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based ventilation guidelines that was developed within the EU funded HEALTHVENT 

project 7.  

¶ Compliance check procedures in EU currently focus mainly on structural analysis, 

safety and energy performance aspects during the buildingsô design stage. During 

the construction of new or renovated buildings compliance procedures are limited 

to aspects such as thermal transmittance of building elements (U -values), 

installation of heating and air conditioning equipment (but not their operation nor 

any guaranteeing of the quality of the supplied air), airtightness, availability of 

Energy Performance Certificates ( EPCs) , etc.  

¶ Compliance with building and installation aspects related to indoor air quality (e.g. 

ventilation and Heating, Ventilating and Air Conditioning -  HVAC systems) or 

thermal comfort (in particular risk of overheating) is rarely checked by the 

designated control bodies and if so, mainly at the design stage based on 

calculations rather than by performing onsite controls. In a few countries only, 

there is an effective penalty system in case of non -compliance. During the 

operation phase of existing buildings, compliance checks are only carried out  for 

aspects such as energy performance, safety (e.g. resistance to fire, structure 

defects such as cracks, etc.)  and occupational health and safety, while systematic 

indoor air quality or thermal comfort verification procedures have been rarely 

identified and even less practiced.  

To understand the potential impact (improvement or deterioration) of comfort and healt h 

conditions in new or renovated buildings in the EU as result of the interplay among 

various factors (e.g., IAQ sources, ventilation practices and systems, building 

characteristics and operational conditions, regional climate differences etc.), d ata 

colle ction initiatives and projects (e.g. national monitoring surveys  in EU MS, EU funded 

projects, etc. ) on IAQ, comfort and health in high ly  energy perform ing  buildings were  

also reported and analysed .  

Moreover, evidence from measured data was  further supported by a review of modelling 

simulations demonstrating that I EQ and energy are linked in many ways and, if proper 

measures are applied, energy performance improvements may result in IAQ and thermal 

comfort improvements, i.e. energy and I EQ p roblems can be solved concurrently .  

Conclusions from data monitoring surveys and modelling 

simulations at EU and national levels on indoor environment 

quality, comfort and health conditions in highly energy  performing  

buildings  

¶ To date, only a very limited number of studies investigating IAQ, health and 

comfort in low -energy buildings have been conducted in the EU and other parts of 

the globe. The outcomes of these studies contribute to the knowledge about IEQ 

and occupantsô comfort and health in energy  performing  buildings. However, due to 

the limited sample size of buildings and occupants included in the investigations 

and also considering the diversity of climate conditions, cultures and economic 

                                                        
7 ECA (European Collaborative Action ñUrban Air, Indoor Environment and Human Exposureñ). Report no. 30. 

Framework for health  based ventilation guidelines in Europe. European Commission. Joint Research Centre. 

EUR 27640 EN (2015).  
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status, caution must be applied when assessing outcomes  and the findings should 

not be generalised.  

¶ The reviewed studies show limited evidence about the impact of energy efficiency 

strategy and retrofits on IEQ, comfort and health in Europe and beyond. The initial 

work underway in some EU MS to underst and and quantify this impact is promising 

but still limited. There is a need to investigate further and produce more data to  

fully understand the implications of highly energy  performing  buildings on the 

relationships between energy  efficiency measures, IE Q and comfort conditions, 

ventilation and health in Europe.  

¶ A number of studies have explored occupantsô health in energy  performing homes. 

The majority of these studies report that high ly  energy  performing homes are 

associated with health benefits although there have  also been report s of an 

increase in health problems in some cases for this type of buildings. Recipients on 

low incomes experience  greater improvements in health following energy efficiency 

inte rventions, supporting the inclusion of energy efficiency measures in strategies 

to tackle social issues like fuel poverty and health inequity.  

¶ The studies that were reviewed in this report show that improving buildingsô energy 

performance  generally improve s the indoor environment and IAQ. However, if 

energy sufficiency and energy efficiency measures 8  are implemented incorrectly 

then the health  based ventilation conditions may not be fulfilled. If the building 

itself and its systems and components are not adequately designed, installed and 

maintained, negative impacts on IAQ and consequently on the occupantsô health, 

comfort and performance might be expected. Several studies have shown that a 

substantial performance gap is emerging between the design expect ations and the 

measured performance in terms of energy consumption and IAQ in both new and 

refurbished buildings, reflecting the related lack of proper design and 

commissioning procedures.  

¶ The reviewed studies show that mechanical ventilation systems in high ly  energy  

performing buildings, if properly operated and maintained, lead to an increased 

removal of pollutants, and thus to an overall improvement of the IAQ and reduction 

of reported comfort and health related problems. In the case of poor design, 

oper ation and/or maintenance, there are a number of concerns about potential 

failures associated with these systems. The most frequently mentioned concerns 

are: wrong airflow rates, excess noise, draughts, poor hygiene of the air handling 

system and low humidi ty indoors due to elevated outdoor air rates (especially 

during winter when the outdoor humidity is low). In practice, design, installation 

and operation of mechanical ventilation systems is not an equally preferred solution 

across the entire building stoc k of the EU MS due to climatic, cultural and social 

characteristics  and economic possibilities (e.g. different practices observed among 

Northern and Southern European countries).  

¶ Demand controlled ventilation can significantly decrease the energy needs fo r 

heating and cooling in buildings by fine - tuning ventilation rates to the strict needs. 

Additionally, when applicable, heat recovery can further reduce those energy needs 

                                                        
8 Energy sufficiency, energy efficiency and supply from renewa ble sources are key drivers in the transition to a 

sustainable, cost -effective, secure and contributing to the planet as a low -carbon energy system (IEA /UNDP , 

201 3).  
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by lowering the energy impact associated with ventilation. In cases where higher 

ven tilation rates are required, modelling simulations show that the use of any or 

both of these strategies enables meeting health  based ventilation needs without 

necessarily having a negative impact on the energy consumption. However, the 

benefits from the us e of heat recovery may be offset in scenarios of low building 

airtightness which might be a technical and especially a cultural challenge in 

countries in which natural ventilation practices prevail and buildings mostly have 

low airtightness (e.g. Southern European countries).  

¶ With the increasing demand for minimising energy consumption in residential 

buildings, the relationship between building characteristics and operation, occupant 

behaviour and the quality of the indoor environment in low -energy and high -energy 

performing  dwellings requires further attention.  

¶ Detailed comparative analysis of building energy consumption data and IEQ data 

accounting for the interactions between six factors (i.e., climate; building envelope; 

building services and energy systems; building operation; building maintenance; 

occupantsô activities and behaviour) would provide essential guidance to identifying 

opportunities for energy saving while safeguarding the occupantôs health, comfort 

and productivity conditions.  

¶ Building occupantsô behaviour, equipment performance and quality of the building 

envelope during the building operation phase are essential drivers for energy 

consumption and indoor environment quality (IEQ) (i.e., thermal comfort, IAQ, 

acoustical and lighting cond itions) in buildings. Therefore, the buildingôs design, 

commissioning and operational phases including maintenance aspects should be 

given the same level of prominence in the evolution of existing building codes and 

related standards and regulations in the  EU and Member States.  

¶ Studies showed that the use of low -emitting construction and decoration products, 

furniture and consumer products would help limit the episodic indoor air pollution 

events observed in buildings and therefore reduce the exposure to po llutants linked 

to human activities. This is an important consideration that could significantly 

reduce some of the health  based ventilation demand in high ly  energy  performing 

buildings. In some European countries building materials labelling has been 

syst ematically used over many years (e.g. in Finland since 1995 with over 3000 

labelled construction materials) which has incentivised the process of producing 

and progressively using low -emitting materials throughout EU.  

¶ Many of the reviewed studies focussed primarily on measuring CO 2 concentration 

(as a óproxyô of IAQ) and general comfort parameters (i.e. relative humidity and 

temperature). Only a few studies have also included measurements of IAQ 

parameters known to be associated to health risks (i.e. physic al, chemical and 

biological pollutants  including those with  WHO guidelines).  

The aforementioned conclusions suggest that , in order to guarantee that highly  energy  

performing  buildings in the EU will also be healthy for their occupants, a number of IEQ 

related issues should be considered as part of the review of the Energy Performance 

Building Directive  (EPBD) . These  should  be implemented in the EU MS within a holistic 

approach to buildingôs sustainability , which should consider optimising  buildingsô energy 

performance and associated costs without compromising the implementation and 

enforcement of the health  based ventilation concept in EU buildings.  
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It should be noted that the  EPBD already provides a ñwhole buildingò approach by 

promot ing  the improvement of the energy performance  (i.e. energy efficiency and 

renewable energy use)  of buildings, taking into account both outdoor climatic and  indoor 

climate requirements and cost -effectiveness.  In addition, according to the EPBD t he 

energy perfo rmance of buildings should be calculate d on the basis of a methodology t hat 

includes, in addition to thermal characteristics, other factors that play an increasingly 

important role including indoor air -quality .   

To this purpose the following specific poli cy/legislative/regulatory and 

research/technical/implementation oriented recommendations are made.  

 

Policy/ legislative/ regulatory oriented recommendations  

¶ Careful policy design, combined with adequate regulation and enforcement 

regimes, can strike a balance between good IEQ and the rational use of energy in 

buildings, while also avoiding the potential pitfalls of introducing energy  efficiency 

measures into the complex system that buildings represent.  

In such context and perspective, the existing over arching EU policy framework to 

buildingsô energy performance  needs to be supported by a comprehensive, 

integrated and flexibly implemented approach of consistent standards and 

regulations at both EU and national levels.  

¶ The conception , integrat ion  and eff icient implementation of building related policies, 

regulations and standards in EU should be performed considering the multi -

dimensional concept of buildingsô sustainability which encompasses socioeconomic, 

energy, health, safety of constructions  and sust ainability aspects.  

¶ The best approach for designing effective building codes from an energy point of 

view and for successfully reducing building related energy consumption patterns in 

the long term is by properly combining energy sufficiency, energy efficiency and 

supply from renewable energy sources.  

¶ IEQ and health aspects should be considered to a greater extent in European 

building codes than in the current practice. While indoor climate is mentioned in the 

EPBD, the importance of indoor air qualit y, thermal comfort, daylight and noise has 

to be strengthened . Inclusion of requirements for indoor air quality in the national 

regulations of all European countries should be reinforced, including specific 

pollutants to be measured and their associated li mit levels in line with the WHO 

guidelines (or EU or other international standards).  

¶ A co -ordinated and coherent implementation of IEQ related requirements in 

building related policies in EU is still missing as from a regulatory point of view this 

remains under the competencies and responsibilities of the EU MS with no binding 

requirements at EU level. This creates obstacles for the implementation of an 

integrated performance -based approach for buildingsô related energy and IEQ 

issues in Europe.  

     Consequently, within the holistic view and approach of buildingsô sustainability , it is 

recommended  that the definition of the boundaries and implementation of the 

requirements of each of the building related sectorial policies, regulations and 

standards should be co -ordinated and optimised via an overarching and balanced 
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approach at EU level which fully consider s energy, environmental, health and 

resource efficiency aspects as well as  national characteristics  and constraints 

(economic, social, cultural and  climatic).  

     Such an approach would help avoid óconflicting overlapsô in terms of environmental 

and health impacts and costs as well as the potential fragmentation of the 

European market by ensuring consistency in criteria and coherence of objectives 

among the various EU policy and regulatory instruments addressing the energy, 

environmental and IEQ related performances of products and buildings. It would 

also help industries and SMEs producing construction products complying with the 

requirements of sev eral different regulations and policies for the same product(s) 

by  reduced burdensome conditions and more  affordable costs.  

¶ The most feasible, technically robust, flexible and cost -optimised solutions 

satisfying minimum mandatory requirements across the is sues of safety, health, 

energy, and sustainability in the EU MS should be pursued and investigated. This 

could be enabled by developing a ñhead standardò and setting mandatory minimum 

performance requirements for each of the seven Essential Requirements of  the 

Construction Products Regulation (CPR) 9  which should be aligned with: (a) the 

principles and requirements of the overarching European standard on energy 

performance of buildings (EN 15603) 10 ; (b) with the recently launched (by the 

European Commission )  development of a common EU framework for building 

environmental performance indicators to drive improvements in both new and 

refurbished buildings.   

     Provided that this could be successfully undertaken and implemented it would then 

pave the way  for the development of a common set of building ós sustainability  

metrics  and labelling system  at EU leve l to use for rating buildings for their 

performance jointly in terms of energy performance , IEQ, structural and fire safety 

and sustainability.  

     The common buildingós sustainability metrics and labelling system could be 

accompanied by a building passport  to follow a building for its entire life cycle. 

Building passports, on a voluntary basis, include tailor -made information to building 

owners on lo ng term investments and financing mechanisms in renovation 

measures over the lifetime of the building and could also include relevant 

information about ventilation systems characteristics and IEQ related aspects, and 

traceability of expected cost and benef its in terms of improved energy savings, 

IEQ, comfort and health conditions. Building passports  should not replace the role 

of existing EPC schemes across MS.   

     The progression towards meeting the targets for Nearly Zero -Energy Buildings 

(NZEB)  by 202 0 has involved  a stepwise tightening of minimum energy 

performance requirements in EU MS. To avoid this resulting in deterioration of IEQ 

and health conditions in the European building stock, measures related to energy 

sufficiency/efficiency and renewable energy supply should be implemented in an 

                                                        
9 EC.  (2011). Construction Products Regulation. Regulation (EU) No 305/2011 of the Europe an Parliament and 

of the Council of 9 March 2011 laying down harmonised conditions for the marketing of construction products 

and repealing Council Directive 89/106/EEC; 2011.  

10  prEN 15603:2013 standard. Energy performance of buildings -  Overarching standa rd EPBD  and related 

technical reports (TR 2013, prEN  15603 , May 2013) . 
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integrated fashion together with appropriate strategies dealing with indoor and 

outdoor pollution sources, ventilation, thermal comfort, acoustics and lighting.  

     In this respect, it is recommended that the hea lth  based guidelines framework that 

was developed within th e EU funded HEALTHVENT project be consulted and 

properly implemented in building related policies, regulations and standards at both 

EU and EU MS levels.  

     According to the HEALTHVENT health  based ventilation guidelines concept , to 

ensure that energy efficiency measures are properly combined with health  based 

ventilation it is necessary to  consider controlling the outdoor and indoor pollution 

sources, reduc e the emissions from the materials us ed, and take account of  the 

type and level of occupancy and the activities taking place in buildings during their 

lifetime (including changes in use) when  health  based ventilation rates are defined 

and calculated.    

     All relevant key stakeholders (EU M S,  policy makers, building designers and 

constructors to building managers and users) should ensure that in the entire 

building stock (existing buildings and new highly energy  performing buildings) the 

buildingsô design, maintenance and operation respect the HEALTHVENT framework's 

concept and other relevant EU policies, standards and WHO guidelines.  

     In this context, there is a need to provide common health  based ventilation 

guidance in Europe  that will reinforce the definition and setting of ventilation 

requirements and metrics based on health criteria to be applied after all possible 

control strategies of indoor and outdoor pollution sources have been exploited.  

     Harmonisation  of ventila tion metrics  and calculation practices  among countries is 

also recommended. The guidance should focus on methods covering aspects such 

as controlled ventilation (accounting for occupancy, activities, and outdoor and 

indoor air quality), improved ventilatio n efficiency, localised ventilation, air 

cleaning, adjusting the ventilation rates according to the indoor and outdoor air 

pollution conditions, use of clean HVAC components, balancing the ventilation 

based on the actual use of the building, selection of l ow pressure drop equipment 

to reduce electricity use, heat recovery, etc. The guidelines should also cover the 

quality of the air handling system as described in the HEALTHVENT WP 5 report. 

These issues are partly dealt with in the standard prEN 16798 -3 11  but not 

exhaustively.    

¶ EU and national policies are recommended to promote sustainable buildings that 

can adapt to variations in outdoor and indoor pollution sources as well as featuring 

passive/active control for moisture/dampness and avoidance of partic les. The IEQ 

issues (IAQ, thermal comfort, noise, daylight, etc.) should be given more emphasis 

in the labelling criteria of sustainable buildings.  

¶ The Construction Products Regulation (CPR) targets the performance of 

construction products and not buildings. Further work is required to provide 

guidance at EU level on how to effectively implement the requirement under 

paragraph 6 of Annex I (2) of the Commission Delegated Regulation (EU) No . 

                                                        
11  EN 16798 -3:2014.  Energy performance of buildings Part 3: Ventilation for non -residential buildings -  

Performance requirements for ventilation and room -conditioning systems. European C ommittee for 

Standardization (CEN), 2014.  
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244/2012 12  (associated to the EPBD implementation) concerning the compatibility 

of the energy efficiency related measures and requirements with the basic 

requirements for construction works as listed in Annex I to CPR. 

¶ With the increasing energy performance (EP) requirements towards NZEB s, the 

compliance checking of the energy performance of new buildings becomes 

increasingly important and should be seen within the holistic concept and 

implementation perspective of buildingôs sustainability (i.e. exploring the potential 

of energy  efficiency in relation to the climate conditions and performance 

requirements, optimising over energy performance and costs without compromising 

the enforcement of the health  based ventilati on concept).  

¶ There is a need to provide guidance at EU level on proper design, construction, 

installation, maintenance and inspections of ventilation systems. Inspection and 

compliance checks of ventilation systems are recommended to become part of 

energy and IAQ auditing under the EPBD.  

     The review of the EPBD and of national ventilation regulations could consider 

including requirements for IEQ inspection and audit in the operational phase of 

buildings to monitor and ensure that the IEQ related require ments are met. This 

can be based on the outcome s and experience gained in the development of the 

harmonisation framework for indoor air monitoring by the European Commission 

(DG SANCO and DG JRC) in the context of the PILOT INDOOR AIR MONIT 13  project 

(2010 -2012).  

¶ Clear provisions and criteria in the buildingsô energy performance calculation 

methodology (including cost -optimality calculations) should be introduced so that 

the simulated scenarios for various buildingsô typologies and climates and the 

subsequen t energy efficiency measures shall guarantee good indoor air quality and 

comfort conditions for the buildingsô occupants at the design and operation phases 

of new and renovated buildings during their entire lifespan while also optimising 

energy savings and  costs. This will help achieving better acceptance of energy 

related measures and labelling systems among the public and all other relevant 

stakeholders.  

¶ It is also recommended to model and systematically assess the total buildingsô 

performance  at the EU level (i.e. energy performance , adequate ventilation, IEQ, 

occupantsô health, comfort and performance) and the associated socio-economic 

implications under various scenarios representing different climatic zones, building 

typologies and operatio n practices and regimes of various building systems (e.g. 

HVAC systems), quality of building products (e.g. low -emitting construction 

materials) and occupants behaviour in EU MS. In addition to considering and 

including the construction and operation al  cost of buildings, this would also allow 

provision of consolidated figures to compare the economic benefits from improved 

health, comfort and performance against those from energy -efficiency saving 

measures alone.  

                                                        
12  http://eur - lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2012:081:0018:0036:en:PDF   

13  PILOT INDOOR AIR MONIT projectôs final report (2013). Administrative arrangement between DG SANCO 

and DG JRC (contract no. SI 2582843) (Kephalopoulos et al., 2013).  

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2012:081:0018:0036:en:PDF
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     In this context and perspective, the EP BD Comparative Methodology Framework 

could incorporate key performance indicators  for energy use, health, comfort and 

IEQ  in buildings. These would need  to be integrated with a proper cost indicator for 

estimating the co -benefits of energy -efficiency measu res, health  and  comfort in  

indoor environment s in the context of cost -optimal calculations at the 

macroeconomic level especially in the case of renovation measures related to the 

existing EU building stock (i.e. gains from energy savings, less health care costs, 

less absenteeism rates from work, increased productivity).  

¶ It is recommended to creat e an information resource  at EU level with best practice 

examples in the EU MS, contextualised in their respective climate, cultural tradition 

and values, technological and economic contexts, to show buildingsô compliance 

and certification performance rates jointly for energy use and perform ance levels, 

IEQ and associated costs within a perspective of economy of scale.  

¶ It is recommended to establish rewarding mechanisms for best performing EU MS 

as to the degree of compliance and performance of their building stock jointly in 

term s of  energy  perform ance (in its broader sense), IAQ, thermal comfort and 

ventilation . This would  create ince ntives for better performance at the EU MS level, 

which  could extend also to building owners (e.g. reduction of their annual taxes, 

exception of the EPC issuing fee, etc.) when they manage to improve the energy 

performance and IEQ of their buildings either th rough major renovation and/or 

applying the EPC recom mendations. Conversely, in case of non -compliance 

penalties should be activated.  

Research/Technical/implementation  oriented recommendations  

¶ A key issue is to progressively start building up a consolidated picture of energy -

efficiency measures, IAQ, thermal comfort, ventilation and health via co -ordinated, 

systematic and centralised large scale longitudinal studies with  data collection and 

repo rting mechanism at the EU level.  

     Population representative measurement campaigns should be planned and carried 

out on indoor exposures for various typologies of buildings to fill the gaps in 

knowledge about the effects of ventilation and indoor air e xposures on health. 

These measurement campaigns should include a much better characteri sation of 

exposures and ventilation than has been previously done. They should also 

investigate in detail the role and impact of indoor and outdoor sources on chronic 

di seases. Particular emphasis should be given to vulnerable groups such as 

children, elderly and patients with allergies and chronic respiratory diseases.  

     In such context and perspective, it is recommended to set up monitoring 

campaigns to collect infor mation and data in EU MS on the performances of 

ventilation systems and the IEQ levels achieved in relation to indoor and outdoor 

pollution sources, energy sufficiency and energy efficiency measures in the EU 

building stock. The information and data should  be streamlined and made available 

via the European Commissionôs relevant data portals and knowledge systems (i.e. 

the DG JRCôs European Energy Efficiency Platform Portal and the DG ENVôs 

IPCHEM14  module 4 on óProducts and Indoor Air Monitoringô data). 

                                                        
14  https://ipchem.jrc.ec.europa.eu/ RDSIdiscovery/ipchem/index.html   

https://ipchem.jrc.ec.europa.eu/RDSIdiscovery/ipchem/index.html
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¶ IEQ and comfort parameters should become an integral part of all building related 

performance standards and regularly monitored after building completion and 

during building use (i.e. at both building commissioning and occupation phases).  

¶ Ventilation energy de mand should be calculated and expressed in a transparent 

way according to health  based ventilation requirements and should be clearly 

separated from the total heating and cooling demand.  

¶ Ventilation systems should undergo mandatory and periodic inspection by qualified 

professionals and be subject to periodic maintenance as per the related technical 

prescriptions. When seen and implemented according to the health  based 

ventilation concept and approach, this will increase the chances of achieving the 

designed  ventilation rates and encourage  maintena nce of  proper health  based  

ventilation conditions in relation to real pollution sources load and changes 

occurring during building occupancy for the entire building life cycle.  

¶ Harmonized criteria for construction p roductsô labelling are recommended to be 

used as a part of the design specification of ventilation requirements and be aligned 

with the principles and requirements of the Construction Products Regulation. This 

can take advantage of the two harmonisation fr ameworks for indoor products 

labelling and health  based evaluation of product emissions which were developed 

by the European Commission (DG GROW and DG JRC) (ECA Reports n°27 15 , 2012 

and n°29 16 , 2013 respectively).  

¶ It is recommended to develop a common, flex ible and comparative framework 

methodology in the EU that includes guidelines for compliance checks related to 

energy efficiency, energy sufficiency and IEQ. Such compliance checks should 

ensure proper levels of IAQ and adaptive comfort behaviour to avoid health risks of 

the buildingsô occupants while optimising actual energy expenditures.  The 

methodology should be developed and implemented via a comprehensive and 

holistic approach which properly considers pollution source based strategies and 

lighting, HVA C and ventilation practices (such as those proposed by the 

HEALTHVENT and AIRLESS 17  projects), in line with the criteria and parameters 

specified in relevant CEN standards, and considering integration of various IAQ 

monitoring typologies (e.g. such as those  elaborated by the ECôs PILOT INDOOR 

AIR MONIT 18  and AIRLOG 19  projects). Moreover, it is recommended to preferably 

cover all stages of compliance checking and quality control during the buildingôs 

design and construction phases and, ultimately, prior to and also during the 

buildingôs occupation and operation. 

                                                        
15  ECA (European Collaborative Action ñUrban Air, Indoor Environment and Human Exposureñ). Report no. 27. 

Harmonisation Framework for Indoor Products Labelling Systems in EU. European Commission. Joint Research 

Centre.  EUR 25276 EN (2012).  
16  ECA (European Collaborative Action ñUrban Air, Indoor Environment and Human Exposureñ). Report no. 29. 

Harmonisation framework for health based evaluation of indoor emissions from construction products in the 

European Union using the EU -LCI concept. European Commission. Joint Research Centre. EUR 26168 EN 

(2013).  

17  AIRLESS: A European project to optimise Indoor Air Quality and Energy consumption of HVAC -systems     

(Bluyssen et al., 2003).  

18  PILOT INDOOR AIR MONIT projectôs final report (2013). Administrative arrangement between DG SANCO 

and DG JRC (contract no. SI 2582843) (Kephalopoulos et al., 2013 ). 
19  HEALTHY INDOOR LIFE -  Integrated platform for intelligent indoor air quality audit management 

(http://www.iaq -airlog.eu/ )  

http://www.iaq-airlog.eu/
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¶ One po ssible option for consideration would be extending the EPC to include 

ventilation systems characteristics (where applicable) and IEQ related aspects 

related to occupants. Such an extended EPC could also include recommendations 

(as foreseen by the EPBD) abo ut the overall buildingôs improvement potential. For 

issuing such an extended certificate and enable monitoring of the implementation 

of the recommendations via proper auditing procedures at an affordable cost, it is 

important to find a trade -off between s tandard recommendations generally 

applicable to the entire building stock and tailor -made recommendations that may 

be more effective for specific buildings.  

In conclusion, to guarantee that highly energy performing buildings in the EU will also be 

healthy for their occupants, a number of IEQ related issues should be considered as part 

of the review  of the EPBD  within a holistic view of buildingôs sustainability that  should 

consider  optimising  buildingsô energy performance and associated costs without 

compromising the implementation and enforcement of the health  based ventilation 

concept  in EU buildings .    

Disclaimer : The conclusions and recommendations of this report do not imply 

any policy position of the European Commission.    
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1. I ntroduction  

The 2030 policy framework for climate and energy proposed by the European 

Commission on 22 January 2014 aims to make the European Unionôs economy and 

energy systems more competitive, secure and sustainable.   

A European strategy for the sustainable competi tiveness of the construction sector has 

been defined for the next decade (EC, 2012 ). As part of the short term measures related 

to this strategy, particular emphasis should be put on encouraging the activity of 

building renovation and infrastructure mainte nance, which represents an important 

share of total construction employment and production.   

Energy sufficiency, energy efficiency and supply from renewable sources are key driver s 

in the transition to a sustainable, cost -effective  and  secure future and contribut e to the 

planet becoming a low -carbon energy system  (IEA /UNDP , 2013) . The Framework 

Strategy for a Resilient Energy Union with a Forward -Looking Climate Change Policy (EC, 

2015) considers high ly  energy  performing buildings as one of the pillars to  deliver the 

Energy Union.   

EU MS have been developing policies and measures to generally reduce the actual 

energy use  of their buildings but  a number of challenges need to be addressed in terms 

of the impact of high -energy  performance on the quality of the indoor climate of 

buildings without compromising  the comfort, health and productivity of their occupants . 

EU MS are called to properly implement and enforce the Energy Performance of Buildings 

Directive. In some  EU MS, a low level of ambition and a failure to enforce building 

energy codes hamper energy efficiency in buildings and thus fail to stimulate the 

construction sector.  

Traditional building energy codes focus mainly on improving the efficiency of the energy 

used to achieve the s ame level of energy services  (e.g. heating, cooling and lighting) . 

However, a new wave of building energy codes provides a comprehensive and effective 

path to low -energy and  to  low -carbon buildings by requiring: (a) energy sufficiency 

measures, designed to  reduce the need s for energy services needed to operate and 

maintain the required comfort level  in a building; (b) energy efficiency measures, which 

reduce the amount of energy needed to fulfil  the energy service s; and (c) the use of 

renewable energy sourc es, notably resources generated  at the building premises  or as 

part of the energy supplied to the building .  

A great deal of intervention is still to be done concerning the energy sufficiency of 

buildings  to integrate provisions that ensure maintenance of healthy indoor air quality 

and the required level of adaptive thermal comfort while reducing the requirement for 

use of equipment providing energy services. Due regard must be given to  potential 

developme nts of the architecture and construction technologies appropriate for the 

differences between  current climatic zones .   

In this context and perspective, Article 4 of the EPBD requires MS to set and ensure 

minimum energy performance requirements which ñshall take account of general indoor 

climate conditions, in order to avoid possible negative effects such as inadequate 

ventilation, as well as local climatic and surrounding environment conditions and the 

designated function and the age of the buildingò. Ther e is a need to investigate the  

extent  to which  the provisions in EPBD related to indoor climate and indoor air quality 

conditions have been implemented by the EU MS and whether these could guarantee 

avoiding deterioration of the air quality in high ly  energy  perfor ming  buildings in the EU 
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(due to inadequate air pollution source control, pollution entrapment and  inadequate 

ventilation) and consequently avoid possible negative effects to the buildingsô occupants 

thermal comfort, health and overall perform ance conditions . In this context, local 

climatic conditions and cultural specificities should not be overlooked and recognition of 

new concepts such as the adaptive comfort should be fully considered in parallel and 

properly implemented.   

The European Com missionôs Joint Research Centre (JRC) provides scientific/technical 

assistance to the Directorate General for Energy (DG ENER) for  the implementation of 

the Directive 2012/27/EU on Energy Efficiency (EED) and of the EPBD . JRC also  

contributes to the develo pment of concepts for the strengthening of the overall EU 

legislative framework for energy saving (Administrative Arrangement TSSEED between 

DG ENER and JRC no. ENER/C3/2014 -554/SI2.693948 ,  (2015 -2017)).   

In the context of this administrative arrangement , the effective implementation of the 

EED and EPBD by EU MS and the monitoring of the MSsô progress towards achieving the 

2020 energy reduction targets will be assessed and evaluated.    

Among the various tasks to perform , JRC was charged with carrying out a review of 

existing literature on studies, reports and investigations which have been examining the 

status of indoor air quality in  high ly  energy  performing buildings  in EU and also 

assessing the implementation status of relevant criteria in EPBD  by the E U MS. The 

ultimate objective is  to summarise the main consequences and provide 

recommendations on how to establish healthy and high ly  energy  performing buildings in 

EU (Task 13.3 óRelation between high-energy performance and indoor air qualityô).  

More specifically, the objectives of Task 13.3  are :    

1.  Assessing the implementation status of the EPBD by EU MS in terms of 

ventilation, indoor air quality and energy efficiency criteria and requirements , 

and investigating what is needed to guarantee that renovated or new high ly  

energy  performing buildings will not create health risks  for their occupants.   

2.  Performing literature review and data collection on the impact of high ly  

energy  performing buildings (residential and non - residential) to indoor air 

quality via assessing  indoor air quality in relation to ventilation and energy 

performance before and after improvement of energy performance  of 

buildings.    

3.  Formulating policy and technical related  recommendations to enable the 

effective implementation of healthy and high ly  energy  performing buildings in 

the EU especially in connection to the on -going  evaluation of the EPBD and its 

review due  for completion  in 2016.  

This report intends  to provide the European Commission with the knowledge base and 

recommendations about potential options to consider in order achieving  health y indoor 

air in high ly  energy  performing buildings in the short term and , in longer term , safe, 

healthy, high ly  energy  performing and sustainable buildings in EU  within the context of a 

global implementation strategy . Such  a strategy  should  account for actual differences in 

the building stock arising from cultural aspects, regional climatic  conditions  and 

economic conditions . It should  include actions to ensure the efficient implementation and 

compliance -checking and enforcement of building codes and tak e advantage of 

technological developments along a path which includes requirements on control of 
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indoor and outdoor pollution sources, energy sufficiency measures, energy efficiency 

measures and the use of renewable energy sources . 

In chapter 2 is emphasised  the importance of various facts related to buildings and 

related policies (i.e. socioeconomic facts, energy facts, health facts, sustainability and 

safety of constructions facts) . All should be accounted for when talking about and 

dealing with in  a holistic concept of buildingôs sustainability . Then this concept is defined 

and developed along its dimensions (energy sufficiency and efficiency, safety of 

constructions, comfort a nd healthy conditions of the buildingsô occupants and 

sustainability of constructions within a Life Cycle Assessment (LCA) context ) . Th is 

represents an upfront definition and implementation of buildingôs performance  which 

then is framed, narrowed and focused to the target dimensions to be dealt with (i.e. 

energy efficiency and health) according to the specific objectives of Task 13.3 .  In th is 

context  the relationship and interplay among  IAQ pollution sources, ventilation strategies 

and energy sufficiency /efficiency  are demonstrated  as essential ly  interlinked/interacting 

issues to conceptualise and implement in practice in relation to major E U related 

instruments (e.g. EPBD, international and national standards and regulations) as 

supported by projects and initiatives at EU and MS level and other relevant stakeholders .  

Chapter 3 includes an analysis about how and to what extent the provisions  and 

requirements of the EPBD  were implemented in EU MS and whether the manner  and 

degree of implementation can ensure reduced health risks of the buildingôs occupants in 

high ly  energy  performing buildings in EU.  

This analysis will formulate  a comparative picture of the implementation status of EPBD 

across the EU MS including :  commonalities and differences in focal (to the purposes of 

Task 13.3) parameters (e.g. those related to energy sufficiency  and efficiency, indoor 

climate and air qualit y, thermal comfort and ventilation) and performance indicators 

(and their metrics) considered ; degree of alignment of national standards and 

regulations to those at EU and/or international level; reporting about EU MS experiences 

concerning the effect of t he interdependency of the focal parameters with  other  

parameters pertaining to the holistic concept of buildingsô sustainability (e.g. air 

conditioning and cooling , heat recovery systems, daylight, acoustics , etc.) . It will 

consider both  the design and operational phases of a high ly  energy  performing building 

bearing in mind that at both phases the health risks to the buildingsô occupants should 

be minimised.      

Last but not least , some best practice examples of national building related regulations 

giving prominence to IAQ issues in relation to energy performance  of buildings  are 

reported .  

Chapter 4 provides a review about the lessons learned from the EU MS experiences 

during the implementation of the EPBD and s ome best practice examples of EU MS that 

have set up compliance and quality control for both energy efficiency and IAQ and 

pollution requirements in existing and new high ly  energy  performing buildings . 

Information  on  IAQ related indicators (i.e. pollutants source control, ventilation, indoor 

air priority pollutants) used in Green Building Certifications world -wide is also provided to 

show the progressive consideration of these indicators in existing Green Building 

Certifications systems as well as  the ir  percentage of coverage in each of the systems 

compared to the non -chemical based indicators  (i.e. environmental indicators).  Then 

these indicators are compared against  the most commonly considered priority pollutants 

in  the WHO  ambient air quality and IAQ guidelines . This analysis will boost a potential 
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future extension of  energy -performance  audits by including monitoring of a minimum 

common set of indoor air chemical pollutants.  

In Chapter 5 data collection initiatives and projects (e.g. national monitoring surveys) in 

EU MS and other relevant stakeholders on IAQ, comfort and health in high ly  energy  

performing buildings are reported and analysed to demonstrate the potential impact 

(improvemen t or deterioration) of comfort and health conditions in new or renovated 

high ly  energy  performing buildings in the EU . Moreover, evidence from measured data is 

further supported by modelling simulations  demonstrating  that IAQ and  energy are 

linked in many ways  and,  if proper measures are applied , energy performance 

improvements may result in IAQ and thermal comfort improvements, i.e. energy and 

IAQ problems can be solved concurrently .   

Chapter 6 describes succinctly the existing Comparative Methodology Framework for 

Energy Performance in the EU MS and makes recommendations about its potential 

extension to include IAQ aspects and related  minimum requirements in order to achieve 

healthy and high ly  energy  performing buildings in EU w hile boost ing  its flexible and 

efficient implementation in the EU MS.  

Chapter 7 refers to a number of building related policies, standards and regulations 

which are cross -cutting aspects of energy efficiency, safety, health and sustainability 

(e.g. EPBD, EED, Construction Products Regulation, Energy Labelling Directive, Eco -

design Directive, EC Ambient Air Quality Directive, WHO guidelines , CEN standards, 

etc. ) .  This  aim s to emphasise and reinforce the need for their synergistic implementation 

and al ignment in order to enable the effective take -up  and implement ation of  the holistic 

concept  of buildings ô sustainability in EU.  

The óConclusions and Recommendationsô chapter includes  the conclusions drawn from 

the review performed in the context of Task 13.3 and the recommendations made to 

help the promoting and enabling of the effective implementation of healthy and energy -

efficient buildings in EU.  

The c onclusions on the implementation status in the EU MS of the EPBD relating to 

ventilation, indoor air quality and energy efficiency criteria and requirements are 

reported separately from those drawn from the review of data monitoring surveys and 

modelling s imulations at EU and national levels on IEQ, energy efficiency and comfort 

and health conditions in high ly  energy  performing buildings. This will help the reader to 

distinguish these two distinct categories of conclusions drawn.  

Following  the same spirit  and logic , the recommendations made in this report are 

reported separately according to their affinity and content (i.e. whether they are more 

policy/legislative/regulatory oriented or research/technical/implementation oriented).  
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2 . A holistic  concept  of buildingsô sustainability  for  Europe     

SETTING UP THE SCENE  

 

The construction sector is among the main pillars of the European Union, as evidenced 

by the following facts :  

ü Socio - Economic facts:  

¶ The construction sector plays an important role in the European economy. It 

generates almost 10% of GDP and provides 20 million jobs, mainl y in micro and 

small enterprises 20 . Poor indoor air and environmental quality can create 

significant economic loss due to elevated absence rates, reduced premiums, 

retention  of lessors and lower market value, as well as due to reduced worker 

performance 21 , 22 . For the United States of America potential annual savings of 

$20 -60 billion are estimated from direct improvements in workers performance 

and productivity that unrelated to health 23 .  

¶ Renovating the European Unionôs building stock for improving its energy 

performance  will save ú80 to ú153 billion of investment costs into the blocôs 

power system by 2050 24 .  The savings, estimated after deep renovation, are at 

grid and productio n level. They are in addition to the lower costs delivered from 

reduced consumption caused by the efficiency measures.  

¶ The typical breakdown of operating costs of a business building is 1% for energy, 

9% rental costs and 90% staff costs (in terms of salari es and benefits) 25 . The full 

costs of installation and running of the buildingôs systems can be offset by 10% 

increase in productivity 26 .  

ü Energy facts:  

¶ Buildings contribute to about 30% of global annual greenhouse gas emissions 

(GHG) in the atmosphere 27  and accounts for 40% of total energy consumption in 

Europe 28 . Buildings have the potential to reach a 90 % reduction in their 

greenhouse gas emissions by 2050 29 .  

                                                        
20  COM (2012)  433. Strategy for the sustainable competitiveness of the construction sector and its enterprises  

21  Fisk, W. and Seppänen, O. Providing Better Indoor Environmental Quality Brings Economic Benefits. 

Proceedings of Clima 2007 Well Being Indoors, June 10 -14, 2007, Helsinki.  

22  Fisk, W.J., D. Black and G. Brunner (2011), ñBenefits and costs of improved IEQ in U.S. officesò, Indoor Air , 

Vol. 21, No. 5, Blackwell, Oxford, pp. 357 ï367.  

23  The business case for green buildin gs, (2013) ;  http://www.worldgbc.org/activities/business -case/   

24  http://www.euractiv.com/sections/energy/renovation -could -save -billions -grid - investment -say - researchers -

318517   

25  Health, Wellbeing & Productivity in Offices ï The next chapter for green building (World Green Building 

Council); http://www.worldgbc.org/files/6314/1152/0821/WorldGBC__Health_Wellbeing__productivity_Full_Re

port.pdf   
26  Wargorcki P. (ed.), Seppänen O. (ed.), Andersson J., Boerstra A., Clements -Croome D., Fitzner K., Hanssen 

SO. (2006). REHVA Guidebook: Indoor Climate and Productivity in Offices.  

27  Buildings and Climate Change ï Summary for Decision Makers. UNEP Sustainable Buildings & Climate 

Initiative (2009); http://www.unep.org/sbci/pdfs/SBCI -BCCSummary.pdf   

28  DIRECTIVE 2010/31/EU OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 19 May 2010 on the 

energy performance of buildings (recast).  

http://eur - lex.europa.eu/legal -content/EN/TXT/PDF/?uri=CELEX:32010L0031&from=EN   

29  The European construction sector. A global partner (2014). European Commission ;   

http://ec.europa.eu/growth/tools -databases/newsroom/cf/itemdetail.cfm?item_id=7426&lang=en&t itle=The -

European -construction -sector%3A -a-global -partner   

http://www.worldgbc.org/activities/business-case/
http://www.euractiv.com/sections/energy/renovation-could-save-billions-grid-investment-say-researchers-318517
http://www.euractiv.com/sections/energy/renovation-could-save-billions-grid-investment-say-researchers-318517
http://www.worldgbc.org/files/6314/1152/0821/WorldGBC__Health_Wellbeing__productivity_Full_Report.pdf
http://www.worldgbc.org/files/6314/1152/0821/WorldGBC__Health_Wellbeing__productivity_Full_Report.pdf
http://www.unep.org/sbci/pdfs/SBCI-BCCSummary.pdf
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32010L0031&from=EN
http://ec.europa.eu/growth/tools-databases/newsroom/cf/itemdetail.cfm?item_id=7426&lang=en&title=The-European-construction-sector%3A-a-global-partner
http://ec.europa.eu/growth/tools-databases/newsroom/cf/itemdetail.cfm?item_id=7426&lang=en&title=The-European-construction-sector%3A-a-global-partner
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ü Health facts:  

¶ According to the World Health Organisation (WHO), in 2012, 99000 deaths in 

Europe an low and middle income countries  and 17000 in European  high income 

countries were attributable to household (indoor) air pollution 30 . 2.2 million 

estimated  DALYs (Disability Adjusted Life Years) are lost each year in Europe due 

to exposures to pollutants in buildings 33. This would amount to ú 99 billion per 

year if a common DALY value of ú 45 ,000 per life year is applied 21 .  The estimated 

socio -economic costs of indoor air pollution in France amounts approximately to  

around 20  billion EUR annually 31  (based on an estimated cost of a DALY of ú 115, 

000 32 )  due to premature deaths, medical costs, lost productivity, and related 

impacts.  For analogy, road traffi c in EU costs 3.6 million DALYs annually.   

¶ More than 300 ,000 DALYs per year are the estimated health gains in EU -26 which 

are attributed to the efficient implementation of EPBD which integrates indoor air 

quality criteria and auditing 33 .  

¶ It is estimated that at least 110  million citizens in EU live in buildings with 

elevated concentrations of hazardous and toxic pollutants due to operating 

ventilation which does not meet current regulation limits 34 .  

¶ Substantial health benefits from improved indoor climate from improved energy 

performance  renovation of buildings are estimated in the order of ú33 -  73 billion 

annually in 2020 in the low -energy performance  scenario and to ú64 -  140 billion 

in the high -energy performance  scenario through improved life quality, less public 

health spending and fewer missed days of work. These figures are the same order 

of magnitude as those estimated when considering the energy savings alone  35 .  

¶ Good indoor environmental quality of buildings (i.e. thermal, illumination 

(lighting), ventilation and acoustic conditions) can improve overall work and 

learning performance and reduce absenteeism 36 . There is a comprehensive body 

of research evidence demonstrating that the design of  office buildings impacts the 

health, wellbeing and productivity of its occupants. Productivity improvements of 

8-11% are not uncommon as a result of better air quality in office buildings 37 . 

Directly related to health, potential annual savings and producti vity  gains in the 

United States are estimated in the order of $6 -14 billion from reduced respiratory  
disease, $1 -4 billion from reduced allergies and asthma and $10 -30 billion from 

                                                        
30  World Health Organization, ñBurden of disease from Household Air Pollution for 2012ò. Available at: 

http://www.who.int/phe/health_topics/outdoorair/databases/HAP_BoD_results_March2014.pdf?ua=1   

31  Kopp, P., G. Boulanger, T. Bayeux, C. Mandin, S. Kirchner, B. Vergriette, and V. Pernelet -Joly. 2014. Socio -

economic costs due to indoor air pollu tion: a tentative estimation for France. Proc. Indoor Air 2014, Hong 

Kong. HP0955.  

32  Quinet, E., Baumstark, L., Bonnet, J., Croq, A., Ducos, G., Meunier, D., Rigard -Cerison, A,. Roquigny, Q, 

(2013) Lô®valuation socio®conomique des investissements publics. Commissariat Général à la Stratégie et à la 

Prospective: 352 p.  

33  Jantunen M., de Oliveira Fernandes E., Carrer P., Kephalopoulos S., 2011. Promoting actions for healthy 

indoor air (IAIAQ). European Commission Directorate General for Health and Consumers.  Luxembourg. ISBN 

978 -92 -79 -20419 -7.   

34  Asikainen A., Hänninen O., Brelih N., Leal V., Allard F., Wargocki P., 2012b.  Proportion of residences in 

European countries with ventilation rates below the limit defined by regulations. Ventilation 2012 Conferenc e, 

Paris, 17 -19 September, 2012.  

35  Multiple benefits of investing in energy efficient renovation of buildings. Copenhagen Economics, 5 October 

2012.  

36  Seppänen, O., Fisk, W.J., Lei, Q.H. Ventilation and performance in office work, Indoor Air 16  (2006) 28 -36.  
37  World Green Building Council. Health, Wellbeing & Productivity in Offices -  The next chapter for green 

building (2014). 

http://www.wo rldgbc.org/files/6314/1152/0821/WorldGBC__Health_Wellbeing__productivity_Full_Report.pdf   

http://www.who.int/phe/health_topics/outdoorair/databases/HAP_BoD_results_March2014.pdf?ua=1
http://www.worldgbc.org/files/6314/1152/0821/WorldGBC__Health_Wellbeing__productivity_Full_Report.pdf
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reduced health, well -being and productivity of workers due to buildingsô 

in sufficiency from environmental, comfort and health standpoints 38 .   

¶ Improved indoor air quality has significant impact on increased property value 

and longer tenant occupancy and lease renewals. It also significantly reduces the 

sick absence among employees: lost employee costs about 1.5 to 2 annual 

salaries 39 .  

¶ The average pay -back time of investments to improve indoor air quality of 

buildings are less than 2 years and frequently less than 1 year due to benefits 

from improved performance and reduced  sick - leave  26, 40 , 41 .  

ü Sustainability facts:  

¶ 50% of all materials extracted from the earthôs crust are transformed into 

construction materials and products 42 .  

¶ Construction and use of buildings in the EU gives rise to about 35% of total 

generated waste material 43 .  

ü Safety of constructions facts:  

¶ 80% of European citizens live and work in cities, many of which are located in 

hazard prone areas (e.g. fires, earthquakes, floods) and with potential high air 

pollution entering into buildings through openings, cracks and airing and 

ventilation systems.   

 

The holistic concept of Buildingôs Sustainability    

The facts and associated figures reported in the above box clearly establishes  the 

importance of the mult ifaceted dimension of buildings  in terms of socioeconomic, energy, 

health, safety of constructions and sustainability  aspects  which all should be accounted 

for in the conception and implementation of  building related policies. This strengthens 

the importance of shifting from the largely prevailing p aradigm of considering the 

aforementioned dimensions in an almost uncorrelated fashion to a new paradigm that 

deals with a holistic view of buildingôs sustainability and concisely implementing all 

relevant  aspects in an integrated and efficient manner.  

This multi -dimensional based approach  of buildingsô performance  concerns an upfront 

definition and implementation of buildingôs sustainability  which at EU level was for first 

time presented, discussed and widely supported in the context  of the European Forum 

for Science and Industry round table on scientific support to energy performance of  

                                                        
38  The business case for green buildings, (2013), http://www.worldgbc.org/activities/business -case/   

39  Sivunen, M., Kosonen, R., Kajander, J -K. (2014). Good indoor environment and energy efficiency increase 

monetary value of buildings. REHVA Journal 06/2014.  

40  Wargocki, P. and Djukanovic, R. (2005). Simulations of the potential revenue from investment in improved 

indoor air quality in an office building. ASHRAE Transactions, Vol. 111 (pt. 2), pp. 699 -711.  

41  Dorgan, C.B., Dorgan, C.E., Kanarek, M.S., and Willman, A.J. 1998. Health and productivity benefits of 

improved indoor air quality. ASHRAE Transactions , Vol. 104, Part 1A, pp. 658 -666.  

42  European Working Group for Sustainable Construction, Sustainable construction final report, (2001)  

43  BIO Intelligence Service (2011). Management of construction and demolition waste in the EU.  European 

Commission (DG ENV) service framework contract (ENV.G.4/FRA/2008/0112). Final report Task 2.  

http://ec.europa.eu/environment/waste/pdf/2011_CDW_Report.pdf   

http://www.worldgbc.org/activities/business-case/
http://ec.europa.eu/environment/waste/pdf/2011_CDW_Report.pdf
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buildings which was organised by the European Commissionôs Joint Research Centre 

(JRC) on 29 November 2013 in Brussels 44  and is graphically represente d in Figure 1.1 . 

The first dimension of buildingsô performance , in the holistic view  of building ôs 

sustainability,  consider s and implement s in practice the buildingsô structural safety, 

stability and durability. The Eurocodes 45  are a series of well - consolidated  and 

implemented European Technical Standards for structural design of buildings, civil 

engineering works and construction products. Their creation and implementation started 

in the 1970s, with the decision of the Commission of the Europea n Communities to 

implement an action programme to progressively eliminate technical obstacles to trade 

in the field of construction. In this respect, EN Eurocodes contribute to the establishment 

and functioning of an Internal Market for construction produc ts and services. They also 

ensure a uniform level of safety in construction in Europe.  

 

 
 

Figure 1.1  The holistic concept of a ñSustainable  Buildingò (©Porto University)   

Concerning the energy dimension of the holistic concept of buildingsô sustainability , 

building codes have been instrumental in reducing the overall energy consumption of 

buildings in the last two decades in EU, with the entity of energy savings depending on 

the stringency of energy requirements and the approach used in the design of build ing 

energy codes (i.e. prescriptive or performance -based approach). A prescriptive approach 

sets minimum energy performance requirements for each component of the building 

(e.g. windows, walls, lighting and ventilation systems, heating and cooling equipmen t) 

while the performance -based approach requires an integrated design and requirements 

set for the buildingôs overall energy consumption (either minimum energy performance 

requirements based on the buildingôs size or with standard energy performance 

requir ements for all building sizes).  

In Europe, in the context of the  EPBD implementation , requirements have gradually 

started shifting from prescriptive to a performance -based approach, which is regarded as 

                                                        
44  https://ec.europa.eu/jrc/sites/default/files/events/20131129 -eeb -roundtable/20131129 -eeb -roundtable -

report.pdf   

45  http://eurocodes.jrc.ec.europa.eu   

https://ec.europa.eu/jrc/sites/default/files/events/20131129-eeb-roundtable/20131129-eeb-roundtable-report.pdf
https://ec.europa.eu/jrc/sites/default/files/events/20131129-eeb-roundtable/20131129-eeb-roundtable-report.pdf
http://eurocodes.jrc.ec.europa.eu/
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a major change  in the building code trends . In pract ice, the single -element approach is 

preferred in major renovation projects while the performance -based in new 

constructions , although a mixed approach has been adopted for a number of EU MS . 

Concerning the evolution of building energy codes, in addition to  the aforementioned 

paradigm shift that is related to provisions targeting energy performance  improvements, 

progressively, there is also a new wave of codes which are also addressing in parallel 

energy performance  and energy supply from renewable sources aspects (e.g. The French 

building energy code 46)  and including corresponding requirements .      

The purpose of energy sufficiency  measures is to reduce the amount of energy needed to 

operate and maintain a building. Energy sufficiency measures include requi rements for 

the orientation of the building vis -a-vis the sun, its form, volume, placement with 

respect to surrounding buildings, and general daylight and sunshine requirements based 

on bio -climatic design principles.  

By integrating renewable energy sources  into buildings, they can be transformed from 

energy consumers to power generators capable of supplying energy to the grid. 

Renewable energy sources could also be supplied from surrounding buildings or through 

district heating and cooling systems.  

Combing energy  sufficiency , energy efficiency and supply from renewable energy  

sources represents the best approach for designing effective building codes from an 

energy point of view  and are important drivers for successfully reducing building related 

ener gy consumption patterns on the long term . 

Considering the buildingsô long lifespans, when in addition to the energy dimension of 

the holistic concept of buildingôs sustainability the economic dimension  is added , 

increasing stringency of energy performance requirements in the building codes (i.e. 

reaching the nearly zero -energy target by 2020) is an unavoidable consequence to 

secure long - term economic and energy security solutions. The EPBD already requires EU 

MS to set m inimum energy performance requirements for buildings with a view to 

achieving cost -optimal levels , namely the energy performance level which leads to the 

lowest cost during the estimated economic lifecycle .   

Concerning the buildingsô energy consumption two other important aspects to consider 

are  the building related embodied energy (i.e. the energy required to produce building 

materials and to construct buildings) and usage patterns ( i.e. how buildings are used by 

their occupants). This represents  the ósustainabilityô dimension of the holistic concept of 

buildingsô sustainability . In fact, life -cycle analysis of energy consumption of existing 

low -energy buildings shows that the share of embodied energy from the overall energy 

consumption of a low -energy building over its lifetime is  much higher than that of an 

inefficient building  (IEA /UNDP , 2013 ) . In the perspective of the entire buildingsô lifespan, 

these two aspects represent important drivers of the buildingsô energy consumption,  

which should be fully considered together with any  other energy  efficient, energy -

sufficient and renewable energy supply  measures if a successful energy reduction policy 

is sought. The main focus for sustainable buildings is the reduction of the environmental  

impact of resources such as materials, water a nd embodied energy, throughout the life 

cycle of buildings, from the extraction of building materials to demolition and the 

recycling of materials.   

                                                        
46www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000022959397& dateTexte=&categorieLien=id   

http://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000022959397&dateTexte=&categorieLien=id
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As the energy consumption in buildings shall  be primarily meant to guarantee conditions 

of well -being, comf ort and health for their occupants, integrating this dimension into  the 

holistic concept  of buildingsô sustainability , creates the  need for the  challeng ing  

endeavour of  reconcil ing  energy savings ambitions with the obligation to guarantee  the  

conditions of growing -up, living, working and learning in healthy indoor environments . 

This latter represents a right for every person that has been already clearly stated by 

WHO back in 2000 (WHO, 20 00) .    

It should be noted, that health , comfort  and productivity of buildingsô occupants as 

affected by indoor environmental quality are issues that have been included in the 

context of the dramatic broadening of the definition of sustainability especially during  the 

last decade. This enlarged scope an d definition of sustainability, in addition to the 

sustainable design that takes care of resource conservation, energy, water and material 

resources, also includes assurances for mobility and access , as affected by land use and 

transportation, for health a nd productivity , as affected by indoor environmental quality, 

and for the protection of regional strengths in the context of pursuing a more globally 

shared quality of life  (Loftness et al., 2006 ; EC, 2014 ) . The occupants of sustainable 

buildings enjoy better health and well -being and productivity gains that translate into 

cost savings  (see also relevant figures in the Box óSetting up the sceneô above).   

The holistic concept of buildingôs sustainability , i n terms of implementation , represents a 

difficult  task for building related policy makers, designers, managers, owners and 

occupants reflect ing  the complexity of a number of interlinked and interacting factors 

related to :  the building itself and its systems (i.e. building ôs design, volume, orientation, 

openings, heating, ventilation and air conditions systems, lighting conditions, products 

and materials used ) ; the  long term maintenance and operational conditions of  the 

building and its systems; the buildingôs location in terms of climatic zone and 

surrou nding land use and environmental conditions (e.g. ambient air pollution levels) 

and , last but not least ,  the behaviour of the buildingôs occupants who can significantly 

intervene and influence both the buildingôs energy consumption related patterns and 

indoor environmental conditions  (depending on  their socioeconomic status and cultural 

driven habits  and other factors ) .  

The implementation of the holistic concept of buildingôs sustainability  should be seen in 

close relation with the life cycle performance of buildings (Famuyibo et al., 2013). It is 

important t o fully account for and measure the energy use and emissions of a bui lding 

throughout its life cycle which encompasses all the supply c hain processes required for 

its production, operation and removal so  as to assist policy makers and designers in 

understanding the tru e national, regional and global impacts of buildings on the 

envi ronment. This will lead to more effective decision making.  

This  complexity translates into interplay  among indoor and outdoor air quality pollution 

sources, ventilation , thermal comfort, acoustic and lighting  strategies and energy 

sufficiency/efficiency / renewable energy supply  measures which should be all 

conceptualise d and implement ed in an integrated fashion  in relation to major related 

policy objectives and instruments at EU MS levels (e.g. energy , environmentally -  and  

chemical ly -based labelling schemes for buildings, buildings components, equipment and 

appliances ;  international and national standards , regulations  and building energy codes ;  

land -use policies ; sustainable policies; economic development, environmental protection 

and energy security objectives and boundaries  and  technology advancements ).  
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Concerns about buildingsô energy consumption and savings and indoor air pollution as 

significant factor in human health were developed in parallel during the last decades, 

with the challenging issue being  how to meet the increased energy saving requirement s 

(especially those linked to high ly  energy perform ing  and nearly zero -energy buildings) 

while maintaining indoor environments that are conducive to occupant comfort, health 

and performance.    

Following the initial requirements of the EPBD, the action pla ns of EU MS for progression 

to NZEB by 2020 include minimum energy performance requirements with a stepwise 

tightening for both residential and non - residential buildings. B uildings are progressively 

built in EU with much higher airtightness requirements in  order to prevent uncontrolled 

ventilation heat losses. In order to satisfy energy performance and ventilation 

requirements, mechanical ventilation systems are increasingly used. Moving from 

buildings with in fi ltration rate by air leakage to airtight build ings mainly mechanically 

ventilated is a large step change in terms of culture. There are increasing concerns 

regarding the impact of airtight construction s on health, comfort and productivity of the 

occupants such as the possible degradation of the indoor  environment quality (IEQ), the 

effectiveness of the mechanical ventilation system in maintaining healthy indoor 

environment  and  the potential impact of occupants behaviour on the operation of the 

buildingsô equipment (ventilation, heating, cooling, etc.).  To date few data on indoor air 

quality (IAQ)  and health  in high ly  energy  performing buildings are  available. Before 

reviewing and analysing the  extent that the provisions and requirements of the EPBD 

were implemented in EU MS and whether the way and degree of their implementation 

can ensure reduced health risks of the buildingôs occupants in high ly  energy  performing 

buildings in EU, we will first outline how the challenging interplay among ventilation,  

IAQ, pollution sources, health and rational use of energy should be handled based on 

state -of -art scientific and technical developments and knowledge.   

In this perspective, in the remaining part of this chapter , the aforementioned holistic 

concept  and ap proach of buildingsô sustainability  will be framed  and focused on  those of 

the  target dimensions according to the specific objectives of Task 13.3 (i.e. energy 

efficiency, IAQ, pollution sources, ventilation and health)  to pave the ground for the 

subsequen t analysis included in the remaining parts  of the report. H owever, the overall 

holistic concept should be always  kept  in mind .   

Ventilation, IAQ, pollution sources , health  and rational use of 

energy: a challenging interplay  

The impact of IAQ and ventilation on  occupant health, comfort and productivity  has been 

widely and extensively documented in the scientific literature over the last two decades . 

The EU funded EnVIE (de Oliveira -Fernandes et al., 2009) and IAIAQ (Jantunen  et al., 

2011) projects estimated the annual burden of disease (BoD) related to inadequate IAQ 

is ca. 2 million disability adjusted life years (DALYs) in EU -27 (except Malta)  and also 

attributed major health effects to pollutants and their sources  (excludi ng smoking) . 

Reducing this BoD is a high priority for  the EU health policies. More than half of this BoD 

is attributable to indoor exposure to pollutants originating outdoors, in particular those 

related to traffic and the combustion of solid fuels. The re st is attributable to pollutants 

originating from indoor sources including building materials, furnishing, building 

equipment, combustion and consumer products, as well as people and their activities 

and any processes occurring indoors that can become a so urce of indoor pollutants (i.e. 

can cause the release of pollutants).  
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In order to effectively tackle and manage the challenging interplay among ventilation, 

IAQ, pollution sources, health and rational use of energy within the holistic approach of 

buildingôs sustainability , we have first to understand that this interplay is the result of 

the interaction of three main systems (Figure 1 .2 ) .  

 

 
Figure 1.2  Relationship between the systems affecting indoor air quality in buildings  

 

(I) the ambient air , that is the outdoor air around the building  which is introduced into 

the building either by natural or mechanical ventilation ; (II) the building as an air 

system , i.e., an enclosure by itself or a cluster of several interconnected enclosures with 

their own  indoor air dynamics and  relationships with the outdoor air; and (III) the 

ventilation system , understood here as an extra technical solution (device or equipment) 

to control, when ever  needed, the quantity and the quality of the outdoor air brought into 

th e building. The first two systems are responsible for the source control of IAQ in a 

given building or a space while the ventilation system must be seen as an auxiliary 

system to provide service under specific requirements and therefore shall be treated 

separately from the building system.  

(I) Ambient  Air  

The quality of ambient or outdoor air has been studied for more than 50 years involving 

significant efforts in research and development (R&D) dedicated to the management of 

air pollutants emissions and the  modelling of their transport and dispersion at local, 

regional and global scales. Despite the fact that the science behind the quality of the 

ambient air has progressed considerably, the progress made has been less successful 

from practical and societal p erspectives. Specifically, this concerns the ambient air in 

cities where over 70% of the population in the OECD countries and 50% of the world 

population lives. For a considerable number of cities a satisfactory level of urban air 

quality has not been atta ined and the requirements set by the air quality guidelines 

defined by the World Health Organization (WHO) (2006 ; 2010 ) are not met.  

The management of the ambient air , be it urban or rural,  has been suffering from the 

contradictions of the current societal  model, where the vectors of economic growth 

supported by the industrial and the intensive agriculture production and its expressions 

in terms of urbanization and heavy traffic in cities seem to overwhelm the value of clean 

ambient /outdoor  air for minimising exposures and therefore the associated  health risks.  
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Given that the outdoor air may constantly be  brought totally or partially inside the 

buildings by natural or mechanical forces /means , its quality is of paramount importance 

for control ling  indoor air quality. The importance of the relationship between outdoor 

(ambient) and indoor air and their associated health impacts is reported in the scientific 

literature (Jantunen et al., 2011) . Recent policy developments at European Commission 

(EC) level  in co -operation with WHO, envisage build ing  an environmental  strategy in the 

European Union (EU) to tackle jointly the quality of outdoor and indoor air  in the context 

of  the European Unionôs 7th  Environment Action Programme to 2020 47 .  

 

(II) The building a s an air system  

Buildings are overall  shelters providing a barrier to the influences and impacts of the 

outdoor environment. They can also be organised  spaces themselves with various indoor 

partitions, each one considered as a particular air system itself according to the 

differences in their uses and the corresponding specific requirements regarding the 

indoor air .  

The indoor air quality of buildings is influenced through three different pathways:  

a) Location  -  i.e. the buildingôs location in relation to the quality of the ambient /outdoor  

air surrounding the building that may or may not respect the WHO air quality 

guidelines or the requirements set by the EU  Ambient Air Quality Directive (such as in 

an urban area, city or metropolitan area in the proximit y of a heavy traffic road or of 

an industrial area , or in a rural area far from the sources of pollution );  

b) Construction  -  through the choice of construction materials and components (ordinary 

or labelled/certified materials and components with low pollu tants emission), and by 

taking care of the quality of the construction itself ( e.g.  by avoiding discontinuities of  

the insulation or emergence of future cracks that may cause high levels of 

condensation or dampness and produce harmful biological contaminan ts (moulds and 

fungi) indoors ; by reducing the penetration of ambient air pollutants through 

infiltration , etc. );  

c) Adequacy to the uses  -  in terms of the ability of the building or specific indoor spaces 

of the building to adequately perform on the basis  of a given  human occupation 

density (expressed in meters square per person) and to control for the indoor 

activities  (such as tobacco smoking, using printers/copying machines, etc.) .  

Buildingsô construction is certainly one of the technologies closely linked to the location, 

geography, climate and available resources in terms of construction materials and 

components. The objective of the European  Commissionôs Construction Products 

Regulation (CPR) ( EC, 2011) is to facilitate cross -border trade of construc tion products 

and overcome trade barriers in EU and also to provide  a common technical language in 

harmonised European product performance standards, for use by both manufacturers 

and regulators. CPR identifies seven essential requirements, which  should be  met by the 

construction products and  one of them is on hygiene, health and environment. This 

recognises the importance that, besides mechanical resistance and stability that are 

basic  requirement s for any construction, also criteria such as health and energy 

                                                        
47  DECISION No 1386/2013/EU OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 20 November 2013 

on a General Union Environment Action Programme to 2020 óLiving well, within the limits of our planet;  

 http://eur - lex.europa.eu/legal -content/EN/TXT/PDF/?uri=CELEX:32013D1386&from=EN  

http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32013D1386&from=EN
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performance  should be equally considered. This is in line with the aforementioned holistic 

concept of buildingôs sustainability . 

Indoor air pollution in buildings tends to be higher than outdoo rs because of  emissions 

from indoor sources, which increase the pollution load indoors that is due to  the 

incoming outdoor air. The indoor sources can be of various origins including among 

others: construction and cladding materials, activities indoors such as  cleaning , cooking , 

printing, combustion , smoking and human bio -effluents.  They can also be the products 

of chemical reactions and transformations occurring indoors.  

To assure healthy conditions for its occupants , all of the buildingôs materials and 

equipment must be checked for their impact as emission sources of pollutants  as early 

as the buildingôs design stage. Nowadays , labelling systems have been put in place to 

evaluate  the emissions from construction products in an increasing number of EU MS. 

Efforts have been undertaken to establish an EU harmonisation framework for existing 

systems which have been developed for the emission testing and the health based 

evaluation of indoor air relevant substances (ECA 27, 2012; ECA 29, 2013). These 

efforts a re consistent with  the well identified and widely recognised need to put 

emphasis on source control as the prime strategy to efficiently manage indoor air quality 

in buildings, as recommended by the EU funded EnVIE project (de Oliveira Fernandes et 

al., 20 09).  

 

(III) Ventilation System  

The ventilation system is meant here as the mechanical ventilation which is intended to  

clean the incoming air whenever it is deemed necessary , and supply the air  at rates 

according to health  based requirements or other pre -established criteria. In terms of 

buildingsô source control strategy, the contribution of mechanical ventilation therefore 

resides in ensuring that the incoming air  is clean and in the necessary flow pattern to 

assure the acceptable  level of exposure indoors . Concerning the operational performance 

and the quality of the ventilation system, it should be seen as an intrinsic service to be 

guaranteed by the system provider.  

The ventilation system must be seen as a parallel optio n to the natural ventilation 

practice where outdoor air is transported indoors either automatically or manually by 

operable openings in the building envelope. As currently advocated, mechanical 

ventilation is increasingly becoming the preferred solution fo r cities with ambient air not 

respecting the WHO air quality guidelines  or the pollution levels required by the EU 

Ambient Air Quality Directive . However, any approach that may support and promote the 

generalised  use of mechanical ventilation in buildings must be first thoroughly 

scrutinised and evaluated before adoption. In this perspective, the conditions of the air 

pollution in a particular location of a city and time period, and the level and type of 

occupation of the building must be taken into account. New policies and trends on the 

urban transportation and mobility structures and practices in cities that might lead to a 

progressively cleaner urban air should be also considered in parallel  as an essential 

strategy towards a sustainable, clean an d healthy built environment for every European 

city.  

In 2003, in Europe a number of strategies for achieving a good balance between good 

indoor air quality and the rational use of energy in buildings have been elaborated and 

published by the European Commi ssionôs Joint Research Centre (ECA report no. 23 

(2003):  ñVentilation, Good Indoor Air Quality and Rational Use of Energyò). In addition, 
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information was also provided about available guidelines and assessment techniques on 

energy and IAQ as well as about significant trends for the future with implications for 

IAQ and the use of energy in buildings.  

Later on and f ollowing the recommendations of the EnVIE project, the EU funded 

HEALTHVENT project (ECA no. 30, 2015) developed a framework for health  based 

ventilation guidelines for public and residential buildings in Europe and assessed the 

consequences of implementing these guidelines, bearing in mind future trends in the 

built environment, including energy performance  and environmental sustainabilit y 

issues. The developed framework for health  based ventilation guidelines requires  the 

reduction of the health risks associated with  air pollution exposure in buildings through 

proper source and exposure control. This control requires regulations to be dev eloped 

and implemented in a co -ordinated framework where priority is given to source control 

measures and in second place to ventilation.  

The guidelines are based on two fundamental prerequisites: (1) The air indoors must 

fulfil the requirements of the ai r quality (AQ) guidelines defined by the World Health 

Organization (WHO , 2010; WHO; 2005 ); and (2) The priority is given to source control 

as the strategy for controlling indoor air quality and reducing the health risks associated 

with indoor exposures. Ve ntilation is only used as a supplementary strategy to control 

exposure in support to the source control strategy.  

In the context of HEAL THVENT a ñhealth  based ventilation rate ò was  defined for a 

specific building when exposures to pollutants meet the WHO air quality guideline values 

through a two - level  sequential approach integrating at first source control measures and 

then defining appropriate ventilation rate s for a specific buil ding . Such defined health  

based ventilation requirements only refer to requirements pertaining to health effects 

related to air pollution and must not be confused with, and should be clearly separated 

from , ventilation requirements for heating and cooling related to  comfort.  

A decision diagram was developed as a procedural vademecum for determining the 

actual health  based ventilation rate for a specific building  (Figure 1. 3) . This diagram 

provides the possib ility of exploring and implementing appropriate source control 

strategies during the building ôs design and operational stages (at the levels of the 

outdoor air, the ventilation system and the building itself and its components) and 

supplementing them by properly quantified health  based ventilation rates to guarantee 

that the IAQ meets the WHO air quality guidelines.  

The health  based ventilation rate cannot be lower than the ñbase ventilation rateò set at 

4 L/s per person taking into account the results o f a review of epidemiological literature 

on ventilation and health and modelling of exposure to human bio -effluents using CO 2 

and moisture levels as decision criteria. The base ventilation rate is intended to dilute 

and remove pollutants generated by occup ant s through the metabolic process (bio -

effluents). This is a requirement that must always be satisfied. The base ventilation rate 

has been defined to create a true benchmark and reference point for defining ventilation 

rates based on health criteria advis ing  that rates lower than the base ventilation rate are 

not allowed.  

When the object of intervention is an existing building and/or if specific conditions have 

to be taken into consideration (e.g. the way the building is operated, the pollution load 

of the  outdoor air, etc.), then appropriate ventilation levels have to be used to overcome 

the additional pollution load which may require higher health  based ventilation rates 

than the óbase rateô.  



34 
 

The decision diagram starts with a first checkpoint to verify whether ambient air fulfils 

the WHO air quality guidelines. If this is not the case, measures to clean the air incoming 

to the building must then be taken, to avoid exposure to hazardous levels of air 

pollutants.  

If the levels of the WHO ambient air quali ty guidelines are met then there is no need for 

special air cleaning systems and the air can be directly delivered into the building either 

by natural or mechanical ventilation if the latter proves to be better under the actual 

specific conditions. The ado ption of measures that are disproportionate to the quality of 

ambient air should then be avoided.  

 

 

Figure 1.3  Decision diagram for deriving the adequate health  based ventilation rate for 

a specific building ( source : ECA report no. 30, 2015)  

 

As outdoor air quality is particularly difficult to tackle at city level, the definition of the 

ñhealth based ventilation rateò should be instrumental in stimulating the high priority 

that must be given to properly tackling air quality at city level. Consideration sh ould still 

be given to aspects such as the building location (not near highways and roads with 

heavy traffic, industrial emissions, etc.), air intake location (e.g. adequately distanced 

from chimneys or air outlets), and even to building airtightness; they  all affect the 

quality of the air indoors through the quality of the incoming outdoor air.  
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The next decision point is meeting the WHO air quality guidelines at the building level. 

The building must also be appropriately designed and built considering its specific 

functions and operation practices indoors (for example, the different demands and 

requirements for office and residential buildings). The source control and entrapment of 

pollution at source must be exercised at this stage.  

As the design phase represents an exercise of anticipating the future buildingôs operation 

and use, new ways of monitoring the buildingôs design process must be explored 

(AIRLOG project). It will allow for the characteri sation of the materials regarding th eir 

strength  as emitting sources. This process should be informed by existing  national 

labelling schemes for construction materials and products that are avail able in different 

EU countries as well as the recently developed harmoni sation framework at EU le vel  

(ECA 27, 2012; ECA 29, 2013).  

Occupant density (expressed in terms of square meters per person/ occupant) and 

typical metabolic rate of people in indoor  environments  (which is a function of the type 

of activity and of indoor environmental parameters -  temperature and humidity) impose 

different requirements on the building and ventilation needs which must also be taken 

into account. The local removal of humidity and pollution from sources , such as  showers 

or natural gas stoves, will limit the dispersion of pollutants into the indoor air and 

improve the indoor air quality without a need for an unnecessary increase of ventilation 

levels to meet health requirements.  

Once these actions are undertaken, the health  based ventilation can be determined as 

the ventilation rate needed to ensure that WHO air quality guidelines are met. If due 

respect is given to the source control requirements in the building, then it can be 

expected that the health  based ventilation rate will not be higher than the ñbase 

ventilat ion rateò, i.e. the rate needed to remove human bio-effluents when WHO air 

quality guidelines are met. Otherwise, the health  based ventilation rate should be a 

multiple of the base ventilation rate. When the object of intervention is an existing 

building a nd/or if specific conditions have to be taken into consideration (e.g. the way 

the building is operated, the pollution load of the outdoor air, etc.), then appropriate 

ventilation levels have be used to overcome the additional pollution load which may also  

require health  based ventilation rates that are higher than the óbase rateô. 

If the use of a dedicated air system is justified, then care must also be taken for its 

proper design and implementation as well as its adequate operation and maintenance, 

and co mpliance with the health  based ventilation requirements during its entire lifetime. 

This is the only way to avoid health risks due to improper use or inadequate 

maintenance of an air system in buildings ;  a situation that  has been frequently 

encountered in the past  and still continues to be often a problem  nowadays . 

Ventilation energy demand should be calculated and expressed in a transparent way 

according to health  based ventilation requirements and should be clearly sepa rated   

from the total heating and cooling demand.  

Potential health implications of implementing the health  based ventilation guidelines 

were estimated by assessing the expected health gains on  the basis of current levels of 

exposure to air pollution indoo rs.  

Source control of pollutants originating outdoors and indoors combined with the base 

ventilation rate was shown in simulations to halve the burden of disease caused by 

exposure to air pollutants indoors.   
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Potential energy implications of implementing  the health  based ventilation guidelines 

were estimated by simulating energy needs for heating and cooling in relation to the 

ventilation needs. A comprehensive set of scenarios was examined with different 

parameters representing different performance of t he ventilation systems and climatic 

conditions  (ECA no. 30, 2015; see also chapter 5 of the present report) . Energy based 

simulations showed that substantial health benefits could be achieved if the health  based 

ventilation guidelines would be integrated into  energy efficient designs.  

Proper implementation of the health  based ventilation rate requires considering and 

implementing the aforementioned  holistic approach of buildingôs sustainability  ensuring 

that both indoor and ambient air quality is adequate ly addressed in all relevant EU and 

MS policies and regulations.  

  



37 
 

3 . Implementation status of EPBD in EU MS in relation to 

requirements and criteria for energy performance , IAQ , 

thermal comfort and ventilation  

The EPBD provides a ñwhole buildingò approach towards efficient energy use in the 

buildings sector. The Directive aim s at  promot ing  cost -effective improvement of the 

energy performance of both residential and commercial buildings in the EU , by laying 

down minimum energy performance  requireme nts.  

The EPBD aims to promote the energy performance of buildings and building units, 

taking into account outdoor climatic and local conditions, as well as  indoor climate 

requi rements and cost -effectiveness. Its provisions cover energy needs for the heatin g of 

premises, the production of hot water, cooling, ventilation and lighting for new and 

existing buildings (residential and non - residential).  

The EPBD provisions concern :  

1.  The common methodological framework for calculating the integrated energy 

performan ce of buildi ngs and building units (Art. 3)  

2.  Minimum requirements for  the energy performance of new buildings and  new 

building units (Arts. 4 -6)  

3.  Minimum requirements for  the energy performance of:  

i)  Existing buildings, building units and building elements that are subj ect to 

major renovation (Art.7)  

ii)  Building elements that form part of the building envelope and that have a 

significant impact on the energy performance of the building envelope 

when they are r etrofitted or replaced (Art.7)  

iii)  Technical building sy stems whenever they are installe d, replaced or 

upgraded (Art.8)  

4.  National plans for increasing the number of nearly zero -energy buildings, 

including provi sion of  appropriate fi nancing instruments (Arts.9 -10)  

5.  Mandatory energy performance certificates of buildings  or building units 

(Arts.11 -13)  

6.  Regular inspection of heating and air -conditioning sy stems in buildings 

(Arts.14 -16)  and  

7.  I ndependent control systems for energy performance certificates and 

inspection reports (Arts.17 -18).  

The requirements laid dow n in EPBD are minimum requirements and shall not prevent 

any MS from maintaining or introducing more stringent measures.  

In order to further stimulate an increased number of high ly  energy  performing buildings, 

the  EPBD introduced the definition of nearly zero -energy buildings ( NZEB) as buildings 

with very high energy performance where the very low amount of energy required 

should be extensively covered by renewable sources produced on -site or nearby. By 31 

December  2020, all new buildings shall be NZEBs, while new buildings occupied and 

owned by public authorities shall comply with the same criteria by 31 December 2018.   
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This led to a progressive tightening of the energy performance requirements in the 

national buil ding codes including those  to ensure minimum levels of ventilation within 

buildings. Article 4 of the EPBD 48  clearly states that :  minimum e nergy performance 

requirements shall take account of general indoor climate conditions, in order to avoid 

possible negative effects such as inadequate ve ntilation  (as well as local conditions and 

the designated function and the age of the building ) .  Following the holistic concept and 

approach of buildingôs sustainability  that was introduced in chapter 2 of this  report,  

ventilation is one of the main drivers for securing a good IAQ in buildings and therefore 

any minimum requirements should be set and implemented bearing in mind the health  

based ventilation concept and framework.    

As far as the IAQ issue is concerned, recital 9  of the EPBD states that: The energy 

performance of buildings should be calculated on the basis of a methodology, which may 

be differentiated at national and regional level. That includes, in addition to thermal 

characteristics, other factors that play an increasingly important rol e such as heating and 

air -conditioning installations, application of energy from renewable sources, passive 

heating and cooling elements, shading, indoor air  quality , adequate natural light and 

design of the building. The methodology for calculating energy  performance  should be 

based not only on the season in which heating is required, but should cover the annual 

energy performance of a building. That methodology should take into account existing 

European standards.  

In terms of implementation, the aforement ioned represent ed straightforwardly  a 

challenging task that the EU MS were called upon to face  in designing, revising  and 

implement ing  their building codes  in order to ensure meeting the minimum energy 

performance requirements and, in parallel, guaranteein g proper IAQ, thermal comfort , 

ventilation  and daylight conditions for the buildingsô occupants. It is essential that all of 

these aspects are given the same level of attention and importance and  mutually and 

consistently reinforced in any plans and actions of EU  MS concerning  the renovation of 

the existing building stock in E urope.     

In the rest of chapter 3 of the present report we will  analyse recent evidence about how 

and to what extent the provisions and requirements of the EPBD we re implemented in 

EU MS and whether the way and degree of implementation can ensure low  health  and 

comfort related  risks of the building sô occupants in high ly  energy  performing buildings in 

EU over the entire buildingsô lifespan. In line with the objective s of DG ENER ï DG JRC 

Task 13.3 our focus will primarily be on requirements and criteria related to energy 

efficiency, indoor climate and quality, thermal comfort and ventilation.  

To this purpose we will distil and make synthesis of the outcome of three relevant major 

EU based review activities/proje cts carried -out and published in  the period 2012 -2015 

(i.e. HEALTHVENT WP5, Seppänen et al., 2012; CA EPBD 201 5 and BPIE 2015) in order 

to capture the status of implementation after the EPBD came into force. This will allow 

understanding :  (a)  the steps taken by the EU MS for improv ing  their related policy and 

regulatory frameworks  to ensure that minimum energy performance requirements will be 

met and that NZEBs targets will be reached without compromising the conditions of 

health, comfort and performance of the buildingsô occupants; (b) identify best practices 

examples of implementation in EU MS; and (c) summarising  the evidence base for 

                                                        
48  Article 4 of the EPBD, 2010/31/EU. Available at: http://eur -

lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:153:0013:0035:EN:PDF   

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:153:0013:0035:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:153:0013:0035:EN:PDF
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potential future improve ments of policy instruments, regulation s and standards at both 

EU and national levels.  

 

HEALTHVENT WP 5 report ( 2012 )  

In  the context of the HEALTHVENT project work package 5 ( WP 5 ) , existing requirements 

on ventilation and IAQ defined in building codes and European standards were reviewed 

and critically evaluated  by Brelih and Seppänen  (Brelih and Seppänen, 2011). Focus was 

put on ventilation rates, pollutants, acoustics , temperature and relative air movement in 

dwellings, offices, schools and kindergart ens. D ata in national legislation and building 

codes up to the end of 2011 were collected from 16 European countries (i.e. Bulgaria, 

Czech Republic, Finland, France, Germany, Greece, Hungary, Italy, Lithuania, 

Netherlands, Norway, Poland, Portugal, Romania , Slovenia and United Kingdom) via 

questionnaires that  were sent to the HEALTHVENT project partners and trusted experts 

in EU MS. These countries represent a good geographic coverage of EU regions with 

different building practices , cultural peculiarities  and climatic  and economic conditions.  

The main outcome of this review and comparison s made  is summarised below.  

Requirements and compliance for ventilation rates and other indoor air 

quality, comfort and health related parameters in European countries  

Ventilation rates  requirements  

The requirements on ventilation rates were provided  in different units  (i.e. as flow rate 

per number of persons, flow rate per floor area, flow rate per number of rooms, fixed 

flow rate per room type, number of air changes per hour, or combination of different 

units )  and  consequently were not directly comparable . In the cont ext  of the 

HEALTHVENT WP 5 review  test cases representing  real - life design situations (i.e., two 

different dwellings, a kitchen, a toilet, a bathroom, a school classroom, a kindergarten 

playroom, and an office) were developed which allowed comparing the da ta on the  basis 

of common metrics . 

The comparison r esults showed that ventilation rates values provided in the national 

regulations were inconsistent with those specified in European Standards and very 

heterogeneous among the European countries (see Table s 2.1 and 2.2; Figure s 2.1  to 

2.8 ).  

Table 2.1 Ventilation rates in European dwellings ( source : HE ALTHVENT WP 5 report).  

Country and 
reference  

Minimum air 
change rate for 

residencies  

Exhaust air 
flow rates 

from kitchen  

Exhaust air 
flow rates 

from toilette  

Exhaust air 
flow rates 

from 
bathroom  

Bulgaria  
Regulation 
15/28.07.2005  
except for min. air 
change rates for 
residences  
 

CEN/CR 1752:  
4 l/s per person  

(lowest group C)  
 

5 ach 
continuous;  

50 l/s for non -

continuous 
operation  

 

10 l/s 
continuous;  

25 l/s for non -

continuous 
operation  

 

10 l/s 
continuous;  
25 l/s non -

continuous 
operation  
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Country and 

reference  

Minimum air 

change rate for 
residencies  

Exhaust air 

flow rates 
from kitchen  

Exhaust air 

flow rates 
from toilette  

Exhaust air 
flow rates 

from 

bathroom  

Czech Republic  
CSN EN 15665  

0.3 ach  100 m 3/h  25 m 3/h  50 m 3/h  

Finland  

Building Regulations 
Part D2, Indoor climate  
and ventilation, 2010  

0.5 ach and 6 
l/s/p  

8 l/s and 

boosted 25 l/s;  
20 l/s 

continuous  

10 l/s if can be 

boosted;  
15 l/s 

continuous  

7 l/s if can be 

boosted;  
10 l/s 

continuous  

France  

arrêté du 24 mars 
1982,  modified 28 
October 1983  

r = room  
1 r: 35 m 3/h  
2 r: 60 m 3/h  

3 r: 75 m 3/h  
4 r: 90 m 3/h  

5 r: 105 m 3/h  
6 r: 120 m 3/h  

7+ r: 135 m 3/h  

r = room  

1 r: 20 m 3/h  
2 r: 30 m 3/h  

3+ r: 45 m 3/h  

r = room  
1-3 r: 15 m 3/h  
4+ r: 30 m 3/h  

r = room  
1-2 r: 15 m 3/h  
3+ r: 30 m 3/h  

Germany  
DIN 1946 -6:2008  

nominal 

ventilation:  
55 m 3/h (30 m 2)  

...  
215 m 3/h (210 

m 2)  

45 m 3/h (200 
boosted)  

25 m 3/h  45 m 3/h  

Greece  
(TOTEE)2425/86, 
20701 -4/2010, 20701 -
1/2010  
(KENAK) Legislation 
3661  

0.7 ach  
min 34 m 3/h  

recommended:  

50 -  80 m 3/h  

min 34 m 3/h  
recommended:  

50 -  80 m 3/h  

min 34 m 3/h  
recommended:  

50 -  80 m 3/h  

Hungary  
EN 15251, cat. II  

0.42 l/s/m 2 20 l/s  10 l/s  15 l/s  

Italy  
Dlgs 192/2005, Dlgs 
311/2006, DPR 

59/2009, DM 

18/12/1975  

0.3 ach  6 ach  6 ach  6 ach  

Lithuania  
STR 2.09.02:2005;  
 HN 42:2004  

0.5 h -1 72 m 3/h  36 m 3/h  54 m 3/h  

Netherlands  
The Dutch Building 

Code 2012  

total living area:  
0.9 l/s/m 2 

each room:  
0.7 l/s/m 2 

21 l/s  7 l/s  14 l/s  

Norway  

Building Regulations 
Act, Technical 
regulations (TEK2010)  

1.2 m 3/h/m 2 

when occupied  
0.7 m 3/h/m 2 

when not used  

36 m 3/h or  
108 m 3/h forced  

36 m 3/h  
54 m 3/h or 108 

m 3/h forced  

Poland  
PN-83/B -
03430Az3:2000  

total airflow is 
sum of local 

extract airflows  

all units: m 3/h  
WITH WINDOW:  
gas/coal stove: 

70  
el. stove: 30 

(max 3 pers. in 
apartment)  

el. stove: 50 
(>3 pers. in 

apartment)  
NO WINDOW:  
el. stove: 50  
gas stove: 70  

50 m 3/h  50 m 3/h  
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Country and 

reference  

Minimum air 

change rate for 
residencies  

Exhaust air 

flow rates 
from kitchen  

Exhaust air 

flow rates 
from toilette  

Exhaust air 
flow rates 

from 

bathroom  

Portugal  0.6 ach -  practice  
>5 ach -  
practice;  

for short periods  

>5 ach -  
practice;  

for short periods  

>5 ach -  
practice;  
for short 
periods  

Romania  
I5 normative  

the procedure and requirements are the same as in France  

Slovenia  
ULRS 42/2002  
SIST DIN 1946 -6 

0.5 h -1 60 m 3/h  30 m 3/h  60 m 3/h  

United Kingdom  
UK Building 
Regulations Part F 

(2010)  

0.3 l/s/m 2 or  
13 l/s -  1 
bedroom  
17 l/s -  2 
bedrooms  

21 l/s -  3 

bedrooms  
whichever bigger  

13  l/s  6 l/s  8 l/s  

 

A wide range of ventilation rates and also of local exhaust rates was observed which 

suggests that a common background for the definition of ventilation metrics and criteria 

among the European countries does not exist. Almost all reviewed countries have 

requirements on a minimum ventilation rate for a dwelling as whole and separate 

requirements for local exhaust rates from spaces like kitchen, toilet, and bathroom. 

Moreover, many countries lack a clear link between local exhaust ra tes and a ventilation 

rate of the whole dwelling. That makes design and balancing of the system difficult in 

practice.  

Table 2.2 Ventilation rates in European schools, kindergartens and offices ( source : 

HEALTHVENT WP 5 report).  

Country and reference  
Minimum 

ventilation rate for 
class rooms  

Minimum 
ventilation rate for 

play rooms in 

kindergarten  

Minimum 
ventilation rate in 

office rooms  

Bulgaria  
Regulation 15/28.07.2005  
CEN/CR 1752:1988  

2.4 l/s/m 2 2.8 l/s/m 2 0.8 l/s/m 2 

Czech Republic  
Regulation 410/2005  
Decree 361/2007  

20 -  30 m 3/h/p  20 -  30 m 3/h/p  50 m 3/h/p  

Finland  
Building Regulations Part 
D2, Indoor climate  and 

ventilation, 2010  

6 l/s/p  
+  

3 l/s/m 2 

6 l/s/p  
+  

2.5 l/s/m 2 
1.5 l/s/m 2 

France  
arrêté du 24 mars 1982, 

modified 28 October 1983  

15 -  18 m 3/h/p  15 -  18 m 3/h/p  25 m 3/h/p  

Germany  
EN 15251, cat. II  

4.9 l/s/m 2 
* for non - low 

polluting building 
materials  

5.8 l/s/m 2 
* for non - low 

polluting building 
materials  

2.1 l/s/m 2 
* for non - low 

polluting building 
materials  

Greece  
(TOTEE)2425/86  

min 17 m 3/h/p  
recommended:  

26 -  34 m3/h/p  

min 17 m 3/h/p  
recommended:  

26 -  34 m3/h/p  

min 25.5 m 3/h/p  
recommended:  

25.5 -  42.5 m3/h/p  
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Country and reference  

Minimum 

ventilation rate for 
class rooms  

Minimum 
ventilation rate for 

play rooms in 

kindergarten  

Minimum 

ventilation rate in 
office rooms  

Hungary  
EN 15251, cat. II  

4.9 l/s/m 2 
*for non - low 

polluting building 
materials  

5.8 l/s/m 2 
*for non - low 

polluting building 
materials  

2.1 l/s/m 2 
*for non - low 

polluting building 
materials  

Italy  
DM 18/12/1975;  
UNI 10339  

3.5 ach  0.004 m 3/s/p  0.011 m 3/s/p  

Lithuania  
STR 2.09.02:2005;  

HN 42:2004  

6 l/s/p  -  10 l/s/p  

Netherlands  
The Dutch Building Code 
2012  

4.8 l/s/m 2 
1 student occupies  

1.3 ï 3.3 m 2 

2.4 l/s/m 2 
(1 child 1.3 -3.3 m 2);  

6.4 l/s/m 2 
(1 child <1.3 m 2)  

 

1.0 l/s/m 2 
(6 ï 8 m 2 per p)  

Norway  

Building Regulations Act, 
Technical regulations 
(TEK2010); Arbeidstilsynet 
444  

26 m 3/h/p; 2.5 
m 3/h/m 2 used; 0.7 
m 3/h/m 2 not used  

7 l/s; 10 l/s high 
activity  

26 m 3/h/p; 2.5 
m 3/h/m 2 if used; 0.7 
m 3/h/m 2 if not used; 

3.6 m 3/h/m 2 for 
undocumented 

materials  

Poland  
PN-83/B -03430Az3:2000  

ventilation: 20 m 3/h  
AC: 30 m 3/h  

ventilation: 20 m 3/h  
AC: 30 m 3/h  

ventilation: 20 m 3/h  
AC: 30 m 3/h  

Portugal  
Decree law 79/2006  

30 m 3/h/p  30 m 3/h/p  

30 m 3/h/p or  

5 m 3/h/m 2;  
whichever is higher  

Romania  
I5 normative  

15 m 3/h/p  15 m 3/h/p  
shared: 17 m 3/h/p  

individual: 25 m 3/h/p  

Slovenia  
ULRS 42/2002  

person:  

7.2 m 3/h/m 2 
building:  

2.9 m 3/h/m 3 

person:  

8.7 m 3/h/m 2 
building:  

2.9 m 3/h/m 3 

person:  

1.5 m 3/h/m 2 
building:  

2.9 m 3/h/m 2 

United Kingdom  
UK Building Regulations 

Part F (2010)  

10 l/s/p  10 l/s/p  10 l/s/p  

 

The collected ventilation rates were given in several  different units, which did not allow 

making direct comparison. To make them comparable two cases of dwellings with the 

following attributes  (Table 2.3) were used in HEALTHVENT WP 5 :  

 

Table 2.3  Properties of two test cases of dwellings  (source : HEALTHVENT WP 5 report).  

Properties  Dwelling Case 1  Dwelling case 2  Kitchen  Toilet  Bathroom  
 

Area  50 m 2 90 m 2 10 m 2 2 m 2 5 m 2 

Ceiling Height  2.5 m  2.5 m  2.5 m  2.5 m  2.5 m  

Number of main rooms  2 4    

Number of kitchens  1 1    

Number of toilets  1 1    

Number of bathrooms  1 1    

Number of occupants  2 4    

 

On the basis of  these attributes  air change rates and exhaust ventilation rates were 

calculated and are shown in figures 2.1 to 2.5 . The red dashed lines correspond to the 

air changes rates and ventilation rates proposed in in table B2.1.4 -1 of prEN16798 -1 for 
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residential buildings  corre sponding  to four categories of level of expectation  (Cat I: High 

level of expectation ;  Cat II: normal level of expectation ;  Cat III: moderate level of 

expectation  and Cat IV: low level of expectation ) . 

 

 

Figure 2.1  Air change rates in European countries for test dwelling case 1 ï 50 m 2. Red 

dashed lines represent pre -defined ventilation rates proposed in pr16798 -1 

corresponding to four categories of level of expectation  (Cat I: High level of expectation, 

Cat II: Normal level of expectation, Cat III: Moder ate level of expectation, Cat IV: Low 

level of expectation ).  

 

Figure 2.2  Air change rates in European countries for test dwelling case 2 ï 90 m 2. Red 

dashed lines represent pre -defined ventilation rates proposed in pr16798 -1 

corresponding to four categori es of level of expectation  (Cat I: High level of expectation, 
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Cat II: Normal level of expectation, Cat III: Moderate level of expectation, Cat IV: Low 

level of expectation ).  

 

 
Figure 2.3  Exhaust ventilation rates in European countries for test case ï kitchen 10 

m 2. Red dashed lines represent pre -defined ventilation rates proposed in pr16798 -1 

corresponding to four categories of level of expectation (Cat I: High level of expectation, 

Cat II: Normal level of expectation, Cat III: Moderate level of expectation, Cat IV: Low 

level of expectation ).  

 

 
 
Figure 2.4  Exhaust ventilation rates in European countries for test toilet ï kitchen 2 m 2. 

Red dashed lines represent pre -defined ventilation rates proposed in pr16798 -1 

corresponding to  four categories o f level of expectation (Cat I: High level of expectation, 

Cat II: Normal level of expectation, Cat III: Moderate level of expectation, Cat IV: Low 

level of expectation ).  
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Figure 2.5  Exhaust ventilation rates in European countries for test case ï bathroo m 5 

m 2. Red dashed lines represent pre -defined ventilation rates proposed in pr16798 -1 

corresponding to  four categories of level of expectation (Cat I: High level of expectation, 

Cat II: Normal level of expectation, Cat III: Moderate level of expectation, Cat IV: Low 

level of expectation ).  

 

Figures 2.6  to 2.8 show the ventilation rates for school -classrooms, playrooms in 

kindergartens and offices as required in national regulations and standards in selected 

EU countries. As for residential buildings, also the data provided for schools, 

kindergartens and offices was not directly comparable. To make them comparable, cases 

for a school -classroom, a playroom in a kindergarten and an office were proposed (Table 

2.4):  

 
Table 2.4  Properties of the test classroom, playroom and office  (source : HEALTHVENT 

WP 5 report).   

Properties  Classroom  Playroom  Office  
 

Area  50 m 2 50 m 2 12 m 2 

Ceiling height  2.8 m  2.8 m  2.8 m  

Number of occupants  25  25  1 

 
The red dashed lines included in the figures correspond to the air changes rates and 

ventilation rates calculated for the four categories of acceptability (chapter 6.2.2.2 

óMethod based on perceived air qualityô) according to prEN16798 -1 for non - low  pollut ing 

non - residential buildings.  
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Figure 2.6  Ventilation rate in test case of a classroom. Red dashed lines represent the 

ventilation rates proposed in pr16798 -1 for non - residential buildings and correspond to 

four categories of level of expectation . (Cat I: High level of expectation, Cat II: Normal 

level of expectation, Cat III: Moderate level of expectation, Cat IV: Low level of 

expectation).  

 

Figure 2.7  Ventilation rate in test case of a kindergarten playroom. Red dashed lines 

represent the ventilation rates proposed in pr16798 -1 for non - residential buildings and 

correspond to four categories of level of expectation . (Cat I: High level of expectation, 

Cat II: Normal level of expectation, Cat III: Moderate level of expectation, Cat IV: Low 

level of expect ation).  
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