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In recent decades, smart buildings have gained relevance in scientific research and 

architectural and engineering practices because of their potential to optimise energy 

consumption, improve infrastructural safety, and increase sustainability in urban 

environments. However, despite the exponential growth in scientific publications on this topic, 

studies that comprehensively analyse the trends, challenges, and emerging opportunities in this 

field based on a detailed bibliometric review are lacking. The aim of this study is to analyse 

the scientific evolution and trends in smart buildings through a bibliometric approach, 

identifying the main research areas, the most influential authors and institutions, and the most 

active collaborative networks. To conduct this research, a methodology based on bibliometric 

analysis of highly relevant scientific databases, such as Scopus and WoS, will be used. Data 

analysis was conducted using R-Studio and VOSViewer software. R-Studio allows the 

processing and merging of information, while VOSViewer facilitates network analysis, 

allowing the mapping of collaborations between authors and institutions. PRISMA 

methodology was also applied to select 43 publications focused on innovations, technologies, 

processes, and construction materials in developing countries. The results of this study include 

identifying patterns of scientific collaboration, the areas of the most significant growth in smart 

buildings, and the revelation of potential knowledge gaps that could represent opportunities 

for future research. The main lines of interest include project management, such as BIM, and 

sustainability through ecological materials and energy efficiency. This study contributes to an 

in-depth understanding of the dynamics of the bright building field, providing a roadmap for 

academics and innovators interested in advancing the field. By promoting urban resilience 

practices and the development of sustainable and innovative infrastructure, this research aligns 

with SDG 9 (Industry, Innovation and Infrastructure) and SDG 11 (Sustainable Cities and 

Communities). 
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1. INTRODUCTION

In recent decades, rapid urban growth and the need to 

address challenges arising from climate change have driven 

the development of new solutions in architecture and 

engineering. Among these solutions, smart buildings have 

emerged as an innovative approach to optimise resource use, 

improve quality of life in urban environments, and contribute 

to global sustainability [1]. The world population has reached 

8.16 billion inhabitants worldwide, according to United 

Nations estimates for 2024 [2, 3]; it is expected to reach 9.70 

billion by 2050 [2], intensifying the demand for efficient and 

sustainable infrastructures [4]. These buildings not only 

respond to contemporary demands for energy efficiency [5] 

and infrastructural safety [6]. According to Sabando, green 

innovation in small and medium-sized enterprises transforms 

the construction sector, promoting more sustainable and 

climate change resilient buildings [7]. In addition, this 

transformation offers new opportunities for the development 

of cities that are more resilient and adaptable to the changing 

conditions of the modern world [8] (e.g., Internet of Things 

(IoT) and information and communication technologies 

(ICT)). 

IoT refers to the interconnection of devices and systems 
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through digital networks, enabling real-time data collection 

and analysis improving efficiency and automated decision 

making [9]. IoT is an important application in smart buildings, 

which are defined as infrastructures that integrate advanced 

technologies, such as automation, artificial intelligence, real-

time monitoring systems [10]. In addition, they employ ICT 

models; it comprises intelligent models, digital tools and 

platforms to monitor and control the energy efficiency and 

performance of buildings [11], to optimise building 

performance in terms of energy consumption, comfort, safety 

[12], and sustainability. The key components of these 

buildings include automated energy management systems 

[13], sensors that detect changes in the environment [14], 

communication networks that enable the interconnection of 

devices [15], and advanced building materials that promote 

efficiency and resilience [16]. This approach transforms the 

design and operation of buildings and contributes to creating 

smart cities [17]. The concept of smart cities is related to 

buildings that enable better management of resources and help 

combat urban challenges, such as pollution, mobility [18], and 

resilience to climate change [19]. A relevant case is the 

Humberto Molina Astudillo Hospital in Zaruma, Ecuador, 

where mining activity and soil instability caused its technical 

closure; this case highlights the importance of geotechnical 

studies in developing safe and resilient infrastructures [20]. In 

addition, communities living in these cities benefit from safer, 

more efficient, and equitable environments that promote social 

cohesion and collective well-being [21]. In this way, both 

cities and their inhabitants experience an improved quality of 

life and environmental protection [22]. 

The concept of smart buildings has evolved since its earliest 

development in the 1980s, when it focused primarily on the 

automation of systems within buildings [23]. As technologies 

have advanced and environmental concerns have gained 

prominence, the approach has evolved towards a holistic view, 

including sustainability, energy efficiency [24] and integration 

with a wider urban environment [25]. This evolution has been 

accompanied by exponential growth in scientific research on 

the subject, which has generated a vast number of publications 

covering various areas of study, including energy efficiency 

[24], automation and control [26], environmental 

sustainability [27], user comfort and well-being [28], safety 

and risk management [29] and operational economy and 

efficiency [30]. Figure 1 shows the evolution of smart 

buildings over time. 

 

 
 

Figure 1. Chronological diagram showing the evolution of smart buildings over time 
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In the context of the growing interest in smart buildings, a 

bibliometric analysis is essential to map this field's evolution 

and highlight the main trends, actors and collaboration 

networks. Therefore, the bibliometric review is a valuable tool 

for analyzing the volume and impact of scientific research, 

identifying knowledge gaps, and proposing new directions for 

the future [31]. This analysis allows us to perform systematic 

reviews defined in more active and emerging research areas 

and understand how researchers, institutions and countries 

collaborate to advance in this field. 

A modern approach to smart buildings is to conduct a 

systematic review that includes a bibliometric analysis. This 

bibliometric analysis of clever constructs introduces a 

differentiated approach by integrating systematic 

methodologies for adoption in developing countries. This 

study incorporates an evolutionary process of smart buildings 

and a comparative evaluation of scientific collaboration 

patterns and the influence of regulations. In addition, this study 

establishes connections between technological adoption 

theory and urban sustainability [32], which provides an 

interdisciplinary perspective that has not been widely explored 

in previous reviews. 

Given the research question, how have smart buildings 

evolved, what has happened in this respect in developing 

countries, and what technological and social adaptations have 

been necessary to overcome the economic, infrastructure, and 

cultural barriers to their implementation? A bibliometric 

analysis of scientific publications on this topic is proposed to 

identify the scientific and technological cooperation in this 

field. This approach will provide a comprehensive analysis of 

the evolution of smart buildings, facilitate strategic decision-

making regarding research and development investments, and 

direct future research towards areas with the most significant 

potential for impact. Furthermore, by examining collaborative 

networks and publication patterns, this study aims to reveal 

opportunities to strengthen scientific and technological 

cooperation and promote faster and more coordinated progress 

in this field for the sustainable development of cities in 

emerging contexts. It also emphasized the lack of bibliometric 

reviews analyzing the intersection between smart buildings 

and sustainability in developing countries. 
 

 

2. MATERIALS AND METHODS 

 

This research has focused on a secondary study using 

VOSViewer software to analyze scientific publications in 

Scopus and WoS on the evolution of smart buildings and on 

this process through a systematic review in developing 

countries using scientific metrics [33] to examine the 

evolution of smart buildings. Scopus and WoS have been 

prioritized because of their excellent coverage of scientific 

literature in engineering and technology, allowing broad 

development in this field [34]. The methodological process of 

this study is divided into three phases: I) Preparation of ideas 

and geoscientific data from SCOPUS and WoS data, II) 

Merging of databases and application of scientific metrics, III) 

Analyzing and reviewing the literature. Figure 2 shows the 

methodological diagram applied in this study. 

 

2.1 Sample selection based on Scopus and WoS data 

 

The first step in this research on evolutionary processes in 

smart construction is the selection of a sample of relevant data 

obtained from reliable sources of scientific publications. For 

this purpose, two central academic databases were considered: 

Scopus and the Web of Science (WoS). Although both offer 

advanced tools and coverage of peer-reviewed literature, 

Scopus, owned by Elsevier, is the primary source for this study 

because of its multidisciplinary nature and more than 91 

million records. Scopus facilitates bibliometric analysis and 

systematic reviews with advanced analytical tools, allowing a 

focus on the evolution of smart construction techniques and 

methodologies [35]. On the other hand, WoS, managed by 

Clarivate Analytics, is also an outstanding database for its 

selection of publications and emphasis on the quality of 

citations [36]. However, in this case, Scopus was prioritised 

for its greater breadth and applicability in this field of study. 

Both databases provide platforms for analysing technological 

innovations, particularly in engineering and applied 

technology [35]. 

The second step is the selection of variables or search 

engines, which avoid extensive, literature-centred results in 

the area of knowledge and limit the number of results. In this 

research, we considered the documents that were searched in 

titles, abstracts, and keywords, using the following search 

criteria: smart buildings and developing countries and their 

synonyms. 
 

2.2 Merging of databases and application of scientific 

metrics  
 

Database merging begins by converting the data obtained 

from the Scopus and WoS databases into .txt files, which are 

processed in R Studio to merge the databases. During this 

process, different search strategies were employed using 

keywords associated with the topics of interest, such as 

construction technology, smart building, and developing 

countries. For construction technology, terms such as 

‘building tech*’, ‘construction tech*’, and ‘building 

information modelling’ were used, resulting in 39,965 Scopus 

entries and 22,734 WoS entries. In the case of smart building, 

terms included ‘smart construction*’, ‘smart build*’ and 

‘smart construction*’, resulting in 31,947 Scopus entries and 

6,749 WoS entries. For developing countries, terms such as 

‘developing country*’ and ‘development path*’ were used, 

resulting in 347,598 Scopus and 195,830 WoS entries (see 

Table 1). 
 

Table 1. Search strategies 
 

Topic Keywords Scopus WoS 

(i) Construction tech 
"building tech*" OR "construction tech*" OR "building automation*" OR "building 

information modeling*" OR "building information modelling" 
39,965 22,734 

(ii) Smart building 
"smart construction*" OR "smart build*" OR "intelligent construction*" OR "intelligent 

build*" 
31,947 6,749 

(iii) Developing countries "developing country*" OR "development path*" 347,598 195,830 

Strategy I i and iii 522 354 

Strategy II ii and iii 267 34 

Strategy main Strategy I or Strategy II 743 378 

1371



 

 
 

Figure 2. Scheme of the method used 

 

Subsequently, two search strategies were applied. Strategy 

I combined the themes of construction technology and 

developing countries, generating 522 records in Scopus and 

354 in WoS. Strategy II mixes the themes of smart buildings 

and developing countries with 267 records in Scopus and 34 

in WoS. Finally, a global archive is generated that combines 

the data obtained from both strategies (Strategies I and II), 

resulting in 743 records in Scopus and 378 in WoS. The global 

file with 1,121 initial documents was reduced to 838 records 

and exported in .xlsx format on September 9, 2024. A purge 

was performed by removing non-authored and duplicate 

records, leaving 821 records. The global database was 

analysed with Bibliometrix, highlighting a study period 

between 1975 and 2024, collecting 821 documents from 464 

sources (journals, conferences, and books). These documents 

are related to the themes of smart buildings, technological 

buildings, automated buildings, and developing countries, and 

they seek to cover all relevant areas within the fields of titles, 

abstracts, and keywords. 

 

2.3 Analysis and review of the literature 

 

To underpin the analysis theoretically, it incorporates 

Rogers' diffusion of innovation theory, which explains how 

new technologies and practices are adopted in different 

societies. It also focuses on sustainability, examining how 

urban systems integrate technological innovations in the 

context of sustainable development. These theoretical 

frameworks allow for better interpretation and applicability to 

different regions [37]. In this phase, the systematic review was 

carried out using the "Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA)" 

methodology, and a selection analysis of scientific 

publications was performed by applying the following criteria: 

(i) Identification through a search in Scopus and WoS 

databases, obtaining 1,121 initial records; (ii) Selection, where 

duplicate and authorless records were eliminated, reducing the 

base to 821 articles; (iii) Eligibility, filtering high-impact (Q1) 

documents, resulting in 297 articles; and (iv) Inclusion, 

limiting the search to documents related to developing 

countries, resulting in 43 final papers [38]. 

The research also shows a considerable number of 

keywords used by the authors, totalling 2,189, reflecting the 

diversity of topics addressed within the field. The average 

number of citations per paper is 13.72, while the average age 

of the documents is 7.61 years, suggesting that both recent 

studies and more established research are being cited. 

Figure 2 shows the methodology applied for the systematic 

review and selection of documents for complete analysis. The 

selection criteria were titles, abstracts, and keywords related to 

developing countries; the types of papers analysed were open 

access. Finally, a review of the implications of smart buildings 

in developing countries, where the most used technologies, 

methods, intelligent systems, hardware, and implementation 

of Arduino systems are compiled. 

 

 

3. RESULTS 

 

3.1 Scientific production review by period 

 

The annual growth in the publication of these papers was 

9.06%, reflecting a sustained interest and development in 

smart building research. International collaboration is also 

significant, with 18.64% of publications including 

international co-authorships, demonstrating the global 

relevance of these topics in various contexts.  

A total of 2,199 researchers participated in these 

publications, of which 113 were solo authors. The average 

number of co-authors per paper is 3.27, indicating a high 

degree of scientific collaboration favouring the integration of 

different perspectives and disciplines, which is key to 

innovative building solutions.  

Figure 3 shows the evolution of scientific production in 

three periods: Period I (1975-2007), Period II (2007-2014) and 

Period III (2014-2024). During Period I, the number of annual 

papers was relatively low, not exceeding ten documents per 

year in most cases. 

In Period II, an increase in production was observed, 

reaching between 10 and 30 documents per year, reflecting 

growing interest in the subject. Finally, scientific production 

showed a notable increase in Period III, reaching 112 papers 

annually. The growth trend of the output fitted an exponential 

function, y=0.6733e(0.0887x), with a coefficient of determination 

R2=0.8561, indicating an accelerated increase in publications, 

particularly in the last few years of the analysis. This trend 

reflects the increasing attention of the scientific community to 

this topic in recent years. In addition, for Period 1, there were 

93 documents and 731 citations; for Period 2, 72 documents 

and 1,056 citations; and for Period 3, 646 documents and 9,480 

citations. 

Figure 4 shows an analysis of the top ten journals that have 
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influenced the development of the field of study on smart 

building interactions. The most prominent journal is Lecture 

Notes in Computer Science (Including Subseries), with 41 

publications, followed by Sustainability with 27 papers and 

Buildings with 23. These sources represent key publications in 

the field, evidencing growing interest in sustainability, 

building technology, and environmental management in the 

built environment. 

Table 2 presents a longitudinal analysis of scientific 

productivity in three phases (1958-2024), showing steady 

growth in publications and citations. In Phase I (1958-2007), 

there were 93 publications at a rate of 1.90 per year and 731 

total citations. In Phase II (2007-2014), although publications 

decreased to 72, the annual average increased to 10.29 and 

total citations to 1,056. In Phase III (2014-2024), a remarkable 

increase was observed with 656 publications (65.6 per year) 

and 9,480 citations. Citations per publication also increased in 

each phase, with 7.86 in Phase I, 14.66 in Phase II, and 14.45 

in Phase III. In addition, the percentage of distinct citations 

increased from 21.33% in Phase I to 65.40% in Phase III, 

indicating growing interest and increased influence of research 

in this field over time. These data support a correlation 

between scientific output and smart buildings, with Phases II 

and III peaks. 

Period I: Initial process [1975-2007]: the first steps in 

building automation were observed, focusing on integrating 

centralised control systems for energy and climate 

management. This period marked the beginning of the ‘smart 

building’ concept, where essential technologies, such as 

sensors for environmental monitoring and energy management 

systems, began to be implemented. The first international 

standards promoted the interoperability between different 

building systems at the regulatory level, laying the foundation 

for the development of more efficient and sustainable 

buildings [39]. 

 

 
 

Figure 3. Scientific production of articles on smart constructions (linear and exponential trend adjustments exponential trend 

adjustments of the number of publications) 

 

 
 

Figure 4. Top 10 journals according to distribution of publications 
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Table 2. Main characteristics of the phases 

 

Phase Period TP TP/YEAR TC TC/TP DC % DC 

I 1958-2007 93 1.90 731 7.86 45 21.33% 

II 2007-2014 72 10.29 1056 14.66 28 13.27% 

III 2014-2024 656 65.60 9480 14.45 138 65.40% 

Note: TP: Number of publications; TC: Number of citations; DC: Number of documents without citations. 

 

Period II: Development [2007-2014]: the evolution of 

digital technologies and the IoT [40] transformed the smart 

building landscape. During this time, Building Information 

Modelling (BIM) became popular, enabling better planning 

and management of the building lifecycle [41]. Regulations 

began to focus on sustainability, driving the adoption of green 

technologies such as solar panels and water harvesting systems. 

This period also saw an increase in the implementation of 

communication networks connecting various systems within 

the building, improving operational efficiency and user 

experience [42]. 

Period III: Maturity [2014-2024]: the integration of 

advanced technologies such as artificial intelligence (AI) and 

machine learning in building management has intensified [43]. 

These innovations enable control over energy resources and 

facilitate predictive maintenance. Regulations have evolved to 

include stricter sustainability and energy efficiency standards, 

reflecting a global commitment to more environmentally 

responsible construction [44]. In addition, emerging 

technologies are expected to continue revolutionizing the 

sector, making buildings even smarter and more adaptive to 

users' changing needs. 

Table 3 presents a ranking of the countries with the most 

collaborative publications related to the study of smart 

buildings, especially in developing countries. China leads in 

output and impact with 101 papers and 2,825 citations, 

focusing on urban sustainability, energy efficiency and 

advanced technologies such as the IoT [10], and the 

integration of renewable energy in buildings. India and 

Malaysia, with 48 and 40 papers, respectively, address issues 

such as adapting sustainable technologies to local contexts, 

improving urban infrastructure, water resource management 

and urban planning in the face of climate change [45]. The 

United States and the United Kingdom stand out for research 

on smart buildings, energy efficiency, artificial intelligence for 

building management, and regulations promoting green 

buildings, with more than 500 citations each. In the case of 

African countries such as South Africa, Tunisia and Egypt, 

research focuses on sustainability in urban environments, 

resilient infrastructure, efficient water management and 

adaptation to extreme climates [46, 47]. Finally, Australia 

contributes from the perspective of climate adaptation, 

innovative city development, and energy efficiency in building. 

This overview reflects the geographical distribution of 

academic collaboration, with a substantial contribution from 

Asian countries and other regions, especially in Africa [48]. 

Figure 5 shows the countries of the corresponding authors 

in a review on smart buildings in developing countries, 

highlighting the number of papers and the type of 

collaboration: ‘SCP’ (single-country publications) in blue and 

‘MCP’ (multi-country collaboration) in red. China leads in 

mainly SCP publications, followed by India with fewer MCPs. 

Other prominent countries are Malaysia, the United States, the 

United Kingdom, Australia, South Africa, Tunisia, Egypt and 

Nigeria, where SCPs generally outnumber MCPs, although 

some, such as Malaysia and Egypt, show more balance in 

international collaborations. This suggests a leadership role for 

China and other emerging countries in smart building research, 

emphasising national collaborations and local development of 

these technologies. 

 

Table 3. Ranking of countries by collaboration 

 
Rank Country Documents Citations 

1 China 101 2825 

2 India 48 565 

3 Malaysia 40 483 

4 USA 32 713 

5 United Kingdom 29 591 

6 Australia 24 404 

7 South Africa 23 468 

8 Tunisia 23 241 

9 Egypt 20 267 

 

Figure 6 is a ‘TreeMap’ showing key themes and their 

frequency of occurrence in smart building studies in 

developing countries. Blocks of different sizes and colours 

represent the themes; the size indicates the number of times 

each theme is mentioned, while the percentage represents its 

relative share.  

The most prominent themes are ‘developing countries’ with 

317 mentions (15%) within the developing countries in this 

study are India, South Africa, Egypt, Malaysia, and South 

America; ‘smart construction buildings’ with 207 mentions 

(10, followed by concepts such as; ‘sustainable development’ 

(5%) focusing on the use of renewable energy technologies, 

energy management systems (BMS) and sustainable and 

recycled building materials; ‘automation’ (4%) including 

buildings such as Residential buildings: equipped with 

automated systems for climate control, lighting and security. 

Commercial Buildings Integrate technology to optimise 

space use and operational efficiency and Public Infrastructure, 

such as smart bridges and roads that use sensors for monitoring 

and maintenance; the construction industry (4%) focuses on 

BIM, IoT technologies, and the use of information and 

communication technologies (ICT) [40]. Automated systems; 

energy efficiency (3%), where the focus is on: Efficient 

HVAC systems [13]. Sensor-controlled LED lighting [14] and 

energy monitoring to optimise consumption [15]; and 

architectural design (3%) where they focus their designs on: 

sustainability architecture using eco-friendly materials [16], 

adaptive architectures and involves flexible spaces that can be 

modified according to need and integrated technological 

architecture which involves spaces designed to incorporate 

emerging technologies such as 3D printing, augmented reality 

(AR) and virtual reality (VR), smart materials, IoT technology, 

prefabricated building systems, integrated renewable energies 

(solar panels and geothermal systems). 
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Figure 5. Top 10 countries of the corresponding author 

 

 
 

Figure 6. Distribution of author keywords 

 

Other relevant topics include “energy utilization,” “housing,” 

“performance,” and “BIM” (Building Information Modeling), 

each with about 2%. This map reveals a broad approach 

ranging from geographical and technological context to 

specific areas of energy efficiency, sustainability, architectural 

design and automation, highlighting the complexity and 

interdisciplinarity in studying smart buildings in developing 

country environments. 

3.2 Scientific metrics 

  

In bibliometric research, co-occurrence analysis is a 

technique that allows us to know the keywords that are part of 

the database related to the topic of study. This analysis 

included i) using VOSViewer software to represent the 

network and obtain 3,530 author keywords. ii) The researchers 

post-processed the keywords to unify similar terms. And iii). 
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The study used a threshold of words that appeared at least ten 

times. 

In this co-occurrence analysis, there are 60 keywords; the 

most important word classes are developed countries (84 

occurrences), smart buildings (206 occurrences), construction 

(140 occurrences), energy (130 occurrences) and sustainable 

development (113 occurrences). Figure 7 shows nodes of 

different sizes (representing the frequency of the term), and the 

proximity of these nodes indicates their correlation. In addition, 

they are differentiated by color, according to the central theme 

of the research. The minimum word size for this analysis is 5, 

which gives 3 clusters. 

Cluster 1 (Construction project management and 

planning): It focuses on concepts such as project management, 

design, integration, innovation, modeling, knowledge, and 

construction. These terms are grouped around key processes 

for the planning and execution of construction projects, with 

an emphasis on the use of modern tools such as BIM (Building 

Information Modeling) and related technologies. This cluster 

reflects how integrated methodologies improve efficiency, 

quality and sustainability in construction [46, 47]. 

Cluster 2 (Sustainable construction and reduction of 

environmental impact): It encompasses terms related to 

sustainability, such as green buildings, environmental impact, 

sustainable materials, life cycle, environmental technologies, 

as well as terms related to costs and decision making. It 

focuses mainly on the reduction of environmental impact in 

the building sector through the use of sustainable materials and 

technologies, considering the entire life cycle of a building, 

from its design to its operation [44]. 

 

 
 

Figure 7. Keywords network 

 

Cluster 3 (Implementation of new technologies in the 

construction industry): This cluster includes terms such as 

the IoT, smart buildings, smart homes, renewable energy, 

automation, and wellness-related concepts such as health and 

healthcare. It focuses on integrating advanced technologies 

and automation to improve building functionality and 

sustainability [26]. 

 

3.3 Synthesis of the literature review 

 

In the systematic review performed using the PRISMA 

method, 43 documents focusing on research related to 

developing countries were selected and analyzed. Of the 43 

papers analysed, 28 were from Asia, 11 from Africa, and four 

from America. These studies cover countries such as Egypt, 

Nigeria, Ghana, India, and Kenya and deal with issues such as 

sustainability and innovation in the construction sector. These 

studies highlight advanced technologies, such as BIM, which 

has transformed project planning and execution through 

improved spatial coordination and reduced errors and delays. 

For example, in Ghana, future standards have been 

implemented to optimise the use of renewable energy and 

improve energy efficiency while lowering operating costs [46, 

47].  

The focus on sustainable materials is a key pillar in these 

projects. Countries such as Egypt and Kenya are leading 

initiatives using local recycled materials, compressed earth 

blocks, and certified timber [40] to reduce the carbon footprint 

of buildings. These initiatives are complemented by energy-

efficient lighting, efficient air-conditioning systems, and 

passive techniques that maximise natural ventilation and 

thermal insulation. In addition, social housing projects in these 

regions have integrated sustainable solutions, including 

efficient water management and responsible urban design, 

improving the quality of life of communities, and fostering 

social inclusion and economic development [49].  

The analysis also identified the countries with the highest 

scientific production on each continent. Nigeria and Ghana 

stand out in sustainability and optimisation strategy research 

in Africa [50]. In the Americas, Ecuador, Colombia, and Peru 

are leaders in sustainable standards and technologies, with 

Ecuador being the most representative [51]. Studies on energy 

efficiency and resource management have been conducted in 

Europe, Poland, and Serbia, while in Asia, Pakistan and 

Bangladesh stand out for their innovative approaches, such as 

using stabilised earth blocks [52]. 

The patterns identified in adopting smart buildings in 

developing countries show progression aligned with 

innovation diffusion theory. The high concentration of 

publications in countries such as China and India suggest an 

“early adopter” effect driven by government policies and 

economic incentives [53]. Likewise, limited international 

cooperation in African and Latin American regions highlights 

structural barriers that slow the adoption of these technologies 

[54]. 

Advances in smart buildings in developing countries reflect 

a holistic approach to sustainability, modernisation, and 

efficiency. Technologies such as BIM and methodologies such 

as AHP-TOPSIS for evaluating alternative energy 

technologies have proven to be key tools for optimising 

resources and improving operational efficiency of buildings. 

These initiatives underline the importance of adapting 

sustainable solutions to local contexts and laying the 

foundation for a more equitable and resilient future in the 

building sector. 

Table 4 of international standards for the management and 

sustainability of smart buildings includes widely recognized 

standards such as Leadership in Energy and Environmental 

Design (LEED) in North America, Building Research 

Establishment Environmental Assessment Method (BREEAM) 

in Europe, and Green Star in Oceania. In Asia, Comprehensive 

Assessment System for Built Environment Efficiency 

(CASBEE) in Japan and ISO 14001 for environmental 

management stand out. In South America, the Excellence in 

Design for Greater Efficiencies (EDGE) standard has gained 

popularity for its practicality and affordability in sustainability 

[44], especially adapted for developing countries. For example, 

in Colombia and Mexico, EDGE has been key in sustainable 

social housing projects, such as the Bosques de Aragon 

multifamily complex in Mexico City, which integrates the 

design of green spaces in a residential area [55]. In Africa, the 

Green Building Council of South Africa is promoting 
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sustainable practices in buildings such as the PwC Tower in 

Johannesburg [56]. 

These standards establish guidelines to reduce water and 

energy consumption and promote the use of recycled materials 

and efficient waste management. For example, LEED-

certified buildings have reported a decrease of up to 30% in 

energy consumption [57] and 40% in water use compared to 

conventional buildings [58]. In quantitative terms, projects 

such as the Empire State Building in New York, which 

obtained a LEED Gold certification, reduced operating costs 

by $4.4 million per year thanks to improvements in energy 

efficiency [59]. 

To implement these regulations, professionals must have 

specific certifications, such as LEED AP (Accredited 

Professional) or national agency certifications. These ensure 

that experts understand and can properly implement the 

standards, ensuring compliance with sustainability and 

efficiency goals [60]. 

 

Table 4. International standards for smart building management and sustainability 

 
Region Country Normative Description of Standard 

America 

USA 
i) LEED ii) ASHRAE iii) 

WELL Building Standard 

i) Promoting sustainable and energy efficient buildings through 

certification [61] 

ii) Air conditioning and ventilation in smart buildings [62] 

iii) Improving health and wellness in buildings through indoor 

environmental quality standards [63] 

Canada BOMA 
Regulating the efficient use of space and maintenance in 

commercial buildings [64] 

International (ISO) 

ISO 50001; ISO 45001 

Promoting energy efficiency and reducing operating costs in 

smart buildings [65] / Improve worker safety and health in 

automated and connected environments [66] 

ISO/IEC 27001: Information 

Security 

Protecting information and interconnected systems in smart 

buildings from cyber threats [67] 

Europe 

United Kingdom BREEAM 
Assess and reduce the environmental impact of buildings 

through sustainable methodologies [68] 

Germany and France 
DIN V 18599 and NF EN 

15232-1 

Improving the energy efficiency of buildings through control 

and automation [69] 

International (ISO & 

IEC) 
ISO 16484/ IEC 62443 

Standardize the architecture of automation and communications 

systems in smart buildings [70] / Ensuring cybersecurity in 

smart building automation and control systems [71] 

Asia 

Japan CASBEE 
Evaluate the sustainability of buildings through resource 

management and environmental efficiency [72] 

International (ISO) ISO 37101 
Encourage the development of sustainable buildings and 

communities with smart technologies [73] 

International (ISO) 
ISO 14001: Environmental 

Management Systems 

Provide guidelines for environmental management and 

reduction of the ecological impact of buildings [74] 

Oceania 

Australia Green Star 
Certifying the sustainability and efficiency of buildings in terms 

of resources, energy and well-being [75] 

New Zealand NABERSNZ 
Evaluating the energy performance of buildings to reduce 

environmental impact [76] 

Africa 

South Africa 
Green Building Council of 

South Africa 

Promoting sustainability and energy efficiency in smart 

buildings in South Africa [77] 

International (ISO) 
ISO 14090: Climate Change 

Adaptation 

Establish resilience measures in buildings to reduce the impact 

of climate change [78] 

Worldwide 

International (ISO) 
ISO 50001: Energy 

Management 

Promote energy efficiency through the management and 

automation of energy resources [65] 

International (ISO) ISO 9001 
Ensuring quality assurance and optimization of operations in 

automated buildings [79] 

International (ISO) 
ISO 45001: Occupational 

Health and Safety 

Ensure safe working environments, including in buildings with 

automated systems [66] 

International Edge Certification 
Sustainable construction by reducing resources in construction 

[44] 

 

Figure 8 presents a thematic analysis in a two-dimensional 

plane, where the vertical axis represents the degree of 

development (density) and the horizontal axis represents the 

degree of relevance (centrality) of the themes in innovative 

and sustainable construction. Four quadrants of thematic 

groupings were identified: driving, core, emerging or 

declining, and niche. The driving theme quadrants are 

developing countries, smart buildings, and sustainable 

development, indicating importance and consolidation in the 

literature and reflecting the growing interest in implementing 

advanced technologies to improve energy efficiency and 

sustainability in the building sector. In the quadrant of basic 

topics that constitute the structural basis of the field, 

construction, sustainable construction, and costs appear, 

demonstrating the importance of efficient management of 

resources and expenses in sustainable infrastructure projects. 

Emerging or declining topics include energy management and 

BIM, which, although less central, show potential for 

evolution driven by environmental regulations and digitization 

of the construction process. Finally, the niche topic quadrant 

includes construction technologies, building codes, 

concentration processes, and specialized issues, with less 

impact on the general knowledge structure. These topics are 

essential for formulating regulations and methodologies to 

improve the safety and quality of smart buildings [80]. 
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Figure 8. Evolution and positioning of topics in intelligent construction 

 

 

4. DISCUSSION OF RESULTS 

 

A systematic review and bibliometric analysis of smart 

building studies showed regional differences in technology 

adoption, methodologies, and barriers. Implementing 

technologies such as BIM, Geographic Information Systems 

(GIS), and innovative materials have transformed smart 

infrastructure planning and development, although their 

application presents specific challenges depending on the 

regional context [81]. 

Studies in America reveal that countries such as Mexico and 

Brazil have adopted technologies such as BIM, which analyzes 

all phases of a project's life cycle (from idea to project closure 

or operation), and GIS, to improve urban planning and 

management [32]. The integration of these tools has made it 

possible to optimise resources and reduce costs in large 

infrastructure projects [81]. However, the lack of 

technological infrastructure and training limits their 

implementation in rural and less economically developed areas. 

This finding suggests the need for public policies to promote 

the expansion of these technologies to less developed regions. 

The European region stands out for technological 

innovation, focusing on energy efficiency, and using hybrid 

and sustainable materials [82]. Countries such as Germany and 

France have implemented advanced digital simulations and 

real-time monitoring systems that guarantee the sustainability 

of buildings throughout their life cycle. Integrating BIM into 

infrastructure projects has facilitated the creation of structures 

that comply with strict environmental standards, making them 

replicable models for other regions [83]. 

In Africa, research has shown an adaptive approach based 

on local materials such as stabilised soil, bamboo, and recycled 

materials [50]. Countries such as Ghana and South Africa have 

developed pilot projects integrating these solutions with 

accessible technologies such as CAD and low-cost structural 

sensors. Although these developments are promising, 

challenges remain related to the lack of digital infrastructure 

and technical training, which limits the widespread adoption 

of smart buildings [84]. 

The Asian region presents a combination of advanced 

technologies and local solutions, particularly in China, India, 

and Malaysia [45]. The use of BIM (such as in China, where 

the applicability of BIM improves construction efficiency and 

generates economic benefits; in Malaysia, its advantages 

include design optimization, cost estimation and project 

tracking) [85] and GIS (as in China, GIS provides geospatial 

data and spatial analysis functions that, when combined with 

BIM, support the design of smart cities) for large urban 

projects has facilitated efficient planning and resource 

optimization. For example, in China, adopting digital tools has 

made it possible to address rapid urban growth [86], and in 

India, combining digital technologies with traditional 

practices has been explored, favouring solutions adapted to 

rural and urban contexts. 

In Oceania, countries such as Australia and New Zealand 

stand out for their focus on energy efficiency and climate 

resilience. BIM implementation and energy monitoring 

systems has enabled the construction of sustainable buildings 

using recycled materials, such as recycled concrete aggregates 

(obtained from construction waste, improving water 

absorption density, and increasing workability) [87], 

considering circular economy strategies that minimise the 

ecological footprint of projects [88] and renewable 

technologies, such as solar panels. These advances are key to 
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addressing environmental challenges and represent a model 

for developing regions seeking to integrate sustainable 

practices [48]. 

Bibliometric analysis indicates that the evolution of smart 

buildings does not follow a linear adoption pattern but varies 

according to social, economic, regulatory, and technological 

factors [21]. Although digitization and automation have been 

driven by regulations in advanced economies, implementing 

these technologies in developed countries depends on 

financing availability and local material adaptation [39]. 

The systematic review represented 5.24% of the papers in 

this research and allowed us to identify a global pattern: 

developed countries, such as Germany, China, and Australia, 

lead in technological innovation [45] and in the development 

of advanced materials [83], while developing countries place 

a greater emphasis on adaptive solutions based on local 

resources and low-cost technologies [86]. This finding 

underscores the importance of adapting technological 

solutions to each region's economic and social needs to 

promote equity in access to smart buildings. 

Another key aspect is the low level of international 

collaboration in Africa and Latin America. While countries 

such as China and India have demonstrated a high level of 

scientific cooperation, regions with fewer technological 

resources have lower exchange networks, which slows the 

adoption of innovations [86]. Promoting international 

partnerships and technology transfer programs is essential to 

close this gap and ensure access to smart buildings in less-

developed contexts. 

Table 5 shows the contributions to sustainable construction 

as they vary according to each country's economic and 

technological context. While China and the United States lead 

innovation and automation, developing nations like India and 

Egypt prioritize adapting materials and energy efficiency 

strategies. 

 

Table 5. Main contributions to sustainable construction by country 

 
Country Significant Contributions in Sustainable Construction 

China 
Integration of the IoT in buildings, development of energy efficiency technologies, sustainable urbanization, and 

integration of renewable energy in buildings [36] 

India 
Implement sustainable technologies adapted to local contexts, water resource management strategies and urban planning to 

mitigate climate change [36, 74] 

Malaysia 
Use Building Information Modeling (BIM) to optimize designs, costs, environmental monitoring systems, and building 

energy efficiency [48] 

USA 
Certifications such as LEED, development of smart materials, building management automation and green building 

regulations [48] 

United 

Kingdom 

Use of the BREEAM system to assess the sustainability of buildings, research in bioclimatic architecture and energy 

efficiency [57] 

Australia 
Implementing climate resilience strategies, developing recycled materials and circular economy practices in construction 

[39, 64] 

South Africa 
Application of energy efficiency systems in urban environments, sustainable construction regulations and adaptation to 

extreme climates [45] 

Tunisia Development of resilient infrastructures, implementation of energy saving strategies in public and private buildings [42] 

Egypt 
Local recycled materials are used in construction, and passive technologies are integrated to maximize energy efficiency 

and reduce carbon footprint [43] 

Mexico Application of EDGE certification in sustainable housing projects, incorporating green design in urban areas [44] 

Colombia 
Sustainable building regulations, integration of energy management systems and green building in urban developments 

[42] 

Peru 
Research and application of sustainable technologies in buildings, energy efficiency programs and reduction of 

environmental impact in construction [42] 

 

 

5. CONCLUSIONS 

 

This study analyzes 821 papers on smart buildings through 

bibliometric methods and 43 papers through a systematic 

review in developing countries, representing 5.24% of the total 

sample. The results show that in developing countries in 

Africa, the main focus of smart buildings is on adaptive 

solutions based on local resources and low-cost technologies. 

Strategies such as using sustainable materials (e.g., compacted 

earth blocks and structural bamboo) and integrating affordable 

renewable energies (e.g., decentralised solar systems) have 

been implemented. These solutions seek to reduce costs, 

improve structural resilience, and respond to climate change 

challenges. 

In contrast, in developed countries, such as Germany, China, 

and Australia, the development of smart buildings is driven by 

technological innovation in advanced materials and automated 

building management systems. In addition, international 

collaboration in these nations has favoured access to and rapid 

adoption of new technologies. At the same time, Africa faces 

a significant lag due to the lack of scientific cooperation 

networks and technology transfer programs. 

Strengthening international partnerships and encouraging 

technology transfer are essential to closing this gap and 

ensuring that African countries can benefit from smart 

building innovations. These initiatives can optimise the use of 

energy and resources and contribute to the fight against 

climate change, aligning with SDGs 9 and 11. In addition, 

strategies are identified to strengthen urban resilience through 

emerging technologies such as IoT and BIM and their 

sustainable approaches, such as energy efficiency and 

harnessing natural factors, which provide empirical evidence 

for the design of publics politics. 

This study underscores the importance of international 

collaboration in sharing knowledge and closing technological 

gaps. However, regions such as Africa and Latin America face 

significant challenges owing to limited scientific and 

technological cooperation, which has slowed progress. 

Fostering partnerships and technology exchange programs is 

key to bringing these advances to more places. 
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The integration of advanced technology and sustainable 

practices in construction is transforming cities (such as the 

Bosque de Aragón multifamily complex in Mexico, which 

combines green designs with affordable housing; in Africa, the 

use of recycled materials such as compressed earth and 

bamboo; and in South Africa, the Pwc Tower in Johannesburg 

demonstrates how to integrate sustainability into corporate 

buildings). These innovations enable better resource 

management, reduced energy costs, and lower environmental 

impacts, creating more future-proof and future-friendly 

environments for their inhabitants. 

Although this study provides a broad overview of smart 

buildings, it identifies knowledge gaps, particularly in less-

researched regions. This opens up great opportunities for new 

research oriented towards more inclusive solutions adapted to 

local contexts. These, in turn, could focus on optimising 

technologies, such as BIM and IoT, designing public policies 

that promote sustainability and resilience, and strengthening 

scientific collaboration networks. They can also boost 

technology transfer to developing countries and promote smart 

buildings aligned with the SDGs. 
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