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 Property growth, especially in high-rise buildings in developed and 

developing countries, has experienced a significant increase. The increasingly 

expensive resources and the development of information technology 

encourage the growth of smart buildings in almost all countries, especially in 

developed and developing countries, and become a trend. The Internet of 

things (IoT) is the main driver in the development of smart buildings. Property 

businesses are competing to adopt and implement smart buildings on their 

properties. This is further strengthened by the development of smart cities in 

almost all cities around the world, one of the criteria is a smart community. 

The purpose of implementing smart buildings is to make property 

management effective and efficient. Using the systematic literature review, 

this paper will discuss what components must be met for a property called a 

smart building, then what is the role of smart buildings for an area or 

community, and how the current smart building trend will be in the future. 
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1. INTRODUCTION 

The demand for efficiency and effectiveness in property management with the help of technology is 

currently a concern for property businesses around the world, especially in countries with strong economies. 

Since information communication and technology (ICT) was introduced, it has changed the aspect of our life 

[1]. Property as a very large value must be calculated very carefully and accurately. The role of government in 

several countries plays a very important role as a regulator that regulates matters relating to investment, 

including in the property industry [2]. The expensive and high resources needed in property management and 

the trend of implementing industry 4.0 are the basis for the property to be directed to become a Smart Building. 

Smart Building consists of various technologies including data analysis, data acquisition, and data 

visualization, and all are integrated to provide high-quality, safe, guaranteed, and cost-effective services to all 

residents [3]. Although it is still being debated and not very clear in the use of the term smart building with 

Intelligence Building, the difference between the terms according to Hoy is not too important, the point is to 

integrate different types of technology on the property/building [4]. According to Buckman et al. [5], the 

depiction of smart building can be seen in Figure 1. 

From Figure 1, it can be concluded that a smart building is a building or property that integrates and 

takes into account Intelligence, a company or institution (as the owner of the building), materials and design, 

and control as a comprehensive system with the ability to adapt, able to follow advancements and technology, 

and has been prepared to be able to face change at all timeframes [5]. Klynveld Peat Marwick Goerdeler 

https://creativecommons.org/licenses/by-sa/4.0/
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(KPMG) provides an overview of smart building [6] the future and the relationship between technology and 

the internet in Figure 2.  
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Figure 1. Features of smart building [5] 

 

 

 
 

Figure 2. KPMG creating the building of the future through internet of things (IoT) technology [6] 

 

 

According to KPMG, there are 4 points in developing and integrating smart buildings with IoT 

technology, namely: i) safety and security, in the future, safety and security will be a major concern, especially 

with the COVID-19 pandemic condition sweeping across the world and has not been fully overcome and other 

threats that can threaten the lives of the occupants of the building or property, ii) tenant experience is an 

important part of how they feel comfortable while occupying the building where they live or where they work, 

point, and iii) sustainable environment, the contents of the environment, and our participation in protecting 

nature so that resources nature can be sustainable in the long term is an issue in all countries preventing global 

warming, smart building is expected to contribute actively to save and be efficient in the use of electrical 

energy, lighting and all resources used [7]. The fourth point is the smart system, which is the demand to use 

the latest technology to make it easier to control all the technology components used, including being part of 

the smart city [8]. 

This systematic literature review explores this subject to find answers to the research questions posed 

by the author. 4 research questions are proposed, namely:  

RQ1: how is the grouping of themes in articles about smart building?  

RQ2: which country is the research location for smart building?  

RQ3: on what type of property is the smart building research conducted?  

RQ4: what is the current trend of smart building research? 
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2. LITERATURE REVIEW 

Smart building has become an integral part of the development of smart city [9], [10]. The components 

that build a smart city are smart people, smart environment, smart living (smart property/smart building), smart 

mobility, smart economy, and smart governance. But in smart building, the variations are quite a lot to be able 

to explain the existing components. Several articles have tried to create component groupings in smart building 

[11]-[13]. But in general, there are still many differences from the components that have been made regarding 

what conditions a property or building is called a smart building. 

Smart building is a general term used to describe the integration between different technologies in a 

property or building. But until now there is no clear definition to differentiate between smart building and 

intelligence building [14]. According to Buckman et al. [15], explaining as follows "there is something 

unclear/confusing about the difference between smart building and intelligence building". Buckman gives an 

illustration that the sequence of technological developments in buildings or properties starts from “primitive”, 

then becomes “simple”, then changes to “automatic”, then becomes “intelligent”, until the highest is a “smart” 

building [15]. 

Smart buildings can collect data about how and when a building is being used and provide a real-time 

view of the status and condition of the building. By using a network of sensors and cameras, smart building 

can calculate how many visitors and occupants are in a building at any given time. By using data from sensors, 

the latest technologies such as big data, machine learning, artificial intelligence, and augmented reality can be 

used. The simple concept of a smart building is to make a building or property adaptable to time and technology 

with the aim of efficiency and effectiveness [16]. 

 

 

3. MATERIAL AND METHOD 

This systematic literature review (SLR) refers to the SLR concept from Kitchenham [17] which 

divides it into three stages starting from the first stage, planning, then the second stage is conducting the review 

and the third stage is reporting the review. These three stages can be seen in Figure 3. At the planning stage, 

there will be 2 main jobs, namely identifying the need for a review and developing a review protocol during 

the research. In the development of this review protocol, a research question for this study was raised. 

Conducting the review stage consists of 4 parts: identification research, study selection, data extraction, and 

result analysis the final result will be presented in stage 3: reporting the review. 

 

 

 
 

Figure 3. Kitchenham SLR stages 

 



                ISSN: 2089-4864 

Int J Reconfigurable & Embedded Syst, Vol. 12, No. 1, March 2023: 29-41 

32 

The articles that will be used in this SLR are taken from the Scopus database. As an article database 

that has been recognized as having a world reputation with thousands of journals and conference proceedings, 

it is very feasible to source articles from the Scopus database [18]. The selection and screening of articles that 

will be used for SLR in the Scopus database are based on the PRISMA method [19] which provides a clear 

description of each stage in screening articles, as shown in Figure 4. 

The first stage is to filter the Scopus database based on article titles containing the words “smart 

building” or “smart property” and 1,483 documents are obtained. From all these documents, the next stage was 

screened with the criteria of only choosing English articles, the source type was only journals and conference 

proceedings, and 327 documents were found. From a total of 327 documents, only documents published in 

2018 to 2021 because the content of smart building articles will become irrelevant if it takes too long, so it is 

only taken 4 years, 2022 is deliberately not included because there are still too few that are included in the 

2022 publication. The results obtained from the selection of documents from 2018 to 2021 found 224 

documents that met these criteria. 

The next stage is to filter documents that have been cited by other authors with the number of citations 

per document above 3 citations. This is to provide confidence that the article has been proven to be known and 

cited by other authors. From this filter, 122 documents were found. Furthermore, from 122 documents, an 

abstract filter was carried out according to the writing theme regarding components, roles, and trends, obtained 

78. The last filter sorted out the suitability of 78 documents from full-text and obtained 56 documents to be 

reviewed. 
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Figure 4. Articles selection in Scopus database 

 

 

The number of selected papers as many as 56 are papers published in the Scopus database according 

to the filter carried out with the criteria previously mentioned and based on the year of publication between 

2018 and 2021. The graph of published papers per year can be seen in Figure 5. In 2018 there were 14 articles, 

in 2019 there were 21 articles which was the highest number in 4 years, in 2020 there were 16 articles and in 

2021 there were only 5 articles that met the screening criteria according to Figure 4. The number of articles in 

2021 the number decreased drastically possibly. This is due to the COVID-19 pandemic conditions around the 

world, so that a lot of research on smart buildings is expected because they cannot freely collect data, are 

limited to conducting interviews with respondents and there are lots of buildings or properties for their activities 

during the COVID-19 pandemic. 
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Figure 5. Number of articles from 2018-2021 

 

 

4. RESULT AND DISCUSSION  
4.1.  Discussion topics and clustering in smart building articles 

To see what components are contained in smart building, the relationship between keywords is used 

and the keyword used is the author keyword contained in the 56 full-text documents reviewed. As a tool for 

mapping the keywords used in 56 full-text documents, the VOSviewer application [20] is used. This 

VOSviewer application can provide a view of the relationship between keywords from export files such as RIS 

and CSV. In this study, the file used is an imported file from the Scopus database in CSV format. Before the 

author keyword mapping process, improvements were made to combine several of the same keywords. In one 

article the author keyword wrote "internet of things" some wrote "IoT", the author combined if there were 

conditions such as to obtain keywords that were not duplicated. 

 

 

 
 

Figure 6. Keyword mapping in VOSviewer 
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From all articles, 196 keywords are obtained and the VOSviewer application has a function to set 

parameters for more flexibility. One of its features is to carry out the process of mapping keywords that have 

a minimum relationship of 2 keywords between articles and the results can be seen in Figure 6. The VOSviewer 

application can also provide information on author keyword clustering. Clustering results are displayed in 

different colors to distinguish 1 cluster from other clusters. In this study, 5 clusters were obtained as the basis 

for grouping components for smart building. Each cluster is identified in different colors with different 

components in each cluster. Table 1 provides an overview of the resulting clusters. 

 

 

Table 1. Keyword clustering using VOSviewer application 
Cluster name Color Component 

Cluster 1 Red ANN, big data, energy consumption, heating, machine learning, renewable energy, smart grids 

Cluster 2 Green Building management system, deep learning, energy harvesting, fault-tolerant control, smart City 

Cluster 3 Blue Energy efficiency, energy management, energy storage, indoor environment, sustainability 
Cluster 4 Yellow Big data analytics, complex event processing, internet of things, smart energy management, wireless 

sensor network 

Cluster 5 Purple Building information management, demand response, sensors, smart building 

 

 

The clustering of keywords above is based on the proximity between keywords. Keywords in the same 

color are closer together than keywords in different color clusters. Smart building is placed in cluster 5 with 

purple color, one cluster with building information management, demand response, and sensors. This provides 

information that smart buildings have various roles in the discussion on building information management, 

demand response, and sensors. In cluster 1 in red, there are the keywords heating, renewal energy and smart 

grid, meaning that there is a close relationship between the keywords in the discussion of heating, renewal 

energy and smart grid, which are closely related to artificial neural network (ANN), big data and machine 

learning. The green color represents cluster 2 in which some keywords play a role and are close together, 

namely building management system, deep learning, energy harvesting, fault-tolerant control, smart city. 

Cluster 3 in blue shows the proximity of keywords that are mostly related to energy, namely the 

keywords energy efficiency, energy management, and energy storage. And things related to this energy are 

widely used and associated with indoor environment and sustainability and become a part that is always 

discussed together in various articles. The keyword group big data analytics, complex event processing, internet 

of things, smart energy management, and wireless sensor network is in the 4th cluster. 

 

4.2.  Countries where smart building research is conducted 

From the full-text 56 articles reviewed, the countries where the smart building research was conducted 

were identified and obtained in Table 3. The distribution of the countries where the research was conducted 

was 17 countries from 3 regions. This illustrates that most research on smart building comes from only 3 

regions, namely: Europe and Central Asia, East Asia and Pacific, and North America, covering 17 countries 

involved as a place for smart building research. 

 

 

Table 3. Countries where smart building research is conducted 
No. Country name Country category 

(World Bank) 
Region Articles 

01 Australia High income East Asia and Pacific [21], [22] 

02 China Upper middle income East Asia and Pacific [23]-[25] 
03 Czech Rep. High income Europe and Central Asia [26] 

05 Finland High income Europe and Central Asia [27], [28] 

06 France High income Europe and Central Asia [29], [30] 
07 Hongkong High income East Asia and Pacific [31] 

08 Indonesia Lower middle income East Asia and Pacific [32], [33] 

09 Italy High income Europe and Central Asia [34], [35] 
10 Korea Rep. High income East Asia and Pacific [36] 

11 Malaysia Upper middle income East Asia and Pacific [37]-[39] 

12 Romania Upper middle income Europe and Central Asia [40] 
13 Singapore High income East Asia and Pacific [41]-[43] 

14 Slovak Rep. High income Europe and Central Asia [44] 

15 Spain High income Europe and Central Asia [45]-[47], 
16 UK High income Europe and Central Asia [48], [49] 

17 USA High income North America [50], [51] 

18 N/A - - [12], [52]-[58], [59]-[66], [67]-[75]  
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31 papers specifically mention the country where the research was carried out and 25 papers do not 

mention it, Figure 7. Of the 31 papers spread across 17 countries where smart building research was conducted, 

there are only 3 regions. Regions Europe and Central Asia, East Asia and Pacific and North America as ranked 

by the World Bank [76] most of them are countries with income levels at the “high income” and “upper middle 

income” levels and in Figure 8 it can be seen that there are 71% of countries that occupy the “high income” 

position and 23% of countries with “upper middle income” category and only 6% occupy the position as a 

country with the income category of "lower middle income". It means that the country where smart building is 

currently being researched is dominated by countries with a good economy and in terms of income, the country 

with a minimum level is "lower middle income".  

 

 

 
 

Figure 7. The country where the smart building research is conducted 
 

 

 
 

Figure 8. Category based on the income of the country where the smart building research is conducted 

 

 

4.3.  Implementation of smart building in the property industry 

The grouping of properties or buildings is generally divided into 2 types, namely: i) residential 

property (single-family homes and multi-family homes such as apartments, condominiums), and ii) commercial 

property (office buildings, retail facilities, educational buildings, healthcare facilities). There is a clear 

difference in the use of smart building for the two types of property. The development of the IoT in smart 

buildings in commercial buildings gets more attention than residential buildings and will continue to develop 

in commercial property [77]. Because commercial buildings are highly demanded to follow the latest 

technological developments, are used as a means of business, research and must support many other facilities. 

The results of a systematic literature review provide information that smart building research is indeed 

carried out on both types of property, namely residential which consists of residential buildings, apartments, 

condominiums, and family houses. In the commercial building, the places used for smart building research 

consist of hotels, office buildings, and campus/school buildings. In Table 4, the smart building research on 

commercial building has 11 articles consisting of 1 article for hotel, 4 for office building, and 6 for 
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campus/school building. Meanwhile, in the smart building research that uses residential property as the 

research location, there are 6 articles. 

 

 

Table 4. Smart building research locations by property type 
Property type Property category Articles Total 

Residential Residential/apartment/family house [28], [36], [44], [52], [65],[68] 6 

Commercial Hotel [31] 1 
 Office building [22], [29], [37], [49] 4 

 Campus/school building [32], [34], [40], [45], [52],[78] 6 

 

 

The grouping of research location data based on the type of property in Figure 9 displays information 

with 2 types of large groups, namely residential and commercial shown in Figure 8. Research using non-

commercial properties as much as 41% and commercial properties as much as 59%. Residential properties 

consist of residential/apartment/family house has 6 papers and government building has 1 paper. As for 

commercial property, there are 3 types, namely hotels with 1 paper, campus/school building with 6 papers, and 

office building with 4 papers. 

From the number of articles per property type, a graph is made to be able to see the percentage of the 

smart building research location grouping. The results of the percentage per property type can be seen in Figure 

9. Research with the location of commercial building as much as 65%, namely there are 11 articles from 17 

articles and residential property as much as 35% or 6 articles from 17 articles which inform the location of the 

smart building research. 

 

 

 
 

Figure 9. Category based on property type where the smart building research is conducted 

 

 

From the results above, it can be concluded that the research location is still dominated by commercial 

buildings. This means that research using commercial property is still very open to getting more precise and 

real results. Smart building research in commercial building is very challenging because of the demands for 

flexibility and the conditions that occur in it. Unlike residential property which tends to be stagnant and fixed, 

smart buildings applied to commercial buildings must be able to adapt to internal and external conditions [79]. 

 

4.4.  Trends in smart building research 

Of the 56 selected articles, there were 196 keywords. Based on these keywords that will be used as a 

basis for seeing the current trend in research on smart building. The selected keywords are keywords that are 

contained in more than 1 article, while keywords that are only found in 1 article are not included. The special 

keyword "smart building" is also not included because it is the main keyword. The list of keywords, the total 

number of keywords in the article, and which articles the keywords were used in is in Table 5. 

The 24 keywords are then grouped again based on keywords that have the same meaning. The purpose 

of grouping keywords with the same meaning is to determine the trend of discussion in research in smart 

building. In Table 5, several keywords have the same or similar meaning. The keywords that have the same or 

the same meaning are combined to form a new group and produce information about the most widely discussed 

trends in smart building research. The keyword cluster "energy" is a combination of the keywords "energy 

management", "energy efficiency", "energy consumption", "energy harvesting", "energy storage", "smart 
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energy management" and the combination of these 6 keywords becomes the total energy keyword. 20 keywords 

and ranks 1 of all keywords.  

 

 

Table 5. Grouping of keywords in smart building articles 
No. Author Keywords Total Article-No 

01 Internet of things 12 [12], [21], [27], [34], [39] [52]-[55], [57], [59], [62],  

02 Machine learning 11 [12], [37], [44], [45], [48], [54], [57], [62], [64],[70],[80]  
03 Big data 5 [12], [48], [57], [58], [62] 

04 ANN  5 [25], [55], [64], [78], [81] 

05 Energy management 5 [27], [37], [46], [52], [54],  
06 Energy efficiency 5 [27], [31], [42], [46], [68] 

07 Smart city 4 [21], [41], [60], [66] 

08 Heating 4 [28], [34], [35], [48] 
09 Energy consumption 4 [37], [39], [45], [64] 

10 Demand response 3 [23], [47], [65] 

11 Fault tolerant control 3 [21], [27], [59] 

12 Indoor environment 3 [31], [42], [68] 

13 Smart grid 3 [23], [58], [64] 

14 Deep learning 3 [32], [41], [54] 
15 Building management system 2 [21], [32] 

16 Energy harvesting 2 [21], [50] 
17 Energy storage 2 [29], [46] 

18 Sensors 2 [73], [78] 

19 Sustainability 2 [46], [60]  
20 Building information modeling 2 [43], [73] 

21 Wireless sensor network 2 [25], [55] 

22 Big data analytics 1 [12] 
23 Complex event processing 2 [12], [38] 

24 Smart energy management 2 [27], [52] 

 
 

This means that the keyword "energy" is the most discussed in the "smart building" article compared 

to the others. The keyword “big data” is combined with the keyword “big data analytics”, the total number of 

articles that use a combination of these keywords is 8 and the last combination of keywords is “sensor” 

combined with “wireless sensor network” a total of 8 keywords, the results can be seen in Table 6. 

Table 6 and Figure 10 illustrate that the most discussed trends in smart building are about energy as 

much as 24%, this is very relevant because in smart building one of the main goals is efficiency and energy is 

the main issue. The number of articles that discuss energy in smart buildings is because the cost of providing 

energy to a property or building is one of the biggest costs and is a routine cost in operations. The second order 

in the smart building article is a discussion of the IoT by 16%. The development of information technology, 

the internet, and other technologies, especially those applied in the property industry, causes all devices to be 

operated easily and integrated. And this is the reason why the IoT in smart building is widely discussed and 

becomes a trend.  

Machine learning in smart building occupies the 3rd position with 12%, the 4th position is a discussion 

of big data with 10% and the last position in the top 5 is the discussion of ANN as much as 6%. machine 

learning, big data, and ANN are quite surprising in positions 3, 4 and 5 because the issue is an issue that has 

not been too long ago but has been discussed quite a lot in the smart building article, meaning that the property 

world is very fast in adopting the latest technology and issues in the technology world information. 

 

 

Tabel 6. The results of combining similar keywords in smart building research 
No. Author Keywords Total 

01 Energy 20 

02 Internet of things 13 

03 Machine learning 10 
04 Big data 8 

05 ANN 5 

06 Smart city 4 
07 Heating 4 

08 Demand response 3 

09 Fault-tolerant control 3 
10 Indoor environment 3 

11 Smart grid 3 

12 Deep learning 3 
13 Building management system 2 

14 Sensors 2 
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Figure 10. Research discussion trends in smart building 

 

 

5. CONCLUSION AND FUTURE WORK 

The discussion topics in the smart building article are based on keyword grouping and mapping from 

56 articles and by using the VOSviewer application, an image is obtained that there are 5 clusters created, in 

VOSviewer they are given in different colors for each cluster. This cluster indicates the grouping for any 

components contained in the smart building. Research on smart building has not been carried out evenly in all 

countries in the world, the results of the SLR analysis provide an overview only in 3 regions, namely East Asia 

Pacific, Europe and Central Asia, and North America, and in countries with minimal income, "lower middle 

income". Countries in the Europe and Central Asia region rank highest as countries that have the highest 

research in smart building. This concludes that smart building has not been widely used as an option for 

research in low-economy countries. 

This systematic literature review also provides information that most smart building research is 

conducted on non-commercial properties, such as campus buildings, apartments, family homes, and 

government buildings. Places of research conducted on commercial property types such as malls, hotels, and 

commercial office buildings only 24% of the total research conducted on non-commercial property types. 

Trends in current smart building research continue to make "energy" and its derivatives a part that is widely 

discussed and has become a trend in recent years. This is because many researchers from multiple disciplines 

are trying to find ways to use energy as efficiently and effectively as possible. An interesting trend is that smart 

buildings also adopt the latest technologies such as the application of big data, machine learning, and artificial 

neural networks. 

This research is expected to contribute theoretically and practically. Research in smart building in the 

future will certainly continue to develop and be integrated with the latest information technology. The 

components in a Smart Building will be an important point that must be considered in determining a Smart 

Building. Smart building research is carried out in economically strong countries with the country's average 

income in the "lower middle income" category and currently, the research conducted has involved the category 

of non-commercial property and commercial property. The need for a smart building model in each country or 

region with its peculiarities is deemed necessary so that the development of Smart Buildings can develop, and 

the big impact is to support prevent global warming. 
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