant is to be considered only if there 

are serious doubts linked to the fact that other operators could be in conflict of 

interest; 

▪ to decide that training or qualification is not required; this would be possible if 

inspectors are considered as having initial skills and knowledge which allow 

them to perform inspection without dedicated training or recognition by a third 

party or their ability to perform the inspection; 

▪ to decide that surveillance of inspectors through audits is not required; this 

would be possible if there is confidence in the fact that inspectors will follow the 

rules even without audits and predefined sanctions;   

▪ to combine this option with options other than the ones described before 

concerning the involvement of public authorities, depending on the national, 

regional or local context. 

In terms of actions in case of non-compliance, there are various possibilities, e.g.: 

▪ no specific action but rely on communication of the results of visual inspection 

to interested third parties, e.g., in the EPC, building renovation passport, etc.; 

▪ compliance requirement: obligation to make the ventilation system compliant 

in relation to the non-compliances identified by the visual inspection; 

▪ mandatory training of installers, which can be effective if the major reason for 

non-compliance is a lack of competence among the installers. 

The effective implementation of option 3 cannot guarantee that a ventilation system 

works correctly. There can, e.g., be low or high air flow rates, acoustical problems, 

leaky ductwork, poor energy performances, etc. that visual inspection does not allow 

to detect. An awareness raising campaign (option 1) on a sample of installations which 

have been found compliant in visual inspection can give insights of the actual 

performances: in case it shows good performances, this might increase the societal 

support for option 3; in case the monitoring campaign identifies various (serious) non-

compliance issues, this might give societal support for considering options 4 or 5. 

4.4 Inspection with measurements (option 4) 

4.4.1 Reference 

Initial inspection of newly installed ventilation systems with measurements allows 

better assessment of ventilation system performances compared to the previous 

option (visual inspection of completeness and good overall operation). Visual 

inspection and measurements of flow rates at room level and of electrical fan-power, 

which are then reported to owners and public authorities and compared to target 

values, is expected to result in more corrective actions to achieve prescribed flow 

 
19 EN 14134 (2019): Ventilation for buildings - Performance measurement and checks for 

residential ventilation systems 
20 EN 16798-17 (2017): Energy performance of buildings. Ventilation for buildings. Guidelines 

for inspection of ventilation and air conditioning systems (Module M4-11, M5-11, M6-11, M7- 

11) 
21 http://www.promevent.fr/publications.php  

http://www.promevent.fr/publications.php
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rates, supply and extract flow balancing and energy efficiency, than is the case with 

the previous policy options.  

Based on these considerations, in the impact analysis it is assumed that initial 

inspection with measurements has a positive influence on the quality of design and 

installation. This is expected to result in 10-35% more systems achieving required 

minimum flow rates (depending on system type), 10% less systems operated at 

significantly lower than nominal flow rates (because of comfort problems experienced 

by users), 15-20% more systems achieving specific fan power default values 

(depending on system type), and 25% less imbalanced systems or systems with 

malfunctioning heat recovery, compared to the option with no actions.  

Also, in construction and renovation projects that are subject to ventilation 

requirements, this policy option (which also includes visual inspection) allows to detect 

whether systems are effectively in place and complete. As a consequence, similar as in 

option 3, in the impact analysis it is assumed that 10% more new systems will be 

installed in new and retrofitted dwellings in comparison to the option with no actions.  

As a consequence, this policy option results, for the total EU dwelling stock, in a 

similar increase of the ventilation related energy use (+1% by 2050) as the previous 

two policy options (training, visual inspection), but with a larger reduction of the 

average exposure to pollutants in the dwelling stock (-3.5% by 2050). Nearly half of 

the impact on pollutant exposure and 10% of the impact on primary energy use is 

related to the assumed 10% increase of newly installed ventilation systems. 

The observed reduction of average exposure to pollutants follows from the assumed 

increase of achieved flow rates, both as a result of better commissioning and better 

operation. At the same time, despite the increased flow rates, the primary energy use 

does not increase to a larger extent compared to previous policy options because also 

the energy efficiency of systems is assumed to improve in this policy option (on 

average lower specific fan power, higher thermal efficiency of heat recovery). 

The impact of this policy option at dwelling level (mean system performance) is larger 

than at the level of the dwelling stock (since not all dwellings will be inspected). For 

dwellings equipped with central bidirectional systems with manual or DCV control, the 

estimated reduction of exposure to pollutants is 24-26%, at the expense of a minor 

increase in primary energy use of 1% (mean system performance). For dwellings 

equipped with other systems, the estimated reduction of exposure to pollutants is on 

average lower. 

4.4.2 Variants 

Possible variants of this reference option, as described in paragraph 2.4.1, are the 

same as for option 3 (see paragraph 4.3.2), with the following additional variants: 

▪ measurement of acoustical performances; this can include measurements of 

the acoustical performances of the mechanical ventilation system as well as 

measurements of the ability of the ventilation system to avoid the transmission 

of noise from outside and between adjacent rooms or apartments; 

▪ measurement of thermal comfort related performances; 

▪ measurement of ductwork airtightness which could be the main cause of 

insufficient airflows and/or overconsumption of fans; this measure could 

improve both energy and IAQ performance; 

▪ to reduce the requirements on measurement equipment (e.g., decide that 

measuring instruments do not require calibration on a regular basis or decide 

that the calibration of measuring instruments can be performed by laboratories 

that are not accredited). 

In terms of actions in case of non-compliance, there are various possibilities, e.g.: 
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▪ no specific action, but rely on communication of the results of the measured 

performances to interested third parties, e.g.:  

- use of measured performances as input in EPC calculations (air flow 

rates, fan power, etc.); 

- integrating the results in a building renovation passport; 

▪ compliance: obligation to make the ventilation system compliant; 

▪ mandatory training. 

 

The first case (no action but rely on communication) can in certain cases be a 

pragmatic option, e.g., if the results of the measurements have to be used as input 

data in an EPC calculation. Moreover, there is a large probability that clients who 

receive a report which shows non-compliance of the ventilation system will not be 

willing to pay for the installation. 

 

In the context of the impact analysis, it is also 

possible that the findings from inspections with 

measurements will motivate to consider option 2 

(mandatory training) or to impose option 5 

(inspection with measurements and compliance). This 

could, e.g., be the case with professional investors 

who require that the work is done with inspection at 

the end of the works and proof of compliance. 

 

 

 

4.5 Inspection with measurements and compliance (option 5) 

4.5.1 Reference 

In this option, it is required that new ventilation systems are made compliant if the 

inspection results based on the previous option show that target values are not met. 

As a consequence, it is expected that all possible corrective actions will be taken to 

achieve prescribed flow rates, supply and extract flow balancing and energy efficient 

fans. However, since comfort measurements (noise and draught problems) are not 

required in the inspections, it is expected that not all defects that result in comfort 

problems may be solved, apart from the defects observed in visual inspection. 

Based on these considerations, in the impact analysis it is assumed that inspection 

with measurements and the obligation to make the system compliant has a positive 

influence on the quality of design and installation. This is expected to result in 20-55% 

more systems achieving required minimum flow rates (depending on system type), 

10-15% less systems operated at significantly lower than nominal flow rates (because 

of comfort problems experienced by users), 15-20% more systems achieving specific 

fan power default values (depending on system type), and 25% less imbalanced 

systems or systems with malfunctioning heat recovery, compared to the option with 

no actions.  Compared to the previous option, all systems are assumed to achieve the 

minimum required flow rates, with improved energy efficiency (fan power, heat 

recovery). 

Also, in construction and renovation projects that are subject to ventilation 

requirements, it may be expected that ventilation systems are effectively in place and 

are complete in this option. As a consequence, in the impact analysis it is assumed 

(Figure 5) that 20% more new systems will be installed in new and retrofitted 
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dwellings in comparison with the option with no actions, which assumes that 

ventilation regulations are not everywhere enforced. Further, it is assumed that 75% 

of the additionally installed systems will be systems with smart features, as defined in 

Annex 2, because in these systems it is easier for installers to demonstrate 

compliance. The assumed figure of 20% might be quantified in a more precise way 

based on information about which European countries have requirements in place for 

the installation of ventilation systems in both new and retrofitted dwellings, and on the 

extent to which these requirements are enforced. However, this information is not 

systematically available. The role of inspection also depends on the procedure that is 

already in place to enforce these regulations. For instance, in Belgium, it is the task of 

energy auditors to report about the presence and performance of ventilation systems 

in new and retrofitted dwellings based on as-built information, with penalties in case 

of non-compliance to ventilation requirements. In this situation, complementary 

inspection procedures will probably not contribute to an increased installation of 

systems. 

 

Figure 5: EU evolution of the total number of new and retrofitted dwellings with a specific 
ventilation system, and an assumed increase of 20% in newly installed systems compared to 

the option with no actions (Figure 2) 

Based on the above assumptions, this policy option results, for the total EU dwelling 

stock, in an increase of the ventilation related primary energy use (+2% by 2050), 

and a reduction of the average exposure to pollutants (-6% by 2050), compared to 

the option with no actions. Half of the impact on pollutant exposure and 12% of the 

impact on primary energy use is related to the assumed 20% increase of newly 

installed ventilation systems.  

At dwelling level, this policy option has the highest impact on dwellings equipped with 

a central bidirectional system with manual or DCV control, with an estimated reduction 

of exposure to pollutants of 32-35% without increasing primary energy use (mean 

system performance) compared to the option with no actions. 
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4.5.2 Variants 

Possible variants of this reference option, as described in paragraph 2.5.1, are the 

same as for option 4 (see paragraph 4.4.2). 

4.6 Indoor air quality requirements (option 6) 

4.6.1 Reference 

In this option (only measurement of indoor air quality, no other aspects are checked), 

it is expected that actions will be taken to achieve the minimum flow rates, 

contributing to meeting maximum target values for an indoor air quality parameter, 

while less corrective actions will be taken to solve other defects, such as unbalanced 

flow rates, high fan power, noise and draught issues, compared to the previous policy 

options. Since the measurement of indoor air quality requirements is based on the 

initiative of the occupant or owner, and it is not mandatory to take corrective actions, 

it is expected that not all dwellings will achieve the targets. At the same time, users, 

being more aware of the achieved IAQ, might be inclined to operate systems at higher 

flow rate. 

Based on these considerations, in the impact analysis it is assumed that measurement 

of indoor air quality parameters results in 10-30% more systems achieving required 

minimum flow rates (depending on system type), 10% less systems operated at 

significantly lower than nominal flow rates , and 15-20% more oversized systems 

(50% higher than required minimum rates), in comparison to the option with no 

actions. Estimates of fan power and heat recovery performance are the same as in the 

option with no actions.  

Also, in construction and renovation projects that are subject to ventilation 

requirements, this policy option may convince more builders and owners to invest in 

the installation of a ventilation system. As a consequence, in the impact analysis it is 

assumed that 10% more new systems will be installed in new and retrofitted 

dwellings, in comparison to the option with no actions.  

Based on the above assumptions, this policy option results, for the total EU dwelling 

stock, in an increase of the ventilation related primary energy use (+3% by 2050), 

and a reduction of the average exposure to pollutants in the dwelling stock (-4% by 

2050), compared to the option with no actions (Figures 8-9). About 40% of the impact 

on pollutant exposure and 10% of the impact on primary energy use is related to the 

assumed 10% increase of newly installed ventilation systems. Even when ignoring the 

assumed increase of newly installed systems, this option results in a smaller reduction 

to pollutant exposure and a larger increase in energy use, compared to the previous 

option 5. This is the result of the fact that, in option 6, it is assumed that not all 

systems have to meet minimum required flow rates, and that energy efficiency of 

systems is not improved. 

At dwelling level, this policy option has the highest impact on dwellings equipped with 

a central bidirectional system with manual or DCV control, with an estimated reduction 

of exposure to pollutants of 28-30% at the expense of 26-27% increase in primary 

energy use (mean system performance) compared with the option with no actions. 

4.6.2 Variants 

Possible variants of this reference option. as described in paragraph 2.6.1. could be: 

▪ to make the measurements of indoor air quality in the occupied building 

mandatory a few times after the (new) ventilation system has been installed; 

▪ to make measurements mandatory by a certified third party, with a report;  

▪ to make corrective actions mandatory if the measured values show non-

compliance; 
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▪ to require a permanent monitoring of indoor air quality parameters with 

automatic warning system; 

▪ to include other indoor climate parameters, e.g., acoustical performances. 

Compliance with the requirements of option 6 can in principle be achieved without the 

availability of ventilation systems. A very leaky building, the opening of windows or 

doors, can indeed allow meeting the IAQ requirements.   

However, it is in practice in most climates not 

feasible to meet the IAQ requirements in most 

circumstances. Therefore, for architects, 

contractors, buildings owners, etc., to be able to 

guarantee that the IAQ requirements will be met, 

there is a need for an appropriate (natural or 

mechanical) ventilation system.  

As practice shows that it is not so evident to 

achieve compliant ventilation systems, option 6 

might indirectly be a major driver for interest in 

option 2 (training) or options 4 and 5 

(measurements with inspection). However, it will 

not be necessary to have mandatory 

requirements, as the involved stakeholders will be 

interested in such schemes in order to guarantee 

to meet the requirements of option 6. 

4.7 Conclusions for the 6 reference options 

Figures 6-7 give an overview of the impact of the 6 policy options on the ventilation 

related primary energy use and on the average exposure to pollutants in the total EU 

dwelling stock. The impact on carbon emissions is in line with the impact on primary 

energy. 

 

 

 
Figure 6: Evolution of the ventilation related primary energy use of the EU dwelling stock. 
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Figure 7: Evolution of the average exposure to pollutants over the EU dwelling stock. 

 

The impact analysis indicates as an overall trend that the various options result in a 

better indoor air quality but also in a higher energy consumption. This is the 

consequence of the fact that in a vast majority of European countries the current 

quality of installed ventilation systems is shown to be poor, and delivered air flow 

rates are often insufficient. Therefore, air flow rates in the dwelling stock on average 

increase due to the implementation of one of the policy options.  

This can be due, for example, to the following situations: 

▪ Without an efficient control, it is not possible to ensure that all buildings 

required by regulations to have ventilation systems do indeed have them 

installed. Options 1 to 6 can reduce the number of buildings without a 

ventilation system, and result on average in a higher ventilation rate. 

▪ Building occupants might not use the system or use it at a lower capacity due 

to issues of noise, draught, the intention to save energy, etc. Options 1 to 6 

should directly or indirectly result in more correct ventilation systems and, if 

attention is paid to the previously mentioned issues, in a more effective use of 

such ventilation systems. 

▪ The design and installation of ventilation systems is not always correctly done, 

which may result in air flow rates different from the intended values. The 

expectation is that, in most cases, this will result in lower air flow rates than 

the expected values. Options 1 to 6 might result in better designed and 

executed ventilation systems and therefore higher ventilation rates. 

However, these conclusions are based on the aggregated results over the EU dwelling 

stock. A reduction of the energy consumption in combination with a good indoor air 

quality is also possible. This would be the case for buildings that in the reference 

situation would have an over-dimensioned ventilation system. In such a case, options 

1 to 6 would directly or indirectly contribute to a better control of the air flow rates 

(i.e., lowering air flow rates to minimum requirements) and to reduced ventilation 

heat loss and fan energy use. 

When considering the aggregated results over the EU dwelling stock, the policy 

options seem to have a marginal impact. However, this is the consequence of the 

chosen scope of the impact analysis, focusing on newly installed ventilation systems in 

new and renovated dwellings. As discussed in section 3.3, dwellings equipped with 

new ventilation systems represent a small share of the total dwelling stock. When 

analysing the impact of the policy options over the EU dwelling stock with newly 
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installed ventilation systems only, the impact of the options is more pronounced, as 

Figures 6’ and 7’ show.  

Figure 6’ shows the ventilation related primary energy use aggregated over all EU 

dwellings with newly installed ventilation systems, and divided by the total floor area 

of those dwellings with new systems. This ‘specific primary energy use’ is a measure 

for the energy efficiency related to ventilation. Figure 7’ shows the average exposure 

to pollutants for the same group of dwellings. The policy options result in important 

reductions of the average exposure to pollutants, up to 22% (2025) and 17% (2050) 

in case of option 5. The ventilation related specific primary energy use increases up to 

26% for the same option. Because of the shift to systems with DCV and smart 

controls, the specific primary energy use and the exposure to pollutants is reduced 

towards 2050 for all options.  

 

 
Figure 6’: Evolution of the ventilation related specific primary energy (kWh/m²/a) of the EU 

stock of new and renovated dwellings equipped with newly installed ventilation systems. 

 

 
Figure 7’: Evolution of the average exposure to pollutants over the EU stock of new and 

renovated dwellings equipped with newly installed ventilation systems. 
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The impacts of the policy options are also system type dependent, as illustrated in 

Figures 8 and 9. Here, the impact of the policy option 5 on the mean performance of 

dwellings is compared to the case of no policy actions, for different types of ventilation 

systems. As the figures show, in half of the 10 studied systems – natural ventilation, 

bidirectional systems (with heat recovery)-, inspection contributes to an improved IAQ 

with limited or no increase of primary energy use. The figures were developed to 

demonstrate the system dependent impact of inspection on the mean performance of 

different types of ventilation systems, not to compare the performance of systems 

against each other. Given the uncertainties and the many parameters involved in the 

calculations, these results should be interpreted with care. 

 

 

 
Figure 8: Average ventilation related primary energy use in dwellings equipped with different 

types of ventilation systems in case of no policy actions and policy option 5. 
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Figure 9: Exposure to pollutants in dwellings equipped with different types of ventilation 

systems in case of no policy actions and policy option 5. 

 

5. Other considerations related to the impact analysis 

5.1. Importance to quantify multiple benefits of options 1 to 6 

As indicated in section 4.7, it is expected that options 1 to 6 will in practice contribute 

to a better indoor air quality. The implementation of these options has cost 

implications, e.g.: 

▪ the cost for setting up each option (methodology, legal context, etc.); 

▪ the cost for implementing these options (training, inspections, etc.); 

▪ the increase in energy costs; 

▪ the cost of the ventilation system (components and installation) which could be 

higher due to the increased attention for quality. 

In the context of a qualitative cost-benefit analysis, it is important to identify the 

benefits qualitatively but also quantitatively.  

Improving the indoor air quality can give various benefits, such as less health-related 

problems and increased productivity. 

It is estimated that Europeans spend more than 90% of their time inside buildings and 

that between one in three and one in six European citizens live in an unhealthy 

building, depending on the country22.  

The WHO estimation is that 4.3 million deaths can be annually attributed to indoor air 

pollution23, of which 99,000 in Europe. It includes more than 50% of pneumonia 

deaths among children under five. In France, indoor air pollution has been estimated 

 
22 Healthy Homes Barometer. Buildings and Their Impact on the Health of Europeans – Ecofys, 
Fraunhofer IBP, Copenhagen Economics, Velux, 2017 
 23 www.who.int/features/qa/indoor-air-pollution/en/  

https://www.who.int/features/qa/indoor-air-pollution/en/
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to be responsible for nearly 20,000 deaths and for a global cost (health, production 

loses, public action) of 19.5 billion € every year24. 

In case of new or renovated buildings, in order to reach the target of nearly zero 

energy buildings, there typically is an improvement of the building airtightness 

resulting in less air infiltration. In such buildings, the attention for appropriate 

ventilation is therefore even more important than in non-renovated buildings. 

5.2. Cost aspects related to options 3 to 6 

5.2.1. Costs of an effective control and enforcement framework 

In order to be effective, options 3 to 6 require the organisation of a control system 

and, in case of non-compliance, to set up enforcement actions. This requires various 

investment and staffing costs, which will depend on various elements, e.g.: 

▪ the type of control: visual inspection, inspection with measurements, etc.; 

▪ the frequency of control; 

▪ the intensity of control; 

▪ the frequency of non-compliance and the number of enforcement actions; 

▪ development and maintenance of an IT environment; 

▪ consultation process, legal advice, etc. 

5.2.2. Estimation of the total cost 

The total cost of implementing options 1 to 6 consists of the following elements: 

 

Cost Description 
 The cost for setting up the option 
 The cost for implementation in practice 
 The extra costs for delivering a compliant ventilation installation 
 The change in energy consumption due to the implementation of the option, 

as indicated in chapter 4. It is expected that, in most cases, the energy cost 

will increase due to higher air flow rates, but it might also decrease in other 

cases 
 The cost reduction due to an improved indoor air quality and its impact on 

health  
 The savings due to increased productivity 

5.3. Options 3 to 6 as means against unfair competition 

Options 3 to 6 (with compliance checks and effective enforcement) create a level 

playing field for all actors involved in the project. If well implemented, this can 

substantially contribute to a reduction of unfair competition. 

5.4. Importance of clear and manageable specifications (options 3-6) 

In order to guarantee that the inspections as described in option 3 and in particular to 

options 4 to 6 can effectively assess non-compliance issues, it is important that the 

specifications are clear with little margin for interpretation.  

This might perhaps look evident and easy (e.g., a standard which requires 30 m³/h in 

a bathroom or a maximum of 1000 ppm CO2), but there are in practice many 

challenges, e.g.: 

 
 24 Kopp, P., Boulanger, G., Pernelet-Joly, V., Bayeux, T., Vergriette, B., Mandin, C., Kirchner, 

S., Pomade, A., 2014. Etude exploratoire du coût socio-économique des polluants de l’air 
intérieur. CSTB - OQAI – ANSES. www.anses.fr/fr/system/files/AUT-Ra-CoutAirInterieurSHS2014.pdf  

http://www.anses.fr/fr/system/files/AUT-Ra-CoutAirInterieurSHS2014.pdf
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▪ How to assess on site air flow rate requirements in case of demand-controlled 

ventilation systems (with variable airflows, sometimes low and difficult to 

measure precisely)? 

▪ How to define the conditions for measuring air flow rates? 

▪ How to describe the specifications for acoustical measurements in such a way 

that it is affordable and applicable in practice? This is in particular challenging 

when maximum sound levels are low (e.g., 27…30 dB in bedrooms). 

▪ Which tolerances between measured values and requirements are acceptable? 

▪ Under which boundary conditions must IAQ requirements be achieved (e.g., 

nominal capacity of rooms, etc.)? 

5.5. Impact analysis for non-residential and existing buildings? 

The impact analysis presented in chapter 4 is focused on new residential buildings.  

The calculation tool can be used for non-residential buildings as well as for existing 

buildings. What has to be changed are the input data, i.e.: 

▪ characterisation of the building stock; 

▪ market share of different types of ventilation systems as function of time; 

▪ performances of these ventilation systems as function of the 6 options. 

In order to have an overall impact assessment, it is very important to have a good 

estimation of the market of ventilation systems. In practice, very few reliable data are 

available for non-residential buildings and for existing residential buildings, as already 

explained in the introductory text of Chapter 2. 

5.6. Considerations about good IAQ during the whole building lifetime 

Achieving good air quality is not only needed when the building comes into use, but 

should also be guaranteed during its whole operation. It is not evident to assume that 

a ventilation system which works well at the moment of delivery will guarantee good 

IAQ during its lifetime. 

Two main reasons for poor performances are: 

▪ modifications in the performances of the ventilation system itself (due to 

actions by users, ageing of the system, poor maintenance, etc.); 

▪ poor operation of the ventilation system (due to problems as noise or draught, 

concerns of energy conservation, etc.). 

All 6 options can have a relevant contribution to performances over the lifetime of the 

installations, e.g.: 

▪ Option 1 can raise the awareness on the systems' performance over its lifetime 

and motivate decision makers to set up actions on performance checking 

during the operation of the system. 

▪ Option 2 can focus on specific training aspects with respect to maintenance, 

regular inspection, etc. 

▪ Options 3 to 5 can be applied on existing installations with a certain interval. 

▪ Option 6 can in principle be continuously used and covers both the intrinsic 

characteristics of the installation and the use of the building and installation. 

5.7. Impact of evolutions of legislation on IAQ and ventilation  

The present impact analysis explicitly assumes that the ventilation requirements in the 

EU countries are not changed between now and 2050, and that options 3 to 6 are only 

applied in countries with ventilation requirements. This assumption was necessary to 

avoid that different types of measures would be combined in the impact assessment 

without the possibility to separate each impact. As there are in 2020 still many 
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countries without a specific ventilation or IAQ regulation, this assumption clearly has 

an important influence on the calculated impacts of the options 3 to 6. 

Given the increased attention for health issues in many countries, it seems logical to 

expect that the overall tendency will be to have more requirements in terms of indoor 

air quality and/or ventilation. 

As indicated in §5.4, it is very important to have clear specifications for allowing an 

efficient assessment of compliance/non-compliance in options 3 to 6, but also in 

option 2 in order to provide the appropriate training. 

Therefore, if new regulations or revised regulations would be considered at the level of 

Member States, it is highly recommended that such regulations contain clear 

specifications which allow robust compliance checks. At the same time, it is important 

that such new regulations also pay attention to allowing innovative solutions (see 

§5.8). 

5.8. Options 4 to 6 as drivers for innovation 

Options 4 to 6 (with compliance checks and effective enforcement) can stimulate the 

development and market uptake of innovative systems. 

The resulting types of innovation can cover a wide range of aspects, e.g.: 

▪ development/optimisation of self-regulating air terminal devices (air supply and 

exhaust); 

▪ development of highly efficient heat exchangers; 

▪ development/optimisation of easy to install airtight air distribution systems; 

▪ development/optimisation of ventilation components and systems with 

improved acoustical performances; 

▪ development/optimisation of ventilation systems which are easy to install and 

maintain; 

▪ development/optimisation of low-pressure air distribution systems; 

▪ development/optimisation of smart IAQ sensors and control; 

▪ development/optimisation of systems based on monitoring and control from the 

cloud; 

▪ development/optimisation of systems with automatic fault detection. 

Indirectly, options 4 to 6 can also stimulate other developments, e.g.: 

▪ development and market uptake of smart design tools which guarantee the 

installers that the required specifications will be met; 

▪ development/optimisation of tools in a Building Information Modelling (BIM) 

environment. 

Therefore, the implementation of options 4 to 6 can be seen as a major driver for 

innovation and reduce the need for governmental support for industrial innovations. 

5.9 Change in options over time 

It is possible that, for a given country, the selection of one of 6 options (with all 

related choices) is in 2020 a very reasonable choice but that, in 2030 or later, it 

becomes less evident to continue with this choice. 

Reasons can be for example: 

▪ The market and stakeholders might in 2020 not be ready for a certain 

approach, whereas in 2030 societal support has changed. 

▪ New technological developments (e.g., smart ventilation systems, data in the 

cloud, etc.) can result in other options which give a better value for money 

outcome. 
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5.10. Differences between newly installed and older systems 

Options 3 to 6 can be considered for newly installed ventilation installations as well as 

for older installations. 

Stand-alone ventilation systems installed for a while can be submitted to: 

▪ an initial inspection whose content may be identical to that of options 3 to 6; 

the state of the systems before inspection can vary over a wide range of 

operating and performance conditions, depending on their type, age, 

obsolescence of components, maintenance status, etc.; the impact of an 

inspection is therefore difficult to estimate given the wide variety of situations 

encountered; 

▪ a regular inspection relying on procedures similar to the ones of options 3 to 6; 

according to the frequency of these regular inspections and to the maintenance 

plan of the systems, the impact of an inspection can vary a lot. 

In terms of liability for non-compliance, the boundary conditions can be very different: 

▪ for newly installed installations:  

- It should in principle be clear who has been involved in the design, 

execution and commissioning of the installation. 

- It should in principle be possible to identify who is responsible for non-

compliance and who has to take care of making the system compliant. 

▪ for older installations: 

- In most cases, the installer will no longer be liable for non-compliance 

issues; compliance related actions probably have to be covered by the 

building owner. 

These differences might have a major impact on the level of societal support for 

compliance and enforcement with potentially a big difference in support for newly 

installed installations versus older existing installations. 

5.11 Impact of smart monitoring and control 

In its definition of smart ventilation, the Air Infiltration and Ventilation Centre (AIVC) 

mentions that "smart ventilation systems can provide information to building owners, 

occupants, and managers on operational energy consumption and indoor air quality as 

well as signal when systems need maintenance or repair" and that they "can have 

sensors to detect air flow, systems pressures or fan energy use in such a way that 

systems failures can be detected and repaired, as well as when system components 

need maintenance, such as filter replacement". Stimulating the development and use 

of such smart ventilation systems is thus a way to improve the performance and 

quality of installed ventilation systems that might reduce the need for inspection in 

order to achieve the desired quality. 

5.11.1 Impact of smart monitoring 

By providing information about indoor contaminant concentrations, ventilation rates 

and fan energy use to building owners, users and managers, certain defects in the 

installation and operation of the system may be detected and repaired. Users may also 

become better aware of achieved performances and adjust user settings to obtain 

sufficient indoor air quality. 

5.11.2 Impact of smart control 

Since smart ventilation can continuously adjust the ventilation system in order to 

meet the desired indoor air quality and minimise energy consumption, the achieved 

performance may be less dependent on quality of commissioning, and less influenced 

by user actions, provided that the system is installed correctly, e.g., all sensors 

connected, or components in correct location.  
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In order to make sure that smart systems are able to achieve the desired indoor air 

quality, they need to have features for self-calibration and automated commissioning, 

assisting installers in achieving design targets. More advanced systems on the market 

today already have these features, and market evolution will probably continue in this 

direction. Today, residential bidirectional ventilation units frequently also have 

systems for automatic volume flow balancing. However, there are still large 

differences relating to maintenance of the balance25. Smart systems may have an 

improved accuracy of the flow balancing contributing to more optimal heat recovery in 

these systems. 

Furthermore, smart ventilation can adjust ventilation depending on demand in 

response to detected occupancy or to the direct sensing of indoor contaminants. As a 

result, the heating or cooling energy use related to air renewal, as well as electrical 

energy of fans is on average reduced.    

In the impact analysis, these features are considered by assuming that, in case of the 

policy option with no actions: 

▪ 80% of smart mechanical ventilation systems with DCV controls and smart 

features are able to achieve minimum required flow rates, compared to 45%-

60% for manually controlled systems. 

▪ All systems have medium to high demand control features. 

▪ In a large proportion of smart systems users do not feel the need to adjust 

system operation; as a result, indoor air quality is not affected by user 

interaction, e.g., to solve noise or draft problems. 

▪ There are no balanced mechanical systems with heat recovery having 

imbalanced supply and extract air flows that decrease the heat recovery 

performance.  

As a result of these smart features, the impact of the 6 policy options on smart system 

performance is smaller than with other systems, both in terms of energy performance 

(Figure 10) and indoor air quality (Figure 11). In fact, as the figures show, smart 

mechanical systems may achieve better indoor air quality in the option without actions 

than manually controlled mechanical systems in case of the most optimal policy 

option. The improved indoor air quality in smart systems is accompanied by an 

increased primary energy use, but the increase is smaller or equal to the increase in 

primary energy use resulting from the introduction of policy options in other systems. 

This indicates that the promotion of smart monitoring and control systems in stand-

alone ventilation systems might complement the promotion of one (or more) of the 

investigated policy options. 

In case data are collected in the cloud, options 3 to 6 could be replaced by procedures 

whereby performance monitoring is done from distance. Possible inspection protocols 

should then focus on the performances of the smart control strategies and on the 

reliability of the data collection in the cloud. 

 

 

 

 

 

 
25 Bräunlich K. 2014. Automatic volume flow balancing in ventilation units, REHVA-Journal 
04/2014 
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6. Conclusions 

This report describes the findings regarding the feasibility study on the inspection of 

stand-alone ventilation systems. 

Six different options have been analysed in detail with estimations of the impact of the 

various options on the ventilation market development and on the performances of 

individual ventilation systems.  

1. The findings of the impact analysis, as reported in chapter 4, give as an overall 

trend that the various considered options contribute, to a smaller or larger extent, 

to a better indoor air quality, whereby at the same time increasing the ventilation 

related energy consumption. These findings are directly related to the assumption 

that, on average, actual dwelling ventilation is too low for achieving good IAQ and 

that all of the options should contribute to an increase in air flow rates. However, it 

can be that, for specific situations, the original air flow rates are too high whereby 

the various options can result in a reduction of the energy consumption while 

maintaining a good IAQ. 

2. It is crucial in the cost-benefit analysis to pay attention to the cost of poor IAQ on 

health, impact on productivity, and other factors due to a poor IAQ. 

3. It is not evident to rank the various options in terms of priority. As highlighted in 

chapter 4, a succession among them is possible.  

4. In general, the existence of sufficient awareness among citizens and decision 

makers is crucial to have societal support for the mandatory implementation of 

options 2 to 6. Moreover, awareness campaigns can also be a driver for 

appropriate ventilation or IAQ requirements in countries which do not yet have 

such type of requirements. 

5. If the choice is made to implement an inspection of ventilation systems, there is a 

broad range of inspection schemes (options 4, 5 and 6), with a broad range of 

sub-options within each of them. Also, many choices exist with respect to the 

organisation of compliance and enforcement. 

6. A valid alternative for inspection of ventilation systems can be imposing 

requirements on indoor air quality. This might in practice lead to the voluntary 

inspection of ventilation systems with the advantage of having effect during the 

whole lifetime of occupation. 

7. Imposing inspection and/or IAQ requirements might be a strong driver for the 

development of innovative ventilation systems. In general, it should be a point of 

attention to assess the potential impact of the various options on innovation. 
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Annex 1 – Modules used to define options 3 to 6 
 

 

In a previous report26, the aspects that must be covered when defining an inspection 

framework have been identified through a list of questions.  

 

For each of the questions related to the technical and organisational aspects of an 

inspection, several possible answers have been identified. Each possible answer 

constitutes a module to be assembled with other modules in order to set-up an 

inspection framework that covers the various aspects. 

 

The objective of this Annex is to explain which of these modules were used to define 

the options 3, 4, 5 and to 6. 

Tables 1 and 2 give the questions related to the technical and organisational aspects 

of an inspection. 

Tables 3 and 4 show which modules have been selected to define the detailed contents 

of options 3 to 6: 

- Option 3: visual inspection 

- Option 4: inspection with masurements 

- Option 5: inspection with measurements and the obligation to make the 

system compliant 

- Option 6: indoor air quality requirements 

 

A detailed description of each module can be found in Annex 1 of the previously 

published report2. 

  

 
26 Feasibility Study EPBD19a - Analysis of the relevance, feasibility and possible scope of 

measures for the inspection of stand-alone ventilation systems - Final report - September 2019 
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TECHNICAL ASPECTS 

Aim of inspection 
Which performance to be inspected? 

How to decide on the performance to be inspected? 

Targets of inspection 

Who should benefit from inspection? 

What types of buildings should be covered? 

What types of ventilation systems should be inspected? 

Which climatic zones should be concerned? 

In which period of the year can inspection take place? 

Rules for inspection 

What are the technical aspects covered by inspection? 

Which parts of the ventilation system need to be inspected? 

Is it sufficient to inspect only a sample of the ventilation 
systems? 

In-situ measurements 

What are the measured quantities? 

What are the measuring instruments? 

What is the measuring uncertainty? 

What is the calibration frequency of measuring instruments? 

What is the calibration procedure? 

Reporting about 

inspection 

What is the content of the inspection report? 

Who receives the report? 

Who keeps the report? 

What are the compliance criteria? 

What is the acceptable deviation for deciding on compliance? 

Table 1 - Questions to define the technical aspects of an inspection 

 

 

ORGANISATIONAL ASPECTS 

Periodicity of 

inspection 

Does inspection occur once or is it regular? 

When does inspection occur? 

Inspectors 

By whom is inspection operated? 

Is there a need for quality assurance? 

Is there a need for training of inspectors? 

Is there a need for qualification of inspectors? 

Is there a need for certification of inspectors? 

Is there a need for surveillance of inspectors? 

Non-compliance 

What happens if inspection results show compliance or non-
compliance of the ventilation system? 
What are the sanctions if inspection is not performed 
according to the rules? 

Status Is the inspection voluntary or mandatory? 

Table 2 - Questions to define the organisational aspects of an inspection 
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Table 3 – Modules for the technical aspects of options 3 to 6 (1/3) – Figures in red refer to option numbers  

TECHNICAL ASPECTS 

ASPECT QUESTION 
MODULES 

a b C d e f g h i j k l 

AIM 
 

 

AIM 

1- Which 

performance to be 
inspected? 

Energy 

performance 

Air flow rates,  

air change 

Indoor air 

quality 

Hygiene of 

the 

ventilation 

system 

Noise 

Thermal 

comfort 

(draughts, 
temperature 

gradient) 

Overall well-

being of 
occupants 

Overall well-

being of 

neighbour-

hood 

Protection 

of building 

against 

humidity 

  

 

2- How to decide on 

the performance to 

be inspected? 

Mandatory 

list of 

performance 

to inspect  

List of 

inspected 

performance 

to be decided 

    

     

 

TARGETS 

 
TAR 

1- Who should 

benefit from 

inspection? 

Occupants Workers Children Elderly people 
Persons with 

low revenues 
Owners Employers 

Ventilation 

system 

manufac-
turers       

 

2- What types of 

buildings should be 

covered? 

All residential 
Single-family 

house  

Multi-

apartment 

buildings 

All non-

residential 
Offices 

Retail 

buildings 

Educational 

buildings 

Health care 

facilities 

Hotels and 

restaurants 

Sport 

facilities 

  

 

3- What types of 

ventilation systems 

should be inspected? 

Natural Hybrid 

Mechanical 

decentralised 

unidirectional  

Mechanical 

decentralised 

balanced 

without heat 

recovery 

Mechanical 

decentralised 

balanced with 
heat recovery 

Mechanical 

centralised 

unidirectional  

Mechanical 

centralised 

balanced 

without heat 

recovery 

Mechanical 

centralised 

balanced with 
heat recovery 

Demand-

controlled 

ventilation 
system 

    

 

4- Which climatic 

zones should be 

concerned? 

All climatic 
zones 

Colder Warmer    

            

 

5- In which period of 

the year can 

inspection take 

place? 

All year Warm season Cold season Mid-season   

            

 

RULES 

 

RUL 

1- What are the 

technical aspects 

covered by 

inspection? 

Pre-check 
Complete-

ness 

Adequacy 

between 

design and 

installation 

Cleanliness 

and hygiene 
General state 

Good overall 

operation 

Good 

operation of 

controls 

Occupants 

satisfaction 

Energy con-

sumption 

Measure-

ments 

Adequacy 

with 

current 

ventilation 
needs 

Quality of 

maintenance 

2- Which parts of 

the ventilation 

system need to be 

inspected? 

Whole system Ductwork 
Ventilation 

unit 
Air inlets Air outlets Air transfers Filters  Sensors  Controls  

  

 

3- Is it sufficient to 

inspect only a 

sample of ventilation 

systems? 

Inspection of 

each system 

Inspection of 

a sample of 

the systems 

Inspection of 

a sample of 

the buildings 

           

3 
4 
5 
6 

3  

3 4 5 

3 

4 

5 

3 

4 

5 

6 

3 
4 

5 

6 

3 4 5 

4 5 6 3 4 5 3 4 5 4 5 

4 5 

6 
3 

4 

5 
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Table 3 – Modules for the technical aspects of options 3 to 6 (2/3) – Figures in red refer to option numbers   

TECHNICAL ASPECTS 

ASPECT QUESTION 
MODULES 

a b c d e f g h i j k l 

IN SITU 

MEASURE-

MENT 

 

MEA 

1-What are the measured 

quantities? 

Air flow 

rates at fan 

level 

Air flow 

rates at 

room level 

Air 

pressures 

at fan level 

Air 

pressures 

at room 

level 

Ductwork 

airtight-

ness 

Electrical 

power input  

Performance 

of heat 

recovery 

Indoor 

air 

quality 

para-

meters 

Noise 

level in 

rooms 

Noise 

level 

outdoors 

Thermal 

comfort 

parameters 

Air cross-

sections 

areas 

2- What are the 

measuring instruments? 

Air flow 

meter 

Anemo-

meter 
Manometer Wattmeter 

Thermo-

meter 

Pollutant 

concentrati

on analyser 

Noise 

analyser 

Hygro-

meter 

Dimen-

sional 

measure-

ment 
tools 

Pressu-

risation 

measu-

rement 
device   

 

3- What is the measuring 

uncertainty? 

No 

uncertain-

ty specified 

Fixed 

uncertainty 

Uncertain-

ty of the 

measure-

ment 

method 

Uncertain-

ty of the 

measuring 

instrument 

  

            

 

4- What is the calibration 

frequency of measuring 

instruments? 

None Once Regular     

            

 

5- What is the calibration 

procedure? 

By the 

manufactu-
rer of the 

measuring 

instrument 

By an 

indepen-

dent 

laboratory 

By an 

indepen-
dent 

accredited 

laboratory 

By an ISO 

9001 
certified 

organisa-

tion 

By the 

inspector 

Calibration 

range 

          

 

4 5 4 5 4 5  
6 

4 5 4 

5 
4 5 6 

6 4 

5 

4 5 6 

4 5 6 
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Table 3 – Modules for the technical aspects of options 3 to 6 (3/3) – Figures in red refer to option numbers

TECHNICAL ASPECTS 

ASPECT QUESTION 
MODULES 

a b c d e f g h i j k 

REPORTING 

ABOUT 

INSPECTION 
  

REP 

1- What is the 

content of the 

inspection report? 

Certificate 

Certificate 

with 

parameters 
checked 

Certificate with 

results 

Certificate 

with target 

values and 
results 

Certificate 

with target 

values, 

results and 

advice 

Certificate 

stating 

compliance 

          

2- Who receives the 

report? 
Owner Occupant Public authority Architect Installer 

Person in 

charge of the 

calculation of 

the building's 

energy 
performance 

Employees Employer 

      

3- Who keeps the 

report? 
Owner Installer Occupant 

System 

designer 

Independent 

inspector 

Public 

authority 

Certification 

organisation  
Architect 

Person in charge 

of the energy 

performance of 

building 

calculation 

Digital 

monitoring 

system of 

the building 

Building 

Infor-

mation 

Model 

(BIM) 

4- What are the 

compliance criteria? 

Comparison 

with usual 

practice 

Comparison 

with values 

fixed by 

regulation, 

standard, 

guidelines 

Comparison 

with design 

values 

Comparison 
with 

builder's 

require-

ments 

Comparison 

with current 

ventilation 

needs 

 None 

          

5- What is the 

acceptable deviation 

for deciding on 

compliance? 

None 

Lower 
performance 

accepted 

within a 

certain 

tolerance 

Higher 

performance 
required to 

make sure that 

the actual value 

will fulfil the 

requirement 

(safety margin)  

    

            

3 4 5 

6 3 4 5 3 4 5 

3 4 

5 

6 

3 4 5 3 4 5 

3 4 5 6 
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Table 4 – Modules for the organisational aspects of options 3 to 6 – Figures in red refer to option numbers 

ORGANISATIONAL ASPECTS 

ASPECT QUESTION 
MODULES 

a b c d e f g h i 

PERIODICITY 

OF 
INSPECTION 

 

PER 

1- Does inspection 

occur once or is it 

regular? 

Once Regular       

        

2- When does 

inspection occur? 

At regular time 

intervals 

With renewal of 
the Energy 

Performance 

Certificate 

When building is 

rented or sold 

out 

After installation 

of a new system 

When parts of 
the system are 

changed or 

repaired  

When the owner 

or occupant 

requests it  

When controls 
indicate that 

inspection is 

necessary 

At building's 

commissioning 

After building's 

major 

renovation 

INSPECTORS 

 

INS 

1- By whom is 

inspection 

operated? 

System 

designer 

Independent 
inspector / 

Third party 

service provider 

Installer 
Maintenance 

staff 
Owner Occupant Architect 

Building 

airtightness 

tester 

Person in 

charge of the 
energy 

performance of 

building 

calculation 

2- Is there a need 

for quality 

assurance? 

Quality 

assurance 

No quality 

assurance 
         

3- Is there a need 

for training of 

inspectors? 

Theoretical 

training 

Practical 

training 
No training        

4- Is there a need 

for qualification of 

inspectors? 

Qualification No qualification          

5- Is there a need 

for certification of 

inspectors? 

Certification No certification          

6- Is there a need 

for surveillance of 
inspectors? 

None 

Information to 

be provided by 
inspectors 

Audit of 

inspectors 
       

NON-

COMPLIANCE 

 

NC 

1- What happens if 

inspection results 

show compliance 

or non-compliance 

of the ventilation 

system? 

Obligation to 

make the 

system 

compliant 

Sanctions Rewarding Nothing specific      

2- What are the 

sanctions if 

inspection is not 
performed 

according to the 

rules? 

No sanction Sanctions          

STATUS 

 

STA 

1- Is the 

inspection 

voluntary or 

mandatory? 

Mandatory Voluntary          

3 4 5 6 

3 4 5 

6 

3 4 5 3 4 5 3 

4 

5 

(6) 

3 4 5 (3 4 5) 

4 5 

3 
4 
5 

3 

3 4 
5 6 

 3 4 5  

5 

3 4 5 6 

3 4 5 

3 4 6 

4 5 

3 
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Annex 2 – Details of the impact analysis methodology  
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1. Introduction 

This annex describes the calculation methodology for the market impact analysis of 

different options related to the inspection of stand-alone ventilation systems and other 

quality related measures. The methodology has been implemented in an excel-based 

calculation tool that is delivered in addition to this report. 

2. Features of the tool for inspection of ventilation 
systems 

The calculation tool has the following features: 

- To allow a regional analysis  
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- To consider a wide range of ventilation systems, whereby the market share of 

these systems can vary over time and vary by country 

- To consider a whole range of measures with an impact on the quality of stand-

alone ventilation systems, whereby inspection schemes are the major point of 

attention but also other measures (awareness raising, training, certification of 

installer, etc.) 

- To have some common data with the tool developed for the renovation 

passport and for the study on the smart readiness indicator  

- To allow considering regional differences, e.g. in terms of building airtightness, 

etc. 

Since the data about the stock and sales of ventilation systems from a previous 

report27 showed that 93% of stand-alone ventilation systems are residential, the focus 

in the calculation tool is on residential buildings, as well as the options that are 

analysed. At the same time the tool assumes that the different options for inspection 

of stand-alone ventilation systems primarily have an impact on new systems installed 

in new or renovated buildings. In principle, other calculations are possible for existing 

installations or for non-residential buildings, based on a similar methodology. 

3. Input parameters 

3.1 Building stock description 

3.1.1 Building stock division 

In this study, the potential impact of introducing inspection schemes for stand-alone 

ventilation systems is determined at two different scales:  

• On the one hand, the entire European building stock is considered to assess the 

impact on a large scale.  

• On the other hand, the European building stock is divided into five different 

climate regions to define the impact on a small scale assuming that countries 

within the same climate region will show similar results.  

Analogous to the technical study commissioned and supervised by the European 

Commission towards the development of a smart readiness indicator for buildings28, 

the division of the European building stock into climate regions is based on typical 

climate conditions and building stock characteristics. The corresponding countries of 

each climate region are summarised in Table 1.  

  

 
27 Feasibility Study EPBD19a - Stock of ventilation systems in EU buildings and foreseen 

evolution for 2030, 2040 and 2050 – June 2019 
28   VITO et al. - Support for setting up a Smart Readiness Indicator for buildings and related 
impact assessment – August 2018 
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N  - Northern N 
- FIN  - Finland N- FIN 
- S  - Sweden N- S 
- DK  - Denmark N- DK 

W   - Western W  
- GB  - United Kingdom W - GB 
- IRL  - Ireland W - IRL 
- D  - Germany W - D 
- A  - Austria W - A 
- F  - France W - F 
- B  - Belgium W - B 
- L  - Luxembourg W - L 
- NL  - The Netherlands W - NL 

S   - Southern S  
- P  - Portugal S - P 
- E  - Spain S - E 
- CY  - Cyprus S - CY 
- M  - Malta S - M 
- I  - Italy S - I 
- GR  - Greece S - GR 

NE   - North-Eastern NE  
- EST  - Estonia NE - EST 
- LV  - Latvia NE - LV 
- LT  - Lithuania NE - LT 
- PL  - Poland NE - PL 
- SK  - Slovakia NE - SK 
- CZ  - Czech Republic NE - CZ 

SE   - South-Eastern SE  
- SLO  - Slovenia SE - SLO 
- HR  - Croatia SE - HR 
- H  - Hungary SE - H 
- BG  - Bulgaria SE - BG 
- RO  - Romania SE - RO 

Table 1: Corresponding countries of each climate zone. 

3.1.2 Building stock data 

Building stock data are obtained through the EU Building Stock Observatory of the 

European Commission. The Observatory includes inter alia an EU Building database29 

summarising different characteristics of the European building stock per year. 

Moreover, the source is used to collect residential European and country-specific data 

about the total number of dwellings and their floor area. Data is available up to and 

including 2014. Since the data of 2014 are calculation-based values, the year 2013 is 

used as a base point to determine the building stock evolution. Furthermore, no 

distinction is made between the different residential building types (e.g., single-family, 

and small and large multi-family houses) within this impact analysis. 

3.1.3 Building stock evolution 

The assumptions concerning the building stock evolution are derived from ‘the Agreed 

Amendments pathway’ used in the technical study on a Smart Readiness Indicator14. 

By averaging the proposed set of building stock scenario parameters per climate 

region, the evolution rates are as follows (Table 2): 

  

 
29 https://ec.europa.eu/energy/en/eu-buildings-database  

https://ec.europa.eu/energy/en/eu-buildings-database
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N 

new building 
< 2026 1,04% 

2026 - 2050 1,08% 

demolition 
< 2026 0,10% 

2026 - 2050 0,10% 

retrofit 
< 2026 0,89% 

2026 - 2050 1,43% 

W 

new building 
< 2026 0,63% 

2026 - 2050 0,56% 

demolition 
< 2026 0,10% 

2026 - 2050 0,10% 

retrofit 
< 2026 0,89% 

2026 - 2050 1,43% 

S 

new building 
< 2026 0,63% 

2026 - 2050 0,53% 

demolition 
< 2026 0,10% 

2026 - 2050 0,10% 

retrofit 
< 2026 0,89% 

2026 - 2050 1,43% 

NE 

new building 
< 2026 0,82% 

2026 - 2050 0,48% 

demolition 
< 2026 0,10% 

2026 - 2050 0,10% 

retrofit 
< 2026 0,89% 

2026 - 2050 1,43% 

SE 

new building 
< 2026 0,36% 

2026 - 2050 0,32% 

demolition 
< 2026 0,10% 

2026 - 2050 0,10% 

retrofit 
< 2026 0,89% 

2026 - 2050 1,43% 

Table 2: Building stock scenario rates per climate region. 

By combining the above-mentioned evolution rates with the building stock data 

obtained from the EU Building Stock Observatory, the development regarding the 

number of dwelling and their floor area can be derived for different timeframes. The 

method provides a building stock status for Europe and for the five predefined climate 

regions in 2020, 2025, 2030, 2040 and 2050. The results are presented in Figure 1 

and Figure 2.  

 

 

Figure 1: EU Residential stock evolution total floor area. 
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Figure 2: EU Residential stock evolution total number of dwellings. 

3.2 Ventilation systems 

3.2.1 Type of ventilation systems 

A very important element in the impact analysis study is the type of ventilation 

systems under consideration, because the impact of quality related measures can vary 

widely as function of the type of ventilation systems. 

A few illustrations: 

- Natural ventilation systems are essentially based on the availability of devices for 

allowing air supply, transfer and exhaust. An inspection will be primarily focused 

on the presence of the appropriate devices and their product performances (air 

transfer, acoustics, etc.).  

- Ventilation systems with manually controlled mechanical supply and/or exhaust are 

typically characterised in terms of appropriate air flow rate, ductwork airtightness, 

control settings, fan power, etc. 

- In case of mechanical ventilation systems with demand control the control 

characteristics are very important and the checking of the nominal air flow rate 

may be less critical. 

- In case of mechanical ventilation systems with smart control the possible impact of 

inspection schemes is potentially very different. 

The calculation tool foresees the possibility of having 10 types of ventilation systems. 

The main categories are based on the analysis of the stock of ventilation systems in 

EU Buildings13, with subcategories based on the types of controls. Terminology used is 

from Directive 2009/125/EC (ecodesign requirements for ventilation units). All 10 

types are considered in the impact analysis. 

0. No ventilation: there are still many buildings without a ventilation system. 

This is the case for existing buildings, but also for new buildings, in countries 

where it is not mandatory to install ventilation systems, or even sometimes 

when there are regulations in place, but which are not respected. 

1. Natural supply and exhaust – manual: fully natural ventilation, which may 

include air supply grills and extraction grills connected to chimneys. Opening 

and closing of devices can be possible or not possible, depending on country 

regulations. In case possible, it is by manual control. 

2. Decentralised unidirectional systems – manual: systems consisting of free 

air supply ventilators, and one or more mechanical exhaust fans in dedicated 
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rooms. Manual opening or closing of ventilators can be possible or not possible, 

depending on country regulations. Exhaust fans may be manually switched on 

or off. 

3. Decentralised unidirectional systems – DCV: Identical to system 2, but 

exhaust fans are demand-controlled by built-in sensors. 

4. Central unidirectional systems – manual: ventilation systems with natural 

supply ventilators and a single central mechanical exhaust fan. Manual opening 

or closing of ventilators can be possible or not possible, depending on country 

regulations. The user may manually switch the fan to different speeds. This 

category may also include systems with mechanical supply in combination with 

natural exhaust chimneys, but this is less common.  

5. Central unidirectional systems – DCV: Identical to system 4, but with 

demand control for supply and/or exhaust, based on the information of sensors 

positioned in ducts or in rooms. 

6. Central unidirectional systems – DCV – smart: Identical to system 5, but 

in addition including smart features, e.g., self-calibrating of the system, fault 

detection, information on maintenance needs, feedback to the user, etc. 

The cases ‘DCV’ and ‘Smart’ are separately considered as they may have a 

substantial influence on the potential impact of policy options. 

7. Central bidirectional system – manual: ventilation system with a central 

mechanical supply fan and a central mechanical exhaust fan. Usually, the 

ventilation unit is equipped with a heat recovery system. The user may 

manually switch the fans to different speeds.  

8. Central bidirectional system – DCV: Identical to system 7, but with demand 

control for supply and exhaust, based on the positioning of sensors in ducts or 

rooms. 

9. Central bidirectional system – smart: Identical to system 7, but in addition 

including smart features, e.g., self-calibrating of the system, fault detection, 

information on maintenance needs, feedback to the user, etc. 

10. Local bidirectional system: systems consisting of decentralised bidirectional 

ventilation units, often with heat recovery system, located in dedicated rooms. 

Local systems may be easier applicable in renovation. 

3.2.2 Market share of ventilation systems 

It is clear that the type of ventilation system may differ from country to country and 

that the market share of each system can vary over time. 

The calculation tool allows to define for each climate region the market share of each 

system and this for 2020, 2025, 2030, 2040 and 2050. 

As the impact of the various policy options may (substantially) differ for the various 

types of ventilation systems, the estimation of market distribution as function of time 

is important. 

The evolution of the market share of ventilation systems, Figure 3, is based on the 

analysis of the stock of ventilation systems in EU buildings from the consolidation of 

existing data in a previous report7. The share of the subcategories (manual, DCV, 

smart) is estimated starting from the share of main categories. The market share is 

further refined by comparing the stock of ventilation systems to the dwelling stock 

evolution. This way, the number of dwellings equipped with a specific type of 

ventilation system may be estimated. Since the total increase of new and retrofitted 
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houses according to the ‘agreed amendments pathway’ is larger than the total 

increase of ventilation units estimated in Figure 3, the difference between both gives 

an indication of the number of new and retrofitted houses without ventilation system, 

for instance because the installation of a ventilation system in construction or 

renovation projects is not mandatory in every country. 

 

 

Figure 3: EU evolution of the total number of ventilation units  
(from the report mentioned in footnote 13). 

There are many uncertainties in the conversion of the ventilation stock to the dwelling 

stock: 

• How to deal with the number of decentralised units, since often several 

extraction fans are used in different rooms to ventilate the complete dwelling 

(e.g., one exhaust fan in the bathroom, one in the kitchen, etc.)? 

• How to deal with the number of centralised ventilation systems, knowing that 

in multi-family buildings a single ventilation unit may serve several dwellings? 

• How to estimate the market share and future evolution of natural ventilation 

systems, for which data are lacking? 

• How to estimate the market share and future evolution of DCV and smart 

systems, for which data are lacking? 

• How to deal with differences in assumptions concerning the ventilation stock 

evolution (business as usual) and the dwelling stock evolution (increased 

renovation rate after 2026)? Without a correction for these differences the 

number of renovated dwellings without a new ventilation unit may be 

unrealistically large. 

• How to deal with the future introduction or evolution of ventilation regulations 

in EU Member States? Today, not all European countries have mandatory 

requirements for the installation of ventilation systems in new or renovated 

buildings. It is likely that, between now and 2050, more countries will impose 

ventilation requirements for new or renovated dwellings and that there even 

might be IAQ or ventilation requirements for existing dwellings. 
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In relation to these uncertainties, the following assumptions are made for the 

purposes of the calculation : 

• On average three decentralised units are installed per dwelling. 

• On average one central unit serves 1.5 dwellings (considering the fact that the 

ventilation stock data13 show that 20% of all central units are installed in 

multifamily buildings). 

• The market share of natural ventilation systems is based on information from 

FGK30 (2010). 

• The share and future evolution of natural, DCV and smart systems are based 

on country reports, assuming a future shift towards DCV and smart systems, as 

documented in the tool. 

• The increased renovation rate in the dwelling stock evolution after 2026 is 

taken into account by assuming that the ventilation stock evolution increases 

with the same rate as the dwelling stock evolution, in comparison to the 

ventilation stock evolution13. The increase is depending on the climate region 

but is in the order of 30%.  

• There is no change in ventilation regulations between now and 2050. This 

means that there is little to no increase in ventilation systems in countries 

which today have no ventilation requirements for new and renovated dwellings. 

Existing dwellings which have no ventilation systems today and which are not 

renovated between now and 2050, will remain without system. 

Figure 4 shows the result of the combination of all these data. 

 

 

Figure 4: EU evolution of the total number of dwellings with a specific ventilation system. 

 
30 FGK, Supplements to Preparatory Study on Residential Ventilation Lot 10 (i.e. mechanical 
ventilation units with fans < 125 W) – Final draft, 2010 
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The figures included in the tool for 2020 relate to the market share of ventilation 

systems in the existing dwelling stock in 2020, see Table 4. The colours qualitatively 

indicate the market share (red = close to 0%, dark green = about 60% market 

share). 

 

Table 3: Example of the share of existing dwellings with a specific ventilation type in 2020 for 
different climate regions based on the analysis of the stock of ventilation units and the dwelling 

stock. 

The figures included for 2025 and later relate to the market share of systems in new 

and retrofitted dwellings constructed between 2020 and the year indicated in the 

table, as defined in the residential building stock model described in 3.1. The 

difference between the number of new and retrofitted dwellings, and the estimated 

number of dwellings with newly installed ventilation system, relates to new and 

retrofitted dwellings where no (new) ventilation system is installed. This number may 

relate to countries where it is not mandatory to install ventilation systems in new or 

renovated dwellings (e.g., in Germany, Greece, etc.), to projects with requirements to 

install ventilation but where compliance is not checked or enforced, or to renovation 

projects where building services are not renovated (e.g., façade renovation). The fact 

that the relative share of new and retrofitted dwellings without new ventilation system 

increases is caused by the differences in assumption concerning ventilation stock 

evolution and dwelling stock evolution, as explained before (despite the corrections 

taken into account). 
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EU 2020 43,0% 23,5% 9,0% 3,0% 13,5% 4,8% 1,0% 1,8% 0,0% 0,0% 0,4% 100%

N 2020 32,3% 24,6% 6,7% 2,2% 16,7% 6,0% 1,2% 10,1% 0,0% 0,0% 0,1% 100%

W 2020 35,0% 27,1% 10,0% 3,3% 15,7% 5,6% 1,1% 2,0% 0,0% 0,0% 0,2% 100%

S 2020 60,6% 18,4% 6,8% 2,3% 8,0% 2,9% 0,6% 0,6% 0,0% 0,0% 0,0% 100%

NE 2020 40,7% 23,0% 10,3% 3,4% 14,9% 5,3% 1,1% 1,3% 0,0% 0,0% 0,0% 100%

SE 2020 40,6% 20,4% 10,7% 3,6% 16,3% 5,8% 1,2% 1,4% 0,0% 0,0% 0,0% 100%

reference situation in 2020
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Table 4: Example of the reference EU market trends for 2025, 2030, 2040 and-2050 based on 

the analysis of the stock of ventilation systems and the dwelling stock evolution in EU buildings. 

3.3 Selected policy options for the inspection of stand-alone 
ventilation systems 

The goal of this technical study is to analyse the potential impacts of the selected 

policy options. The considered policy options are described more in detail in chapter 2 

of the main part of this report, and are included in the calculation tool. 

0. The reference option refers to a business as usual scenario, where none of the 

other six policy options are prescribed at a European level 

1. Better knowledge about the status on the ground in combination with 

awareness raising of stakeholders 

2. Professionals skills increase through training programmes 

3. Visual inspection of stand-alone ventilation systems 

4. Inspection of stand-alone ventilation systems with measurements 

5. Inspection of stand-alone ventilation systems with measurements and the 

obligation to make the system compliant 

6. Measurement of indoor air quality parameters 

As the various policy options may have an influence on the market share of ventilation 

systems, the tool allows to define different market share evolutions for the options of 

inspection schemes considered. The policy options will mainly have an impact on the 

use of ventilation systems in projects with requirements to install ventilation but 

where compliance is not checked or enforced in the scenario without policy options, for 

example: 

• With increased awareness raising, more builders might decide to install 

ventilation when renovating their house, even in countries where it is not 

mandatory. Also, more builders might decide to install balanced ventilation 

systems instead of natural or unidirectional systems. 

• With visual inspection or inspection with measurements, builders who do not 

install a system even though it is mandatory, might be forced to do so. 
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• With inspection with measurements, the shift towards smart systems might be 

faster, because in these systems it is easier for installers to perform the 

required measurements.  

Information about the enforcement of requirements to install ventilation systems, and 

about the impact of policy options on compliance is scarce. Therefore, the tool allows 

to define default values quantifying the increase of new ventilation systems in new 

and retrofitted dwellings as a result of a policy option, in comparison with a scenario 

without policy options.  

 

Table 5: Increase of new ventilation systems in new and retrofitted dwellings as a result of a 
policy option, in comparison with a scenario without policy options. 

In the tool, it is assumed that the additionally installed ventilation systems as a result 

of a policy option are either central unidirectional or central bidirectional systems 

(50/50), with a share between manual, DCV or smart proportional to the share in the 

scenario without policy options. In policy option 5, it is assumed that 75% of the 

additionally installed systems are smart systems. 

3.4 Impact of policy options on ventilation performances 

Each type of policy option might have a different impact on the performance of the 

ventilation system (in terms of indoor air quality, acoustics, fan energy, air flow rate, 

etc.). The impact was estimated for each approach and for each type of ventilation 

system, based on a few performance data, which are then used for estimating the 

effect of the policy options on the energy use and indoor air quality in the total 

building stock. 

The performance parameters included in the tool are three flow rate adjustment 

factors, and two energy performance factors, described in the following sections: 

3.4.1 Quality factor of design and installation 

The quality factor expresses to what extent the air flow rate delivered by the 

installed system meets the required nominal air flow rate, prescribed in standards 

or legislation. The factor is expressed as a percentage of the required nominal air 

flow rate, and has an impact on both the energy use and the indoor air quality. 

The distribution is then estimated for the whole market of the specific type of 

ventilation system. As concluded in a previous report13, a large proportion of 

systems on the market do not provide the required air flow rates. 

 

 

 

 

  

0 - no policy options 0%

1 - national field data 5%

2 - training 5%

3 - visual inspection 10%

4 - measurement inspection 10%

5 - measurement compliance 20%

6 - measurement indoor air 10%

Impact policy options on ventilation market
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Example: 

 
Description % of nominal flow 

Policy option 

X 

Policy option 

Y 

Quality 

factor of 

design and 

installation 

High 150% 10% 30% 

Nominal 100% 50% 60% 

Low 66% 20% 10% 

Very low 33% 20% 0% 

Table 6: Example of the possible impact of two policy options on the nominal air flow rate for a 

given type of ventilation system. 

In the example: 

- In the case of policy option X, there is a substantial number of installations 

with a nominal air flow rate below the requirements and a small percentage 

which is over ventilated. 

- In the case of policy option Y, there are less under-dimensioned ventilation 

systems and an increase in over-dimensioned ventilation systems. 

3.4.2 Control factor of ventilation system 

Depending on the type of controls installed or integrated in the ventilation system, 

the air flow rates may vary as a function of the needs based on user interaction or 

sensor information. There are various types of controls, ranging from no control at 

all (all the time at maximum speed), manual control, central or local demand 

control using information from sensors of humidity, CO2, etc. The control factor 

expresses the ratio between the mean air flow rate achieved by the system 

(considering control actions) and the maximum air flow rate that can be delivered 

by the installed system. It is assumed that it has an impact on the energy use, but 

not on the indoor air quality, since it is assumed that the air flow rates are reduced 

by the controls only at times of reduced ventilation needs. 

Example: 

 
Description % of nominal flow 

Policy option 

X 

Policy option 

Y 

Control of 

ventilation 

system 

No 100% 50% 30% 

Medium 85% 50% 60% 

High 60% 0% 10% 

Table 7: Example of the possible impact of two policy options on the control of the ventilation 
system for a given type of ventilation system. 

In the example: 

- In the case of policy option X, 50% of the installations of a certain type of 

ventilation system have no control, and 50% have medium control possibilities. 

- In the case of policy option Y, there are less ventilation systems without 

control, and an increase in ventilation systems with medium to high control 

possibilities. 

The figures 60%, 85%, 100% are based on performance figures of systems on the 

market (see Figure 5), and on the range of control factors defined in the ecodesign 

SEC calculation. 
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Figure 5: Control factors for 24 different demand-controlled ventilation systems available on the 

Belgian market (epbd.be). 

3.4.3 User impact on the air flow rate 

Users can have a major impact on the operation of a ventilation system, e.g.: 

- When they experience comfort problems, such as noise or draught, or are 

concerned about a very high energy bill, they might switch the system off or in 

lower position. Field studies show that mechanical ventilation systems on the 

market are often not operated at the nominal flow rates due to noise problems 

(Figure 6).  

- When they are not aware of the benefit of reducing the ventilation in case of 

lower occupancy and/or absence, there is unnecessary energy consumption. 

The user impact factor expresses the ratio between the mean air flow rate 

achieved by the system (considering inappropriate user actions) and the maximum 

air flow rate that can be delivered by the installed system. It has an impact on the 

energy use and on the indoor air quality, since it is assumed that the air flow rates 

may be reduced by the user also at times of increased ventilation needs. 
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Figure 6: Measured noise in bedrooms as a function of the flow rate control of the mechanical 

ventilation system, showing that when systems deliver the design flow rate, the risk for noise 
nuisance increases (L > 27dBA) (INIVE, 2013). 

Example: 

 
Description 

% of time  

system in use 

Policy option 

X 
Policy option Y 

User impact 

on air flow 

rates 

Low 100% 25% 50% 

Medium 70% 25% 35% 

High 40% 50% 15% 

Table 8: Example of the possible impact of two policy options on the user impact for a given 
type of ventilation system. 

In the example: 

- Three classes of user impact are considered:  

o low: the users have, on average, only a negligible impact on the air flow 

rates due to issues as acoustics, draught, perception of very high energy 

consumption; 

o medium: the users reduce, on average, the air flow rates by 30% due to 

issues as acoustics, draught, perception of very high energy consumption; 

o high: the users reduce, on average, the air flow rates by 60% due to issues 

as acoustics, draught, perception of very high energy consumption. 

- In policy option Y, the impact of the user is smaller than in policy option X. 

3.4.4 Electrical efficiency 

The electrical efficiency is characterising the electrical fan consumption. The SFP-

value (Specific Fan Power) is used to characterise the system performances, with 

classes defined in EN 13779. 

A whole range of factors influence the SFP, e.g., fan characteristics, aeraulic 

characteristics of ductwork and system components such as heat recovery, air 
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terminal devices, filters, dampers, ductwork airtightness, etc. As a consequence, 

the SFP also depends on the type of system, as Figure 7 illustrates. 

 

Figure 7: Measured SFP in unidirectional and bi-directional mechanical residential ventilation 

systems (Caillou, 2011). 

Example: 

 
Description 

Specific Fan Power 

(W per m³/h) 

Policy option 

X 

Policy option 

Y 

 

Electrical 

efficiency 

No fan 0.00 0% 0% 

Very high 0.14 0% 5% 

High 0.21 10% 10% 

Medium 0.35 20% 50% 

Low 0.56 50% 35% 

Very low 1.00 20% 0% 

Table 9: Example of the possible impact of two policy options on the electrical efficiency for a 
given type of ventilation system. 

In the example: 

- Policy option Y clearly results in better SFP values than policy option X. 

- In case of a natural ventilation system, or no ventilation system, no fan power 

is taken into account in the calculation (100% no fan). 

3.4.5 Thermal efficiency of heat recovery 

The thermal efficiency characterises the level of heat recovered with respect to the 

energy needed to heat the outdoor air to the desired indoor temperature. This is 

typically done by a heat exchanger in combination with mechanical supply and 

exhaust. The achieved thermal efficiency depends on the heat exchanger 

technology, but also on quality aspects such as the balancing of supply and 

exhaust flow rates, leakage of the air handling unit, thermal insulation of ductwork 

in unheated spaces, etc. As an example, Figure 8 shows the variation of the 

equivalent heat recovery thermal efficiency as a function of the balancing of supply 

and exhaust flows. 
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Figure 8: Equivalent thermal efficiency of heat recovery as a function of the ratio between 
supply and exhaust flow rate (1.0: perfectly balanced) and the value of the nominal thermal 

efficiency in bi-directional mechanical ventilation systems. 

 

Example: 

 
Description % of nominal flow 

Policy option 

X 

Policy option 

Y 

Thermal 

efficiency 

Very high 90% 5% 10% 

High 75% 40% 60% 

Medium 60% 30% 30% 

Low 40% 20% 0% 

Nihil 0% 5% 0% 

Table 10: Example of the possible impact of two policy options on the thermal efficiency of the 
ventilation system for a given type of ventilation system. 

In the example: 

- Policy option Y clearly results in a better thermal efficiency than policy option X, 

for instance because supply and exhaust flows are better balanced.  

- In case of a natural ventilation system or a mechanical exhaust ventilation 

system, 100% is linked to ‘Nihil’. 
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4. Calculation of direct indicators 

4.1 General – basis analysis 

In this study, we analyse the direct impact of introducing policy options in three main 

outputs: 

- The impact on the energy use (final and primary) 

- The impact on the CO2-emissions 

- The impact on the indoor climate, in particular on the indoor air quality and on the 

health of occupants, using an indicator that expresses the exposure of occupants 

to pollutants 

These indicators are first calculated for each selected ventilation system and policy 

option, as a specific value per m² floor area. In a second step the indicators are 

extrapolated to the total building stock by combining the initially calculated figures 

with the building stock data and the data about the market share of ventilation 

systems (see §9).  

The indicators are calculated twice: once without considering the user impact factor, 

and a second time including the impact of user interaction. 

4.2 Energy consumption 

The final and primary energy consumption consists of two parts: 

- Fan energy 

o The estimated average fan power can easily be transformed into energy 

consumption. 

- Heating energy use 

o The estimated ventilation rates are combined with climate data and a 

simplified energy model to estimate the heating demand and the energy 

consumption. 

The calculation method is inspired by the eco-design SEC calculation (specific energy 

consumption). 

 

For the primary fan energy use (Wh/(m²year)): 

𝑃𝑓,𝑝 = 𝑡𝑎. 𝑝𝑒𝑓. 𝑞𝑛𝑒𝑡 . 𝑓𝑞𝑢𝑎𝑙 . 𝑓𝑐𝑡𝑟
𝑥 . 𝑓𝑢𝑠𝑒 . 𝑆𝐹𝑃 

with ta the annual operating hours (8760 h/year), pef the primary energy factor for 

electrical power generation and distribution (2.5), qnet the net ventilation rate demand 

per heated floor area (m³/(m².h)), fqual the mean quality factor of design and 

installation, fctr the mean ventilation control factor, x an exponent depending on motor 

and drive characteristics, fuse the mean user impact factor, and SFP the specific fan 

power (W/(m³/h)). 

 

For the final and primary heating energy use (Wh/(m²year)): 

𝑄ℎ,𝑝 = 𝑡ℎ. ∆𝑇ℎ . 𝜂ℎ
−1. 𝑐𝑎𝑖𝑟 . (𝑞𝑛𝑒𝑡 . 𝑓𝑞𝑢𝑎𝑙 . 𝑓𝑐𝑡𝑟 . 𝑓𝑢𝑠𝑒 . (1 − 𝜂𝑡) + 𝑛50. 𝐻. 0.04) 

with th the heating season hours (h), ΔTh the average difference between indoor and 

outdoor temperature over a heating season considering solar and internal heat gains 

(K), h the average space heating efficiency, cair the specific heat capacity of air 
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(J/(kgK)), t the average thermal efficiency of a heat recovery system, n50 the average 

air leakage rate at a pressure difference of 50Pa (h-1), H the average floor height (m), 

0.04 a scaling factor to scale the air leakage rate at 50Pa to pressure differences 

under normal climatic conditions. 

The product 𝑡ℎ. ∆𝑇ℎ is climate zone dependent, and may be derived from degree-day 

data.  

 

As the equations show, two additional calculation parameters are introduced to 

complement the performance factors defined in 7.4: 

1. Net ventilation rate demand 

The net ventilation rate demand gives the total design flow rate of fresh air per 

heated floor area of the dwelling. Its value may differ from country to country and 

from system to system depending on prescribed flow rates in local standards and 

regulations. In the tool only the differences between systems are considered: 

 

 

2. Building airtightness 

Building airtightness is taken into account, because the analysis also considers 

buildings without ventilation system, where the indoor air quality and the related 

heat loss depends on the air leakage rate through the building envelope. The 

calculation of the air leakage rate is based on the n50-value of the building 

envelope, which may vary to a large extent over the building stock, and which is 

typically smaller in new and energy efficient construction: 

𝑞𝑖𝑛𝑓 = 𝑛50. 𝐻. 0.04 (m³/(h.m²)) 

The tool allows to define the variation of the air leakage rate for a specific 

ventilation system. The table below shows an example of the input for existing 

buildings without ventilation system, and new buildings with mechanical ventilation 

system. 

 

 

4.3 Exposure indicator 

The estimated ventilation rates have to be converted into an indoor air quality 

indicator. Since indoor air quality and health relate to the exposure dose to pollutants, 

the indicator is based on the assessment of the generic pollutant dose to which 

occupants are exposed, taking the different flow rate adjustment factors into account: 

q_net no ventilation 0 [m³/h.m²]

natural 1,3 [m³/h.m²]

unidirectional 1,3 [m³/h.m²]

bidirectional 2 [m³/h.m²]

high infiltration rate 13,00 15%

moderate infiltration rate 9,00 40%

medium infiltration rate 5,00 30%

resonable infiltration rate 3,00 15%

low infiltration rate 1,00 0%

CHECK 100%

[m³/h.m²] 0,81Average infiltration rate

n5
0

10%

10%

30%

50%

0%

100%

0,56
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𝐷𝑜𝑠𝑒 ~ 
𝑡

𝑞
 

with t the duration of exposure (h) and q the effective flow rate during the exposure 

time (m³/(h.m²)). 

For a specific combination j of flow rate adjustment factors, the available flow rate of a 

specific ventilation system is equal to: 

 

𝑞𝑗 = 𝑞𝑛𝑒𝑡 . 𝑓𝑞𝑢𝑎𝑙 . 𝑓𝑢𝑠𝑒 . 𝑓𝑐𝑙𝑖𝑚 + 𝑞𝑖𝑛𝑓 

 

The exposure dose related to this specific combination of flow rate adjustment factors 

may be estimated based on the distribution of each factor, and its probability of 

occurrence p, assuming the different factors are independent: 

𝐷𝑜𝑠𝑒𝑗  ~ 
𝑝𝑞𝑢𝑎𝑙 . 𝑝𝑢𝑠𝑒 . 𝑝𝑐𝑙𝑖𝑚

𝑞𝑗

 

When taking all possible combination of flow rate adjustment factors into account, and 

adding the doses related to all these combinations, the total exposure dose may be 

calculated by summing up the doses of each combination: 

𝐷𝑜𝑠𝑒𝑡𝑜𝑡𝑎𝑙  ~ ∑
∏ 𝑝𝑖𝑗

𝑞𝑗

 

Finally, the IAQ-indicator or exposure indicator is defined as the ratio between the 

total pollutant dose and the exposure dose of a system continuously delivering the net 

ventilation rate demand with reference value 1.3 m³/(h.m²). In case of poor IAQ, the 

exposure indicator has a value larger than 1, in case of improved IAQ it has a value 

smaller than 1. Since the influence of air infiltration through leakages is taken into 

account, the value of the exposure indicator may be smaller than 1 also in systems 

which deliver a smaller flow rate than the net ventilation rate demand. 

 

𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟 =
𝐷𝑜𝑠𝑒𝑡𝑜𝑡𝑎𝑙

1 𝑞𝑛𝑒𝑡⁄
 

 

As the equations show, one additional calculation parameter is introduced to 

complement the performance factors defined in 7.4: 

 

1. Climate influence factor 

This factor takes account of the fact that, depending on the type of system, flow 

rates are not constant over time. For instant, in natural ventilation systems, flow 

rates fluctuate as a function of climatic conditions. Even when the system 

components are correctly designed and installed, flow rates may be reduced at 

times with low wind speeds and warm weather. On the other hand, flow rates 

might be excessive at times with the opposite weather conditions. This is 

expressed by a climate factor defined as the ratio between the effective flow rate 

and the installed flow rate. The table shows an example of the input for a natural 

ventilation system with important climate influence, and for a unidirectional 

mechanical ventilation system with limited climate influence. 

 

 

 

higher ventilation rate 150% 33%

no influence 100% 33%

lower ventilation rate 50% 33%Sy
st

em
 in

 

op
er

at
io

n 10%

80%

10%
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5. Calculation of global indicators 
The global impact of initiating policy options is evaluated for the following indicators, 

assuming that each policy option is introduced in 2020 and has an immediate effect: 

- The energy consumption (electrical, heating and primary energy), as a result 

of the ventilation of the dwelling stock 

- The CO2-emissions based on the primary energy use, as a result of the 

ventilation of the dwelling stock 

- The indoor air indicator indicating the average exposure to pollutants over 

the dwelling stock 

These global indicators are calculated based on the results of the direct indicators 

clarified in the preceding paragraph. As these values are expressed in m² floor area, 

the next step is to extend the results to the whole dwelling stock concerning: 

- οn the one hand, the different climate regions 

- on the other hand, Europe.  

The calculation merges the direct indicator with data on the evolution of the building 

stock and on the share of the ventilation systems. 

The basic approach to evolve from direct indicators to global indicators is identical for 

the energy consumption, the CO2-emissions and the pollutant indicator. The 

calculation method consists of two components. The first component is related to the 

share of existing ventilation systems, for which the performances are not affected by 

the policy options. The second component applies to the share of newly-installed 

systems in new and retrofitted dwellings, for which the performance depends on the 

policy options. The sum of both components gives the result for the global indicator. 

5.1 Existing ventilation systems 

As mentioned before, it is assumed that the ventilation systems already existing in 

2020 are not influenced by policy options. So, a different approach to calculate the 

before mentioned indicators is adopted compared to newly installed systems. The 

subsequent parameters are multiplied in the first part of the calculation method: 

- The results of the direct indicators per ventilation system considering no policy 

options (A) 

- The share of ventilation systems for the existing building stock in 2020 per 

ventilation system (B) 

- The existing building stock floor area according to the considered year (C) 

- The share of new and retrofitted dwellings with no newly installed ventilation 

system according to the considered year (D) 

- The sum of the new and retrofitted building stock floor area according to the 

considered year (E) 

Taking into account the code mentioned with the above described parameters, the 

first component is determined by means of the following formula: 

𝐺𝑙𝑜𝑏𝑎𝑙 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟1 = (𝐶𝑗 + 𝐷𝑗 ∙ 𝐸𝑗) ∙ ∑ (𝐴𝑖,𝑘 ∙ 𝐵𝑖,2020,𝑘)

11

𝑖=00

 

with: 

- i = 00, 01, 02, 03, 04, 05, 06, 07, 08, 09, 10 (ventilation systems) 

- j = 2020, 2025, 2030, 2040, 2050 (considered years) 

- k = 0 (no policy options) 
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5.2 Newly installed ventilation systems 

Whereas the performance of the existing ventilation systems is not affected by the 

policy options regarding different inspection schemes, the performances of newly 

installed ventilations systems in new and retrofitted houses will be influenced. The 

following parameters are applied in the second part of the calculation method: 

- The results of the direct indicators per ventilation system according to the 

considered policy option (A) 

- The share of newly installed ventilation systems in new and retrofitted 

dwellings at the considered year per ventilation system (B) 

- The sum of the new and retrofitted building stock floor area according to the 

considered year (E) 

Taking into account the code mentioned with the above described parameters, the 

second component can be calculated with the subsequent formula: 

𝐺𝑙𝑜𝑏𝑎𝑙 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟2 = 𝐸𝑗 ∙ ∑ (𝐴𝑖,𝑘 ∙ 𝐵𝑖,𝑗,𝑘)

10

𝑖=01

 

with: 

- i = 01, 02, 03, 04, 05, 06, 07, 08, 09, 10 (ventilation systems) 

- j = 2025, 2030, 2040, 2050 (considered years) 

- k = 1, 2, 3, 4, 5, 6 (policy options) 

5.3 Example 

To better understand how the calculation method actually works, an example is 

elaborated in this section. The global impact indicator for 2030 is calculated 

considering policy option 1 (national field data): 

𝐺𝑙𝑜𝑏𝑎𝑙 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟 = (𝐶2030 + 𝐷2030 ∙ 𝐸2030) ∙ ∑ (𝐴𝑖,0 ∙ 𝐵𝑖,2020,0)

11

𝑖=00

+ 𝐸2030 ∙ ∑ (𝐴𝑖,1 ∙ 𝐵𝑖,2030,1)

10

𝑖=01
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Annex 3 – Details of the impact analysis results 
 

Detailed results of performances of dwellings equiped with different 

types of ventilation systems 

 

The following performances are calculated in the tool (both with and without 

considering user impact): 

 

• Primary fan energy use (kWh/m²/a) 

• Primary heating energy use as a result of dwelling ventilation (kWh/m²/a) 

• Total primary energy use as a result of dwelling ventilation (kWh/m²/a) 

• Exposure to pollutants indicator (-) 

• Carbon emissions as a result of dwelling ventilation (ton/m²/a) 

 

As an illustration, the following figures show the predicted performances for total 

primary energy use and exposure to pollutants (both with and without considering 

user impact), for the six policy options. 
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Detailed results of global dwelling stock indicators for EU28 

 

The following graphs show the calculated global dwelling stock indicators for EU28 

(both with and without considering user impact): 

 

• Primary fan energy use (TWh/a) 

• Primary heating energy use as a result of dwelling ventilation (TWh/a) 

• Average exposure to pollutants indicator (-) 

• Carbon emissions as a result of dwelling ventilation (ton/a) 
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Global dwelling stock indicators for EU28. 

Detailed results of global dwelling stock indicators for North climate 
region 

The tool allows to analyse the impact of the six policy options for five climate zones. 

The results of the North climate region are displayed in this section, as an example of 

the impact on a region with a significantly different distribution and evolution of 

ventilation systems compared to other climate regions and the EU28 as a whole. As 

the figure of this evolution shows, the share of mechanical ventilation systems is 

allready large in the existing dwelling stock, and will continue to expand in the future. 

The impact of the policy options on the global dwelling stock indicators is calculated 

based on the same assumptions for system performances and ventilation stock 

evolution as applied in the EU dwelling stock impact analysis. As a result of the larger 

share of mechanical ventilation systems in the North region, the relative impact of 

policy options on indoor air quality is significantly larger with a smaller increase in 

primary energy use, compared to the results for EU28. For instance, the policy option 

of measurements with compliance results in an increase of the ventilation related 
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primary energy use of +0.5% by 2050 (+2.4% for EU28), and on a reduction of the 

average exposure to pollutants in the dwelling stock of -15% by 2050 (-6% for EU28), 

compared to the option with no actions. 

 

 
Evolution of total number of dwellings with a specific ventilation system in North climate region 

(option with no policy actions). 
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Global dwelling stock indicators for North climate region. 

 


