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Abstract:

Relevance: Determined by the need for Ukraine's reconstruction based on principles of energy efficiency and
sustainable development, which aligns with both internal economic challenges and international environmental
standards.

Aim: To analyze the challenges and prospects of training construction industry specialists in the context of
energy-efficient construction, to identify key competencies of future builders, and to outline directions for improving
educational programs in accordance with modern environmental requirements.

Methods: Theoretical methods of analysis, systematization, and generalization of scientific sources and
regulatory documents, comparative analysis of global experience in training builders in the context of energy efficiency,
and forecasting methods for developing recommendations on improving educational policy in the construction sector.

Results: Modern trends in the development of the construction industry in sustainable construction and specialist
training have been investigated. Key competencies necessary for future builders to work in energy-efficient construction
have been identified, including technical, cognitive, behavioral-activity, and social competencies. Special attention has
been paid to the principles of eco-oriented education, teaching methods, and global experience in training specialists in
sustainable construction. Successful educational practices that integrate ecological principles into curricula have been
analyzed, and directions for improving the professional training of future builders in accordance with international
standards have been proposed.

Conclusions: Eco-oriented training of construction industry specialists in energy efficiency is an important
condition for ensuring the country's sustainable development and its integration into the European economic space; the
introduction of modern teaching methods, the use of renewable energy sources, and the adaptation of international
standards will contribute to the creation of highly qualified specialists capable of working in the face of new
environmental challenges.

Keywords: energy efficiency, energy-efficient competence, construction, eco-oriented training, future
builders.

Introduction. The full-scale war ongoing in
Ukraine has caused significant destruction to residential,
social, and industrial infrastructure. According to
estimates by the Kyiv School of Economics (KSE) and
Forbes Ukraine magazine, damages in the construction
industry amount to hundreds of billions of dollars and
continue to grow (Kyiv School of Economics, 2025;
Antoniuk, 2025). However, the country's reconstruction
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must not merely be the restoration of destroyed objects,
but a modernization of the entire infrastructure in
accordance with the principles of energy efficiency and
environmental sustainability. This aligns with both
national interests and global trends, particularly the
European Green Deal (European Commission, 2019),
which defines the direction of development for the
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construction sector in EU countries, focusing on reducing
energy consumption and decarbonizing construction.

The training of construction industry
specialists plays a significant role in this process.
These specialists must not only possess traditional
skills in designing and erecting structures but also
understand the principles of energy-efficient
construction, circular economy, the use of
environmentally friendly materials, and modern
digital technologies. Therefore, the issue of
reforming educational programs and personnel
training in accordance with new challenges is
extremely urgent.

The war has changed Ukraine's construction
sector not only in terms of physical destruction but
also in its approaches to reconstruction. One of the
key problems is the personnel deficit caused by the
mobilization of a significant portion of the working-
age population and the forced migration of qualified
specialists. At the same time, the construction
industry faces serious challenges related to the
destruction of energy infrastructure, requiring the
implementation of autonomous and resource-saving
technologies. The rising cost of construction
materials and the need to harmonize Ukrainian
standards with European norms further complicate
the situation, but also open up opportunities for
industry modernization.

The  transition to energy-efficient
construction is not just a forced response to energy
challenges, but a strategic decision that will enable
reduced energy consumption and decreased reliance
on fossil fuels. Implementing modern insulation
technologies, using renewable energy sources such
as solar panels or heat pumps, and intelligent
planning of ventilation and heat recovery systems —
all this will contribute to creating a comfortable and
safe living environment, as well as optimizing
operating costs.

At the same time, the issue of adapting
construction education to new realities remains
important. Specialists must be prepared not only to
use modern construction materials but also to
integrate digital technologies such as BIM modeling
(Building Information Modeling), big data analytics
in construction, automation of design, and energy
consumption management. It is the digitalization of
the construction industry, along with the use of
environmentally safe technologies, that will allow
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Ukraine not only to recover but also to become a
leading country in sustainable construction.

Furthermore, high-quality training of
construction personnel is a necessary condition for
Ukraine's integration into the European economic
space. Compliance with international standards,
such as the Energy Performance of Buildings
Directive (EPBD), and the ability to attract
investments from international financial institutions
(World Bank, EBRD, EIB) will largely depend on
how well specialists master modern construction
methods and sustainable development principles.

Under such conditions, the necessity of
forming and  developing energy-efficient
competence in future builders becomes especially
important. It not only contributes to improving
professional training but also ensures compliance
with the requirements of the modern labor market
and global environmental challenges. That is why
the key guiding principle for modernizing the
vocational education system should be the
development of "the specialist's personality as the
highest value of the state and the main driver of
renewing production relations" (Yershova, 2018, p.
162).

Thus, the formation of energy-efficient
competence in future skilled workers of the
construction industry is not only relevant but also a
necessary step in training highly qualified
specialists. This process is crucial for implementing
a strategy of sustainable (balanced) societal
development, which provides for the rational use of
natural resources, reduction of energy consumption,
integration of energy-efficient technologies into
construction, and the formation of environmental
responsibility among  construction  industry
specialists.

The introduction of innovative educational
programs focused on energy efficiency and
environmental safety will ensure the creation of an
economically  sustainable and  comfortable
infrastructure that meets the requirements of the 21st
century.

Research Sources. The theoretical analysis
of the problem was conducted based on scientific
works concerning energy efficiency in the
construction industry and the formation of relevant
competencies in  future  specialists (V.
Bezyazychnyi, O. Hlushchenko, O. Kovalenko, N.
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Kulalaieva, N. Maistrenko, A. Mandryka, V.
Radkevych, et al.). Ukrainian scholars have
investigated various aspects of forming energy-
efficient competence in future specialists.
Specifically, V. Radkevych emphasizes that the
rational use of energy resources at state, regional,
and personal levels requires the formation of energy-
efficient awareness among all citizens, including
both management structures and production
personnel of enterprises. An important aspect is
involving students and pupils in studying energy
efficiency issues, as they will become direct
participants in the processes of developing high-tech
products and providing quality services to the
population in the future (Radkevych, 2013).

N. Kulalaieva, while researching the
methodology  for  forming  energy-efficient
competence in future builders through project-based
learning, notes that "energy efficiency, comfortable
stay in buildings, and reduction of negative
environmental impact are the main aspects of
'sustainable,' 'green' construction" (Kulalaieva,
2018).

O. Zakharova and D. Kozyriev, in defining
approaches to infrastructure reconstruction in the
post-war period, emphasize "the use of ecological
construction technologies and ensuring the
reliability of buildings for all types of purposes,
building a safe and reliable energy infrastructure of
the city based on the creation of 'smart' grids and the
use of alternative energy sources" (Zakharova,
Kozyriev, 2022, p. 7).

Foreign authors associate energy saving with
emissions reduction, which forms the basis for
satisfying people's desire for a better life. It is
improved energy efficiency that is "a practical way
to reduce emissions and save energy, implying
improved energy efficiency planning in smart cities"
(Wang et al., 2021; Cui & Cao, 2024).

A significant number of studies address
energy efficiency in the context of determining the
energy potential of renewable energy sources, the
application of solar, hydro, hydrogen, geothermal
energy, bioenergy, wind energy, building energy
efficiency, and rational energy use, among others.
Despite numerous publications on energy
efficiency, researchers still state insufficient
coverage of "energy efficiency, as well as the
economic, environmental, and social benefits of
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energy saving among vocational students"
(Hlushchenko, 2017, p. 42).

The results of the scientific search confirm
the necessity and expediency of researching eco-
oriented training of construction industry specialists
for Ukraine's energy-efficient reconstruction.

The aim of this study is to analyze the
challenges and prospects of training construction
industry specialists, considering the requirements of
energy efficiency and environmental orientation.
The research tasks include defining key components
of training, examining existing methodologies, and
developing recommendations for their
improvement. Primary attention is given to
analyzing the experience gained in domestic and
foreign educational institutions, as well as studying
examples of successful implementation of energy-
efficient technologies in construction practice.

Research Methods. A complex of scientific
methods was used in the study of environmentally
oriented training of construction industry specialists
for the energy-efficient reconstruction of Ukraine.
Theoretical methods include analysis,
systematization, and generalization of scientific
literature, regulatory documents, and international
experience in the formation of energy-efficient
competence in future builders. Comparative analysis
allowed for the identification of modern trends in the
training of builders in countries successfully
implementing  environmental  standards in
construction.  Practical methods, particularly
forecasting, were used to develop recommendations
for improving the vocational education system in the
context of sustainable development of Ukraine's
construction industry.

Results and Discussion. The modern world
faces global environmental challenges that demand
radical changes in all spheres of human activity. The
construction industry, one of the most resource-
intensive and environmentally impactful sectors,
requires special attention, as its development is
closely linked not only to environmental challenges
but also to the country's overall economic state.
Foreign researchers emphasize that a state's
economic prosperity often coincides with the active
development of its construction sector (Osuizugbo
et al., 2023). As a fundamental driver of economic
growth, the construction sector not only provides
society with necessary infrastructure but also
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stimulates production in interconnected industries,
creating additional jobs and enhancing the country's
investment attractiveness (Su et al., 2022). The
transition to sustainable development and
minimization of negative environmental impact is
impossible without training specialists capable of
designing, building, and operating buildings
according to ecological principles. Therefore, eco-
oriented training of construction industry specialists
becomes a key task of modern education and a
strategic element in ensuring Ukraine's energy-
efficient reconstruction.

Eco-oriented training of construction
industry specialists in the context of energy
efficiency is a process of forming energy-efficient
competence, knowledge, skills, and beliefs aimed at
mitigating the negative impact of construction
activities on the environment "throughout the entire
life cycle of a building: from design and construction
to operation and disposal" (Borovyk, Yelagin,
Polyakova, 2021).

The modern construction industry demands
that specialists not only possess traditional
professional skills but also the ability to implement
energy-efficient technologies, which is a key factor
in sustainable development and rational resource
use. The competencies necessary for future builders
to work with modern energy-saving approaches can
be divided into technical, cognitive, behavioral-
activity, and social.

Technical competencies include: proficiency
in energy-efficient construction technologies (e.g.,
"passive house" concept, "green" standards (LEED,
BREEAM, DGNB), innovative thermal insulation
materials and recovery technologies); ability to work
with software for designing and modeling energy-
efficient buildings (AutoCAD, Revit, EnergyPlus,
DesignBuilder) to optimize energy costs;
understanding of physical processes in construction
(heat transfer, ventilation, influence of climatic
conditions on building operational characteristics);
practical skills in implementing energy-saving
technologies (use of renewable energy sources,
integration of "smart" building management
systems, etc.).

Cognitive competencies ensure: analytical
thinking (ability to evaluate technical solutions from
the perspective of energy efficiency and their
economic feasibility); critical thinking (evaluation
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and comparison of alternative construction solutions
to minimize energy consumption); innovative
thinking (generation of new ideas for energy saving,
adaptation of global practices to local conditions);
understanding of norms and standards (knowledge
of legislative requirements for energy efficiency and
ecological construction, etc.).

Behavioral-activity competencies include:
teamwork (ability to interact with architects,
engineers, clients, and environmentalists during
project development and implementation);
organizational skills (planning construction stages
with consideration of energy saving and cost
optimization); decision-making ability (choosing
the best materials and technologies for energy-
efficient construction in specific conditions).

Social competencies. environmental
responsibility (awareness of the need for rational use
of natural resources and reduction of carbon
footprint); communication skills (ability to
effectively explain the benefits of energy-efficient
solutions to clients, contractors, and employees);
self-learning  skills (continuous updating of
knowledge in  technological  innovations,
participation in trainings and professional courses).

The implementation of energy-efficient
construction requires a comprehensive approach to
competence acquisition for future specialists. The
combination of technical knowledge, analytical
skills, organizational effectiveness, and
environmental awareness will enable builders to
develop and implement effective, economically
viable, and environmentally safe solutions.
Therefore, educational institutions must adapt their
educational programs to modern requirements of
energy saving and sustainable development in the
construction industry.

Eco-oriented education for the energy-
efficient construction industry is based on several
fundamental principles:

e Holistic systemic approach — viewing a
building as a complex ecosystem interacting with
the environment to ensure consideration of all stages
of the building's life cycle, from design and
construction to operation and use;

e Sustainable development (ensuring the needs
of the modern generation without harming possible
future generations) — rational use of resources,
minimization of waste and pollution, and ensuring
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the durability and adaptability of buildings
(example: use of local building materials, which
reduces transport costs and emissions, supports the
local economy, and reduces negative environmental
impact);

e Integration of knowledge (combining
knowledge from wvarious disciplines such as
architecture,  building  materials,  ecology,
economics, and social sciences), which enables the
development of comprehensive solutions that
consider all aspects of sustainable construction;

e Practical orientation — equipping students
with practical skills and knowledge necessary for the
implementation of energy-efficient and
environmentally safe projects. Students should have
the opportunity to model scenarios and evaluate the
impact of various parameters (e.g., thermal
insulation, orientation, different types of windows)
on a building's energy consumption.

In the professional training of future skilled
workers in the construction industry, it is appropriate
to apply the following directions of eco-oriented
training for specialists in energy efficiency:
Fundamentals of energy saving and energy
efficiency: studying principles of heat transfer,
heating, ventilation, and air conditioning systems,
familiarization with various types of thermal
insulation materials and their properties, knowledge
of methods for assessing the energy efficiency of
buildings, etc. Renewable energy sources:
familiarization with technologies for using solar,
wind, geothermal energy, etc., to meet building
energy needs. Ecological building materials:
studying the characteristics of environmentally
friendly building materials such as wood, natural
stone materials, straw, production waste, and
methods of their use in construction. Designing
energy-efficient buildings: concepts of "passive
house," "zero-energy house," '"active house"
construction (Radkevych, 2015, pp. 55-62),
optimization of building orientation, use of natural
lighting and ventilation, and selection of energy-
efficient equipment and systems. Building energy
consumption management: studying methods for
monitoring and controlling building energy
consumption, as well as developing strategies for
energy saving and optimizing energy efficiency.

Effective  eco-oriented  training  of
construction industry specialists requires the
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application of diverse teaching methods that activate
students' cognitive activity and contribute to the
formation of practical skills: interactive lectures and
seminars (ensuring active student participation in
discussions of current issues of energy efficiency
and ecological construction); problem-based
learning (considering real ecological problems
related to construction activities and finding ways to
solve them); project activities (development and
implementation of projects for energy-efficient
modernization of buildings, green building, use of
renewable  energy sources, processing of
construction waste) (Kulalaieva, 2018); case method
(solving real-life situations — examples of applying
energy-efficient  technologies)  (Hlushchenko,
2017); practical classes and laboratory works
(conducting experiments and measurements to
assess the ecological characteristics of building
materials, energy efficiency of buildings, etc.);
business games and simulations (modeling real
situations related to the design, construction, and
operation of energy-efficient buildings); excursions
to ecologically oriented construction sites
(familiarization with advanced experience in
ecological construction); involvement of experts

(conducting lectures and seminars with the
participation ~ of  specialists in  ecological
construction, representatives of  construction
companies and organizations involved in building
certification).

Globally, more and more educational

institutions are integrating ecological principles into
their educational programs, preparing future
specialists for work in the context of sustainable
development and energy-efficient construction.
Below are examples of successful eco-oriented
training practices in foreign educational institutions.

German universities and colleges offer a
wide range of energy-efficient construction
programs that include theoretical training, practical
classes, and internships at construction companies.
Special attention is paid to the use of renewable
energy sources and environmentally friendly
building materials, for example, the Technical
University of Munich (TUM, 2025) has a "Resource
Efficient and Sustainable Building" program.

Swiss educational institutions actively offer
interactive teaching methods such as case studies
and project-based learning. Students have the
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opportunity to develop their own energy-efficient
building projects and present them at competitions
and conferences. For example, the ENBau initiative,
founded by Swiss universities, offers advanced
training programs in sustainable construction,
energy efficiency, and renewable energy sources.
These programs include modules on designing
passive solar buildings and managing the energy
efficiency of real estate, which contributes to the
development of practical skills in students.
Conclusions. It is evident that, being a
complex, multifaceted, and multilevel construct,
energy-efficient competence cannot be formed
solely through the acquisition of predominantly
theoretical knowledge. Its development requires the
comprehensive implementation of educational and
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EHEPITOE®EKTUBHA BIIFYJIOBA YKPAIHU:
EKOOPICHTOBAHA INIAI'OTOBKA ®AXIBIIIB
BYJIBEJBLHOI TAJTY3I

Tersina IlameHnko

KaHAMJAT NeJaroriYHuX HayK, CTapUIMi HAyKOBHI CIIBPOOITHUK BiAJIUTY 3MICTY 1 TEXHOJIOTIH npodeciitHol
ocBitu [HCTHTYTY TipodeciiiHoi ocBitH HATTH Ykpainu, http://orcid.org/0000-0002-7629-7870, e-mail:
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Pedepar:

AxmyanvHicms: 3yMOBJICHA MMOTPe0OI0 y BiAOYI0BI YKpaiHU Ha MPUHIUIIAX CHEProePeKTUBHOCTI Ta CTAJIOr0o
PO3BUTKY, IO BIJTIOBIIA€ K BHYTPIITHIM €KOHOMIYHUM BUKJIMKAM, TaK i M>KHAPOJHUM €KOJIOTIYHUM CTaHIapTaM.

Mema: mpoaHani3yBaTH BUKJIMKH Ta IEPCIEKTHBH MiArOTOBKM (axiBiiB OyaAiBeNIbHOI Taily3i B yMOBax
eHeproe()eKTUBHOTO OYIBHMIITBA, BU3HAYUTH KJIFOUYOBI KOMIICTCHTHOCTI MalOyTHIX OyIiBEJbHHKIB Ta OKPECIUTH
HaIpPSIMUA BJJOCKOHAJICHHS OCBITHIX MPOTPaM y BiJIITOBITHOCTI IO CyYaCHHUX €KOJIOTIYHUX BHUMOT.

Memoou: TeopeTHdyHi METOJM aHAIi3y, CUCTEeMAaTH3allli Ta y3aralbHEHHS HayKOBHX JKEepen i HOpMaTHUBHO-
MPaBOBHUX JOKYMEHTIB, MOPIBHSJIBHHM aHali3 CBITOBOIO JIOCBIAY MIiJrOTOBKM OYIIBEIBHUKIB y KOHTEKCTI
eHeproe()eKTUBHOCTI, a TAaKOX METOIM NPOTHO3YBaHHS JJIsi PO3POOJICHHS PEKOMEHIAIN 100 BIOCKOHAJICHHS
OCBITHBOI MOMITUKH Y cepi OyaiBHHULITBA.

Peszynomamu: 10CaimKeHO CydacHi TEHACHIIIT pO3BUTKY OYAiBEIIbHOI Tay3i y cdepi cranoro Oy IiBHUITBA Ta
miarotoBku (axiemiB. Bu3HaueHO OCHOBHI KOMIIETEHTHOCTI, HEOOXiqHI MalOyTHIM OyniBelNbHUKAM IUIsi POOOTH B
YMOBaX €HEProepeKTUBHOIO OYAIBHHIITBA, 30KpEeMa TEXHiYHi, KOTHITHBHIi, MOBEIIHKOBO-AIsUTGHICHI Ta COIliaJbHI.
Oxpema yBara nmpHIiIeHa IPUHITUIIAM €KOOPIEHTOBAHOI OCBITH, METOJaM HaBYaHHS Ta CBITOBOMY JOCBIiy MiJArOTOBKH
¢axiBuiB y cdepi cramoro OymiBHUITBA. [IpoaHanizoBaHO YCIIiNIHI OCBITHI MPaKTHUKH, IO IHTETPYIOTh €KOJOTIUHI
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MPUHIIMITY B HABYAJIbHI POTPAaMU, Ta 3alIPOIIOHOBAHO HAIPSIMH BJIOCKOHAJICHHS MPOQECIHOT MiArOTOBKY MaiiOyTHIX
Oy/liBeJILHUKIB BiIITOBITHO 1O MKHAPOIHHUX CTaHIAPTIB.

Bucnosku: exoopieHTOBaHa MiAroToBKa (axiBI[iB OYIIBEIBHOI rajy3i 3 MUTaHb CHEPIeTHYHOI €(EKTHBHOCTI €
BYKJIMBOIO YMOBOIO 3a0€3IIEUCHHSI CTAJIOT0 PO3BUTKY KpaiHM Ta ii iHTerpaiii B €BpONCHCHKUI €KOHOMIYHUHN MPOCTID;
YIOPOBAPKEHHST CyYaCHHMX METOJIIB HaBUaHHS, BUKOPWCTAaHHs BiJHOBIIOBAHUX JDKEPEN CHEprii Ta ajamnTariis
MDKHApOJHUX CTAHAPTIB CIPUATUME CTBOPCHHIO BUCOKOKBaTI(DIKOBAHUX CICIIaICTIB, 3MaTHUX MPALFOBATH B yMOBax
HOBHUX €KOJIOT1YHHX BUKIIHKIB.

KarouoBi cnoBa: ewepcemuuna epexmusnicms, enepeoeekmusna KoMnemeHmuicms, 0yOiGHUYMEBO,
eKOOPIEHMOBAHA NIO20MOBKA, MAOYMHI 0YJi6eNbHUKU.
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