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ABSTRACT 

Purpose – Traditional mosques face inefficiencies in energy use, outdated infrastructure, and inadequate 

security, all of which lead to high costs and safety concerns. Transforming mosques into smart buildings 

using emerging technologies can optimize energy consumption, enhance security, improve resource 

management, promote sustainability and improve user comfort by addressing overcrowding and inadequate 

facilities. Despite the limited studies on this topic, this systematic literature review aims to explore the 

current trends in using emerging technologies to transform mosques into smart buildings. 

Design/Methodology/Approach – The study used Scopus-indexed literature from 2005 to 2024 to 

investigate the transformation of mosques into smart buildings using emerging technologies. Based on 

relevance, quality, recency, geographical focus, and diversity of perspectives, the authors selected 43 

records from 156. VOSviewer software provided a quantitative overview of trends, while content analysis 

offered deeper insights by coding and categorizing themes. This combined approach ensured a 

comprehensive understanding of current practices and advancements in the field. 

Findings – The study found a significant interest in integrating emerging technologies into building 

architecture and management, particularly focusing on energy efficiency and user comfort. This interest was 

reflected in the concentration of studies in countries like the United States, the United Kingdom, Italy, 

China, and Australia. Authors categorized the identified knowledge areas into two main clusters: design and 

energy-efficient buildings, and technology and intelligent buildings. These clusters represent the dual 

emphasis on creating energy-efficient structures and incorporating advanced technologies to enhance 

building intelligence. While the study did not provide specific quantitative results, it highlighted a clear 

trend towards the adoption of smart building technologies in these key areas, indicating a global shift 

towards more sustainable and efficient building practices. 

Practical Implications – Smart building technologies offer significant benefits to practitioners in 

architecture, facility management, engineering and others such as religious leadres, community members 

and policy makers, which optimize lighting, heating, cooling, and ventilation, leading to substantial 

reductions in energy consumption and operational costs. Intelligent design elements such as smart crowd 

management systems and personalized environmental controls enhance the user experience and satisfaction. 

The adoption of sustainable materials and renewable energy sources reduces environmental impact, aligning 

with global sustainability goals. Automated monitoring and predictive maintenance systems improve 

operational efficiency, reducing downtime and maintenance costs. And also,  smart building technologies 

enable practitioners to create efficient, sustainable, and user-centric environments, enhancing the quality and 

performance of buildings such as mosques. 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/
https://doi.org/10.51244/IJRSI.2024.1106040


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XI Issue VI June 2024 

Page 511 

www.rsisinternational.org 

 

 

 

 

 

Originality/Value – This study provides valuable insights into the current practices and trends in using 

emerging technologies to transform mosques into smart buildings. While previous studies have explored 

various aspects of smart buildings and sustainability in different contexts, there is limited research 

specifically focusing on the transformation of mosques. This study aims to fill this gap by offering insights 

into the application of smart technologies in mosque architecture and management, highlighting the benefits 

and challenges associated with this transformation. Examining Scopus-indexed literature and using 

VOSviewer software for visualization and analysis, this study contributes to the growing body of knowledge 

on smart buildings and their potential impact on religious and communal structures. 

Keywords – Mosque Architecture, Smart, Buildings, Emerging Technologies, Sustainability, Energy 

Efficiency. 

Paper Type: Literature Review 

INTRODUCTION 

To reduce uncertainties and streamline tasks, the construction industry must adopt innovative methods (Liu 

et al., 2019). Digital technologies like the Internet of Things (IoT) (Ghanavati et al., 2017) and blockchain 

(Qin et al., 2022) can save money and improve reporting speed, reducing communication costs in the 

construction industry (Perera et al., 2020). The construction sector encompasses a wide range of 

interdisciplinary technologies and concepts that enable the digitization, automation, and integration of the 

construction process at different stages (Oesterreich and Teuteberg, 2016). Efforts to cut costs, and boost 

efficiency, productivity, safety, and sustainability are driving the adoption of new technology in the 

construction industry (Loosemore, 2014). Construction technologies are defined as new tools, machines, and 

alterations that help achieve a goal, function, or solve an issue (Sepasgozar and Davis, 2018). Innovations 

can help the construction sector meet present and future expectations, improving performance and 

productivity (Duncan et al., 2018). The built environment sector is transitioning from labor-intensive 

construction to automation using 4IR technologies (Manzoor et al., 2021), which may improve the built 

environment by quickly automating and digitizing construction. 4IR focuses on AI, robots, IoT, and 

blockchain (Li et al., 2017; Ebekozien and Aigbavboa, 2021). Blockchain can assist in Building Information 

Modelling (BIM) in reducing construction legal concerns and enhancing coherence (Turk and Klinc, 2017). 

Modern company strategy relies on ICT to boost productivity and socioeconomic growth (Agboola and 

Tunay, 2023). Corporate systems, visualization, communications, the internet, mobile/smart/android 

devices, social networking, virtualization, and cloud computing have contributed to this advancement 

(Underwood and Isikdag, 2011). Emerging technologies simplify procedures and improve capacities in the 

construction industry, encouraging innovation and transformation (Kissi et al., 2023). Building Information 

Modelling (BIM) has revolutionized construction efficiency and productivity (Kissi et al., 2023). BIM helps 

stakeholders collaborate and share information, improving project delivery (Acquah et al., 2018). Another 

developing technology that benefits the construction sector is cloud computing, which improves 

cooperation, flexibility, and cost (Kissi et al., 2023). It helps construction companies collaborate and 

integrate construction management, improving productivity and reducing environmental effects (Kissi et al., 

2023). 

The Convention for the Safeguarding of Intangible Cultural Heritage (Suárez et al., 2018) emphasizes 

cultural heritage preservation. This norm has inspired immersive visualization and 3D reconstruction of 

ancient sites using varied computer technologies, first concentrating on the visual element (Suárez et al., 

2018). Researchers have used simulations to examine acoustics and illumination (Suárez et al., 2018). 

Mixed methods, such as virtual reality, enhance sensory experiences and virtualize sound, an intangible 

cultural resource (Suárez et al., 2018). Recently, IT and AI have improved construction methods, turning 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XI Issue VI June 2024 

Page 512 

www.rsisinternational.org 

 

 

 

 

conventional buildings into smart ones (Konbr and Abdelaal, 2022). These advances simplify smart building 

construction by improving resource and energy management (Babushkina et al., 2017). AI and sensor- 

enabled smart buildings can boost production, reduce resource depletion, and promote sustainable 

urbanization (Aduda et al., 2016). 

Studies Suárez et al. (2018), Abdallah (2023), Marzouk et al., (2023), Elshurafa et al., (2019), As-Salafiyah 

et al. (2022), Fahmi and Qulub (2020), Muin et al., (2024), Al-Khalifa (2019), and Yusarelan et al., (2020)) 

help explain mosque design and management. The discussion includes topics such as acoustic 

reconstruction, energy efficiency, retrofitting, solar panels, empowerment index, asset management, and 

sustainable facilities management. Despite these advances, Facilities Management (FM) research has mostly 

concentrated on commercial entities, ignoring mosques’ concerns (Muin, 2017). FM is vital to non-profit 

organizations like mosques, which have unique operating needs (Kamaruzzaman et al., 2018). Modern 

energy-efficient buildings are tackling global sustainability challenges through the use of innovative 

construction materials, green energy sources, energy-efficient storage solutions, and intelligent management 

systems. This approach encompasses all forms of development undertaken on land (Moletsane et al., 2018; 

Mohammed et al., 2023). El Fouih et al., (2020) evaluated two medieval mosques in Marrakech, Morocco, 

and advised energy-saving solutions. To conserve energy, Abdullah et al. (2017) examined different design 

solutions for large mosque building enclosures in Saudi Arabia, combining efficient electrical equipment 

with building energy technologies like insulation, ventilation, and solar energy. 

Muslim societies rely on mosques for solidarity and architectural inspiration (Ghouchani et al., 2019). They 

also host social, economic, and educational activities, as well as worship (As-Salafiyah et al., 2022). 

Mosques have intermittent usage, special functional requirements, and needs for thermal and visual comfort, 

tranquility, and calmness (Marzouk et al., 2023). In 2019, 3.85 million mosques existed, with 25% of the 

world’s population Muslim (Azmi and Kandar, 2019). Rapid urbanization and population growth are 

straining mosque infrastructure and resources. Smart technologies could boost energy efficiency, 

sustainability, and space optimization. Traditional mosque designs and different architectural styles present 

unique challenges for integrating modern technology. While emerging technologies have transformed 

various aspects of construction, there’s a gap in understanding how these technologies can be applied to 

mosques. Despite the importance of mosques in communities and their unique architectural and functional 

requirements, there’s limited research on how emerging technologies can make them smart buildings. 

The specific objectives of this study are to understand the publication trend, co – authors and institutions on 

the topic of emerging technologies and smart buildings. To address these objectives, a systematic review 

was employed, analyzing publications that influenced the discourse surrounding emerging technologies and 

the transformation of mosques into smart buildings. Clusters of publications that are thematically related 

were mapped. Content analyses were used to examine significant contributions, supplemented by articles 

discovered through citation and manual searches. The study aims to provide empirical evidence regarding 

the transformation of mosques into smart buildings through the application of emerging technologies. The 

remaining sections of the paper presents a review of the literature, the methods used in conducting the study, 

the findings, and the conclusions drawn from both phases of the research. 

 

LITERATURE REVIEW 

Smart Building Technologies 

Operational automation and intelligent space management improve user experience, productivity, cost 

efficiency, and cyber security in smart buildings (Wellener et al., 2018). Technological advances have made 

these buildings more efficient, versatile, interactive, and sustainable (Ghansah and Lu, 2024). Smart 

buildings require sensor deployment, big data engineering, cloud computing, and fog computing (Jia et al., 
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2019). As technology advances, smart buildings are becoming “intelligent buildings” and “cognitive 

buildings” (Ghansah et al., 2022b). 

Communication technologies facilitate the communication, interaction, monitoring, and control of smart 

building items, sensors, and functions to communicate, interact, monitor, and control (Abdallah, 2023). 

Smart sensors control ventilation, air conditioning, window and door openings, and energy usage by 

monitoring indoor and outdoor temperature, humidity, light intensity, ventilation, and energy consumption 

(Benavente-Peces, 2019). A study replaced lighting systems with LEDs, installed solar PV panels on 

rooftops, and used transparent double glass to let sunlight in while blocking thermal energy to improve 

energy efficiency in Egyptian mosques (Abdullah and El-Shennawy, 2017). 

The industrial revolutions have shaped modern growth, especially in construction and technology (Alaloul 

et al., 2020). Technology has transformed industries by replacing manual labor and integrating technology 

with human interaction, from the mechanical looms of the 1700s to the Digital Revolution of Industry 4.0 

(Qin et al., 2016). Cyber-physical systems (CPS) are important achievements of Industry 4.0, linking the 

virtual and physical worlds, simplifying construction data gathering and reporting, and lowering risks 

(Correa, 2018). 

RFID and IoT help track materials and equipment, communicate between construction project components, 

and improve monitoring and control, reducing risks and improving efficiency (Rivera et al., 2021). VR and 

AR give stakeholders immersive 3D visualization experiences, improving quality control, safety regulations, 

logistics, and project scheduling (Osunsanmi et al., 2020). Cloud computing streamlines data and resource 

access for smart building stakeholders, improving project efficiency (Alwashah et al., 2024). 

CPS, RFID, IoT, VR, AR, and cloud computing can transform mosques and other buildings into smart 

buildings with improved management systems, safety protocols, and immersive stakeholder experiences 

(DeNardis, 2020). Smart mosques adjust temperature, illumination, and air quality during prayer times to 

maximize comfort, tranquility, and quiet (Smart Group, 2020). These advances increase mosque facilities 

and advance countries’ technology (Abdallah, 2023). The Masdar Institute has developed sensor 

technologies to make mosques smarter and more energy-efficient, particularly air conditioning systems, 

reducing energy use and carbon footprints (Abdallah, 2023). Smart building technologies use the Internet of 

Things (IoT) to create a Cyber-Physical System (CPS) or Digital Twin with more durable, smart, adaptable, 

and cost-effective sensors, actuators, and controllers (US Dept Energy, 2020). 

Facilities Management Practices of Mosques 

Saudi Arabia’s vision 2030 emphasizes “effective governance,” so the “Qawam” program streamlines 

government agency spending, including mosques overseen by the Ministry of Islamic Affairs, which are 

vital community institutions (Alder and Aqsa, 2022). The poll revealed widespread dissatisfaction with 

mosque performance, particularly maintenance. According to Alder and Aqsa (2022), mosques typically 

perform intervention maintenance after identifying damage, but there is no ongoing condition monitoring. 

Only 21% of mosques have annual maintenance contracts due to budget constraints (Ministry of Islamic 

Affairs, 2017). Mohammed et al., (2023) identified several challenges in the implementation of effective 

FM / maintenance practices including neglect and financial limitations, shortages in human resources. 

Facility management must monitor and maintain mosque comfort due to its regular use for prayer (Gerrish 

et al., 2017). 

Logic-based asset management lets people and businesses track and protect valuable assets (Alder and Aqsa, 

2022). Islamic Sharia requires mosque asset management to consider economic and religious concerns 

(Supardi, 2011). To achieve organizational goals, effective management plans organize, implement, and 

control efficiently and effectively (Fahmi and Qulub, 2020). The mosque optimizes its assets to cover costs 
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and achieve its aims (Fahmi and Qulub, 2020). 

 

Mosques contain four main rooms: the prayer hall, wet area (ablution and bathrooms), yard, and minaret 

(Alder and Aqsa, 2022). Buildings decay; hence, architects, engineers, and builders talk about “building 

performance” (de Wilde, 2019). Quantitative and pricing infrastructure asset management plans can 

optimize intervention by quantifying and pricing asset demands (Alder and Aqsa, 2022). Traditionally, we 

use the inspector’s knowledge to optimize without conducting sufficient performance assessment to 

accurately represent current functionality and serviceability (Brambilla et al., 2021). 

 

Sustainable Facilities Management (SFM) incorporates sustainable practices into mosque administration and 

operations (Muin et al., 2024). SFM in mosques reduces utility, maintenance, and waste disposal expenses 

while promoting Islamic stewardship and environmental responsibility (Kamaruzzaman et al., 2017). SFM’s 

clean, comfortable environment and Islamic preservation teachings boost mosque goers’ well-being socially 

(Hasim et al., 2021). SFM can develop accessible, environmentally conscious, and Islamically stewarding 

multipurpose community one-stop centers. SFM implementation requires strategic decisions based on how 

facilities may assist the mosque in achieving its goals (Bakri et al., 2018). Mosques need good facility 

management to stay attractive and functioning. Emerging technology can improve asset management, 

condition monitoring, and sustainability, helping mosques become smart structures. 

 

Technology Adoption and Implementation 

 

Smart buildings optimize resource management and building performance by integrating HVAC, power, 

lighting, security, safety, and shared networks (Hamida et al., 2022). Technology creates a dynamic 

infrastructure that optimizes energy, flexibility, affordability, and comfort in buildings (Hamida et al., 

2022). They engage with the ecosystem using sensors, communication networks, and programmable 

equipment to reduce energy use and improve comfort and well-being (Pramanik, 2019). Flexible smart 

buildings generate and store energy for lifestyle and sustainability (Sánchez-Corcuera et al., 2019). 

 

Technology adoption is poor in developing nations, despite its benefits. Due to technical incompetence and 

weak institutions (Donbesuur et al., 2020), AR and VR have the potential to improve construction 

performance but face opposition (Okpala et al., 2020). Feasibility studies, hardware expenses, and client 

apathy, especially in underdeveloped countries, hinder technology adoption (Abdelmegid et al., 2020). 

Successful technology integration in religious buildings and cultural heritage sites requires an understanding 

of management-level worker acceptance (Darko et al., 2018). 

 

Building Information Modelling (BIM) has been popular globally due to its speed, quality, and cost savings 

(Adekunle et al., 2021). South America, the UK, and others have strong adoption rates (Adekunle et al., 

2021). The UK led Europe by mandating BIM for public sector projects in 2016 (Jiang et al., 2022). 

European, Japanese, and Australian adoption has increased (Al Hammoud, 2021). The Middle East and 

Africa are beginning to adopt (Safour et al., 2021). Architecture experts in Karachi use BIM more 

(Girginkaya et al., 2020). 

 

The modern mosque evolved from numerous cultures’ inspirations, influences, and inventions (Salah et al., 

2020). The mosque can accommodate future architectural design components (Ching, 2023). In the Gulf and 

Africa, where buildings endure heat for most of the year, low-carbon mosques hold significant importance 

(Alotaibi and Ansari, 2023). However, regional implementation of these techniques is unsatisfactory and 

falls short of international results. Mosques can become smarter by adopting new technology to improve 

resource management, building performance, and the user experience. Successful implementation in 

mosques requires overcoming adoption barriers and stakeholder approval. 
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Types of Mosques in Ghana – West Africa 

In Ghana, mosques can be categorized into central mosques, community mosques, rural mosques, and 

historic mosques. Central mosques, such as the Kumasi Central Mosque and the Accra Central Mosque, are 

large and serve as central hubs for Muslim communities. Community mosques are smaller and situated 

within local communities, catering to residents’ daily prayer needs. Rural mosques are simple in design, and 

they serve the local Muslim population in rural areas. Historic mosques, like the Larabanga Mosque and the 

Banda Nkwanta Mosque, are of cultural and historical significance, often featuring unique architectural 

styles. Modern mosques in Ghana blend traditional elements with modern designs and amenities, reflecting 

a trend towards urbanization and modernization. Some mosques also serve as educational centers, providing 

Islamic teachings. Transforming mosques into smart buildings involves integrating technologies like 

sensors, big data engineering, cloud, and fog computing. These technologies automate systems like lighting 

and HVAC, optimize energy usage, and enhance the worship experience. Below are images of some ancient 

and contemporary mosques. 

 

Larabanga Mosque – Savanna Region 

Source: William, (2018) 

 

Bole Mosque – Savanna Region 

Source: Wikipedia 
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Banda Nkwanta – Savannah Region 

Source: William, (2018) 

Wuriyanga –Upper East Region 

Source: William, (2018) 

 

Tamale Central Mosque – Northern 

Source: Dailyguide Network, (2023) 
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Ahmadiyya Central Mosque – Northern 

Source: Ahmadiyya Mosque in Tamale. (2016) 

Source: Ghana in Times, (2023) 
 

Source: Shutterstock 
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University of Sci. & Tech– Ashanti Region 

Source: Shutterstock 

Gbanyamni – Northern Region 

Source: Myjoyonline, (2022) 

METHODS 

Search Strategy 

A comprehensive advanced search using titles, abstracts, and keywords was conducted. We chose Scopus 

above Web of Science, Science Direct, and Google Scholar to uncover Emerging Technologies for 

Transforming Mosques into Smart Buildings literature. Unlike them, Scopus has a larger variety of 

scientific papers and efficient indexing (Owojori and Okoro, 2022). The period encompassed all years to 

prevent the omission of important papers. The “Advanced Search” tool creates queries using field tags, 

keywords, boolean operators (OR, AND), and brackets. The AND operator joins phrases from different sets, 

while OR links terms from the same collection. A comprehensive search approach follows: ( ( ( “Emerging 

Technologies” OR “Novel Technologies” OR “Advanced Technologies” OR “Cutting-Edge Technologies” 
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OR “Up-and-Coming Technologies” OR “Next-Generation Technologies” OR “Innovative Technologies” 

OR “Modern Technologies” OR “State-of-the-Art Technologies” OR “Breakthrough Technologies” OR 

“Pioneering Technologies” OR “Sensor Deployment” OR “Big Data Engineering” OR “Cloud Computing” 

OR “Internet of Things” OR “Smart Lighting” OR “Smart HVAC Systems” OR “Security Systems” OR 

“Energy Management Systems” OR “Digital Signage” OR “Mobile Apps” OR “Audio-Visual Systems” OR 

“Augmented Reality” OR “Virtual Reality” OR “Mixed Reality” OR “Blockchain Technology” OR 

“Artificial Intelligence” OR “Robotics” OR “Drones” OR “Computer Aided Facilities Management” OR 

“Geographies Information Systems” OR “Energy Harvesting Technologies” OR “Digital Twin” OR “Fog 

Computing” OR “Smart Waste Management Systems” OR “Water Management Systems” OR “Biometric 

Systems” OR “Smart Parking Systems” OR “Smart Furniture” OR “Voice Control Systems” OR “Smart 

Grid Technologies” OR “3D Printing” OR “Smart Glass” OR “Smart Mirrors” OR “Nanotechnology” OR 

“Gesture Control Systems” OR “Smart Vending Machines” OR “Smart Plugs and Outlets” OR “Information 

and Communication Technology” OR “Building Information Modeling” OR “Big Data Analytics” OR 

“Protech” OR “Advanced” OR “Hi-Tech” OR “Machine Learning” OR “Automation” OR ” Building 

Automated Systems” OR “Industry 4.0” OR “4IR” OR “Industrial Resolution” OR “Predictive 

Maintenance” AND “For” AND “Transforming” OR “Revolutionizing” OR “Changing” OR “Converting” 

OR “Metamorphosing” OR “Transmuting” OR “Evolving” OR “Transfiguring” OR “Shifting” OR 

“Altering” OR “Modifying” OR “Transmogrifying” AND “Mosque Modernization” OR “Mosque 

Transformation” OR “Smart Mosque” OR “Intelligent Mosque” OR “Technological Enhancement of 

Mosques” OR “Mosques” OR “Masjids” OR “Islamic Centers” OR “Sacred Mosques” OR “Religious 

Centers” OR “Religious Buildings” OR “Cathedral” OR “Temples” OR “Churches” AND “Into” AND 

“Smart Buildings” OR “Intelligent Buildings” OR “Automated Buildings” OR “Building Technology” ) ) ) 

AND ( LIMIT-TO ( LANGUAGE , “English” ) ) AND ( LIMIT-TO ( PUBSTAGE , “final” ) ) AND ( 

LIMIT-TO ( DOCTYPE , “ar” ) OR LIMIT-TO ( DOCTYPE , “re” ) OR LIMIT-TO ( DOCTYPE , “cp” ) 

OR LIMIT-TO ( DOCTYPE , “ch” ) ) AND ( LIMIT-TO ( SUBJAREA , “ENGI” ) OR LIMIT-TO ( 

SUBJAREA , “COMP” ) OR LIMIT-TO ( SUBJAREA , “ENVI” ) OR LIMIT-TO ( SUBJAREA , 

“ENER”) OR LIMIT-TO ( SUBJAREA , “SOCI” ) OR LIMIT-TO ( SUBJAREA , “ARTS” ) ) AND ( 

LIMIT-TO (EXACTKEYWORD , “Energy Efficiency” ) OR LIMIT-TO ( EXACTKEYWORD , 

“Buildings” ) OR LIMIT-TO ( EXACTKEYWORD , “Intelligent Buildings” ) OR LIMIT-TO ( 

EXACTKEYWORD ,“Energy Utilization” ) OR LIMIT-TO ( EXACTKEYWORD , “Architectural Design” 

) OR LIMIT-TO ( EXACTKEYWORD , “Sustainable Development” ) OR LIMIT-TO ( 

EXACTKEYWORD , “Climate Change” ) ) 

 

Article Screening 

 

Our collection included 156 documents from 2005 to 2024. Search filters were used to find the latest and 

most relevant articles. Inclusion and exclusion criteria focus on 2005 and later publications that introduced 

the topic. This provided the latest evidence and perspectives regarding the trajectory of knowledge over the 

past nineteen years. We added the current year for context. Articles, conference papers, reviews, and book 

chapters were used to assess the field’s direction and maturity according to the approved technique (Okoro, 

2023). We did not impose any restrictions on the accessibility, country of origin, or funding of the 

documents. English-language and final publications were included. A title and abstract screening excluded 

113 documents not related to developing technologies, smart buildings, or mosques. 

 

Tools for Analysis 

 

Data visualization tools like VOSviewer, Cite-Space, Rstudio, and Bib-Excel are available (Cobo et al. 

2011). This study used VOSviewer to analyze the source data. Due to its ease of use, construction literature 

reviews use VOSviewer to build and visualize bibliometric charts (Owojori et al., 2021). It clarifies 

bibliometric system presentation (Owojori et al., 2021). VOSviewer is easier to use than similar software 
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and can map and normalize networks (Owojori et al., 2021). We exported the text data sample to Excel as a 

CSV file for cleaning and managing graphs and charts. We loaded the clean data into VOSviewer for 

mapping and visualization. Networks of citations, co-citations, co-authorships, and keywords were created 

using abstracts, titles, and keywords of documents, sources, cited sources, nations, and phrases (Sajovic and 

Podgornik, 2022). 

Visualization 

We used the popular literature review and analysis software VOSviewer. Unlike Chandler (2015), 

VOSviewer used text-mining and unified clustering to visualize and analyze scientific articles, researchers, 

organizations, countries, and keywords. Okoro (2023) examined keyword co-occurrence, co-citation, and co- 

authorship among authors, sources, and organizations. In this network, strong nodes and links indicate co- 

authorship (Van Eck and Waltman, 2021). Total link strength (TLS) shows an item’s researchers, countries, 

and organization relationships (Yu et al., 2020). Also assessed was density (node ties, clustering, and 

relativity) (Okoro, 2023). Keyword co-occurrence and cluster analysis assessed research trends in the same 

papers (Li et al., 2019). Co-occurrence network analysis uses mixed clustering and network mapping for 

keyword selection and data mining (Okoro, 2023). Clustering guides the investigation by identifying gaps, 

important findings, and keyword ranking (Liu et al., 2018). As distance reduces, nodes link (Van Eck and 

Waltman, 2014). Methods of Search in Figure 1, adopted: 
 

Figure 1 Search Technique Adopted: Author’s Construction 

Content Analysis 

We used content analysis to examine the most influential research in selected books. Textual data are 

concluded by content analysis (Elango and Kumaravel, 2022). The study conducted a comprehensive 

literature review and established consensus concepts. This phase addressed study themes. The most cited 

papers may favor older works with fewer citations, but they are key nodes in the dissemination and 

scientific information network and reveal opinions over time (Ioannidis et al., 2014). Okoro (2023) adopted 

similar approaches. Okoro (2023) used sampling (setting criteria and discovering the ten most referenced 

papers), coding (reading and rereading selected documents and grouping common themes), and quantitative 

or subjective attribute description. The discussion incorporated both phases’ findings. 
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RESULTS AND DISCUSSION 

This section contains a presentation of the results. The literature review analysis involved the tabulation and 

graphical representation of publication characteristics, such as the yearly trend, sources of authors, funders, 

affiliations, and keywords (Fan et al., 2020). We disclose the most frequently co-cited documents after 

conducting a content analysis. We considered the implications of the results, emphasized the study’s 

limitations, and proposed further investigations. The analysis is delineated as follows: 

Publication Trend 

To analyze the publication trends for emerging technologies for transforming mosques into smart buildings 

in Figure 2 below, researchers visualized the data to identify patterns and potential implications. The years 

2005, 2007, 2013, 2017, and 2018 exhibit very low publication activity, with only (1) publication per year. 

Publication activity slightly increased in 2014 and 2015, with (2) publications per year. The years 2019 to 

2021 show a significant increase in publication activity, with (3) publications per year. This suggests a 

growing recognition of the importance of smart building technologies, as well as the maturation of research 

in this area. The year 2023 stands out with (11) publications, indicating a peak in interest and research 

output. The years 2022 and 2024 show a consolidation of research activity, with (5) publications each. This 

could indicate a stabilization of the research field, with researchers building upon previous findings and 

exploring more advanced topics. The analysis suggests a gradual but steady growth in research interest and 

output in the field of emerging technologies for transforming mosques into smart buildings. The research 

landscape is dynamic and evolving, with the potential for further advancements and innovations in the 

future, following a peak in 2023 and a subsequent consolidation phase. 
 

Figure 2: Annual Scientific Publication 

Document Type and Sources 

Out of the 43 documents analyzed, the majority were journal articles (22), followed by reviews (11), book 

chapters (7), and conference papers (3), which also served as significant sources of information 

dissemination. Researchers included reviews, conference papers, and book chapters because they 

contributed to presenting research ideas and trends related to the topic. Figure 3 below displays the 

documents type for the study. 
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Figure 3: Documents Type 

The documents’ sources underwent further analysis using bibliographic coupling to determine the number of 

pairs of cited references in documents that share the same match key (Van Eck and Waltman, 2021). Only 4 

of the 37 sources satisfied the set threshold of two documents and zero citations per source. These sources 

included Energies (3 documents, 24 citations, TLS 8), Energy and Buildings (3 documents, 15 citations, 

TLS 2), Applied Energy (2 documents, 226 citations, TLS 3), and Automation in Construction (2 

documents, 22 citations, TLS 3). Energies had a TLS value of 8.0, indicating a high level of cross- 

referencing with another journal, whereas the other sources had fewer links on the topic. 

Geographical Distribution of the Study 

Figure 4 shows the global publishing distribution by country. These geographical perspectives demonstrate 

the spatial distribution and interconnections of countries in scientific publications. This diversity in location 

and connectivity shows each country’s contribution and research interest. It appears that researchers from 

several countries have contributed to this field over the given period of time. Five of the 31 countries studied 

have at least five documents per country. These countries are the US (10 documents, 889 citations), UK (9 

documents, 605), Italy (8 documents, 46), China (6 documents, 471), and Australia (6 documents, 539). 

Zero TLS (Total Link Strength) indicates no international collaboration. In this field, there are few African 

studies. 
 

Figure 4: Geographic Distribution 

Authors and Organizations 

An analysis of the writers’ publications and citations showed their field’s importance. We selected the top 
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six writers out of 183: Ali Chehab, Nesrine Kaaniche, Mohamad Malli, Hassan N. Noura, Ola Salman, and 

Jean-Paul A. Yaacoub, with TLSs of 5 and at least one document and 25 citations apiece. Figure 5 shows 

links between all six authors.The top five organizations with at least one document and 25 citations, out of 

135 analyzed, were City University of Hong Kong, Shenzhen Research Institute, Shenzhen, China (1 

document, 4 TLS); Division of Building Science and Technology, City University of Hong Kong, Kowloon, 

Hong Kong (1 document, 4 TLS); Guangdong Provincial Key Laboratory of Science and Intelligent 

Emergency Technology (1 document, 4 TLS); and School Highest TLS was 4.0, and network visualizations 

showed few linkages between these organizations. Network visualizations revealed certain interlinkages that 

were not known to researchers or organizations. Industry cooperation is essential for technology uptake. 
 

Figure 5: Prominent Authors 

Keywords Cluster 

To better reflect their research, the authors used VOSviewer to find the most common keywords that 

represented the issues under examination (Leong et al., 2021). To produce a keyword co-occurrence 

network graph to show popular themes (Fan et al., 2020). All author keywords were analyzed. The software 

used normalization of relationships and a comprehensive counting approach to calculate keyword co- 

occurrence link strength. Figure 6 shows two clusters of 11 terms from 511. The figure 6 shows the top 

keywords and their links. 

Cluster 1 – (6 items, RED) – Architectural Design, Building, Buildings, Design, Energy Efficiency and 

Energy Utilization. 

Cluster 2 – (5 Items, Green) – Automation, Climate Change, Decision-Making, Intelligent Building and 

Sustainable Development. 
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Figure 6: Network of Keywords 

Content Analysis 

Content analysis improves qualitative synthesis. We examined the methodology and focus of the top ten 

most-cited works. We classified these works using the themes from the review phase to gain a deeper 

understanding of the author’s opinions and conclusions. Experts view technology as a crucial component of 

smart buildings. The most cited technologies in emerging technologies were IoT, smart tools (data sensors 

and devices), AR, CAFM, blockchain, BIM, industry foundation classes (IFC) data models, green building 

technology (photovoltaic-LED lighting system), AI applications, digital twins, digitalization and IT, indoor 

positioning systems, and cloud environments and systems. Briefly describing the results: 

Discussion of Findings 

Cluster 1 – Design and Energy-Efficient Buildings 

Studies in this cluster focus on enhancing user comfort and pleasure in building design. For instance, Ali 

and Mustafa (2023) emphasise the importance of visual and cognitive harmony in mosques, particularly in 

prayer halls. They highlight how mosques offer a unique architectural features where users perceive the 

environment from a single vantage point, allowing for a comprehensive approach to environmental research, 

including aspects like daylight and glare. The design and orientation of buildings play a crucial role in their 

energy efficiency and environmental impact. For example, Younger et al. (2008) highlight how buildings 

can accelerate climate change depending on factors such as location, landscape, energy consumption, and 

material composition. Addressing these impacts requires better architectural and urban design, as well as 

energy- and water-efficient communities and structures (Sijakovic and Peric, 2021). Sustainable architecture 

aims to optimise resources and materials, reduce energy consumption, promote renewable energy, minimise 

waste and emissions, and improve functionality and occupant quality of life (Sijakovic and Peric, 2021). 

Cluster 2 – Technology and Intelligent Buildings 

In this cluster, the focus is on smart buildings that integrate Industry 4.0 technologies to save energy and 

improve user comfort. Balta-Ozkan et al. (2014) define smart buildings as homes with communication 
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networks that connect sensors, appliances, and devices for remote monitoring and control, as well as provide 

occupants with a variety of services. These buildings require smart materials and sensors for automation and 

intelligence (Gilder and Clements-Croome, 2010). Intelligent Design (ID) theory suggests that intelligent 

causes explain some aspects of the universe better than natural selection (Witt, 2007). Engineering 

innovations have made buildings more human-sensitive and responsive, resembling living entities that 

safeguard their occupants (Gilder and Clements-Croome, 2010). Research has combined sustainable and 

smart building concepts to address efficiency, productivity, and functionality needs (Das, 2012). Smart 

buildings may modify internal and external surroundings for tenant comfort and benefit without human 

involvement, saving money and energy (Hume, 2013). These buildings use automated controls to save 

energy and optimize operations (Indrawati et al., 2017). Both clusters contribute to the understanding of 

building design and energy efficiency, with Cluster 1 focusing on architectural principles and sustainable 

practices, while Cluster 2 explores the application of technology and automation in creating smart buildings 

wihich is applicable in mosque transformation. 

 

Critical Evaluation 

While the literature reviewed provides comprehensive understanding into the integration of emerging 

technologies in building design and management, there are some limitations to consider. The studies focus 

primarily on theoretical concepts and case studies, with limited empirical evidence on the actual 

implementation and impact of these technologies in real-world settings. Additionally, there is a lack of 

standardization in terminologies and methodologies, making it challenging to compare and generalize 

findings across studies. Future research should focus on empirical studies that assess the effectiveness and 

feasibility of these technologies in different contexts. Moreover, there is a need for interdisciplinary research 

that combines engineering, architecture, and social sciences to develop holistic solutions for sustainable and 

smart buildings. Finally, the literature review highlighs the potential advantages of incorporating emerging 

technologies into religious buildings; additional research is necessary to tackle the practical obstacles and 

guarantee their successful application in real-world scenarios. 

 

DISCUSSION 

 
Summary of Findings 

The study came out with numerous findings. The field has seen a gradual but continuous increase in 

research interest and production. Researchers from the US, UK, Italy, China, and Australia have primarily 

studied this field. International cooperation is needed because there was no collaboration with other 

countries. African countries need more research due to Scopus’s lack of indexed material. Sim (2022) 

asserts that building innovative workplaces that adapt to economic, social, technical, and organizational 

change requires transdisciplinary research. For instamces, in mosques and smart buildings, transdisciplinary 

techniques can enhance architectural design and energy efficiency innovations. This approach combines 

insights from architecture, engineering, social sciences, and environmental studies to address complex 

challenges as well as religious dilemmas which helps meet the diverse needs of worshippers while ensuring 

energy efficiency and sustainability. Professionals in sociology, psychology, and architecture can assist 

researchers in understanding the social and cultural dynamics of mosques, enabling the creation of inclusive 

and comfortable spaces for all worshippers. Furthermore, researchers can employ environmental science and 

engineering to create energy-efficient lighting, heating, and ventilation systems, thereby mitigating the 

environmental impact of mosques. 

Moreover, these approaches can be used to integrate cutting-edge technologies and sustainable practices in 

the context of smart buildings. By collaborating with experts in IoT, AI, and architecture, researchers can 

develop smart systems that optimise energy usage based on real-time data and user behavior. Also, working 
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with professionals in renewable energy and materials science can lead to the development of sustainable and 

efficient smart building materials and technologies. Finally, transdisciplinary techniques enable researchers 

to address complex problems and design sustainable, user-centred environments such as mosques and smart 

buildings. 

The survey also recognized leading authors and organizations in intelligent building design and energy- 

efficient building. However, there is little research on developing technology for smart mosques. The lack of 

research on developing technology for smart mosques is a significant gap with important implications. This 

gap hinders the progress of mosque modernization efforts, preventing them from fully benefiting from 

technological advancements. Smart technologies could greatly enhance mosques’ functionality, efficiency, 

and user experience, but without research in this area, mosques continue to rely on traditional systems that 

may be inefficient and outdated. Filling this gap could lead to several potential benefits. It could improve 

energy efficiency and sustainability in mosques, aligning them with global efforts to reduce carbon 

footprints. Again, smart technologies could optimise energy usage, reduce waste, and integrate renewable 

energy sources, making mosques more environmentally friendly. Moreover, developing technology for 

smart mosques could enhance the user experience and inclusivity. To add to that, smart systems could 

provide better facilities for women and people with disabilities, improve crowd management during peak 

times, and enhance overall comfort for worshippers. There could be several reasons for the limited research 

in this area. Mosques are traditionally conservative institutions, and there may be resistance to change or 

adoption of new technologies. Funding constraints could also be a barrier, as developing and implementing 

smart technologies can be costly. Additionally, there may be a lack of awareness or expertise in integrating 

modern technologies into mosque design and management. Furthermore, addressing these barriers would 

require collaboration between researchers, mosque management, and technology developers, which would 

be critical to understanding mosques’ specific needs and challenges and developing tailored solutions. We 

identified two distinct clusters of keywords: design and energy-efficient buildings, as well as technology and 

intelligent structures. Mosques can become intelligent structures by combining architectural ideas, energy- 

efficient building concepts, and technological advancements. 

 

RECOMMENDATIONS 

The study’s conclusions on the use of new technology to create smart mosques propose the following 

recommendations: Promote international collaboration between researchers and organizations to advance 

smart mosque technologies. This collaboration would address the absence of international cooperation on 

this subject. The lack of Scopus-indexed material in Africa necessitates more research. To remedy this 

deficit, researchers and funding agencies should prioritize smart building technology projects, especially in 

mosques. Once again, the development of new workplaces capable of adapting to economic, social, 

technical, and organizational change drivers requires transdisciplinary research. This strategy can improve 

smart mosque technology efficiency and sustainability. 

 

IMPLICATIONS OF THE STUDY 

The study calls for more research on mosque architecture and emerging technologies, especially in 

developing nations. To sustain operations and manage them effectively, business processes require 

digitization and innovation (Fadzil, 2019). Smart mosque technologies have the potential to significantly 

contribute to several Sustainable Development Goals (SDGs), including Climate Action (SDG 13), 

Affordable and Clean Energy (SDG 7), and Sustainable Cities and Communities (SDG 11). Smart mosque 

technologies can help mosques reduce their carbon footprint by optimizing energy usage, integrating 

renewable energy sources, and implementing energy-efficient systems. This contributes to mitigating 

climate change and supports SDG 13’s objectives. Moreover, by adopting smart technologies, mosques can 

reduce their energy consumption and reliance on traditional energy sources. This aligns with SDG 7’s aim to 
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ensure access to affordable, reliable, sustainable, and modern energy for all. Additionally, smart mosques 

contribute to creating more sustainable cities and communities by promoting energy efficiency, improving 

infrastructure, and enhancing resource management. This aligns with SDG 11’s goal of making cities 

inclusive, safe, resilient, and sustainable. Future facility management (FM) demands advanced algorithms 

and protocols, as well as building, installation, and application skills (Sarkar, 2021). These insights can help 

architects, religious leaders, policy makers and facilities managers design and operate mosques that are 

efficient, sustainable, and culturally meaningful. The findings can assist policymakers in promoting smart 

building technologies in religious settings, thereby achieving sustainable development goals. 

 

FURTHER STUDY AREAS 

Future research in this area could focus on the following: conducting case studies of smart mosques to 

evaluate the effectiveness of emerging technologies in improving energy efficiency and user comfort. The 

study should also delve into the cultural and social ramifications of smart mosques, particularly their 

influence on community engagement and religious practices. 

 

CONCLUSION 

In conclusion, the study highlights the growing interest in intelligent building design and energy-efficient 

buildings, but notes an inadequate research on transforming mosques into smart buildings. Collaboration 

between researchers and organizations from different countries is crucial to foster knowledge exchange and 

develop smart mosque technologies. More research is needed in African countries, and transdisciplinary 

research is essential for designing innovative workplaces. Future studies should focus on applying design 

principles, energy-efficient building concepts, and technology-based innovations to enhance mosques’ 

functionality, sustainability, and comfort. Implementing these recommendations can improve mosque 

facilities and the worship experience. 

 

LIMITATIONS OF THE STUDY 

The study’s reliance on Scopus-indexed literature may have overlooked relevant studies from non-indexed 

or local journals, potentially biasing the findings. Additionally, the review’s scope, limited to studies 

published between 2005 and 2024. Researchers likely selected the temporal scope of 2005–2024 to focus on 

contemporary research and trends in smart technologies for mosques, aligning with the rapid advancements 

in technology during this period. Focusing on recent literature, the study aimed to provide insights that are 

more relevant to current practices and technologies in mosque architecture and management. However, this 

temporal scope comes with limitations, as it excludes earlier research that could offer valuable historical 

perspectives on the development of smart technologies in mosques. Previous studies may shed light on the 

initial adoption and implementation of smart technologies, as well as the evolution of design principles and 

challenges encountered in the early stages of integrating these technologies into mosque architecture. 
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