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Abstract

Relevance. The construction sector is central to Europe’s climate and energy targets, while skilled workers are
essential for delivering energy-efficient buildings. In Ukraine, integrating energy-efficiency pedagogical technologies
(EEPT) into vocational education and training (VET) is urgent to support post-war reconstruction, align with EU
standards, and strengthen national energy security.

Aim: To examine the use of EEPT in professional training of construction workers in the EU and explore how
these approaches can be adapted and implemented in Ukraine’s vocational education system.

Methods: A three-step comparative-adaptive approach was applied, including competence mapping of EU and
Ukrainian VET standards, a review of EU teaching methods suitable for Ukrainian vocational schools, and analysis of
implementation pathways through pilot projects, partnerships, and curriculum updates.

Results: Competence mapping revealed that EU energy-efficiency standards cover skills in building physics,
envelope performance, energy-efficient system installation, diagnostics, and site organisation. Ukrainian VET currently
provides limited practical experience in these areas. EU projects, such as MEnS and VET4LEC, demonstrate that
combining classroom instruction with hands-on practice and digital tools (BIM, VR, AR) enhances learner competence
and engagement. Phased implementation in Ukraine, including teacher training, pilot projects, and curriculum
modernisation, is feasible and can progressively align VET outcomes with European standards.

Conclusions: Adopting EU-based EEPT offers a pathway for modernising Ukrainian vocational education,
fostering a workforce capable of delivering energy-efficient construction projects, supporting sustainable reconstruction,
and promoting alignment with European best practices. Future research should assess the effectiveness of EEPT in
Ukrainian schools to inform scalable implementation.

Keywords: energy efficiency, vocational education and training, construction workers, energy-efficiency
pedagogical technologies, Ukraine, European Union, curriculum modernisation.

Introduction. The construction industry airtightness, high-quality thermal insulation, and the

plays a significant role in achieving climate and
energy goals in leading EU countries. Buildings
account for a significant share of energy
consumption and emissions, and skilled specialists
are  important agents for  implementing
comprehensive renovation, construction of Near-
Zero Energy Buildings (NZEB), ensuring
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implementation of smart management systems. In
the context of Vocational Education and Training
(hereinafter — VET), EU countries are systematically
adapting  educational programs, pedagogical
approaches, and assessment systems to improve eco-
oriented competencies as a primary outcome of the
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professional training of future skilled workers in the
construction industry (Cedefop, 2023).

For Ukraine, where construction is an
important factor in economic recovery, the
integration of eco-oriented pedagogical
technologies into VET is particularly urgent. The
country must simultaneously align its actions with
the goals of the European Green Deal and strengthen
its own energy security and resilience. The war has
further underscored the need for rapid yet
sustainable recovery, making energy-efficient
construction  skills critically important. The
implementation of eco-oriented pedagogical
technologies in the Ukrainian VET system can help
form a modern workforce capable of meeting
European standards and national priorities through
the updating of educational programs, professional
development of teachers, and partnerships with
industry. Drawing on EU experience, Ukraine can
accelerate reforms that are key to post-war recovery
and long-term energy independence.

Sources. This article analyzes contemporary
scientific sources to substantiate the integration of
eco-oriented pedagogical technologies into the
professional training of future skilled workers. At
the European level, key policy frameworks, such as
the Energy Performance of Buildings Directive
(European Commission, 2024), the European Green
Deal (European Commission, 2019), and the
Renovation Wave Strategy (European Commission,
2020), set ambitious requirements for reducing
emissions and improving the energy efficiency of
buildings. These initiatives highlight the central role
of skilled construction workers and serve as
benchmarks for defining competencies in the fields
of airtightness, thermal insulation quality, and the
installation of modern building systems.

In Ukraine, legislative initiatives such as the
Law "On Energy Efficiency" (Verkhovna Rada of
Ukraine, 2021), the National Recovery Plan
(Cabinet of Ministers of Ukraine, 2023), and
obligations arising from EU integration are powerful
drivers of reform. They emphasize a dual task:
restoring damaged infrastructure and modernizing
the VET system to comply with European standards.

The experience of European VET offers
practical models for adaptation. Dual training
systems, where theoretical learning is combined
with practice in the workplace, demonstrate how
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competencies can be strengthened through practical
experience (Ertelt et al.,, 2021). Partnerships
between educational institutions and industry, as
well as workshops supported by manufacturers,
show how effective collaboration can directly
contribute to the creation and development of new
digital technologies and learning materials
(Esangbedo et al., 2024). Practice-based learning
modules, such as pilot renovation projects,
demonstrate how real construction sites can serve as
learning laboratories (Schwede et al., 2025).

Conversely, the Ukrainian VET system
currently faces a number of limitations. Many
institutions operate under outdated curricula that do
not reflect modern energy efficiency requirements
(Herasymyk-Chernova et al., 2020). At the same
time, the lack of technical equipment, such as
airtightness testing systems, thermal imagers, and
other diagnostic tools, limits opportunities for
practical training. Furthermore, teachers need to
upgrade their qualifications to teach competencies
corresponding to European standards.

Finally, digital and didactic innovations,
such as Building Information Modeling (BIM),
Virtual and Augmented Reality (VR/AR)
applications, and performance diagnostic systems,
offer realistic tools to bridge these gaps (Elgewely et
al., 2021). Their gradual implementation in
Ukrainian VET education can visualize energy
performance for students, providing a basis for
aligning learning outcomes with European standards
and supporting Ukraine's broader recovery and
integration goals.

The purpose of the article is to research the
use of eco-oriented pedagogical technologies in the
professional training of future skilled workers in the
construction industry in EU countries. The article
outlines a competence map associated with key
professional tasks, highlights effective teaching
methods, and identifies favorable conditions for
their application. Based on these findings,
recommendations have been developed for the
adaptation and implementation of such approaches
in the VET system of Ukraine.

Research methods. The article applies a
three-stage comparative-adaptive approach,
including: 1) "mapping™ of competencies according
to EU and Ukrainian vocational education standards;
2) a review of eco-oriented pedagogical
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technologies applied by European colleagues that
can be implemented in Ukrainian vocational
education and training institutions; 3) an analysis of
pathways for their implementation through pilot
projects, partnerships, and the updating of
educational programs.

Results and discussion. The conducted
comparative-adaptive  analysis ~ demonstrates
important conclusions regarding the integration of
eco-oriented pedagogical technologies into the
professional training of future skilled workers in the
construction industry in Ukraine. Studying EU
practices allows identifying both gaps in the
Ukrainian VET system and opportunities for
targeted interventions that will facilitate the
development of professional competencies in the
field of energy-efficient construction.

Competence mapping proves that EU
standards in the field of energy efficiency cover a
wide range of skills, including building physics,
building envelope characteristics, installation of
energy-efficient systems, conducting diagnostic
tests, and construction site organization (Kozlovska
etal., 2023). In Ukraine, although certain theoretical
knowledge is present in VET programs, practical
competencies remain insufficiently developed,
especially in the fields of airtightness testing,
diagnostics using thermal imagers, and the
integration of "smart" systems. These skills are
critically important for ensuring the quality and
efficiency of modern energy-efficient buildings.

For example, the EU-funded MENS project
developed specialized training for architects and
engineers to retrofit housing stock in accordance
with Near-Zero Energy Building (NZEB) standards
(CORDIS, 2018). The initiative was aimed at
equipping construction managers with practical
skills in the design, operation, and maintenance of
energy-efficient facilities, serving as a reliable
model for adapting Ukrainian educational programs
by combining theoretical and practical competencies
in the sphere of energy efficiency. Such projects
demonstrate that combining knowledge with
practical skills significantly increases workforce
readiness and supports broader sustainable
development goals.

A review of pedagogical technologies
reveals several EU approaches particularly suitable
for integration into the VET system in Ukraine. Dual
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training models, combining classroom learning with
on-the-job practice, consistently ensure a high level
of competence and skill retention among students
(Pilz & Wiemann, 2021). Within the framework of
the VET4LEC project, requirements for vocational
education and elements of low-energy construction
necessary for training a workforce capable of
implementing NZEB projects were investigated
(Janssen, 2019). In particular, such an initiative
highlights the effectiveness of combining theoretical
learning with practical experience, as students
engaged in practical exercises gain a deeper
understanding of energy-efficient construction
principles.

Furthermore, digital  tools, including
Building Information Modeling (BIM), Virtual
(VR), and Augmented (AR) Reality, facilitate the
development of inquiry-based learning, enabling
students to visualize building performance, simulate
diagnostic procedures, and assess the impact of
construction decisions in a controlled environment
(Khan et al., 2024). The ENERGE framework
regarding energy efficiency in schools demonstrates
how these digital tools can be systematically
integrated into VET, improving learning outcomes,
increasing motivation, and ensuring the acquisition
of skills corresponding to modern energy efficiency
standards (Brychkov et al., 2023).

Implementation pathways for Ukraine
envisage a phased and adaptive approach. In the
short term, pilot projects can be implemented in
selected VET institutions, supplemented by targeted
teacher training and partnerships with construction
companies and equipment manufacturers. Such
collaboration will provide both technical expertise
and access to modern equipment, allowing for
practical training without the need for large initial
investments. In the medium term, educational
programs can be revised to integrate eco-oriented
pedagogical technologies into relevant training
courses, and assessment standards can be formalized
in accordance with EU competence frameworks,
ensuring that graduates are assessed against clear
and measurable criteria. Over time, such
interventions can gradually transform Ukrainian
VET, creating a workforce capable of implementing
energy-efficient construction projects that meet both
national priorities and EU standards.
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Overall, EU experience demonstrates that
structured, practice-oriented, and technology-driven
learning forms skilled professionals capable of
effectively combining theoretical knowledge with
practical skills. Through careful planning and
strategic adaptation of these approaches, the
Ukrainian VET system can replicate similar results,
shaping a new generation of builders capable of
supporting sustainable reconstruction, improving
energy efficiency in the built environment, and
bringing Ukraine's construction sector closer to
European best practice standards.

Conclusions. The integration of eco-
oriented pedagogical technologies into the VET
system is necessary for forming a skilled workforce
capable of meeting both Ukrainian and European
construction standards. Competence mapping
confirms that European standards cover a wide
range of skills, particularly from building physics
and building envelope characteristics to the
installation of energy-efficient systems and
conducting diagnostic tests. Currently, the VET
system in Ukraine provides certain theoretical
knowledge, but practical skills, especially in the
fields of airtightness testing, thermal imaging
diagnostics, and the integration of "smart"” systems,
require substantial improvement.

EU experience, particularly the MEnS and
VET4LEC projects, shows that combining
classroom learning with on-the-job practice,
supported by digital tools such as BIM, VR, and AR,
effectively develops professional competence in the
field of energy-efficient construction. These
approaches  increase  student  engagement,
knowledge retention, and readiness to apply skills in
real-world conditions. The ENERGE framework
additionally demonstrates how digital and inquiry-
based methods can be systematically integrated into
VET educational programs to enhance learning
effectiveness.

For Ukraine, a phased and adaptive strategy
for implementing eco-oriented  pedagogical
technologies is recommended. Short-term measures
include pilot projects in selected VET institutions,
targeted teacher training, and partnerships with
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construction companies and equipment
manufacturers to ensure expertise and access to
modern tools. Medium-term actions involve
revising educational programs to integrate eco-
oriented pedagogical technologies into several
courses and formalizing assessment standards in
accordance with EU competence frameworks.
Gradually, such measures can transform the
Ukrainian VET system, creating graduates capable
of implementing energy-efficient construction
projects that correspond to both national priorities
and European standards.

For the purpose of effective implementation
of eco-oriented pedagogical technologies, it is
proposed to: 1) modernize educational programs by
including  both  theoretical and practical
competencies in energy efficiency; 2) implement
professional development programs for teachers to
strengthen teaching methodology and the use of
digital tools; 3) develop pilot projects and
partnerships with industry to provide practical
experience with modern construction technologies;
4) integrate digital technologies such as BIM, VR,
and AR to simulate real-world energy-efficient
construction scenarios; and 5) apply a phased
approach with formalized assessment standards for
monitoring and measuring student competencies.

Thus, the implementation of eco-oriented
pedagogical technologies based on positive aspects
of European experience offers a practical pathway
for modernizing the Ukrainian vocational education
system. By combining theory, practice, and
technology-driven learning, Ukraine can form a
workforce capable of supporting sustainable
reconstruction, improving energy efficiency in the
built environment, and bringing the construction
sector closer to European best practices.

Prospects for further research lie in
substantiating the effectiveness of eco-oriented
pedagogical technologies in VET institutions in
Ukraine, particularly in the context of the
professional development of teachers, the
implementation of digital tools, and the realization
of relevant projects.
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3ACTOCYBAHHSA EKOOPIEHTOBAHUX NEJATOI'TYHHUX
TEXHOJIOI'TA Y NPO®ECIMHINA NIJITOTOBII
MAUWBYTHIX KBAJII®IKOBAHUX POBITHUKIB
BYIIBEJBHOI 'AJIY3I: JOCBIJI €C

Ipuna JIpo3iu

KaHJMJIaT MeAaroriyHuX HayK, HayKOBHUI CIIBPOOITHUK BIJUILTY 3MICTY 1 TEXHOJIOT1H mpodeciiiHol
ocsitu [HcTHTYTY podeciiino-TexHiuHo1 ocBiTn HAITH Ykpainwu, http://orcid.org/0000-0002-8881-
9314, e-mail: irina.drozich@ukr.net

Pedepar:

Axmyanvnicms: OyiBeIbHA raly3b € KJIFUYOBOK Y IOCATHEHHI KJIIMAaTHYHUX Ta EHEPreTHYHUX IJIeH, 30KpemMa
y Kkpainax €C; xBamiikoBaHi poOITHHKH BiAIrparoTh BaKJIHMBY POJIb Yy peajizaiii eHeproe)eKTHBHOTO 3€JIEHOTO
OyaiBHMLTBA; B YKpaiHi iHTErpamuis eKOOpiEHTOBAaHUX MeIaroriyHuX TEXHOJIOTIH y cucteMy npodeciiinoi (nmpodeciiino-
TEXHIYHOT) OCBITM € HArajbHOIO JJIs MIATPUMKH IMiCJISBOEHHOTO BiJHOBJICHHS, TapMOHI3allii 3 €BPONCHCHKUMHU
CTaHJapTaMU Ta MOCHJICHHS HalliOHAIBHOI EHEPTeTHYHOI Oe3MeKH.

Mema: npoaHanizyBaTH BUKOPUCTaHHS €KOOPI€HTOBAHMX IeJaroriYHuX TEXHOJIOTIH y mpodeciiiHiil miaroToLi
MaiiOyTHiX KBami(ikoBaHMX pPOOITHHUKIB OyZiBenbHOI ramys3i y kpainax €C Ta BU3HAUUTH LUIAXH ajanrtamii u
BITPOBKEHHS TAKHX MIJXOJIB Y cucTeMy npodeciitnoi (mpodeciiiHo-TexHiuyHo1) OcBiTH YKpaiHH.

Memoou: 3aCTOCOBaHO TPHOXETAHUN MOPIBHIBHO-aAaNTUBHUN MiAXil, MO0 BKIOYae: 1) «kapTyBaHHS)
(mapping) kommeTeHTHOCTEH 3a craHmapTamu npodeciiiHoi ocith €C Ta YkpaiHu; 2) Orisa €KOOPi€HTOBaHHX
MeIaroriYHUX TEXHOJIOTIH, 3aCTOCOBYBaHUX €BPOIEHCHKUMH KOJIETaMH, SIKi MOXKYTh OyTH pealli3oBaHi B YKPaiHCBhKUX
3aknagax npodeciiinoi (mpodeciiHo-TeXHIYHOT) OCBITH; 3) aHasi3 NUISIXIB TXHROTO BIPOBAKEHHS 3aBISKU MIJIOTHUM
MPOEKTAM, IAPTHEPCTBAM Ta OHOBJICHHIO OCBITHIX POrpaM.

Pesynomamu. KapTyBaHHS KOMIIETEHTHOCTEH 3acBIUMIIO, WIO €BPOIEHCHKI EKOOPIEHTOBAHI CTaHIAPTU
OXOTUTIOIOTh HABUYKY 3 OYy/IiBeTbHOT (Di3UKH, XapaKTEPUCTUK Oy IIBEILHOTO OTOPOJHKEHHS, MOHTaXY eHeproe()eKTHBHUX
CHCTEM, IIarHOCTHKH Ta opraHizauii poOo4nx nporeciB Ha OyAiBeNbHOMY MalJaHYMKy. Y KpaiHChKi 3aKinaan mpodeciiHoi
(mpodeciiiHO-TeXHIYHOT) OCBITH Hapa3i MPONOHYIOTh OOMEXEHUIM NPaKTUYHUH A0CBiN y nux ramyssx. [Ipoextn €C, Taki
sk MEnS ta VET4LEC, neMOHCTpyIOTh, IO TMOEJHAHHS ayJWTOPHOTO HABYAHHS 3 TMPAKTUYHUMH BIIpaBaMH Ta
mudppoBumu inctpymentamu (BIM, VR, AR) migBuiye KOMIIETEHTHICTh Ta 3aJlydeHICTh CTyAeHTiB. [loeramHe
BIIPOBA’KCHHSI EKOOPIEHTOBAHMX TMENAroriyHuX TEXHOJOriH B VYKpaiHi, BKIIOYHO 3 MiABHUIICHHAM Kamidikamii
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BUKJIQJIa4iB, TUJIOTHIMH MPOEKTAMU Ta MOJACPHI3AIII€I0 OCBITHIX MPOrpaM, € MOKJIMBHM 1 IIOCTYTIOBO JIO3BOJISIE Y3TOUTH
pe3yabTaTH mpodeciiitoi (mpodeciiHO-TeXHIYHOT) OCBITH 3 €BPOIECHCHKMMHU CTaHIapPTaMH.

Bucnoexu: amarnranisi eKOOpi€HTOBaHUX MEAarOTIYHAX TEXHOJIOTiH Ha OCHOBI HOCBiny €C CTBOPIOE MOKITHBOCTI
JUIs. MoJepHi3alii ykpaiHchkoi mpodeciiiHoi OCBiTH, MiATOTOBKM KBajidikoBaHUX (axiBLiB, 34aTHUX Peali30ByBaTH
eHeproeekTUBHI OyIiBeNbHI MPOEKTH, MIATPUMYBATH CTalle BiIHOBJICHHS Ta HaOImkaTu OyniBeNbHY raiy3b YKpaiHu
0 HaWKpammX €BPOMEHCHKUX MPAKTHK; MOJAIBINI TOCITIHKCHHS MalOTh OMIHUTH €(PEeKTHBHICTh €KOOPIEHTOBAHUX
MeIaroriyHUX TEXHOJIOT1H B YKpaiHCHKHX 3aKJIalaX OCBITH IS 3a0€3MeUYeHHS IXHOT'O CHCTEMHOTO BIIPOBAKECHHSI.

Karouogi cnoBa: enepeoegpexmusnicmo, npogpeciiina oceima, gaxiseysb 6y0dieenbHoi 2anysi, eKkOOPIERMOBAHT
nedaeozciuni mexronoeii, Yxpaina, €C, mooepHizayis oc8imHix npozpam.
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