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Abstract: The European construction sector plays a criticdé in achieving climate neutrality, accounting feearly 40% of
global energy consumption and over one-third oegleuse gas emissions. EU policy developmentshtasutbie Green Deal,
the Climate Law, the Renovation Wave, the EU Taxgnand the revised Energy Performance of BuildDigsctive (EPBD)
— increasingly embed sustainability, life-cycle fpemance, and Indoor Environmental Quality (IEQXoinmandatory
requirements for both new construction and ren@ratihis paper contextualizes these European trandgpresents insights
from two national surveys conducted in Croatia: @)2023 survey assessing sustainability awarenemsng 199
professionals, and (2) a 2025 survey assessindetred of knowledge and implementation readinesandigg Indoor Air
Quality (IAQ) and Indoor Environmental Quality (IE@mong 62 experts. While the EU has establishednaprehensive
regulatory and financial framework for decarboniitne built environment, findings reveal signifitknowledge gaps in key
areas, including sustainability assessment, regumjatamiliarity, IAQ provisions, and life-cycle duation — challenges that
mirror those reported across Europe. The paperwlises how these gaps may hinder alignment withustaisability goals,
and it identifies priority areas for professionagacity-building, regulatory uptake, and integratiof IAQ into sustainable
building design. In this context, the identifiedyuéatory and knowledge gaps, together with emerdiitfy sustainability
requirements, also point to new opportunities foisteonger involvement of environmental engineerghi@ planning,
assessment, and implementation of sustainableibgifstactices across the European constructionaect
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1. INTRODUCTION: THE EUROPEAN CONTEXT FOR A SUSTAINABLE
CONSTRUCTION SECTOR

The built environment is central to the EU’s climaénergy, and public health objectives. Buildiags
responsible for 40% of final energy use and 36%dfgreenhouse gas emissions in their operationasgh
while construction materials contribute an addiéibrshare of embodied carbon. Across the EU, the
construction sector accounts for 50% of extractad materials, 33% of generated waste, and up to 88%
freshwater use Huropean Commission, no date; World Green Buildiogncil and Europe Regional Network
2019

At the EU level, a series of strategic framewornksif an interconnected policy ecosystem:

» European Green Deal (2019), mandating climate aétytby 2050. European Commission 20119

e EU Climate Law (2021), legally binding net-zerogets. European Union 2031

* Renovation Wave (2020), aiming to double renovatetes by 2030.Huropean Commission 2020

e EU Taxonomy (2020-2023), defining sustainable itwesnts. European Union 2030

« Energy Performance of Buildings Directive (EPBD)cBst (2024), integrating life-cycle carbon,
energy performance standards, and Indoor Envirotmhe@uality/Indoor Air Quality (IEQ/IAQ)
obligations. European Union 2034

While these instruments provide clear directionmneuous studies across the EU indicate challenges in
practical implementation, including insufficient aveness among practitioners, a lack of methodofbgic
tools, and limited consideration of IAQ in desigrogesses.

This paper combines the broader EU perspective eiidence from two Croatian studies, providing
insight into how one Member State's constructicrtaeinterprets and applies these evolving requiets
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2. SUSTAINABILITY PRINCIPLESAND EU LEGISLATIVE DRIVERS
2.1. Foundations of Sustainability in Construction

The conceptual foundations of sustainability in twnstruction sector are commonly traced back & th
Brundtland definition of sustainable developmenthickh emphasizes meeting present needs without
compromising the ability of future generations teantheir own. This concept has been further operalized in
the construction context through Kibert’s six pipies of sustainable construction: resource redactieuse, the
use of renewable resources, protection of natuyigion of healthy environments, and quality ir thuilt
environment Kibert 1994. Together, these principles establish a framewtbdd is closely aligned with
contemporary European Union sustainability objexdiv

Within the EU construction sector, sustainabilisyincreasingly translated into practice throughet of
regulatory and assessment instruments. The reZB&D in 2024 European Union 2034laces strong emphasis
on energy efficiency, focusing on onsite energydpmtion, the achievement of zero emission buildirthe
integration of IEQ, and the introduction of minimwmergy performance standards. Complementingtties-U
Taxonomy European Union 203@rovides technical screening criteria to guidgtaumable investment, covering
climate change mitigation and adaptation, circeleonomy principles, pollution prevention, sustalealater
use, and biodiversity protection. In parallel, tbevel(s) framework offers a harmonized set of iattics for
assessing the environmental performance of buitdioner their entire life cycle, enabling a more sistent
evaluation of sustainability across Member StatBsirgpean Commission and Directorate-General for
Environment 202)L Additionally, the Corporate Sustainability Retog Directive (CSRD) introduces mandatory
sustainability reporting obligations that directlgffect construction companies and building material
manufacturers, further embedding sustainabilitysgderations into business practic&uopean Union 2032
Collectively, these policy instruments signal aaclghift in focus from operational energy efficigradone toward
a broader life-cycle perspective that includes edidab carbon, material resource impacts, and healéted
aspects of building performance.

2.2. Gapsin EU-wide | mplementation

Despite the rapid development of sustainabiliteored legislation and assessment frameworks aEthe
level, their implementation remains uneven acrossmiider States. A persistent challenge is the limited
understanding of embodied carbon requirements iéeycle assessment methodologies among congiructi
professionals, alongside the insufficient integnatiof IEQ considerations into design and decisiakimg
processes, which are often secondary to energiecdetaiteria.

The uptake of sustainability assessment and atiifin schemes remains slow, particularly amondlsand
medium-sized enterprises facing financial and keadlge-related constraints. Moreover, sectoral resgsoto new
regulatory requirements are predominantly reaciivd compliance-driven rather than proactive, aepatthat
mirrors the situation observed in Croatia and itd broader structural challenges across the Earop
construction sector.

3. INDOOR AIR QUALITY ASA SUSTAINABILITY PARAMETER

IAQ is increasingly recognized as a key sustaiiitgtaihd public health concern, with strong evidelicking
poor IAQ to adverse respiratory and cardiovasomlscomes, impaired cognitive performance, and redweell-
being World Health Organization. Regional Office for Epec201(. As Europeans spend up to 90% of their time
indoors, where pollutant concentrations are oftgnicantly higher than outdoors, IAQ representsuastantial
health burdenWorld Health Organization. Regional Office for Epgo2013.

While EU environmental policy has traditionally feed on outdoor air quality, the revised EPBD (EPBD
2024) reflects a shift toward a more holistic ustiemding of building performance. By integratin@lito energy
performance requirements, including monitoring, oréipg, and Energy Performance Certificate (EPC)
recommendations, the EPBD positions IAQ as an éssecomponent of sustainable and energy-efficient
buildings European Union 2034

Sustainability certification systems increasinglgarporate 1AQ criteria within broader building fiemance
assessments. The Deutsche Gesellschaft fur Naig@saBauen (DGNB) framework addresses I1AQ as gats o
sociocultural and functional quality criteria, linlg indoor conditions to occupant health and comfoeutsche
Gesselschaft fir Nachhaltiges Bajetowever, survey results from Croatia indicateited practical experience
with 1AQ-related certification criteria, highlightg the need for targeted capacity-building to supploeir
effective implementation in practice.
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4. METHODS: TWO COMPLEMENTARY NATIONAL SURVEYS

The first study was conducted in late 2023 andg$edwn assessing the level of awareness, undersgaadd
practical experience related to sustainability @ples within the construction sectatanki et al. 2024 Data
were collected through an online questionnaireritiisted to professionals active across the buildifegcycle,
including architects, civil, mechanical and elemtiengineers, contractors, facility managers, rfaoturers of
construction products, representatives of publihernities, and academics. A total of 199 valid mses were
collected. The survey addressed respondents’ fartyli with sustainability concepts, experience with
sustainability assessment tools, awareness of keseBulatory frameworks (such as the EU TaxononBBE,
Level(s), and CSRD), and perceptions of key drierd motivations for sustainable investment. Thealve of
this study was to evaluate how sustainability isently understood and applied in professional ficacand to
identify gaps that may hinder alignment with EUtaurgability and decarbonisation objectives.

The second study was carried out in January 202b specifically examined the understanding and
interpretation of IAQ and IEQ requirements amonpgegis in the construction sect@tapki & Erdelj 2023. This
survey targeted professionals directly involvedbmilding design, construction, renovation, and afien,
including designers, engineers, contractors, matwfers, DGNB consultants, representatives of non-
governmental organisations, and academic expert®tah of 62 responses were collected. The queastioa
focused on respondents’ familiarity with IAQ andldEoncepts, awareness of the revised EPBD prowsilated
to IEQ monitoring, reporting, and integration irioergy performance certification, as well as peioap of IAQ
impacts across different building life-cycle phastEise aim of this study was to assess the seateadiness to
implement new regulatory requirements and to idgktiowledge gaps that may affect the integratibhealth-
related parameters into sustainable building desighassessment.

5.RESULTS
5.1. Results of the Sustainability Awareness Survey

This section presents the results of the surveyn@xag awareness, understanding, and practicalrepe
related to sustainability principles and sustailigbassessment within the construction sector. Tihdings
highlight the current level of familiarity with keyuropean regulatory and methodological framewag&ayell as
the extent to which sustainability concepts aredgrated into professional practice.

A limited level of awareness of core EU sustairigbilelated frameworks was identified among responsl.
As shown inFigure 17, 43% of respondents reported that they had notrefahe EU Taxonomy, while only 2%
stated that they were fully familiar with its conteSimilarly, low levels of awareness were obsdria other
relevant instruments, including the CSRD and theel(g) framework (70% had not heard). Despite otsgh
standing application, 48% of respondents indicttatithey were unfamiliar with the EPBD. These Itssndicate
that key EU policy instruments related to sustailitstkare not yet consistently recognized or untleod across
the construction sector.

B !'m fully familiar with the documents
150
I Haven't heard about the docum.. [l Heard about the document, but | don’t kn... I know something about the documents, but... [Jill 'm quite familiar with the documents

100

50

EU Taxonomy CSRD EU Level(s) EPBD EED RED

Figure 17.Level of familiarity with key EU sustainability-eg&d regulatory and assessment frameworks in the
construction sectorZanki et al. 202

As shown inFigure 18, only 15.6% of respondents reported having presliogonducted a sustainability
assessment, indicating that for more than 80% wifggaants the practical application of sustainiépéissessment
concepts remains unfamiliar. Furthermore, while th&jority of respondents associate life-cycle assest
primarily with operational costs during buildingeu§7.4%) and long-term commercial value (45%), 309Hmot
associate life-cycle assessment with carbon diof@&) emissions over the building life cycle, highligig a
limited understanding of whole-life environmentalgacts.
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Figure 18.Perceived association between life-cycle assessamehéconomic and environmental performance
indicators Zanki et al. 202

5.2. Results of the lAQ and |EQ Awar eness Survey

The second part of the results focuses on the lgfvalvareness and understanding of IAQ and IEQ @mon
professionals in the construction sector. Respaisdeare asked to assess their familiarity with 18Qa five-
point scale, ranging from 1 (not familiar) to 5 ffopletely familiar).

As shown inFigure 19, the majority of respondents reported a modemratel lof familiarity with IAQ. The
largest shares selected level 3 (32.3%) and le(@04.%), while 22.6% rated themselves as hightyiliar with
the topic. In contrast, a smaller proportion ofp@sdents reported low or no familiarity, with 9. 8#ecting level
2 and 4.8% selecting level 1. These results indithat IAQ is generally recognized within the pesfienal
community; however, in-depth and comprehensive kaedge appears to be limited to a relatively smiadug of
experts.
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On a scale 1 (not familiar) - 5 ( completely
familiar)

Figure 19.Self-assessed level of familiarity with indoor @irality (IAQ) among construction sector
professionals{anki & Erdelj, 202%

In addition to general IAQ knowledge, the survenmined awareness of specific regulatory requiresnent
introduced by the revised EPBD. The results reaeainsiderably lower level of familiarity with treeprovisions.
As illustrated inFigure 20, 25.8% of respondents reported no familiarity witt EPBD obligation to control and
monitor IEQ, while only 3.2% indicated that theyiyuunderstand the provision and its implicatiombe largest
share of respondents (37.1%) reported partial kedge and expressed the need for additional inféomat
Similar patterns were observed for other IEQ-relaEEPBD provisions, including the integration of IEQ
recommendations into energy performance certificated the consideration of IEQ in determining munim
energy performance standards.

Overall, the results suggest a clear distinctiorwvben general awareness of IAQ as an importantcagbe
building performance and limited familiarity withe specific regulatory mechanisms through which B@ IEQ
are to be implemented in practice. These findingsige a relevant basis for the integrated discussf systemic
knowledge gaps and implementation challenges ifidlf@ving section.

6. DISCUSSION

The results of both surveys reveal a consisteriepagacross different sustainability-related doredmthe
construction sector. While professionals generatiknowledge the importance of sustainability pptes and
IAQ, their understanding of the regulatory frameksyrassessment methodologies, and practical impitien
mechanisms remains limited. In both surveys, redpots most frequently reported moderate levelaroilfarity,
indicating awareness of key concepts but uncestaigarding how these should be systematicallyiagph
professional practice.
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A notable similarity between the two datasets ésgap between general recognition and operatieaainess.
In the sustainability survey, this is reflectedimited familiarity with EU regulatory instrumengnd life-cycle
assessment, despite long-standing policy framewadrkthe IAQ and IEQ survey, a comparable gap esgerg
between awareness of IAQ as a health-related paearaed low familiarity with specific EPBD provisie
governing monitoring and controlling IAQ with miniim performance requirements. Together, these fysdin
suggest that sustainability and health-relateceigaitare often perceived as abstract objectivdgeratan as
measurable and enforceable components of buildénigppnance.

These results point to systemic challenges thanexbeyond the national context examined. Simidiepns
of reactive compliance, fragmented knowledge acdissplines, and insufficient methodological guida have
been reported in other European Member States.eAduirg these challenges will require a shift toweadier
and more integrated consideration of sustainabditg IAQ criteria, supported by targeted educatmearer
assessment frameworks, and stronger links betweggriatory requirements and everyday design, cartiry
and renovation practices.

Figure 20 Awareness of Energy Performance of Buildings DivectEPBD) provisions related to indoor
environmental quality (IEQ)Zanki & Erdelj 2025

7. CONCLUSION AND RECOMMENDATIONS

The European construction sector is undergoinguifgant transition driven by climate, energy, gublic
health objectives. The two national surveys coreliat Croatia and analysed in this paper indidaé although
professionals generally recognize the importancisfainability and 1AQ, substantial gaps remaikriowledge,
regulatory familiarity, and practical implementatiorhese findings suggest that the challengesifa=htre not
specific to a single Member State but reflect bevadructural issues within the European consioucsector.

The surveys reveal a disconnect between the sitaséagbitions of EU policies and their translatiorioi
everyday professional practice. Sustainability sssent, life-cycle thinking, and IAQ-related reguirents are
often perceived as abstract or secondary, ratlh@rdh integral components of building quality artdfgrmance.
At the same time, recent regulatory developmerggeasingly introduce environmental requirementsichsas
life-cycle-based environmental impacts, IEQ, anlilion prevention — that have not traditionallyelecentral to
engineering practice in the building sector. Thimiegion may hinder the effective implementation Ef)
objectives related to decarbonisation, circulaityd occupant health, particularly in the contéxaaxelerating
renovation rates and tightening minimum performasteadards.

To address these challenges, several priority rtian be identified. First, professional educatom
continuous training should be strengthened thraughdatory and voluntary programmes, particularbufing
on life-cycle assessment (LCA), IEQ, and IAQ-relatdesign and monitoring requirements. Professional
chambers, universities, and certification bodiemyph key role in building these competencies. Sectime
development of clear methodological guidelinefattational level is essential to support consistestainability
and IAQ assessment aligned with EU Taxonomy catand the Level(s) framework. Such guidance woedidice
uncertainty and facilitate practical uptake amoagigners, engineers, and contractors.

Furthermore, 1AQ considerations should be systeralyi integrated into permitting procedures, energy
performance certification, and renovation strategseipported by clearly defined threshold valuesasarement
protocols, and documentation requirements. Promgagnuinely multidisciplinary design processes—jing
together architects, HVAC (Heating, Ventilation akid Conditioning) engineers, material experts,taimability
consultants and environmental engineers from gambject stages — would further enhance the integradf
health and environmental criteria into buildingfpemance. In this context, the evolving regulattilmework
creates a clear opportunity and growing demandeforironmental engineers to contribute their experin
assessing environmental impacts, air quality, @aetlcle-based performance of buildings. Finalty) funding
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mechanisms and public procurement can play a d&talgle by linking financial support to demonstiab
sustainability and IAQ performance outcomes, thgearelerating market adoption.

In conclusion, bridging the identified gaps regsimoordinated action across education, regulatowm,
professional practice. Strengthening the integnatif sustainability principles and indoor air qtpli
considerations is essential for delivering climagetral, resource-efficient, and healthy buildingsd for
ensuring that the European construction sectoeffastively meet current and future policy objeesv
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