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1. Introduction 

At European Union (EU) level, buildings consume approximately 

40% of primary energy, and are responsible for 36% of CO 2 emis- 

sions [1] . It has been estimated that, by improving the energy effi- 

ciency of buildings, the total EU energy consumption could be re- 

duced by 5% to 6% and CO 2 emissions could be lowered by about 

5%; to this extent, legislative measures are in place [2,3] to address, 

among others, the issue of the reduction of the energy consump- 

tion of buildings. Moreover, research studies [4,5] estimated that, 

on average, people spend indoors (i.e. at home, in public or private 

indoor environments such as schools, office buildings, restaurants, 

etc.) a significant part (in the range of 60% −90%) of their lifetime. 

This implies [6] that the quality of indoor air in buildings is a ma- 

jor area of concern, both due to indoor air pollutants and outdoor 

air contaminants [5] . In this context, a key role is played by the 

ventilation units. These products replace indoor air by fresh out- 

door air in buildings by mechanical energy, in order to guarantee 

an appropriate indoor air quality. This type of ventilation is also 

known as ‘mechanical ventilation’ to make a distinction to ‘natu- 

ral ventilation’, where the same function is fulfilled by minimum 

infiltration openings, window airing and buoyancy. 

Ventilation units face both the challenges of, one side, ensur- 

ing building occupants a good indoor climate, and, on the other 

side, implementing energy efficient solutions in order to positively 

Abbreviations: BAT, Best Available Technology; EU, European Union; HRS, Heat 

Recovery System; NRVUs, Non-Residential Ventilation Units; RVUs, Residential Ven- 

tilation units; SEC, Specific Energy Consumption. 
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contribute to the energy balance of the building. These solutions 

are typically linked to either the use of specific components, such 

as heat recovery systems (HRS) [7] , efficient types of fans or even 

manifolds [8] , or to the implementation of the so called ‘smart 

ventilation strategies’ [6] , such as demand controlled ventilation. 

Compared to natural ventilation, mechanical ventilation reduces 

the total ventilation rate of a house; subsequently, the fresh air 

that needs to be heated by the space heating (and cooling) sys- 

tem is reduced and space heating energy saving is achieved. Ven- 

tilation units and systems should therefore save more energy than 

they use, as they contribute to cut down the amount of heating 

needed for buildings during the colder months.At the same time, 

being largely independent of unpredictable wind and pressure dif- 

ferences, mechanical ventilation systems typically do a better job 

in achieving good indoor air quality. It has been estimated [9] that 

ventilation units consume more than 2% of all electricity in the EU, 

and they rank just after heating, cooling, and lighting products, as 

energy using products of indoor electricity. 

At EU policy level, the Ecodesign Directive [10] requires prod- 

uct manufacturers to improve the environmental performance of 

their products, typically by meeting minimum energy efficiency re- 

quirements, as well as other environmental requirements such as 

water consumption, emission levels or minimum durability of cer- 

tain components. The legislative framework which builds upon the 

synergic effect of the Ecodesign Directive and the Energy Labelling 

Regulation [11] , with its well known green to red and "A" to "G" 

scale for the energy efficiency of products, has been up to now 

of paramount importance for several aspects [12] : it improves the 

energy efficiency of products and removes the worst-performing 

ones from the market, it helps individuals and companies to re- 
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duce their utilities bills, it supports industrial competitiveness, in- 

novation and exports. Moreover, by acting at the level of the EU 

single market it also avoids costs for business and consumers due 

to otherwise fragmented national requirements. By 2020, it has 

been estimated [9] that this framework will deliver energy sav- 

ings of about 175 Mtoe (ab. 2035 TWh) per year in primary en- 

ergy in the EU, roughly equivalent to Italy’s primary energy con- 

sumption in 2010. Moreover, the average household will save on 

energy bills an amount growing by 2020 to €500 annually. Another 

recent study [13] also highlighted a number of non-financial bene- 

fits, such as improved product information for consumers and po- 

tential positive effects on well-being, due to the reduced noise of 

some regulated products (e.g. vacuum cleaners, dishwashers, ven- 

tilation units). 

As a result of the implementation of the Ecodesign Directive 

and of the Energy Labelling Regulation, to date 28 Ecodesign regu- 

lations and 16 Energy Labelling delegated regulations have been 

adopted [14] , which address the environmental impact, mainly 

from the energy efficiency point of view, of a wide range of en- 

ergy using products, both from the business to consumer and the 

business to business sector. Ventilation units are already affected 

by Ecodesign requirements [15] , as well as by an energy label- 

ing scheme [16] in the specific case of the residential ones, since 

the beginning of 2016. Apart from ventilation units, several other 

products belonging to the Heating, Ventilation and Air Condition- 

ing sector are covered by Ecodesign and Energy Labelling regula- 

tions, such as industrial fans [17] , air conditioners and comfort fans 

[18] , air heating products, cooling products and high temperature 

chillers [19] and process chillers and condensing units [20] . 

The Ecodesign and Energy Labelling regulations on ventilation 

units [15,16] are legislative measures at product level, i.e. they af- 

fect the ventilation units as such (ventilation units usually consist 

of one or more fans, motors and electronic controls), without di- 

rectly laying down prescriptions e.g. on the ventilation ducts inside 

a building. At the level of ventilation systems, their environmen- 

tal impact (in particular the energy consumption) is dealt with by 

other pieces of EU legislation. In particular, concerning large ven- 

tilation systems, EU member states are called to set up minimum 

requirements, for the purpose of optimising the energy use of tech- 

nical building systems, as an effect of the Energy Performance 

of Buildings Directive [2] , which is among the EU’s main legisla- 

tive measures covering the reduction of the energy consumption 

of buildings. This Directive establishes a common framework in 

which the conditions and requirements to be met by Member 

States in this area are described. A general methodology to quan- 

titatively assess the energy efficiency of buildings is also proposed. 

The functionality aspect of ventilation systems is also addressed 

under the Energy Performance of Buildings Directive, as it is pre- 

scribed that the minimum energy performance requirements ‘shall 

take account of general indoor climate conditions, in order to avoid 

possible negative effects such as inadequate ventilation’. 

This paper is organized in five sections. Section 2 presents the 

main market barriers preventing a large penetration of energy effi- 

cient ventilation units. Section 3 shows the chosen policy approach 

in order to solve the problem which was identified in the previ- 

ous section. Section 4 given an estimation of the expected impacts 

of the Ecodesign and Energy Labelling regulations on ventilation 

units, and finally Section 5 summarizes the main findings. 

2. Which factors can prevent the large penetration of energy 

efficient ventilation units? 

The preparatory work prior to any Ecodesign or Energy La- 

belling regulation is a complex yet interesting activity, entailing 

technical, procedural and legal steps, following a well defined 

procedure. Potential candidate products are firstly analysed in a 

preparatory study, where the feasibility of proposing Ecodesign 

and/or Energy Labelling measures is investigated in detail via a 

dedicated methodology [21] , which basically consist in a techno- 

economic-environmental assessment of the product group under 

analysis. The core of this analysis is the identification of the least 

life cycle cost, when comparing the average EU product with the 

more advanced technical solutions, such as the best available 

technology (BAT). Typically, it emerges that the least life cycle cost 

pertains to a product with technical features which are interme- 

diate in between the average EU product and the BAT. During the 

preparatory study it is also necessary to quantitatively assess if 

the criteria for action foreseen under Article 15 of the Ecodesign 

Directive [10] are met for a specific product group, in order for this 

product group to be covered by an Ecodesign measure. The three 

criteria are related to the significance of the market figures (‘the 

product shall represent a significant volume of sales and trade, 

indicatively more than 20 0 0 0 0 units a year within the’ EU), of the 

environmental impact (‘the product shall, considering the quanti- 

ties placed on the market and/or put into service, have a significant 

environmental impact within the’ EU) and of the expected envi- 

ronmental savings (‘the product shall present significant potential 

for improvement in terms of its environmental impact without 

entailing excessive costs’). The next step is the ‘impact assessment’ 

[22] : various policy options, i.e. policy scenarios, are analyzed, in 

particular from the perspective of cost competitiveness, of impact 

on industry and on (small and medium enterprises, of techno- 

logical development and innovation, of competition, of end-user 

affordability and of product functionality. Subsequently, procedural 

and legal steps follow, and the end of the process (provided that 

no criticalities were identified) consists in the publication of the 

Ecodesign and/or the Energy Labelling regulation in the Official 

Journal of the European Union. As from the standard practice 

under the implementation of Ecodesign and Energy Labelling, 

the regulations are typically reviewed every 5 years, in order to 

evaluate the appropriateness and tightness of the requirements, in 

the light of technological progress of the specific product group. 

In the specific case of ventilation units, two preparatory studies 

took place, one on residential ventilation units (RVUs) [23] and an- 

other one on non-residential ventilation units (NRVUs) [24] , and an 

impact assessment followed [25] . A more recent horizontal report 

[9] revised some of the estimates, in light of updates and more 

in-depth modeling. The two preparatory studies confirmed the full 

compliance of the ventilation unit product group with the three 

criteria laid down in the Ecodesign Directive. In terms of number 

of products, it has been estimated that 3.2 millions of units per 

year were placed on the EU market in 2010, which will increase 

up to 3.7 millions of units per year by 2020. The electricity con- 

sumption of the ventilation units was evaluated in 222 TWh of pri- 

mary energy 1 in 2012, and the net positive effect to be expected in 

terms of energy saving, stemming from Ecodesign and Energy La- 

belling regulations on ventilation units, has been estimated in the 

order of 213 TWh per year of primary energy in 2030. 

The understanding of the market situation in 2010 [23] was that 

natural ventilation (windows and infiltration) was still the com- 

mon practice in building stock. Only 24% of European residential 

one- or two-family houses were equipped with whole-house me- 

chanical ventilation, and only around 1.5% of these houses had 

ventilation with HRS (mainly in Northern Europe). In the non- 

residential [24] and collective residential sectors, a total of 40% 

of building volume was mechanically ventilated. Only 7% was 

equipped with balanced systems with HRS. The market penetration 

of mechanical system was strongest (68% of ventilated volume) in 

1 Bearing in mind that, despite their consumption of electricity, the ventilation 

units allow to attain primary energy savings in terms of decreased space heating 

need, when compared to natural ventilation. 
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