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Abstract

Building energy management systems (BEMS) are essential for enhancing energy efficiency and sustainability in buildings.

This literature review analyzes BEMS research trends from 1982 to 2024, utilizing bibliometric analysis based on a dataset from

Scopus. The study identifies key developments that influence all publications and emerging research topics in the field. While

BEMS offers significant potential for real-time energy monitoring and control, challenges remain, including the need for

standard protocols, improved cybersecurity, and cost-effective solutions for small buildings. This research highlights the

importance of addressing these challenges to foster wider adoption of BEMS technology and contribute to a sustainable energy

future. The findings aim to guide future research directions and enhance the implementation of BEMS in various building types.

Keywords: bibliometrics analysis; building energy management systems; building sustainability; energy efficiency; energy

monitoring.

I. Introduction

In the face of global climate change and increasing
energy demands, the need for sustainable and energy-
efficient building practices has never been more critical.
Buildings account for a significant portion of global
energy consumption, making the quest for innovative
solutions to regulate and reduce energy use paramount.
Building energy management systems (BEMS) have
emerged as pivotal tools in this endeavor, enabling real-
time monitoring and control of various energy systems
within  buildings, including lighting, heating,
ventilation, and cooling. By optimizing these
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systems [1] BEMS can significantly reduce energy
consumption [2][3], operational costs [4][5], and
greenhouse gas emissions [6].

Building managers may now monitor and regulate
a range of energy systems in real time, including
lighting, ventilation, and heating and cooling [7][8][9].
Energy use, expenses, and greenhouse gas emissions
can all be lowered in this way [10]. Building energy
optimization has been the main focus of the fast
expansion of BEMS research in recent years.

Research on BEMS has expanded rapidly in recent
years, driven by advancements in technology and a
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growing awareness of the importance of energy
efficiency. However, a comprehensive literature review
reveals substantial gaps in the current body of
knowledge. Most research has concentrated on
enhancing energy efficiency in commercial buildings,
often neglecting the residential sector. Furthermore,
there is a notable lack of studies exploring the
integration of BEMS with cutting-edge technologies
such as the internet of things (IoT) and artificial
intelligence (AI). Additionally, existing BEMS
solutions are frequently perceived as expensive and
complex, which hinders their widespread adoption,
particularly in smaller buildings. O. Pendram et al.
examined a range of optimization strategies and
techniques employed for energy in buildings. The main
emphasis is on multi-objective optimization (MOO)
with the aim of diminishing energy consumption,
expenses, and environmental repercussions [11]. A.
Dahiru et al. conducted a study on how climate change
affects energy use and how proper technologies and
management practices can help us adapt and decrease
its impact [12]. D. M. Hernandez et al., study was
conducted to provide a complete overview of the many
tactics and technologies that may be utilized to
optimize energy management and control in buildings,
as well as future research areas to improve energy
efficiency [13]. However, there are substantial gaps in
the BEMS research that require attention and
resolution. First, the predominant area of research in
BEMS is centered around enhancing energy efficiency
in commercial buildings, while residential structures
receive minimal consideration. Second, there are
substantial gaps in BEMS research that require
attention and resolution. Primarily, the predominant
area of research in BEMS is centered around enhancing
energy efficiency in commercial buildings, while
residential structures receive minimal consideration.
Furthermore, there is a lack of research on the
incorporation of BEMS with other cutting-edge
technologies such as the internet of things (IoT),
artificial intelligence (AI), and renewable energy. Third,
there is still a need to create BEMS that is more
affordable and simple to use.

This study aims to assess the trends and directions
of BEMS research based on bibliometric analysis of
scientific publications indexed in Scopus and answer
the following research questions (RQs): RQ1: What are
the main trends and developments in BEMS research?
RQ2. What are the most influential and widely cited
publications in BEMS research? RQ3: Which countries
do the most research based on the Scopus dataset? RQ4:
What are the most frequently co-occurring keywords in
BEMS publications? RQ5: How can BEMS improve

energy efficiency and sustainability in buildings? RQ6:
What are the main challenges and opportunities in
research in implementing BEMS? This research will
also identify the most promising BEMS research topics
in the future.

This study aims to address these gaps by conducting
a bibliometric analysis of BEMS research published
from 1982 to 2024. By systematically reviewing the
trends and developments in the field, this research
seeks to identify influential publications, emerging
research themes, and the geographical distribution of
BEMS studies. The findings will provide valuable
insights into the challenges and opportunities present
in BEMS research and implementation, guiding future
research directions and promoting the adoption of
more effective and user-friendly BEMS solutions.

I1I. Materials and Methods

Bibliometric methodology is the use of quantitative
approaches on data sets obtained from file-type
bibliographic database files provided by Web of Science,
Scopus, Dimensions, Lenses, and PubMed [14]. Several
bibliometric research guidelines have been formulated
by researchers some of which includes Ahmi (2021) in
the book "Bibliometric Analysis for Beginners" states
that bibliometric analysis involves mapping and
measuring various indicators related to scientific
publications such as the number of publications, the
number of citations received, collaborations, author
networks, and publication trends and patterns in a field
of research [14]. Donthu et al. (2021) give an outline of
bibliometric methods and detailed instructions on how
to use them in business research investigations. They
talk about how bibliometric analysis has become more
popular recently and mention that it is because software
and databases are easier to get as well as the impact of
information science on other fields. They also discuss
about different science mapping techniques used in
bibliometric analysis, such as citation analysis, co-
citation analysis, bibliographic coupling, shared word
analysis, and co-author analysis [15]. Bernatovi¢ et al.
(2022) conducted a comprehensive review on the field
of hidden knowledge in management using three
bibliometric techniques: document co-citation analysis,
co-word analysis, and bibliographic coupling [16]. The
main purpose of bibliometric analysis is to find out the
extend of impact a research has in a field through
publication trends, evaluate its impact based on several
metrics, and visualize and map the literature based on
specific network analysis [17]. Bibliometric analysis
enables researchers to methodically investigate and
analyze substantial amounts of scientific data,
emphasizing the evolutionary intricacies of particular
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fields and the emergence of new areas within them [18].
This methodology also provides various techniques and
procedures for conducting bibliometric analysis,
assisting researchers in understanding the bibliometric
and intellectual structure of a field by analyzing the
social and structural relationships between various
research components such as authors, countries,
[14][15].
methodologies can be employed in BEMS research to

institutions, and topics Bibliometric
ascertain the most promising research topics, evaluate
the impact of BEMS research, and forecast future trends
in the field. For the research procedure with
bibliometric analysis, the following is a practical guide,
as shown in the flowchart in Figure 1.

This study employs bibliometric analysis to assess
the trends and directions of building energy
management systems (BEMS) research. Bibliometric
analysis utilizes quantitative approaches to analyze
scientific

publications, providing

publication trends, citation patterns, and the overall

insights  into

impact of research within a specific field.
A. Data collection

BEMS stands for "building energy management
system". It is a computerized control system that helps

Step 1:

build and use energy more efficiently. BEMS can
manage many energy systems, including those that heat
and cool, light, airflow, and appliances. BEMS can help
cut down on energy use, costs, and greenhouse gas
emissions [19][20][21].

The bibliometric analysis technique used is
performance analysis based on biblioMagika® and
science mapping with VOSviewer, First, the number of
BEMS publications per year. Second, the source of
publication and the country that contributes the most
to BEMS research. Third, analysis of publications that
are widely referenced. Fourth, citation analysis. Fifth,
bibliographic coupling analysis and visualization with
iipmaps. Sixth, co-occurrence analysis.

A clear scope of BEMS research and the use of
appropriate search terms are essential to ensure that the
research produces accurate and insightful findings. The
following are some of the search terms that can be used
for BEMS research. The keywords and strategies to find
relevant publications on building energy management
systems (BEMS) are based on title, abstract, and
keywords. The dataset for this analysis was obtained
from the Scopus database, a comprehensive
bibliographic database known for its robust features in
bibliometric analysis. The search strategy focused on

Define the purpose
and scope

Step 2:

Techniques for
bibliometric analysis

Step 3:
Data Collection

Step 4:
Used Tools and
Bibliometric Settings

Step 5:
Report

Defined the research question.
The purpose and scope of the research on Building Energy Management Systems (BEMS) were defined.
The definitions were established to be broad enough to warrant bibliometric analyses.

A bibliometric analysis technique that aligned with the research objectives was chosen.

Design search terms based on the scope defined in Step 1

Databases were selected based on their adeguacy for the research topic.

Bibliometric data was retrieved based on the chosen bibliometric analysis technigue identified in Step 2.
The data was cleaned before proceeding with the analysis. Minor errors such as duplicates and incorrect
entries were removed.

A performance analysis was conducted, including publication and citation analyses.

Science mapping was then employed to summarize the field's bibliometric and intellectual structures.
This involved techniques such as keyword cluster mapping, collaboration network analysis, and time
trend analysis.

Bibliometric summaries were compiled, and answers to research guestions were written based on the
results of the bibliometric analyses.

Figure 1. The bibliometric analysis procedure [15].
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publications related to "building energy management
system", utilizing specific keywords in the title, abstract,
and keywords fields. The inclusion criteria were limited
to publications in English and final articles, while non-
English publications and articles in press were excluded.
Based on data coverage, Scopus was chosen as the data
set for this research because Scopus has powerful
bibliometric analysis features that can be used to
analyze research data [17][18]. The dataset obtained
from Scopus will be cleaned before proceeding. Data
cleaning will involve the removal of duplicates,
correction of typos, standardization of author names,
and standardization of publication titles using
OpenRefine [14][15]. Before analysis, the dataset
underwent a cleaning process to ensure accuracy and
consistency. This involved the removal of duplicate
entries, correction of typographical errors, and
standardization of author names and publication titles
using OpenRefine. The final dataset comprised 972
documents, including journal articles, conference
proceedings, book series, and reports.

B. Bibliometric settings

The bibliometric analysis was conducted using
various techniques, including performance analysis.
This involves assessing the number of publications and
citations over time to identify trends in BEMS research
from 1982 to 2024. Second, citation analysis: this
technique evaluates the most cited publications,
helping to identify influential works in the field. Third,
bibliographic coupling analysis: this method visualizes
the connections between publications based on shared
references, revealing collaborative networks and
research themes. Fourth, co-occurrence analysis: this
analysis examines the frequency of keywords in the
publications to identify prevalent research topics and
emerging trends. Fifth, science mapping: utilizing
software tools such as VOSviewer, the study visualizes
the citation networks and keyword co-occurrences,
providing a graphical representation of the research
landscape in BEMS. By employing these methodologies,
the study aims to provide a comprehensive overview of
BEMS research, highlighting key trends, influential
publications, and potential areas for future
investigation.

ITI. Results and Discussions

The Scopus database yielded 972 documents related
to building energy management systems (BEMS). As
shown in Table 1, these documents originated from
various sources, including journals, conference
proceedings, book series, books, trade journals, and
reports.

Table 1.

BEMS publication sources and totals.

Source type Total publication
Journal 449

Conference proceeding 436

Book series 62

Book 19

Trade journal 5

Report 1

Table 2.

Summary of key bibliometric metrics in BEMS research (1902-2024).
Main information Data
Publication years (PB) 1982 - 2024
Total publications (TP) 972
CiTable year (CY) 43
Number of contributing authors (NCA) 3,483
Number of cited papers (NCP) 774
Total citations (TC) 16,354
Citation per paper (CP) 16.83
Citation per cited paper (CCP) 21.13
Citation per year (CY) 389.38
Citation per author (CA) 4.70
Author per paper (AP) 3.58
Citation sum within h-core (CHC) 13,574
h-index (HI) 61
g-index (GI) 101
m-index (MI) 1.42

The data includes publication period, number of
publications, and various metrics commonly used to
measure research impact and productivity. The
provided data in Table 2 offers a comprehensive
overview of BEMS research from 1982 to 2024. It
encompasses metrics such as publication count,
citation frequency, and author contributions, which
collectively shed light on the evolution and impact of
BEMS research within this timeframe.

Table 2 describes the main information of the
publication dataset about the BEMS word search which
includes the followings. First, it shows the range of
years from 1982 to 2024. Second, the total number of
publications included in the dataset is 972. Thirdly, the
cited years, which refers to the duration in which
citations are considered, is 43 years. Third, the number
of contributing authors is 3,483. Fourth, the number of
articles cited by other researchers is 774. Fourth, total
citations of the number of times the publication was
cited by other researchers was 16,354. Fifth, the citation
per article, which divides the total number of citations
by the number of publications to see how often each
publication is cited on average, is 16.83. Sixth, citations
per cited article, which divides the total number of
citations by the number of cited articles to see how
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often each cited article is cited on average, which is
21.13. Seventh, citations per year, which divides the
total number of citations by the number of years cited
to see how many citations are received per year on
average. i.e. 389.38. Eighth, citations per author where
divides the total number of citations by the number of
contributing authors to see the average number of
citations per author, which is 4.70. Ninth, authors per
article, which shows the average number of
contributing authors per publication, namely 3.58
authors per article. Tenth, the h-index where this
metric is a way to measure the productivity and impact
of the researcher's publications, which is 61. Eleventh,
g-index where it takes into account the number of times
the most cited article by the researcher is cited, which is
101. Twelfth, the m-index was to overcome some of the
limitations of the h-index and g-index. It takes into
account the number of citations the researcher's
publication receives, as well as the number of
publications the researcher has, which is 1.42.

A. Performance analysis

Performance analysis can show that select
publications have been widely published and cited by
other researchers, indicating that the said research has
had a significant impact. Figure 2 shows the trend of
publications and citations of BEMS publications over
the research period (1982-2024). This graph provided a
visual overview of the development of BEMS research
over time.

Figure 2 provides an overview of the evolution of
BEMS based on Scopus publication data. The trend in
the number of BEMS publications increased rapidly
from 1982 to 2024, especially from 2010 to 2023. The
year with the highest number of BEMS publications is
2022 (90 publications). This shows that BEMS research

100

is increasingly active and in demand. The citation trend
of BEMS publications increases rapidly from 1982 to
2024. The year with the most total citations of BEMS
publications is 2018 (1,661 citations). This shows that
BEMS research is increasingly having a major influence
on research.

Bibliometric analysis enables the identification of
sources that consistently publish high-quality BEMS
research. These sources play an important role in
advancing the research field and disseminating
knowledge to the scientific community. As shown in
Figure 3.

Figure 3 shows the scientific publications published
in the scaled journals Energy and Building (49),
Energies (44), and Applied Energy (25). The
identification of the top 20 most productive sources for
BEMS publications in Figure 3 provides important
insights into the key contributors to this research area.
Understanding these sources can help BEMS
researchers stay abreast of the latest trends, identify
new research opportunities, and contribute to the
advancement of the field as a whole.

Bibliometric analysis helps identify highly cited
articles, which are often considered groundbreaking
and influential within a specific field of research. As
illustrated in Table 3, these highly cited documents
represent the most impactful works related to building
energy management systems (BEMS).

Table 3 shows the 10 most referenced BEMS
documents. The top 10 most referenced BEMS
documents were published in renowned journals,
namely Renewable and Sustainable Energy Reviews,
IEEE Transactions on Smart Grid, Journal of Building
Engineering, Building and Environment, Energy and
Buildings, Renewable and Sustainable Energy Reviews,
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Figure 2. Annual trends in BEMS publications and citations (1982-2024).
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Lecture Notes in Computer Science (including subseries Lecture Notes in Artificial..

Sustainability (Switzerland)
Journal of Building Engineering
Energy Procedia

Building and Environment
|IEEE Access

Sustainable Cities and Socisty _ 9

Advances in Intelligent Systems and Computing _ 9
Applied Mechanics and Materials - 7
Lecture Notes in Networks and Systems - 7
IECON Proceedings (Industrial Electronics Conference) - 7
Renewable and Sustainable Energy Reviews - 7
|EEE Transactions on Smart Grid - 6
Building Services Engineering Research and Technclogy - 8

Electronics (Switzerland) - 8

Journal of Physics: Conference Series - 8

Figure 3. Top 20 most productive sources for BEMS publications.

and IEEE Transactions on Smart Grid. The first
highest-referenced ~ journal is  Dounis  and
Caraiscos [22]. The second highest reference ranking is
Du and Lu [23], who, in their research, propose an
innovative algorithm for scheduling electricity loads in
households. This algorithm considers cost and user
convenience and can be used in household energy
management systems to help residents save energy and
electricity costs. The third highest reference ranking,
Mocanu et al. [24], highlights the potential use of deep
machine learning for online building energy
optimization. This approach leverages data from
advanced metering infrastructure to create smarter and
more efficient building energy management systems.
As the fourth highest reference ranking authors,
Hernandez et al. [13] highlight the importance of
management strategies in BEMS systems to achieve
energy efficiency in buildings. Improving building
energy efficiency is important to reduce overall energy
consumption. The fifth highest reference ranking,

Doukas et al. [25], propose an innovative model that

Table 3.

Top 10 most cited publications in BEMS research.
Reference Author(s) Year TC
[22] Dounis A. I and Caraiscos C. 2009 699
[23] DuP.and Lu N. 2011 519
[24] Mocanu E. et. al. 2019 383
[13] Mariano-Herndndez D. et. al. 2021 285
[25] Doukas H. et. al. 2007 277
[26] Ahmad M. W. et. al. 2016 245
[27] Missaoui R. et. al. 2014 243
[28] Lee D. and Cheng C. 2016 236
[29] WangF. et. al. 2018 198

[30] Zhao P. et. al. 2013 190

integrates with the existing BEMS system. This model
can help building managers make smarter decisions
regarding energy consumption and occupant comfort.
The sixth highest reference ranking is of Ahmad et al.
[26], whose research provides a comprehensive
overview of available technologies for energy metering
and environmental monitoring, their drivers,
advantages and disadvantages, factors that influence
technology selection, and future research and
development directions. The seventh highest reference
ranking, Missaoui et al. [27], provide a comprehensive
overview of energy metering and environmental
monitoring technologies, along with their drivers,
advantages, and disadvantages. The article also
discusses factors that influence technology selection
and future research and development directions. The
eighth highest reference ranking is Lee et al. [28],
discusses the effectiveness of energy management
systems (EMS) in saving energy. The article concludes
that energy management systems can be an effective
solution to save energy in various sectors, such as
buildings, industries, and equipment wuse. The
development of functions within the EMS plays an
important role in improving the effectiveness of energy
saving. The ninth highest reference ranking, Wang
et. al. [29] discusses the optimization of daily operation
of BEMS where they propose an innovative model for
BEMS operation optimization. The model aims to
achieve a balance between electricity cost savings,
building occupant comfort, and the balance of different
energy loads. The tenth highest reference ranking, Zhao
et. al. [30] discusses an innovative BEMS using a multi-
agent-based decision-making approach. They highlight
the importance of energy optimization in buildings.
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Figure 4. Visualization of the citation network in BEMS by VOSviewer.

The proposed multi-agent approach enables smarter
and coordinated decision-making in the BEMS system
to achieve energy efficiency and cost savings.

B. Science mapping by citation analysis

The visualization of the BEMS citation network
using VOSviewer provides a valuable tool for
understanding the structure and dynamics of BEMS
research. By analyzing this network, researchers can
gain insights into the most influential research topics,
emerging trends, and potential collaborations within
the BEMS research community.

Figure 4 visualizes the citation network of the 15
citation network BEMS documents, with a minimum
citation threshold of 160. Table 4 further categorizes
these documents into four clusters based on the citation
network analysis. Cluster 1 (red) focuses on a specific
research area within BEMS, while Cluster 2 (green)
delves into a broader, foundational aspect of the field.
Cluster 3 (blue) explores a niche topic within BEMS,
and Cluster 4 (yellow) investigates a cross-disciplinary
area related to BEMS.

Table 4.

Cluster themes based on citation networks analysis.
Author(s) Reference  Citations
Cluster 1 (Red)

Missaoui (2014) [27] 243
Wang (2018) [29] 198
Zhao (2013) [30] 190
Cluster 2 (Green)

Dounis (2009) [22] 699
Mariano - Hernéndez (2021) [13] 285
Cluster 3 (Blue)

Hannan (2018) [31] 186
Lee (2016) [28] 236
Cluster 4 (Yellow)

Kolokotsa (2009) [32] 160
Doukas (2007) [33] 277

In Table 4, the citation analysis of each cluster
shows four main themes from each cluster in research
on BEMS. First, intelligent energy management
systems for homes. Second, advanced control systems
are used for energy management and comfort in
buildings. Third, the internet of things (IoT) is based on
BEMS, and fourth, there is a rule-based intelligent
building energy management system. If it is concluded
based on the visualization of the citation network on
BEMS and themes, the building energy management
system continues to grow. This can help to improve
energy efficiency and comfort in buildings by utilizing
IoT and artificial intelligence (AI) based BEMS.

C. Science mapping by bibliometric coupling
analysis

The bibliometric coupling analysis network
visualization of BEMS research by country, as shown in
Figure 5, is a valuable tool for understanding global
collaborations and national contributions in this field.
This network can help BEMS researchers identify
potential collaboration partners, understand global
research trends, and contribute to the overall
advancement of BEMS research.

Figure 5 presents a visualization of the global BEMS
research network, focusing on countries with at least
five publications in the Scopus database. This network
highlights the collaborative relationships and
knowledge exchange among researchers from different
countries. The United States, China, and South Korea
emerge as prominent hubs in this network, with strong
connections to numerous other countries. This
suggests that these countries play a significant role in
shaping the global BEMS research landscape.

Figure 6 provides a visual representation of the
global distribution of BEMS research by iipmaps,
leveraging an interactive map to showcase the number
of publications from each country. This visualization
offers a clear and intuitive understanding of the
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Figure 5. Bibliometric coupling analysis network research visualization of the country by VOSviewer.

geographic spread and intensity of BEMS research
activities worldwide.

Figure 6 shows 43 countries, with the top
5 countries with the most published documents being
the United States (115 publications), South Korea (93
publications), the United Kingdom (87 publications),
China (70 publications), and Japan (62 publications). It
is important to note that the number of documents
does not necessarily reflect the quality or importance of
the research. Other factors such as the size of the
research community in a country and the level of
government funding or affiliation for BEMS research
can also play a role.

D. Science mapping by co-occurrence analysis

Science mapping by co-occurrence analysis shows
the visualization of BEMS research keyword. Larger
number of keywords indicate a higher frequency of
occurrence in research publications. Different colors
indicate groups of related keywords.

Figure 7 is a set of keyword overlay on BEMS
publications from 1982 to 2024. Based on VOSviewer,
the top 30 keyword research topics with the keyword

energy management systems are energy management
systems, building energy management systems, energy
management, energy utilization, buildings, energy
efficiency, building energy management system
(BEMS), intelligent buildings, energy conservation, air
conditioning, information management, office
buildings, smart power grids, optimization, electric
power transmission networks, automation demand
response, building energy management, forecasting,
internet of things, smart buildings, smart grids, three-
term control systems, heating, ventilation, and air
conditioning (HVAC), model predictive control,
renewable energy resources, in-buildings, costs,
housing and learning systems.

To make it easier to analyze the keywords used in
the last four years during the 2020 - 2024 range. This
visualization provides a clearer picture, as shown in
Figure 8. Figure 8 shows the visualization of the citation
keyword occurrence overlay with the range of 2020 to
2024, with the criteria for the minimum number of
keyword occurrences of 5 out of 2,773 keywords that
have been cleaned using open refine. 196 were found to
meet the criteria threshold.
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Figure 6. Visualization of BEMS research strength by country by iimaps.
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Figure 8. Recent keyword trends in BEMS research (2020-2024).

Table 5 shows 20 keywords co-occurrence
regarding future research interest keyword topics on
BEMS. BEMS research topics that will be widely
published include building energy management
systems, smart building, energy management, internet
of things, energy efficiency, demand response, machine
learning, deep learning, energy consumption, IoT,
renewable energy, BEMS, energy saving, smart grid,
electric vehicle, model predictive control, data-driven
model, demand side management, artificial intelligence,
and buildings. It is predicted that the development of
BEMS technology will continue to grow and become
more sophisticated. This allows BEMS to more
effectively manage energy, especially sustainable energy,

and improve energy efficiency.
E. Discussions

The findings of this bibliometric analysis reveal
significant insights into the trends, challenges, and
future directions of building energy management
systems (BEMS) research. The rapid growth in
publications and citations over the years indicates an
increasing recognition of BEMS which is important in
enhancing energy efficiency and sustainability in
buildings. This trend is likely to continue as the

Table 5.
20 most frequently occurring keywords based on co-occurrence
analysis of author keywords for 1982 - 2024.

Author keywords Occurrence  Link strength

BEMS 92 142
Smart building 45 74
Energy management 39 74
Internet of things 31 51
Energy efficiency 26 51
Demand response 25 49
Machine learning 23 50
Deep learning 20 37
Energy consumption 17 23
IoT 15 26
Renewable energy 14 30
BEMS 13 16
Energy saving 13 32
Smart grid 13 38
Electric vehicle 12 26
Model predictive 12 23
Data-driven model 10 17
Demand management 10 27
Artificial intelligence 9 20
Buildings 9 9
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demand for efficient energy solutions escalates in
response to global climate change and urbanization.

The following is the answer for RQl regarding
trends in BEMS research. BEMS research has evolved
substantially since its inception in the early 1980s, with
a notable acceleration in publications from 2010
onward. This growth reflects a heightened interest in
energy management technologies and strategies,
particularly in light of the pressing need for sustainable
practices in the building sector. The emergence of
advanced technologies, such as IoT and Al has further
catalyzed this growth, enabling more sophisticated and
integrated BEMS solutions.

The answer for the RQ2 on influential BEMS
publications is as follows. The identification of highly
cited documents highlights the foundational works that
have shaped the field of BEMS. Notably, the research by
Dounis and Caraiscos (2009) [22] stands out as a
critical contribution, providing a comprehensive
review of advanced control systems for energy and
comfort management. Such influential studies not only
advance theoretical understanding but also guide
practical implementations of BEMS in real-world
scenarios.

As an attempt to answer RQ3, the geographical
analysis reveals a concentration of BEMS research in a
few key countries, notably the United States, South
Korea, the United Kingdom, China, and Japan. This
distribution suggests that these countries have
established robust research communities and funding
mechanisms to support BEMS initiatives. However, it
also highlights the need for greater international
collaboration and knowledge sharing, particularly in
regions where BEMS research is still developing.

Addressing the keyword analysis and emerging
themes in RQ4, the keyword co-occurrence analysis
indicates a shift in focus within BEMS research towards
intelligent energy management systems, integrating
renewable energy sources, and utilizing smart
technologies. Keywords such as "smart buildings,"
"IoT," and "energy efficiency" reflect the growing trend
toward creating intelligent, adaptive environments that

optimize energy use while enhancing occupant comfort.

This  shift
interdisciplinary approaches that combine engineering,

underscores the importance of
computer science, and environmental studies.
Whereas in responding RQ5, the literatures
reviewed emphasizes the multifaceted role of BEMS in
improving energy efficiency and sustainability. By
leveraging data from various sensors, BEMS can
monitor energy use, optimize system performance, and
integrate renewable energy sources, ultimately leading

to reduced operational costs and environmental impact.

The findings suggest that future research should focus

on developing more affordable and user-friendly BEMS
solutions, particularly for residential applications, to
encourage wider adoption.

Based on the literature review of 2023-2024, BEMS
is used to first improve energy efficiency and
sustainability in buildings. BEMS works by optimizing
the operation of various HVAC systems, lighting
systems, and other equipment that use a IoT of energy.
BEMS works to achieve energy efficiency and
sustainability through monitoring and data collection.
BEMS collects data from various sensors in the building
[34][35][36], including temperature [34], humidity
[34], occupancy levels [37], and energy consumption
[38][39]. This data provides insight into how energy is
used in the building. Second, control and optimization.
Based on the collected data, the BMS can automatically
adjust the settings of the HVAC system [34], lighting
system [40], and other equipment to optimize energy
use [41][42][43]. For example, the BMS can turn off
lights in unoccupied spaces or adjust temperature
settings based on outdoor temperatures [44][45][46]
and occupancy levels [47][48][49]. Third, predictive
maintenance. The BMS can analyze sensor data to
identify potential equipment failures [41][44][50] and
schedule preventive maintenance [51][52]. This can
help avoid costly repairs and building operation
downtime [53]. Fourth, integration with renewable
energy sources. BMS can be integrated with renewable
energy sources such as solar panels and battery storage
systems [49][54][55]. This allows the building to utilize
clean energy and reduce dependence on the power grid
[56][57][58]. Fifth, improving occupant comfort. BMS
can be used to create a more comfortable indoor
environment for building occupants. For example, the
BMS can adjust temperature and humidity levels based
on occupant preferences [50][59][60] or equipment
inside the room [61], and energy analysis of smart
lighting systems should consider the visual comfort of
the occupant [62][63][64].

For RQ6 challenges and opportunities despite the
promising advancements in BEMS research, several
challenges persist. The complexity of BEMS integration,
lack of interoperability among systems from different
vendors, cybersecurity vulnerabilities, and the scarcity
of skilled professionals hinder the widespread
implementation of these systems. Addressing these
challenges requires collaborative efforts among
researchers, industry stakeholders, and policymakers to
develop standardized protocols, enhance cybersecurity
measures, and provide training programs for
professionals in the field.

Based on the literature review in the Scopus data set
during 2023-2024, the main challenges and
opportunities in research in the implementation of
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BEMS are: first, system complexity: BEMS involves the
integration of various components and technologies
[50][57][65], such as a chiller, air handling unit (AHU),
variable air volume (VAV), sensors [65], actuators,
control  software [48][50][57], metering [66],
communication network [44], and renewable energy
sources [48][55][67]. This can make BEMS systems
complex and difficult to design, operate, and maintain.
Second, lack of interoperability: BEMS systems from
different vendors are often incompatible with each
other, making it difficult to integrate and manage
BEMS systems across multiple buildings [57][68][69].
Third, cybersecurity: BEMS systems are vulnerable to
cyberattacks, which can disrupt operations and
compromise sensitive data [70]. Fourth, lack of
expertise: lack of experts skilled in the design,
implementation, and operation of BEMS can hinder the
adoption of this technology [68]. Fifth, cost: BEMS
implementation can be expensive, especially for large
and complex buildings [20].

The insights gained from this bibliometric analysis
highlight the dynamic nature of BEMS research and its
critical role in fostering sustainable building practices.
By addressing existing challenges and capitalizing on
emerging trends, BEMS has the potential to
significantly contribute to a more energy-efficient and
sustainable future for buildings.

IV. Conclusion

This study conducted a comprehensive bibliometric
analysis of building energy management systems
(BEMS) research, revealing significant trends,
influential publications, and emerging themes from
1982 to 2024. The findings indicate a marked increase
in research activity, particularly in the last decade,
driven by the urgent need for sustainable energy
solutions in the face of global climate change and
urbanization. The analysis highlights several key
insights. First, growth of BEMS research: the rapid
expansion of publications and citations underscores the
growing recognition of BEMS as a crucial tool for
enhancing energy efficiency and sustainability in
buildings. This trend is likely to continue as
technological advancements and regulatory pressures
push for smarter energy management solutions.
Second, influential contributions: the identification of
highly cited works reveals foundational studies that
have shaped the field, providing valuable frameworks
and methodologies for future research. These
influential publications serve as critical resources for
both researchers and practitioners seeking to
effective  BEMS
geographical insights: the concentration of BEMS

implement solutions.  Third,

research in specific countries indicates the presence of
established research communities and funding
opportunities. However, it also highlights the need for
broader international collaboration to enhance
knowledge sharing and innovation in BEMS
technologies. Fourth, emerging themes and challenges:
the analysis of keywords demonstrates a shift towards
integrating advanced technologies such as IoT and Al
within BEMS, reflecting that the industry is moving
towards creating intelligent and adaptive building
environments. Nonetheless, challenges such as
interoperability, cybersecurity, and the need for skilled
professionals remain significant barriers to widespread
BEMS adoption. Fifth, future directions: to fully realize
the potential of BEMS, future research must focus on
addressing the identified challenges, developing cost-
effective and user-friendly solutions, and exploring the
integration of BEMS with other emerging technologies.
This will facilitate broader implementation across
various building types, particularly in the residential
sector, where energy efficiency gains can have a
substantial impact. In summary, this study contributes
to the understanding of BEMS research by mapping its
evolution and identifying key areas for future
exploration. By addressing the challenges and
leveraging emerging trends, BEMS can play a pivotal
role in promoting a more sustainable and energy-
efficient future for buildings worldwide.
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