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Abstract  The study examines the role of green 

building technologies in fostering sustainable urban 

development in Bulgaria amid climate change and 

urbanisation. Based on theoretical analysis and official 

Bulgarian and EU regulatory documents, it finds that 

despite rising interest in eco-friendly approaches, adoption 

remains limited due to institutional fragmentation, unstable 

support programmes, and insufficient private sector 

engagement, which owns 93% of housing stock. 

Challenges include a lack of long-term financing, changes 

in renovation programme conditions, and low stakeholder 

participation. Nevertheless, green technologies show 

strong potential for reducing energy consumption, 

mitigating climate risks, and modernising infrastructure. 

Examples include green roofs, passive heating, 

water-saving systems, intelligent HVAC, and 

energy-efficient facades, capable of cutting energy use by 

30–50% and CO₂ emissions by up to 40%. EU initiatives, 

such as the updated Directive on Energy Efficiency of 

Buildings, promote large-scale renovation by 2033, 

offering further opportunities. A SWOT analysis indicates 

that with consistent policy support, social justice 

considerations, and integrated planning, green 

technologies could become a cornerstone of sustainable 

modernisation in transitional economies. The study’s 

significance lies in its theoretical substantiation of the link 

between construction greening and institutional conditions, 

highlighting strategic directions for policy, financing, and 

stakeholder collaboration. 

Keywords  Prospects and Challenges, Renovation, 

Ecology, Climate Neutrality, Energy Efficiency, 

Regulatory Regulation 

1. Introduction

In the contemporary conditions of climate change and 

rapid urbanisation, it is becoming critically important to 

ensure the sustainable development of cities. By 2050, 

about 70% of the world’s population will live in urban 

agglomerations, which already consume up to 80% of the 

world’s energy and generate about 75% of carbon dioxide 

emissions [1]. As of 2019, the construction sector 

accounted for a significant share of the global carbon 

footprint (approximately 39%) [2]. 

Based on these challenges, the active introduction of 

"green" technologies in construction is considered as a 

necessary measure to achieve the goals of sustainable 
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development and reduce the environmental burdens, and 

the investigation of this issue is becoming relevant. 

However, the disparity of methodological and legal 

mechanisms in the field of "green" construction still 

creates barriers to innovation. In addition, there is a lack of 

private sector participation and investment in sustainable 

projects, which further limits the spread of green solutions 

in the industry. 

Guo et al. [3] conducted an empirical analysis of the 

impact of smart city construction programmes on energy 

conservation and reduction of carbon dioxide emissions in 

China, demonstrating that the implementation of 

comprehensive smart city programs contributes to a 

significant reduction in CO₂ emissions, and improves the 

overall energy efficiency of urban infrastructure. The 

researchers suggest that the effect is achieved through the 

integration of digital energy management technologies, the 

introduction of monitoring systems and predictive 

analytics. The effectiveness of these programmes is 

determined by their adaptation to the local conditions and 

the technological maturity of the regions, confirming that 

in such conditions, reliance on specific characteristics of 

the territory in planning sustainable development becomes 

especially important. Confirming their findings with their 

research, Yan et al. [4] examined the impact of the concept 

of smart cities on the development of green technological 

innovations. The researchers also demonstrated that the 

introduction of smart urban infrastructure elements 

significantly stimulates the development of 

environmentally friendly technologies. Guo et al. [3] 

concluded that the development of smart cities has a 

positive impact on the implementation of green solutions, 

while additionally emphasising the importance of the 

regional context, where the effectiveness of smart city 

programmes is higher in more developed regions with a 

high level of technological readiness and investment 

potential. 

Gil-Ozoudeh et al. [5] studied the construction of green 

buildings in the context of the development of a sustainable 

urban environment, highlighting the effectiveness of 

environmentally oriented architectural solutions. As a 

result of the study, the researchers insist on the need to 

integrate green technologies into urban planning to 

increase the resilience and adaptation of cities to climate 

change. 

The study by Antonova [6] reviewed the state of green 

projects and initiatives in construction, focusing on the 

experience of the European Union (EU) countries and the 

specifics of applying environmental approaches in 

Bulgaria. The researchers analysed the trends in the 

development of sustainable construction, drawing attention 

to the limited spread of green practices in countries with 

economies in transition. К. Antonova focused on the need 

to adapt foreign experience to local conditions and create a 

national incentive system for green construction, including 

educational programmes, concessional financing, and the 

development of building certification standards. Other 

Bulgarian Rodrigues et al. [7] presented a comprehensive 

analysis of the indicators of sustainable urban development 

in Bulgaria, emphasising that the key problems remain low 

energy efficiency of buildings, irrational use of natural 

resources, limited access to renewable energy sources, and 

insufficient integration of sustainable solutions into 

strategic urban planning. In addition, the researchers 

pointed out the need for an integrated approach to the 

development of a sustainable urban environment, including 

the introduction of innovative construction technologies, 

the development of local energy infrastructure, and 

strengthening intersectoral cooperation between public and 

private structures. 

Given the above, the purpose of the current study was a 

comprehensive theoretical analysis of the impact of green 

construction solutions on the sustainable development of 

the urban environment (with an emphasis on Bulgarian 

practices and challenges). To achieve this goal, the 

following tasks were put forward: 

 to assess the role of green technologies in reducing 

energy consumption and adapting urban 

infrastructure to climate risks; 

 to identify the institutional and financial barriers that 

slow down the adoption of green technologies; 

 to investigate the role of various factors in the 

promotion of green technologies in construction and 

their importance for the sustainable development of 

cities. 

2. Materials and Methods 

Regulatory, strategic, and programmatic documents 

regulating the development of sustainable and 

energy-efficient construction in Bulgaria and the European 

Union were used as the research material. The sources 

reviewed and analysed include: the updated Directive (EU) 

No. 2024/1275 of the European Parliament and of the 

Council "On the Energy Performance of Buildings 

(Recast)" [8], the European Climate Law [9], and 

Bulgarian national documents, including the “Long-term 

national strategy to support the renovation of the national 

building stock of residential and non-residential buildings 

by 2050" [10], the Integrated Plan "Integrated energy and 

climate plan of the Republic of Bulgaria 2021-2030" [11], 

the Commission Recommendation "On the Consistency of 

Bulgaria’s Measures with the Union’s Climate-Neutrality 

Objective and with Ensuring Progress on Adaptation" [12], 

and documents related to the implementation of the 

"National Recovery and Resilience Plan Republic of 

Bulgaria" [13]. Additionally, provisions and 

recommendations related to Bulgaria’s fulfilment of 

obligations under the EU climate policy were used, 

including targets for reducing greenhouse gas emissions, 

requirements for housing renovation until 2033, and the 
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programme framework proposed by the 

NextGenerationEU initiative [14]. The analysis included 

expert opinions, in particular, statements by the energy 

efficiency specialist Nanyova, reflecting the institutional 

and practical aspects of the implementation of green 

technologies [15]. 

The analysis of the regulatory framework provided a 

systematisation and conceptual understanding of the key 

directives, strategies, and programmes governing climate 

and construction policy at the national (Bulgarian) and 

European levels. Through the prism of legislative analysis, 

the degree of legal consistency between the European 

climate goals and Bulgaria’s internal construction 

regulation was investigated. This allowed considering the 

regulatory field as a dynamic system undergoing 

adaptation and assessing its potential to stimulate the 

transition to sustainable construction practices. 

The method of institutional analysis was applied to 

investigate the structure and functions of organisations 

shaping climate and construction policy in Bulgaria, 

providing a basis for identifying the degree of participation 

and influence of European and national actors in the 

process of regulatory transformation of the industry. The 

approach helped to theoretically comprehend the 

institutional logic of decision-making and consider the 

mechanisms for the development of a sustainable 

construction environment from the perspective of 

management and regulation. 

The application of a systematic approach has allowed 

considering green technologies as interrelated elements of 

urban infrastructure integrated into the broader context of 

sustainable development. The method provided a holistic 

understanding of the processes in which architectural, 

engineering, and environmental solutions function within a 

single urban environment. Through this methodological 

prism, green technologies were analysed as tools that 

transform the energy, social, and natural subsystems of the 

city. 

Additionally, the use of strengths, weaknesses, 

opportunities, and threats (SWOT) analysis for theoretical 

modelling of the conditions for the introduction of green 

technologies in the construction sector helped to classify 

internal and external factors affecting the development of 

sustainable construction. The SWOT analysis considered 

the interaction of institutional, economic, technical and 

social variables affecting the effectiveness of the 

transformation of the construction sector. It also provided a 

framework for a conceptual description of the risks and 

potential of renovation programmes. 

The interpretation of expert data was used to analyse the 

current state and prospects for the development of green 

technologies. In particular, data on the energy efficiency of 

the housing stock, the share of implemented solutions, and 

the profitability of individual technological areas were 

interpreted. Analytical work with expert opinions allowed 

the study to include practical aspects of the implementation 

of national programmes, including institutional barriers 

and the perception of reforms. 

The synthesis method, in turn, was used at the final stage 

of theoretical work and allowed combining the results of 

various analytical procedures into a single conceptual 

picture. With its help, regulatory, institutional, systemic, 

and empirical data were integrated, which allowed 

summarising approaches to assessing the role of green 

technologies in the transformation of the construction 

sector. The synthetic approach ensured the coherence of 

the theoretical construction and the logical integrity of the 

presented analysis. 

3. Results 

The development of green technologies in construction 

is gradually becoming one of the main factors in the 

development of a sustainable urban environment, 

especially in countries with intensive urbanisation and 

limited natural resources [16]. Bulgaria, which is in the 

phase of transformation of the construction sector and 

adaptation to European environmental standards, is 

showing a tendency to increase interest in environmentally 

oriented approaches. 

At the beginning of 2025, there are already elements in 

the Bulgarian construction industry indicating the gradual 

introduction of green practices, although their spread 

remains fragmented. For example, as of 2023, there are 

only 54 green buildings in Bulgaria [17]. Architectural 

projects using energy-efficient materials, solar water 

heating systems, and insulating structures are found 

primarily in commercial and residential construction in 

large cities [18-20]. The role of environmental certification 

of buildings is still limited, and its application is more often 

initiated by international investors than by domestic 

developers. Certification companies that underestimate 

green building certification in Bulgaria include the English 

BRE Global with the Building Research Establishment 

Environmental Assessment Method (BREEAM) standard 

[21], the German Council for Sustainable Construction 

with the DGNB standardisation system [22], and the 

Bulgarian Green Building Council (BGBC), which also 

uses the DGNB system [17, 23]. 

In addition, the regulations governing sustainable 

construction are in the process of revision and alignment 

with European standards, which causes heterogeneity and 

variability in the applied methods of design, construction 

technologies and operation of buildings. As part of these 

trends, Bulgaria has approved a "Long-term national 

strategy to support the renovation of the national building 

stock of residential and non-residential buildings by 2050" 

[10], and is also implementing the "Integrated energy and 

climate plan of the Republic of Bulgaria 2021-2030" [11]. 

These documents include measures to modernise 

construction legislation, energy-saving standards, and 

subsidise renewable generation. Meanwhile, educational 

and professional communities are only forming a holistic 
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understanding of green principles in the architectural 

environment. 

In 2024, according to National Program for Energy 

Efficiency in Residential Buildings in Bulgaria, 270 units 

in three multi-family structures in Sofia underwent 

renovation [24]. Since its inception in 2015, this 

programme, overseen by the Ministry of Regional 

Development and Public Works, has rehabilitated a total of 

1,968 structures nationally by the conclusion of 2024 [25]. 

The modifications have decreased domestic heating 

expenses and mitigated greenhouse gas emissions, 

enhancing environmental quality. The programme 

concentrated on enhancing buildings, particularly older 

structures, through energy efficiency initiatives including 

insulation, window replacement, and heating system 

upgrades. 

The National Programme offers complete grant 

assistance to homeowners' associations of multi-family 

residences constructed prior to 1990, focusing on 

enhancing thermal comfort, interior living conditions, and 

energy efficiency. More than 2,022 structures have secured 

financing contracts under this initiative, with 

approximately half completed and the remainder in 

progress [26]. It has shown advantages such as enhanced 

indoor comfort, decreased energy expenses, and elevated 

resident satisfaction. Obstacles to further adoption 

encompass homeowner association governance and 

financial frameworks for extensive implementation. 

Significant expenditures are already underway, with 

approximately BGN 200 million (over €100 million) 

designated in 2024 via regional development initiatives for 

the energy efficiency refurbishment of multi-family 

residential structures in Bulgarian coal districts impacted 

by the energy shift [27]. These investments aim to reduce 

energy use and alleviate energy poverty through initiatives 

such as insulation, heating system enhancements, and 

various energy-efficient renovations. At a broader EU level, 

the Horizon 2020 initiative provides extensive funding for 

energy efficiency and green technologies across all 

industries, including residential structures [28]. EU 

evaluations indicate substantial returns on investments in 

energy efficiency measures over several years, frequently 

reporting returns that exceed the initial investment multiple 

times in terms of energy savings and environmental 

advantages. 

Considering the experience of other countries, it is worth 

paying attention to trends in Eastern Europe and the 

Caucasus. Thus, efforts are being made to integrate green 

construction solutions, despite the differences in 

institutional conditions in the construction industry in 

Kosovo, which faces significant regulatory barriers that 

limit sustainable construction. There is a lack of legal 

mechanisms in the country that encourage the use of 

energy-efficient and environmentally friendly solutions, 

which slows down the integration of innovative 

technologies into construction processes – only about 

15-20% of new projects meet basic energy efficiency 

requirements [29]. The development of energy efficiency 

standards and regulations is of particular importance, since 

the modernisation of the industry is directly related to the 

need to reduce the carbon footprint and improve the quality 

of the urban environment. The implementation of pilot 

projects and the adaptation of European practices create 

prerequisites for the development of a sustainable 

construction sector, but systemic changes in legislation and 

professional development remain critically important. 

In Azerbaijan and Ukraine, green technologies in 

construction are developing through the introduction of 

innovative techniques and government programmes aimed 

at improving energy efficiency and environmental safety 

[30-32]. In Azerbaijan, the Green Zoom certification 

system covers more than 30% of commercial facilities in 

large cities, which reduces energy consumption by 25-30% 

compared to conventional buildings [33, 34]. In Ukraine, 

about 40% of new residential and commercial buildings are 

designed using green building elements, while government 

programmes contribute to an annual reduction of CO₂ 

emissions in the construction sector by 12-15% [35]. These 

data reflect a large-scale transition to the sustainable 

development of the industry, which is critical for greening 

the economy and achieving climate goals [36, 37]. 

Speaking about green technologies in construction, it 

should be noted that they have a multidimensional impact 

on the sustainability of urban infrastructure. One of the 

main factors is the reduction of dependence on fossil 

energy sources, which is achieved by the use of passive 

architectural solutions, the integration of renewable energy 

sources and the optimisation of heating and ventilation 

systems (Table 1). 

For example, intelligent HVAC systems are a set of 

automated solutions that adapt the indoor climate to 

changes in external conditions and user needs. Their use 

helps to reduce energy consumption while increasing 

comfort [40]. In turn, water-saving technologies, including 

water reuse and rainwater storage systems, increase the 

autonomy of buildings and reduce the load on centralised 

networks. 

Infrastructural sustainability is enhanced by the fact that 

green buildings can mitigate the effects of climate 

fluctuations, both heat waves and floods, especially in 

conditions of overheated urban cores [45-47]. The use of 

green roofs (which can reduce the air temperature in cities 

by 1-3°C and reduce the volume of storm drains by 

50-80%), vertical landscaping and natural screens helps 

restore biological connections within the urban 

environment, while reducing thermal pollution and 

increasing the habitability of densely populated areas [39]. 

Such solutions also act as elements of cities’ adaptation to 

climate change, increasing their resilience without 

radically restructuring existing structures. And the 

aesthetic and recreational potential of green technologies 

creates a positive effect on the social plane, enhancing the 

sense of belonging of citizens to their place of residence 

and stimulating the development of local communities. 
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Table 1.  Green technologies in construction 

Technology Example Influence 

Green Roofs Extensive and intensive roofs 

They provide an increase in thermal insulation characteristics, 

contribute to reducing the effect of the urban heat island, and 

contribute to delaying rainfall 

Use of recycled materials Recycled concrete, bricks Reduce the carbon footprint, reduce construction waste 

Passive solar heating systems 
Examples: thermal collectors, correct 

orientation of buildings 
Reduce energy consumption for heating, reduce CO₂ emissions 

heating, ventilation, and air 

conditioning (HVAC) systems 

(heating, ventilation, air 

conditioning) 

Heat recovery systems, geothermal heat 

pumps 

They provide a reduction of greenhouse emissions, 

optimisation of energy consumption and an increase in the 

level of purity of atmospheric air. 

Rainwater collection and reuse Water conservation systems, reservoirs Reduce the burden on urban water treatment, prevent flooding 

Energy-efficient facades 

(facades with photocatalysis) 
Facades with TiO₂, reflective surfaces Reduce surface temperature, improve air quality 

Intelligent energy management 

systems 
Smart buildings with IoT sensors 

Optimise energy consumption, increase the durability of 

infrastructure 

Vertical gardens and facade 

landscaping 

Vertical gardens (for example, BIQ 

House) 
They increase biological diversity, reduce noise and dust levels 

Source: compiled by the authors based on Fang et al. [38], Nasr et al. [39], Asim et al. [40], Rivas et al. [41], Chaudhari et al. [42], Chojnacka et 
al. [43], Cervera et al. [44]. 

And from the perspective of energy sustainability, the 

introduction of green technologies in construction can 

significantly reduce energy consumption. The integrated 

use of thermal insulation materials (aerogels and phase 

transition materials that significantly reduce heat loss), 

energy-efficient equipment and renewable installations 

(energy-efficient windows and facade systems), improves 

thermal comfort and reduces heating and cooling costs, 

reducing energy consumption of buildings by 30-50% [48]. 

In addition, these technologies can reduce CO₂ emissions 

from buildings by up to 30-40% [49]. 

A holistic approach is especially important, in which 

advanced programmes provide for the creation of "green" 

transport networks, investments in cleaning and 

remediation, and the inclusion of environmental criteria in 

municipal development plans. All these measures are 

formalised in official documents, such as the Directive (EU) 

No. 2024/1275 of the European Parliament and of the 

Council [8], the "European Climate Law" [9], created in 

2021 and signed by Bulgaria in 2023, and the "Climate 

Neutrality Roadmaps", which, as of 2025, Bulgaria does 

not have. However, it has commitments to reduce 

greenhouse gas emissions, and has also developed a 

national strategy for the development of renewable energy 

and energy efficiency, which sets institutional guidelines 

for further development [12]. 

In the environmental aspect, the use of green 

technologies in the construction sector allows harmonising 

development with the natural environment and contributes 

to the implementation of international climate agreements 

[50-52]. By prioritising energy conservation and renewable 

sources, Bulgarians seek to offset the detrimental effects of 

construction. The development of sustainable construction 

practices and the introduction of renewable energy in the 

city directly improve environmental performance (reduce 

pollutant emissions, help to reduce the environmental 

footprint) [7]. 

In addition, the concept of sustainable development in 

the Bulgarian construction industry is becoming 

particularly relevant in the light of new commitments 

arising from the Directive (EU) No. 2024/1275 of the 

European Parliament and of the Council [8]. According to 

the European Commission, buildings in the EU countries 

as a whole are responsible for about 36% of total 

greenhouse gas emissions, and about 75% of them do not 

meet energy efficiency requirements. In order to achieve 

climate neutrality by 2050, the European Union insists on 

significantly accelerating the pace of renovation (from the 

current 1-1.5% per year to at least 3%) 

For Bulgaria, achieving this goal is both a technical and 

an institutional challenge. The new directive stipulates that 

all buildings, regardless of their form of ownership, 

purpose, or year of construction, must be upgraded by 2033. 

This applies to both residential, public, and commercial 

funds. The main priority is given to the most 

energy-efficient buildings, for which urgent measures must 

be taken to improve their thermal characteristics, where a 

special place is given to the introduction of electric heat 

pumps and electrification of heating systems, despite the 

continued high cost and limited distribution of this 

equipment in the EU. As part of the requirements of the 

directive, Bulgaria, like other EU member states, is 

required to submit a national building renovation plan by 

2040, which should define a step-by-step mechanism for 

modernising the building stock, including criteria for 

selecting facilities and sources of financing [15, 53]. 

According to the expert on energy efficiency by 

Nanyova, in Bulgaria, where 97% of the housing stock 
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consists of private houses, of which 93% do not meet 

modern energy efficiency standards, the introduction of 

heat pumps is slow [15]. Although investments in this 

technology are significant, and with high-quality thermal 

insulation of buildings, they provide economic returns, 

inefficient thermal insulation reduces the efficiency of heat 

pumps, which requires an integrated approach to building 

modernisation. 

In addition, according to the expert, the implementation 

of national renovation programmes in Bulgaria faces a 

number of systemic problems. The programme of 100% 

grant financing of apartment buildings has caused 

significant demand, which significantly exceeds the 

available resources, which has led to massive refusals and 

discontent among the population and local authorities. And 

the subsequent transition to co-financing schemes (20% 

co-financing from tenants) reduced the activity of 

applications. In addition, the lack of a sustainable and 

continuous state housing renovation programme, and a 

shortage of qualified personnel and short deadlines for the 

implementation of programmes, in particular within the 

framework of the Recovery and Sustainability Plan, 

significantly complicate the achievement of the intended 

goals [13]. 

Thus, to successfully meet the requirements of the 

updated EU Directive on Energy Efficiency of buildings, it 

is necessary to create a long-term strategy with sustainable 

financing, systematic training and an integrated approach 

to the modernisation of both the building stock and heating 

systems. Special attention should be paid to supporting 

socially vulnerable groups and ensuring the quality of 

events within the limited time frame for the 

implementation of government programmes. 

It follows from this that despite Bulgaria’s ambitious 

goals for modernising the building stock and achieving 

climate neutrality, the implementation of renovation 

programs faces fundamental systemic limitations. As can 

be seen from current practice, even if there is a demand for 

green solutions, lack of financial resources and refusal of 

full government support cause a decline in their active 

implementation. In addition, the lack of stable government 

regulation and planning mechanisms, and a significant 

shortage of qualified specialists, create additional 

complexity. In the context of the limited time frame for the 

implementation of the measures provided for in the 

Recovery and Sustainability Directive, achieving the 

targets requires a deep structural adjustment. Under these 

conditions, SWOT analysis systematically identified 

internal and external factors that can influence the 

introduction of green building technologies into 

sustainable urban infrastructure (Table 2). 

Additional analyses conducted in Poland demonstrate 

the potential of hybrid systems combining air-to-water heat 

pumps with renewable energy sources such as photovoltaic 

panels and wind turbines [53, 54]. Simulations for 

modernized low-energy multi-family buildings showed 

that such systems can cover up to 58% of the annual 

electricity demand for heating and domestic hot water 

preparation directly from renewable sources. The 

complementarity between solar and wind energy ensures 

year-round coverage: solar energy dominates during 

summer months, while wind energy provides higher 

outputs during autumn and winter [55-57]. These findings 

are particularly relevant for countries like Bulgaria, where 

seasonal climatic variations influence renewable energy 

production patterns. The introduction of green 

technologies remains a promising and effective trend for 

the development and improvement of the industry. In 

addition, green technologies in construction have 

significant environmental and social impacts, both direct 

and indirect. Reducing heating and cooling costs through 

energy-efficient measures reduces energy poverty, 

especially in high-rise residential areas and among older 

households [58-61]. Improving microclimatic conditions 

and improving air quality have a positive effect on the 

physical and psychological state of the population. And the 

introduction of green solutions in urban development 

improves the quality of the environment, reduces stress and 

strengthens the emotional connection of residents with 

their place of residence. However, with uneven access to 

technology and support programmes, social segregation 

may deepen. If energy-efficient solutions become available 

only to well-off households, the green transition loses its 

inclusivity, generating distrust of climate policy. 

It is also important to consider that the introduction of 

green construction technologies is associated with high 

capital intensity, especially at the stages of design, 

procurement of specialised materials and engineering 

equipment of facilities [62, 63]. Thus, energy-efficient 

enclosing structures, intelligent HVAC systems, solar and 

geothermal installations, photocatalytic facades, and other 

innovative solutions require significant investments. For 

countries with limited domestic investment resources, such 

as Bulgaria, this factor is becoming a decisive obstacle to 

mass renovation and climate-oriented modernisation of the 

building stock. Even though there are external co-financing 

mechanisms from the European Union, including such 

instruments as NextGenerationEU and the Recovery and 

Sustainability Plan mentioned earlier, the total amount of 

financial injections remains insufficient for systemic 

transformation [14]. 

Financial barriers are compounded by institutional 

instability and the lack of a long-term sustainable financing 

model for renovation. In the absence of a sustainable 

government programme and cost compensation 

mechanism for vulnerable groups of the population, the 

risks of energy transition are borne by households, which 

makes it difficult for the general public to participate in the 

renovation process. At a time when 93% of Bulgaria’s 

housing stock does not meet modern energy efficiency 

requirements, the lack of financial incentives and available 

credit instruments jeopardises the fulfilment of climate 

neutrality obligations. 
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Table 2.  SWOT analysis of the introduction of green technologies in the construction industry 

Strengths Weaknesses 

1. Reduction of heat load on the urban environment – Helps 

mitigate the urban heat island effect, improving the livability of 

cities. 

2. Energy savings of up to 50% – Achieved through integrated 

renewable energy sources and energy-efficient insulating 

materials, significantly reducing energy demand and 

operational costs. 

3. Increased climatic resilience of urban infrastructure – Urban 

areas can better withstand extreme weather events (e.g., 

heatwaves, floods), with no need for extensive demolition. 

4. Impact on social sustainability – Green technologies contribute 

to community development by improving local environments, 

reducing energy poverty, and enhancing quality of life. 

5. European institutional support – EU policies (BREEAM, 

DGNB, Climate Law, and EU strategies) provide a regulatory 

framework that supports the transition to sustainable urban 

infrastructure. 

1. Fragmentation of the regulatory framework – Lack of 

coordination between national policies, local authorities, 

and private sector stakeholders hinders the smooth 

implementation of green technologies. 

2. Lack of sustainable financing – There is insufficient public 

and private sector investment, with existing financing 

schemes, like EU grants, being inadequate for large-scale, 

nationwide renovation efforts. 

3. High upfront cost of technology implementation – 

Energy-efficient materials, smart HVAC systems, and 

renewable energy solutions require significant capital 

investment, which many stakeholders cannot afford, 

especially in privately owned buildings. 

4. Lack of qualified personnel – The shortage of skilled 

workers in energy-efficient architecture and engineering 

complicates the implementation of green technologies, 

particularly in construction sectors that rely on skilled 

labour. 

5. Limited penetration into the private sector – The vast 

majority of Bulgaria’s housing stock (93%) is privately 

owned and has not undergone renovations, creating a 

barrier to widespread adoption of green technologies. 

Opportunities Threats 

1. EU funding under NextGenerationEU and the Recovery Plan – 

These financial instruments provide substantial funding for 

green renovations, allowing for the transformation of Bulgaria's 

building stock, particularly in coal districts impacted by the 

energy transition. 

2. Expansion of institutional support through ESG – The growing 

emphasis on Environmental, Social, and Governance (ESG) 

principles by both government and private investors encourages 

green renovation projects and the adoption of sustainable 

building practices. 

3. Implementation of smart technologies – Integration of smart 

HVAC, energy audits, and predictive analytics can optimize 

energy consumption, offering a way to enhance building 

efficiency and reduce operating costs over time. 

4. Systemic transformation of the housing stock – A 

comprehensive approach to modernization could transform 

entire neighbourhoods, especially with coordinated efforts from 

the government, local authorities, and private developers. 

5. Growing demand for sustainable facilities from international 

investors and certification agencies – As green building 

certifications (e.g., BREEAM, LEED) gain global importance, 

there is increasing demand for energy-efficient buildings from 

international investors, which could drive the adoption of green 

technologies in Bulgaria. 

1. Institutional instability in renovation programs – 

Fluctuating government policies, such as changes in 

funding mechanisms and inconsistent program conditions, 

undermine long-term planning and discourage private 

sector participation. 

2. Distrust among the population – Public scepticism about 

the fairness of program access, particularly among 

low-income and rural communities, undermines 

engagement with government-led green renovation 

initiatives. 

3. Delays in meeting EU energy efficiency targets – The slow 

pace of renovation and insufficient technical capacity may 

hinder Bulgaria’s ability to meet the EU Directive on 

energy efficiency of buildings, delaying necessary climate 

goals. 

4. Increased personnel and contract workload – The rising 

demand for renovations and the growing complexity of 

implementing green technologies may result in workforce 

shortages and increased costs, especially as deadlines 

approach. 

5. Economic vulnerability to external shocks – Rising energy 

prices, inflation, and supply chain disruptions can 

negatively impact the affordability and feasibility of 

large-scale green renovations, especially for vulnerable 

populations. 

Source: compiled by the authors. 

In this regard, it is critically important to accompany 

technical and architectural measures with social support 

mechanisms, including information campaigns, subsidies, 

technical assistance programmes, and flexible financial 

instruments. Only if the principles of social justice are 

respected can green technologies become an integral 

component of sustainable and inclusive urban 

development. 

4. Discussion 

An analysis of the introduction of green technologies in 

construction confirmed that their development is closely 

linked to general political and economic processes, in 

particular, with the consequences of the COVID-19 

pandemic. The study by Bongardt and Torres [64] 

emphasised that the European Green Deal has become the 

foundation for the development of a new EU economic 
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model focused on climate neutrality. According to the 

researchers, the EGD is not limited to environmental 

regulation measures, but forms a holistic strategy for 

sustainable development, including economic incentives 

and political support. The study confirmed these 

conclusions, but concretised them using the example of 

Bulgaria, revealing that without adapting the pan-European 

goals to the national context, including considering the 

specifics of the construction fund, interaction with the 

private sector, and the development of a long-term 

financial model, the transition to green construction slows 

down. Thus, if Bongardt and Torres focused on the 

institutional architecture of the EU, the study revealed how 

these macroeconomic principles are implemented in urban 

infrastructure in a country with a transition economy. 

In addition, the systematisation of concepts of 

sustainable construction and the analysis of its components 

occupied an important place in contemporary research. For 

example, the study by Lima et al. [65] conducted a 

bibliometric review of publications on sustainability issues 

in the construction industry, demonstrating an imbalance in 

the focus of research, with most focusing on environmental 

aspects, while socio-economic effects remain 

insufficiently highlighted. The results of the analysis 

confirmed this conclusion, but complemented it by paying 

attention to the institutional aspects. Unlike the study by 

Lima et al. [65], which focused on a review of theoretical 

and empirical publications, the analysis was based on the 

investigation of specific renovation programmes and 

practices for the modernisation of urban infrastructure, 

showing that the successful implementation of green 

technologies requires a systematic approach combining 

technical, social, and institutional measures. 

However, the study by Poon [66] analysed the 

perception of sustainability in the context of architectural 

design of green buildings and the impact of design on 

environmental efficiency. The study suggested that 

architectural solutions should be perceived not only in 

terms of their functionality, but also in terms of their ability 

to shape the perception of sustainability among end users, 

which affects the behaviour of residents and the efficiency 

of building operation. The study developed this approach, 

showing that the perception of green technologies as 

accessible and inclusive solutions was also determined by 

the institutional framework, the degree of transparency of 

renovation programmes and the possibility of private 

sector participation in their implementation. Poon focused 

on the relationship between architectural design and 

environmental impact, and the results of current study 

showed that architectural and technological solutions 

should be considered as part of an even broader system that 

includes social and economic components of sustainable 

construction. 

In the context of stimulating the introduction of green 

technologies in construction, increased attention should be 

paid to managing innovation processes and evaluating their 

effectiveness. The study by Zhang et al. [67] demonstrated 

that the effectiveness of the introduction of green 

technological innovations in the construction industry 

largely depends on the nature of environmental regulation. 

The researchers classified regulations into 

command-administrative, market-based and voluntary, 

revealing that the optimal effect is achieved when they are 

combined. It was emphasised that there is a gap between 

R&D developments and their commercialisation. The 

results of the current study did not have depth in this 

context, but they complemented this perspective, showing 

that in emerging economies, institutional fragmentation 

and instability of support programmes significantly slowed 

down the integration of even those technologies that are 

technically adapted and have proven their effectiveness 

and potential. 

In addition, in the context of analysing the effectiveness 

of the implementation of individual technologies, the 

scientific community often focuses on the empirical study 

of the impact of specific technical solutions on the 

sustainability of the urban environment. The study by 

Muntean [68] presented a comparative assessment of 

infrastructure development in Germany, Romania, and 

Bulgaria, with an emphasis on their economic impact. The 

researcher emphasised that the sustainability of 

infrastructure is closely related to the quality of 

management and the degree of coordination between 

sectors. The study developed this idea, demonstrating that 

for countries with limited resources, such as Bulgaria, the 

ability to form an institutional environment that ensures 

stable rules of the game, access to financing and long-term 

support for renovation programmes is a crucial success 

factor. The study emphasised the need to consider the 

private sector, which accounts for the majority of the 

housing stock, which allows expanding the scope of the 

analysis and supplementing it with a systematic assessment 

of the factors determining the sustainable development of 

the construction industry in a transitional economy. 

Semenenko et al. [69] examined the issues of 

environmental degradation and restoration in Ukraine, 

highlighting the economic and environmental 

consequences of warfare. This theme indirectly 

corresponds with Bulgaria's difficulties, where climatic 

resilience and sustainable urban infrastructure are essential. 

While Ukraine concentrates on forest ecosystems and the 

immediate impacts of fighting, it underscores the 

overarching subject of environmental resilience and the 

necessity for sustainable infrastructure, a challenge that 

Bulgaria similarly encounters in its building sector. 

Ukraine's current recovery, which integrates green 

technologies and sustainable practices, can provide 

insights for Bulgaria in implementing these solutions 

within a post-crisis economy, particularly in light of 

institutional fragmentation and financial instability in both 

countries. 

Yarova et al. [70] analysed the economic advantages of 

green technologies in Ukraine, emphasising significant 
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improvements in energy efficiency and CO₂ reductions 

facilitated by state assistance for sustainable development. 

The Ukrainian experience mirrors Bulgaria's current 

challenges in establishing a sustainable green building 

sector. Both countries exhibit restricted private sector 

participation in sustainable construction, with 

governmental initiatives being crucial. In contrast to 

Ukraine, which has experienced more robust 

government-supported energy efficiency initiatives, 

Bulgaria's disjointed legislative structure and erratic 

governmental backing have impeded the extensive 

implementation of green technologies. According to 

Yarova et al. [70], Bulgaria might improve the adoption of 

green technology by augmenting private sector 

involvement via specific financial incentives and green 

certification frameworks. 

Hasanov et al. [71] explored the enduring correlation 

between human development and environmental 

sustainability in Azerbaijan, highlighting CO₂ emissions 

and socioeconomic variables. Azerbaijan's policy of green 

growth increasingly prioritises energy-efficient 

technologies in building, similar to Bulgaria's approach. 

Azerbaijan has effectively instituted green certifications, 

such as Green Zoom, for commercial buildings, but 

Bulgaria faces challenges with the minimal adoption of 

these certifications in residential sectors. Both countries 

encounter institutional obstacles; nonetheless, Azerbaijan's 

emphasis on energy-efficient structures can guide 

Bulgaria's approaches, particularly in metropolitan regions 

where commercial premises may be more amenable to 

renovation using sustainable technologies. 

Verdiyeva et al. [72] presented a green growth strategy 

for Azerbaijan that emphasises sustainable economic 

development through the incorporation of green 

technologies. Azerbaijan's experience corresponds with 

Bulgaria's ambitions, as both nations strive to modernise 

their infrastructure through sustainable development. 

Azerbaijan has reaped economic advantages from this 

strategy by successfully integrating green technologies into 

commercial real estate. Bulgaria encounters substantial 

financial obstacles, comprising elevated initial investment 

expenses and restricted public-private collaborations. 

Consequently, the findings of Verdiyeva et al. [72] 

underscore the necessity for a reliable finance mechanism, 

which is a primary suggestion for Bulgaria's renovation 

initiatives, especially concerning private sector 

involvement. 

Pieńkowski [73] questioned the sustainability of nuclear 

energy in Poland and its contribution to the energy 

transition. The Polish setting emphasises nuclear energy, 

while the overarching concern about energy sustainability 

is significantly relevant to Bulgaria's energy transition. 

Both countries confront the difficulty of reconciling the 

adoption of renewable energy with the imperative of 

energy security. Poland’s transformation underscores the 

need for policy coherence and long-term planning – a 

critical lesson for Bulgaria, whose green construction 

initiatives have been impeded by governmental instability 

and insufficient investment in renewable infrastructure. In 

contrast to Poland, which has included nuclear energy in its 

energy transition strategy, Bulgaria must emphasise 

renewable alternatives in construction, specifically through 

energy-efficient retrofitting and intelligent energy 

management systems in buildings. 

The comparison of Ukraine, Azerbaijan, and Poland 

clarifies common issues and opportunities for Bulgaria 

(Table 3). Essential lessons for Bulgaria encompass the 

necessity for a definitive regulatory framework, stability in 

financing systems, and engagement of the business sector 

in green building certification initiatives. Furthermore, the 

incorporation of social justice principles, aimed at 

guaranteeing fair access to green technologies, must be 

fundamental to Bulgaria's rehabilitation initiatives, 

informed by the experiences of Ukraine and Azerbaijan. 

Often, the most common areas of research in the field of 

green construction are the investigation of individual 

technological solutions (for example, energy-saving 

systems, heat recovery systems, green roofs, facades with 

photocatalysis, intelligent climate control systems), and the 

analysis of strategies to stimulate the introduction of green 

technologies in the construction industry. Additionally, the 

assessment of the effectiveness of green innovations in 

reducing the carbon footprint and improving energy 

efficiency occupies a stable position on the current 

scientific agenda, especially within the framework of 

global climate goals. However, the issue of practical 

implementation of green technologies in transition 

economies, where implementation faces barriers typical of 

less stable institutional systems, remains poorly understood. 

The study was designed to fill this gap by offering a 

theoretical analysis supported by regulatory data from 

Bulgaria and the EU, and empirical examples on current 

renovation programmes. This approach helps to link the 

macroeconomic framework of sustainable development 

with specific urban infrastructure modernisation 

programmes, identify systemic obstacles, and suggest 

ways to overcome them. 

In general, the conducted research represents a 

conceptual extension of the existing analytical framework, 

integrating into the analysis of green technologies not only 

their technical characteristics, but also the institutional, 

financial and social determinants of their implementation 

in the Bulgarian construction industry. This 

interdisciplinary approach allows considering green 

technologies as elements of an integrated system of 

sustainable urban development, where successful 

implementation is possible only if all interrelated factors 

are considered. 
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Table 3.  Comparative overview of green technology adoption in construction 

Indicator Ukraine Azerbaijan Poland Bulgaria 

Percentage of buildings 

with green technologies 

40% in residential and 

commercial 

30% in commercial 

buildings 

40% in renovated 

buildings 

2% (54 green buildings in 

2023) 

Energy savings achieved 

in renovated buildings 
Up to 40% 25-30% 

40% in renovated 

buildings 

30-50% in energy-efficient 

buildings 

CO₂ reductions 
12-15% in the construction 

sector 

25-30% in commercial 

buildings 

25-30% in renovated 

buildings 

30-40% in buildings with green 

solutions 

Government financing for 

green renovation 

programs 

EU funding, government 

subsidies 

Government 

co-financing, EU 

support 

National funds, 

EU-backed initiatives 

Limited government funding 

and subsidies 

Private sector 

engagement 

Limited, primarily foreign 

investment 

Limited, growing 

interest in commercial 

sectors 

High, particularly in 

commercial real estate 

Low, mostly foreign 

investment in green projects 

Barriers to adoption 
Financial constraints, 

institutional fragmentation 

High initial costs, 

limited residential 

adoption 

Slow renovation pace, 

high costs 

Financial instability, regulatory 

fragmentation, low private 

sector involvement 

Social inclusion in green 

technology programs 

Moderate, with government 

subsidies for low-income 

groups 

Limited, mostly in 

urban areas 

High, with government 

initiatives supporting 

low-income groups 

Low, with unequal access to 

support programs 

Long-term sustainability 

of policies 

Moderate, with fragmented 

institutional frameworks 

Moderate, with some 

policy alignment 

High, with robust EU 

alignment 

Low, with unstable and 

fragmented programs 

Source: compiled by the authors based on Council of Ministers of the Republic of Bulgaria [13], Ashikova [15], Semenenko et al. [69], Yarova et al. 
[70], Hasanov et al. [71], Verdiyeva et al. [72], Pieńkowski [73]. 

5. Conclusions 

As a result of the conducted research, the key aspects of 

the impact of green technologies on the sustainable 

development of urban infrastructure have been identified. 

The findings confirmed that green building solutions have 

a high potential for improving the energy efficiency of 

buildings, reducing the carbon footprint, and mitigating the 

effects of climate change. The importance of such solutions 

is especially great in countries with limited resources and a 

high level of old housing stock, where building 

modernisation is becoming the main tool for increasing the 

resilience of the urban environment. 

Thus, the example of the Republic of Bulgaria in the 

context of the introduction of green technologies was used 

as an analytical base. An analysis of the regulatory 

framework has shown that the transition to large-scale 

renovation of the construction fund in Bulgaria faces a 

number of institutional barriers, including fragmented 

legislation, the lack of a comprehensive climate roadmap, 

and unstable financing programmes. Despite the existence 

of European directives and support programmes, their 

adaptation to the national level is slow and uneven. The 

low involvement of the private sector also remains a 

significant limitation. These factors reduce the pace of 

implementation of climate commitments and hinder the 

implementation of innovative technologies in practice. 

The SWOT analysis allowed structuring the internal and 

external factors that determine the success or difficulties of 

implementing green technologies. Both strengths 

(potential for reducing energy costs, institutional support at 

the EU level, environmental effects) and weaknesses 

(institutional fragmentation, high initial costs, shortage of 

specialists) have been identified. Among the opportunities 

identified are increased access to finance, increased 

demand for sustainable buildings from international 

investors, and prospects for the development of local 

production of energy-efficient solutions. Threats were 

manifested in the risk of non-achievement of renovation 

targets, growing distrust on the part of the population, and 

the likelihood of increased social segregation in conditions 

of unequal access to support programmes. These aspects 

emphasise the need for an integrated approach, in which 

architectural, engineering, and social measures were 

integrated into a single strategy for modernising the urban 

environment. 

This study recognises certain methodological limitations, 

including its dependence on theoretical analysis and 

secondary data, which may not fully reflect the practical 

challenges of implementing green technologies in Bulgaria. 

Future research should employ mixed-method approaches 

that integrate policy analysis with empirical evaluation, 

including surveys, energy audits, and case studies, to yield 

a more thorough understanding of the real-world effects of 

green technologies. Moreover, longitudinal research and 

empirical data could improve the evaluation of policy 

efficacy and the socio-economic impacts of green 

construction projects. 

 



  Civil Engineering and Architecture 13(6): 4353-4366, 2025 4363 

 

REFERENCES 

[1] United Nations Environment Programme, "Goal 11: Make 
cities inclusive, safe, resilient and sustainable," 2025. 
[Online]. Available:https://www.unep.org/topics/sustainab
le-development-goals/why-do-sustainable-development-go
als-matter/goal-11-0 

[2] World Green Building Council, "Bringing embodied 
carbon upfront: Report," 2025. [Online]. Available: 
https://worldgbc.org/climate-action/embodied-carbon/#:~:t
ext=Buildings%20are%20currently%20responsible%20for
,from%20materials%20and%20construction 

[3] Q. Guo, Y. Wang, and X. Dong, "Effects of smart city 
construction on energy saving and CO2 emission reduction: 
Evidence from China," Applied Energy, vol. 313, pp. 
118879, 2022. DOI: 10.1016/j.apenergy.2022.118879 

[4] Z. Yan, Z. Sun, R. Shi, and M. Zhao, "Smart city and green 
development: Empirical evidence from the perspective of 
green technological innovation," Technological Forecasting 
and Social Change, vol. 191, pp. 122507, 2023. DOI: 
10.1016/j.techfore.2023.122507 

[5] I. Gil-Ozoudeh, O. Iwuanyanwu, A. C. Okwandu, and C. S. 
Ike, "Sustainable urban design: The role of green buildings 
in shaping resilient cities," International Journal of Applied 
Research in Social Sciences, vol. 5, no. 10, pp. 674–692, 
2023. DOI: 10.51594/ijarss.v5i10.1481 

[6] K. Antonova, "State of green projects and green activities in 
construction," Izvestia. Write-off to the University of 
Economics, vol. 66, no. 3, pp. 223–239, 2022. [Online]. 
Available:https://journal.ue-varna.bg/uploads/2022051801
5813_1119235286284fb757b8f4.pdf#page=35 

[7] M. Rodrigues, M. Franco, H. Filipova, R. J. Silva, V. 
Kazandzhieva, R. Nacheva, V. Koleva, L. Lyubenov, C. 
Oliveira, A. P. Borges, J. Braga, P. Ivanova, and K. 
Antonova, "Profile of urban sustainability in Bulgaria," 
Environment, Development and Sustainability, 2024. DOI: 
10.1007/s10668-024-05657-4 

[8] Directive (EU) No. 2024/1275 of the European Parliament 
and of the Council, "On the Energy Performance of 
Buildings (Recast)," 2024. [Online]. Available: 
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ:L
_202401275&pk_keyword=Energy&pk_content=Directive 

[9] European Commission, "European Climate Law," 2025a. 
[Online]. Available: https://climate.ec.europa.eu/eu-action/
european-climate-law_en#:~:text=The%20European%20C
limate%20Law%20writes,2030%2C%20compared%20to
%201990%20levels 

[10] Long-term national strategy to support the renovation of the 
national building stock of residential and non-residential 
buildings by 2050, 2025. [Online]. Available: 
https://seea.government.bg/documents/bg_ltrs_2020_en_v
ersion.pdf 

[11] Republic of Bulgaria Ministry of Energy, Ministry of the 
Environment and Water, "Integrated energy and climate 
plan of the Republic of Bulgaria 2021-2030," 2025. 
[Online]. Available:https://seea.government.bg/documents
/bg_final_necp_main_en.pdf 

[12] Commission Recommendation, "On the Consistency of 
Bulgaria’s Measures with the Union’s Climate-Neutrality 

Objective and with Ensuring Progress on Adaptation," 2023. 
[Online]. Available: https://climate.ec.europa.eu/document
/download/2448a6a0-e7d8-4f07-bf53-f9c96e197dba_en?fi
lename=C_2023_9623_Bulgaria.pdf 

[13] Council of Ministers of the Republic of Bulgaria, "National 
recovery and resilience plan Republic of Bulgaria," 2025. 
[Online]. Available: https://www.mlsp.government.bg/upl
oads/3/baneri/natsionalen-plan-za-vzstanovyavane-i-ustoy
chivost-na-republika-blgariya/bg-finalrrp-2022-04-06-08-3
0-tca.pdf 

[14] European Commission, "Green transition," 2025b. [Online]. 
Available: https://ec.europa.eu/economy_finance/recovery
-and-resilience-scoreboard/green.html 

[15] V. Ashikova, "Topic of the European radio network 
‘Euranet Plus’. Energy efficiency of buildings: Bulgarian 
(Im)possibility and new European standards," 2024. 
[Online]. Available: https://bnr.bg/post/101964886 

[16] C. C. Bungau, T. Bungau, I. F. Prada, and M. F. Prada, 
"Green buildings as a necessity for sustainable environment 
development: dilemmas and challenges," Sustainability, vol. 
14, no. 20, pp. 13121, 2022. DOI: 10.3390/su142013121 

[17] J. de Burca, "Bulgaria top green buildings a short guide," 
2023. [Online]. Available: https://constructive-voices.com/
bulgaria-top-green-buildings/ 

[18] P. Pasichnyk, O. Pryimak, O. Pohosov, Y. Kulinko, and B. 
Koziachyna, "Experimental Study of the Aerodynamic 
Characteristics of a Solar Air Collector with an Absorber 
Made of Carbon Textile," Lecture Notes in Civil 
Engineering, vol. 604, pp. 426-435, 2024. DOI: 
10.1007/978-3-031-67576-8_38 

[19] R. Kudabayev, N. Mizamov, N. Zhangabay, U. Suleimenov, 
A. Kostikov, A. Vorontsova, S. Buganova, A. Umbitaliyev, 
E. Kalshabekovа, and Z. Aldiyarov, "Construction of a 
model for an enclosing structure with a heat-accumulating 
material with phase transition taking into account the 
process of solar energy accumulation," Eastern-European 
Journal of Enterprise Technologies, vol. 6, no. 8-120, pp. 
26-37, 2022. DOI: 10.15587/1729-4061.2022.268618 

[20] A. I. Ismanzhanov, N. A. Murzakulov, and O. A. 
Azimzhanov, "Investigation on heat exchange in interlayer 
space of multilayer greenhouses," Applied Solar Energy 
(English translation of Geliotekhnika), vol. 48, no. 2, pp. 
118-120, 2012. DOI: 10.3103/S0003701X12020107 

[21] J. Jones and A. S. Adewumi, "Exploring the values of 
sustainability and the cost of going Green: a case of 
building research establishment environmental assessment 
method (BREEAM)," Ecological Civilization, vol. 2, no. 1, 
pp. 100018, 2025. DOI: 10.70322/ecolciviliz.2024.10018 

[22] I. Durnova, K. Klein, J. Krenzer, and T. Wetzel, 
"Differences of the green building certification systems 
BREEAM, LEED and DGNB," 2022. [Online]. Available: 
https://www.researchgate.net/profile/Iuliana-Durnova/publ
ication/382919668_ 

[23] Bulgarian Green Building Council, "Projects," 2025. 
[Online]. Available: https://www.bgbc.bg/projects 

[24] Bulgaria – National Program for Energy Efficiency in 
Residential Buildings: Program Design Report for the 
Second Phase: Bulgaria National Residential Energy 
Efficiency Program Phase 2 Design Report (English). 



4364  Development of Green Technologies in Construction and Their Impact on the Sustainability of Urban Infrastructure  

 

Washington, D.C.: World Bank Group. [Online]. Available: 
http://documents.worldbank.org/curated/en/329851534930
802672 

[25] I. Todorović, "Bulgaria has EUR 1.1 billion for energy 
renovation of residential, public buildings," 2022. [Online]. 
Available:https://balkangreenenergynews.com/bulgaria-ha
s-eur-1-1-billion-for-energy-renovation-of-residential-publ
ic-buildings/ 

[26] UN-Habitat, UNECE, "Housing Development in Bulgaria: 
Lessons learned from the OPRG 2014-2020 and 
recommendations for the PDR 2021-2027 and other 
relevant plans," 2021. [Online]. Available: 
https://www.housingeurope.eu/wp-content/uploads/2024/1
1/UNH_Bulgaria%20OPRG-PDR%20Analysis_Final%20
Version.pdf 

[27] In June, a procedure for BGN 200 million was launched to 
rehabilitate blocks in the regions affected by the energy 
transition, 2024. [Online]. Available: https://3e-news.net/e
n/a/view/53155/in-june-a-procedure-for-bgn-200-million-
was-launched-to-rehabilitate-blocks-in-the-regions-affecte
d-by-the-energy-transition 

[28] European Climate, Infrastructure and Environment 
Executive Agency, "Horizon 2020 evaluation published: 
benefits worth five times investment," 2024. [Online]. 
Available: https://cinea.ec.europa.eu/news-events/news/ho
rizon-2020-evaluation-published-benefits-worth-five-times
-investment-2024-01-29_en 

[29] V. Hoxha and V. Lecaj, "Regulatory barriers to 
implementing sustainable buildings in Kosovo," Property 
Management, vol. 42, no. 2, pp. 293–309, 2024. DOI: 
10.1108/PM-01-2022-0008 

[30] N. Zhangabay, A. Tagybayev, A. Utelbayeva, S. Buganova, 
A. Tolganbayev, G. Tulesheva, A. Jumabayev, A. 
Kolesnikov, M. Kambarov, K. Imanaliyev, and P. Kozlov, 
"Analysis of the influence of thermal insulation material on 
the thermal resistance of new facade structures with 
horizontal air channels," Case Studies in Construction 
Materials, vol. 18, p. e02026, 2023. DOI: 
10.1016/j.cscm.2023.e02026 

[31] S. Akbarova, and R. Akbarli, "Engineering estimation of air 
regime of building facade systems with fire cut offs," 
Reliability Theory and Applications, vol. 18, no. 5, pp. 
186-194, 2023. DOI: 10.24412/1932-2321-2023-575-186-
194 

[32] N. Zhangabay, I. Baidilla, A. Tagybayev, and B. Sultan, 
"Analysis of Thermal Resistance of Developed 
Energy-Saving External Enclosing Structures with Air 
Gaps and Horizontal Channels," Buildings, vol. 13, no. 2, 
pp. 356, 2023. DOI: 10.3390/buildings13020356 

[33] G. R. Isgandar, "Methodological aspects of the application 
of innovation technologies in the construction industry of 
Azerbaijan," Economics and Region, vol. 1, no. 88, pp. 7–
10, 2023. DOI: 10.26906/EiR.2023.1(88).2864 

[34] S. Akbarova, "Azeri green Zoom- green building 
certification system in Azerbaijan," Universum, vol. 9, no. 
114, 2023. DOI: 10.32743/UniTech.2023.114.9.15933 

[35] O. Drebot, M. Vysochanska, V. Bilotil, and O. Yaremko, 
"Green construction as the way to ecologization of the 
economy and sustainable development of Ukraine," Acta 
Scientiarum Polonorum. Formation Circumjectus, vol. 23, 

no. 3, pp. 71–93, 2024. DOI: 10.15576/ASP.FC/191986 

[36] O. Syrov, "Administrative legal regulation of the 
agro-industrial complex in the context of the 'green' 
transition," Law. Human. Environment, vol. 15, no. 4, pp. 
84-102, 2024. DOI: 10.31548/law/4.2024.84 

[37] J. Huseynli, Yu. Huseynov, N. Totubaeva, M. Guliyev, and 
G. Azizova, "The role of ESG in the adaptation of the 
agro-industrial sector to climate change," Scientific 
Horizons, vol. 27, no. 5, pp. 131-142, 2024. DOI: 
10.48077/scihor5.2024.131 

[38] Y. Fang, X. Du, H. Zhao, M. Hu, and X. Xu, "Assessment 
of green roofs’ potential to improve the urban thermal 
environment: The case of Beijing," Environmental 
Research, vol. 237, no. 1, pp. 116857, 2023. DOI: 
10.1016/j.envres.2023.116857 

[39] Y. Nasr, H. El Zakhem, A. E. A. Hamami, M. El Bachawati, 
and R. Belarbi, "Comprehensive Assessment of the impact 
of green roofs and walls on building energy performance: A 
scientific review," Energies, vol. 17, no. 20, pp. 5160, 2024. 
DOI: 10.3390/en17205160 

[40] N. Asim, M. Badiei, M. Mohammad, H. Razali, A. Rajabi, 
L. C. Haw, and M. J. Ghazali, "Sustainability of heating, 
ventilation and air-conditioning (HVAC) systems in 
buildings – An overview," International Journal of 
Environmental Research and Public Health, vol. 19, no. 2, 
pp. 1016, 2022. DOI: 10.3390/ijerph19021016 

[41] D. G. Rivas, K.-H. Kim, O.-K. Im, and C. Wu, "A 
photocatalytic building façade for improving urban air 
quality," in ACSA 110th Annual Meeting, Association of 
Collegiate Schools of Architecture, Los Angeles, 2022, pp. 
49–54. DOI: 10.35483/ACSA.AM.110.6 

[42] P. Chaudhari, Y. Xiao, M. M.-C. Cheng, and T. Li, 
"Fundamentals, algorithms, and technologies of occupancy 
detection for smart buildings using IoT sensors," Sensors, 
vol. 24, no. 7, pp. 2123, 2024. DOI: 10.3390/s24072123 

[43] K. Chojnacka, B. Widera, M. Macarulla, A. Drougkas, A. 
Balastegui, E. Van de moortel, C. I. Şık, K. Sadowski, J. 
Fernandes, R. Gomes, and P. Ferrão, "Green urban 
transition: interdisciplinary insights on green façades 
design in hot climates as one of crucial strategies for 
low-carbon development," Clean Technologies and 
Environmental Policy, 2024. DOI: 10.1007/s10098-024-02
957-1 

[44] R. Cervera, M. R. Villalba, and J. Sánchez, "The Artificial 
tree: integrating microalgae into sustainable architecture for 
CO2 capture and urban efficiency – A comprehensive 
analysis," Buildings, vol. 14, no. 12, pp. 4045, 2024. DOI: 
10.3390/buildings14124045 

[45] E. Shahini, and E. Shahini, "Role of urban green spaces and 
tree plantations in improving ecosystem services and urban 
resilience," Ukrainian Journal of Forest and Wood Science, 
vol. 16, no. 2, pp. 136-151, 2025. DOI: 
10.31548/forest/2.2025.136 

[46] O. Borysiak, K. Mucha-Kuś, V. Brych, and G. Kinelski, 
"Toward the Climate-Neutral Management of Innovation 
and Energy Security in Smart World," in Toward the 
Climate-Neutral Management of Innovation and Energy 
Security in Smart World, Berlin, 2022, pp. 1-174. 

[47] A. E. Caglar, I. Demirdag, M. A. Destek, and M. Daştan, 



  Civil Engineering and Architecture 13(6): 4353-4366, 2025 4365 

 

"Achieving ecological sustainability in European countries: 
Does low carbon energy lead to a carbon neutrality 
pathway?" Science of the Total Environment, vol. 958, pp. 
177915, 2025. DOI: 10.1016/j.scitotenv.2024.177915 

[48] Y. Alassaf, "Comprehensive review of the advancements, 
benefits, challenges, and design integration of 
energy-efficient materials for sustainable buildings," 
Buildings, vol. 14, no. 9, pp. 2994, 2024. DOI: 
10.3390/buildings14092994 

[49] A. Marotta, C. Porras-Amores, and A. S. Sánchez, "Are 
green buildings an indicator of sustainable development?" 
Applied Sciences, vol. 13, no. 5, pp. 3005, 2023. DOI: 
10.3390/app13053005 

[50] C. Işık, S. Ongan, and H. Islam, "Global environmental 
sustainability: the role of economic, social, governance 
(ECON-SG) factors, climate policy uncertainty (EPU) and 
carbon emissions," Air Quality Atmosphere and Health, vol. 
18, no. 3, pp. 851-866, 2025. DOI: 
10.1007/s11869-024-01675-3 

[51] C. Işık, S. Ongan, J. Yan, and H. Islam, "Towards carbon 
neutrality & COP29 Baku / Azerbaijan - COP30 Belem / 
Brazil: Exploring the impacts of economic, environmental, 
social, and governance (ECON-ESG) factors on Climate 
Policy Uncertainty (CPU) for sustainable development," 
Heliyon, vol. 11, no. 3, pp. e41944, 2025. DOI: 
10.1016/j.heliyon.2025.e41944 

[52] S. Akbarova, R. Akbarli, and Y. Namazov, "Trends in 
scientific research on technological aspects of green energy 
transition," Reliability Theory and Applications, vol. 19, no. 
6, pp. 1633-1641, 2024. DOI: 10.24412/1932-2321-2024-6
81-1633-1641 

[53] G. O. Palmisano, L. Rocchi, L. Negri, and L. Piscitelli, 
"Evaluating the progress of the EU countries towards 
implementation of the European Green Deal: A multiple 
criteria approach," Land, vol. 14, no. 1, pp. 141, 2025. DOI: 
10.3390/land14010141 

[54] M. Knapik, "Analysis of the possibility to cover energy 
demand from renewable sources on the motive power of the 
heat pump in low-energy building," E3S Web of 
Conferences, vol. 17, pp. 00039, 2017. DOI: 
10.1051/e3sconf/20171700039 

[55] O. Hotra, M. Kulyk, V. Babak, S. Kovtun, O. Zgurovets, J. 
Mroczka, and P. Kisała, "Organisation of the Structure and 
Functioning of Self-Sufficient Distributed Power 
Generation," Energies, vol. 17, no. 1, pp. 27, 2024. DOI: 
10.3390/en17010027 

[56] Y. Y. Bacherikov, O. Okhrimenko, O. Liubchenko, V. 
Ponomarenko, G. Tarasov, A. Sadigov, F. Ahmadov, J. 
Naghiyev, V. Kidalov, S. Lyubchyk, and A. Lyubchyk, 
"Implementation of Cyclical Processes in the Moisture 
Electricity Generation for Continuous Operation," Energy 
Technology, vol. 12, no. 4, pp. 2301245, 2024. DOI: 
10.1002/ente.202301245 

[57] A. Lyubchyk, S. A. Filonovich, T. Mateus, M. J. Mendes, A. 
Vicente, J. P. Leitão, B. P. Falcão, E. Fortunato, H. Águas, 
and R. Martins, "Nanocrystalline thin film silicon solar cells: 
A deeper look into p/i interface formation," Thin Solid 
Films, vol. 591, pp. 25-31, 2015. DOI: 
10.1016/j.tsf.2015.08.016 

[58] V. P. Babak, and M. M. Kulyk, "Increasing the efficiency 

and security of integrated power system operation through 
heat supply electrification in Ukraine," Science and 
Innovation, vol. 19, no. 5, pp. 100-116, 2023. DOI: 
10.15407/scine19.05.100 

[59] J. Kubiczek, B. Hadasik, D. Krawczyńska, K. Przedworska, 
and A. Ryczko, "Going beyond frontiers in household 
energy transition in Poland-a perspective," Frontiers in 
Energy Research, vol. 11, pp. 1239115, 2023. DOI: 
10.3389/fenrg.2023.1239115 

[60] B. Hadasik, J. Kubiczek, A. Ryczko, D. Krawczyńska, and 
K. Przedworska, "From coal to clean energy: Economic and 
environmental determinants of household energy transition 
in Poland," Energy Economics, vol. 148, pp. 108697, 2025. 
DOI:10.1016/j.eneco.2025.108697 

[61] S. Niyazbekova, L. Moldashbayeva, S. Kerimkhulle, B. 
Jazykbayeva, and E. Beloussova, B. Suleimenova, 
"Analysis of the development of renewable energy and state 
policy in improving energy efficiency," E3S Web of 
Conferences, vol. 258, pp. 11011, 2021. DOI: 
10.1051/e3sconf/202125811011 

[62] M. Knapik, "Cooperation of heat pumps with wind turbines 
and photovoltaic panels – energy and economic aspects," 
2017. [Online]. Available: https://www.rynekinstalacyjny.
pl/artykul/pompy-ciepla/32604,wspolpraca-pomp-ciepla-z-
turbinami-wiatrowymi-i-panelami-fotowoltaicznymi-aspek
ty-energetyczne-i-ekonomiczne 

[63] World Economic Forum, "Towards green building value 
chains: China and beyond," 2024. [Online]. Available: 
https://www3.weforum.org/docs/WEF_Towards_Green_B
uilding_Value_Chains_2024.pdf 

[64] A. Bongardt and F. Torres, "The European green deal: 
More than an exit strategy to the pandemic crisis, a building 
block of a sustainable European economic model," JCMS: 
Journal of Common Market Studies, vol. 60, no. 1, pp. 170–
185, 2022. DOI: 10.1111/jcms.13264 

[65] L. Lima, E. Trindade, L. Alencar, M. Alencar, and L. Silva, 
"Sustainability in the construction industry: A systematic 
review of the literature," Journal of Cleaner Production, vol. 
289, pp. 125730, 2021. DOI: 10.1016/j.jclepro.2020.12573
0 

[66] S. Poon, "Deconstructing sustainability perceptions: 
Investigating technological innovation-environmental 
interaction in green buildings and the influence of 
architectural design," International Journal of Built 
Environment and Sustainability, vol. 8, no. 1, pp. 91–101, 
2020. DOI: 10.11113/ijbes.v8.n1.621 

[67] J. Zhang, Y. Ouyang, P. Ballesteros-Pérez, H. Li, S. P. 
Philbin, Z. Li, and M. Skitmore, "Understanding the impact 
of environmental regulations on green technology 
innovation efficiency in the construction industry," 
Sustainable Cities and Society, vol. 65, pp. 102647, 2021. 
DOI: 10.1016/j.scs.2020.102647 

[68] R.-C. Muntean, "Infrastructure development and its 
economic impact. Comparative analysis between Germany, 
Romania and Bulgaria," Romanian Journal of Public 
Affairs, vol. 9, pp. 122–143, 2024. DOI: 
10.69581/RJPA.2024.09.06 

[69] O. Semenenko, R. Ovanesian, U. Dobrovolskyi, V. Cherep, 
V. Tsarynnyk, "Degradation and restoration of forest 
ecosystems in the context of war: Environmental and 



4366  Development of Green Technologies in Construction and Their Impact on the Sustainability of Urban Infrastructure  

 

economic challenges to Ukrainian national security," 
Ukrainian Journal of Forest and Wood Science, vol. 16, no. 
2, pp. 167–191, 2025. DOI: 10.31548/forest/2.2025.167 

[70] N. Yarova, L. Lipych, T. Gutsul, O. Zhurba, V. Novytskyi, 
"Economic benefits of green technologies: Ukrainian 
experience," International Journal of Economics and 
Financial Issues, vol. 15, no. 1, pp. 412–421, 2024. DOI: 
10.32479/ijefi.17624 

[71] R.I. Hasanov, Z. Giyasova, R. Azizova, S. Huseynova, B.E. 
Zemri, "Long-term dynamics between human development 
and environmental sustainability: An empirical analysis of 

CO₂ emissions in Azerbaijan," Challenges in Sustainability, 
vol. 12, pp. 273–280, 2024. DOI: 10.56578/cis120403 

[72] P. Verdiyeva, J. Dadashova, V. Bayramov, R. Aliyeva, 
"Green growth strategies for sustainable economic 
development," EVERGREEN, vol. 12, no. 01, pp. 387–398, 
2025. DOI: 10.5109/7342461 

[73] D. Pieńkowski, "Is nuclear energy really sustainable? A 
critical analysis on the example of the Polish energy 
transition plan," Energy for Sustainable Development, vol. 
78, pp. 101376, 2024. DOI: 10.1016/j.esd.2024.101376 

 


