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Abstract: This study is exploring the role of Eco-friendly elevators in literature
based on an analysis of 113 papers published in scholarly journals drawn from
the Scopus database. This is the first study which used a bibliometric analysis
to review the academic literature in the elevator system research field. The
analysis started with the gradual classification of collected papers according to
the multi-objective problem of vertical transportation and a citation analysis.
Determining predominant themes and sub-themes was conducted by
bibliometric analysis based on the co-occurrence of title words inside bi-
dimensional matrix. The obtained results highlighted an emerging research
cluster (energy utilization) one of the most important for future elevator system
development. This cluster addresses technological advances of elevators and
predicts Eco- elevator technologies to be widely used in near future. This
research could be very useful to foster in-depth knowledge of Eco-friendly
elevators.

Keywords: Eco-friendly elevators, elevator systems, literature review,
bibliometric analysis, thematic evolution.

Istrazivanje uloge ekoloski prihvatljivih liftova u literaturi

Apstrakt: Ova studija istrazuje ulogu ekoloski prihvatljivih liftova u literaturi na
osnovu analize 113 radova objavijenih u nau¢nim ¢asopisima iz baze podataka
Scopus. Ovo je prva studija koja je koristila bibliometrijsku analizu za pregled
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akademske literature u oblasti istrazivanja sistema liftova. Analiza je zapocela
postupnim razvrstavanjem sakupljenih radova prema problemu viseciljine
optimizacije vertikalnog transporta i analizom citata. Odredivanje dominantnih
tema i podtema sprovedeno je bibliometrijskom analizom na osnovu
zajednickog pojavijivanja reéi u naslovima razmatranih radova unutar
dvodimenzionalne matrice. Dobijeni rezultati su istakli istraZivacki klaster u
razvoju (iskoriséenje energije) kao jedan od najvaznijih za buduci razvoj
sistema liftova. Ovaj klaster se bavi tehnoloskim napretkom liftova i predvida
da ce se tehnologije eko-liftova Siroko koristiti u bliskoj buducnosti. Ovo
istraZivanje bi moglo biti veoma korisno za posticanje dubljeg znanja o eko-
liftovima.

Kljuéne reci. Ekolo$ki prihvatljivi liftovi, sistemi liftova, pregled literature,
bibliometrijska analiza, tematska procena.

1. Introduction

Very common inquiry in the last decade is “What do Components of
Sustainable Design for Green/Smart Buildings”? Apart all others the present
study would like to be concentrate of the Energy, i.e. Strategies to ensure and
improve the building’s energy performance and reduce energy consumed, as
well as identify opportunities to use renewable energy sources (Kubba, 2016).
Most specifically, the main goal of this paper is to highlight the role and
importance of elevators in buildings, especially Environmentally/Eco-Friendly
Elevators in the content of their development in the published studies. If the
building is taller, the role of elevators becomes more important not only for the
efficient realization of people's movement between floors, but also in relation to
energy consumption. As elevators account from a few percent up to 10 percent
of building energy use, then their overall efficiency should be optimized. In that
way, although the results showed that elevator energy efficiency and elevator
environmental friendly are dominant in more than 60% of the 101 analyzed, but
very broadly selected papers in (Zrnic et al., 2023), this survey study is more
dedicated to analyzing the results from previous indexed studies.

Looking into basic elevators literature (Barney and Al-Sharif, 2016; The Vertical
Transportation Handbook, 2010) known as lift traffic engineering/vertical
transportation it is easy to adopt its the seven pillars such as Round trip time
evaluation, Design procedure (no. of elevators in the group with speed and
capacity), Performance parameters (the average waiting time and the average
travelling time), Traffic surveys (based on the passenger arrival process),
Simulation (assess the performance of elevators traffic systems), Group control
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and The design of high rise buildings. Further the selection of the most
environmentally friendly elevators during the building design phase is very
useful. Such an elevator will significantly contribute to the achievement of
appropriate performance for Sum-Zero energy building (“a building that
produces at least enough emission-free renewable energy to cover the
emission generated by its non-renewable energy sources”) (Khazaii, 2014).
Therefore, how it could be possible that Eco-friendly elevators present the more
common sustainable solution of vertical transportation. In that way, their main
features could be specified as: machine-room-less (MRL) elevator; Gearless
traction motor; drive systems that regenerate energy; computerized precision
traffic control that optimizes the performance of a group of elevators and
decreases light-load trips; in-cab sensors and software that make the elevator
go into sleep mode when not in use, turning off the music, video, lighting, and
ventilation; and destination dispatch control software to improve passenger
traffic flow (Al-Kodmany, 2023a,b,c; Zrnic et al., 2023).

Everyday some new digital and Atrtificial Intelligence-based enhancements
have been harvested and included in a new generation of elevator technology.
Each next generation of elevator technology improves elevator systems to be
faster, safer and comfortable with more personalized rides. Firstly, energy-
efficient hardware is recognized which appears through replacement of DC
(direct current) motors with more efficient AC (alternating current) motors; using
geared or gearless traction elevators (where second one can be 50% smaller);
employ MLR elevators; apply regenerative drive as very energy-efficient
technology; recommendation of special design for elevator ropes (e.g.
fiber/steel/polyurethane ropes/ “Ultra Rop”); design of Double-Deck Elevators;
use TWIN system (TWIN is an elevator system); installing Energy-efficient light-
emitting diode (LED); using computerized role guides; breaking system and air
pressure differential (see more in Al-Kodmany, 2023a,b,c; Zrnic et al., 2023).
Secondly, energy-efficient software solutions are focused on the elevator traffic
optimization because the elevator's cycle and traffic performance significantly
impacts energy consumption. In that way, these software solutions could be
very useful for optimal traffic modeling based on acceptable average waiting
time, round-trip time, up-peak traffic, average travel time, empty trips related to
energy consumption models among others. Therefore, simulation modeling and
the application of new software solutions significantly support the optimal
elevators operation regime through Destination Dispatching Systems; People
flow solutions; Standby Mode; Predictive maintenance applications suites;
Elevator monitoring system based on the Internet of Things; Elevator Group
Control System; The supercapacitor-based elevator energy storage system
(see more in Al-Kodmany, 2023a, b, c; Zrnic et al., 2023).

69
Industrija, Vol.51, No.1, 2023



According to studied review papers (Al-Kodmany, 2015; Fernandez and Cortes,
2015; Al-Kodmany, 2023a, b, c; Zrnic et al., 2023), a significant gap was found
which indicates that there is not Meta analysis of scientific publications for
elevators system. This analysis provides a united estimate of effect, an
objective and heterogeneity between results, while some relevant studies could
be omitted or some others selected by bias. Further, summary data is usually
used rather than individual ones. Then, a bibliometric analysis was conducted
in the paper to carry out the search on relevant databases, perform the
gathering and filtering of dataset, deeply screen the dataset, manual browsing
the results of the dataset, final dataset selected and conduct the analysis. This
analysis allows a quantitative way of measuring study impact, relevant scientific
information on research, highlighting main components of the study like
keywords, predicting the future research directions, indicating on the
development trend of research areas among others.

There is a need for a survey study to determine the achieved development
trends in elevators system research. This survey could describe a clear scoping
of progress and challenges in green elevator technologies and to give a state
of knowledge of the scientific research. All of that would distil results obtained
in the selected dataset papers. To confirm these statements the elevator
system research field provides insights in its thematic evolution using
bibliometric software known as the Bibliometrix R package as a very efficient
tool.

The rest of the paper is structured as follows. The research methodology is
presented in Section 2. The results of conducted bibliometric analysis and
classification of selected papers are summarized with discussions in Section 3.
The previous achievements with future research directions are presented in
Conclusions.

2. Methodology

The search for scientific papers was carried out through the Scopus database.
The search methodology and process analysis are shown in Figure 1. The first
step is based on the selected keywords and search strings which are implicitly
or explicitly linked to elevators-related papers. The final data sample was
collected based on a systematic and reproducible way (through gather and filter
procedures). The Scopus database was queried (https://www.scopus.com/) as
an comprehensive dataset to find elevator-related papers by the following
queries (“passenger/freight elevators/lifts” or “green elevators/lifts” or “Eco-
Friendly elevators”) and search strings (“elevators inside buildings AND its
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practice”, “elevators design AND traffic patterns”, “modelling concept of
vertical transport AND elevators”, “New sustainable design of elevators AND
recent technological advances”, “smart elevators AND elevator system”). This
search was conducted in the keywords, abstract and title, based on English
publications only.

The initial data sample which collected was based on more than 500
publications. Then, a main exclusion criterion was determined as “only to
journals' papers could be included in final dataset”. After applying this criteria
and further manual screening (based on eligibility and relevance of contents),
the final data sample contained 113 papers (i.e. 109 journals' papers and 4
papers from Book series issued by respectable publishers). According to that
two files (.csv and .bib files, each with metadata for 113 papers) were ready for
further handling and analysis.

Figure 1. Flow charts of search methodology and process analysis
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In the next step, all papers in the dataset have been classified as relevant for a
qualitative analysis on their research focus as shown in Table A1l (Appendix A).
The vertical transportation (VT) problem defined in (Barney & Al-Sharif, 2016)
and analyzed in (Zrnic et al., 2023) is a multiple constraint-multiple-objective
problem that aims to produce categorization of 113 papers as shown in Table
Al: Safe (S); Functional (F); Reliable (R); Cost effective (CE); Able to meet the
passenger performance requirements (PPr); f) Able to use the smallest
possible core space of the building (SBR); Energy efficient (EE) (Barney & Al-
Sharif, 2016) and Environmental friendly (EF) (Zrnic et al., 2023). The
categorized papers presenting models that could be utilized as a potential
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component of previously mentioned multiple-objective problems were included
in the dataset. These papers collected in Table A1 (Appendix A) were reviewed
to gather additional bibliometric information in order to conduct deeper analysis
of their influence.

Further, bibliometric analysis is conducted. Using annual scientific production
with average citations per year, keyword frequency analysis, network and
citation analysis as some of the main bibliometric indicators, the present study
formed the basis for analyzing conceptual structure of selected dataset. In that
way, this structure which is based on the co-occurrence of key terms (keywords
plus, authors’ keywords, keywords in the title or abstract of the papers including
any combination of them) represent the content of the papers. If two papers
have more common key terms/keywords, they are more similar which indicates
the same research arealfield at a higher level. Hence, the co-word network
represents more keywords in a paper, which usually appear together. It
provides possibility to recognize various themes related to a research area/field
by using some clustering (e.g. Louvain and Leiden among others). In
accordance with that, themes visualization is depicted for three sub-period,
while strategic diagrams are built related to the main subject of this paper.

The last, but not the least step to identify the future research directions is
emphasized through mapping of the changes in keywords and discussion of
strategic diagrams for thematic evolution. Although the known challenges in the
near future using hardware and software technologies on the sustainable
elevator design have been highlighted in the previous survey study (Zrnic et al.,
2023), a great cohesion of the themes evolution in sustainable elevator design
show huge potential for future research directions which could be determined
by bibliometric analysis.

3. Results and analysis

This survey study contains a dataset of 113 papers as shown in Table Al
(Appendix A). All of these papers are deeper reviewed and represent 109
journal papers and 4 papers from Book series according to the classification of
Scopus database. Less than fifty percent of papers (i.e. 56) are already
considered in (Zrnic et al., 2023) but not from the bibliometric aspect, whilst 57
new papers were included in the dataset. In such cases, papers were focused
on more than one category related to vertical transportation problems defined
in (Barney & Al-Sharif, 2016) and analyzed in (Zrnic et al., 2023) as a multiple
constraint-multiple-objective problem which were previously described. In that
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way, the research profile of each paper is highlighted to examine the relevant
problem investigated as given in Table Al. These results for each paper contain
bold (v) and normal (¥) marks, where the bold mark depicts the primary subject,
while normal mark indicates secondary point of view related to research
problems. If there were no second problems considered in some papers, they
were not noted (Zrnic et al., 2023).

After putting this dataset in the context, it is very important to emphasize what
bibliometric techniques are. Each indexed publication contains bibliographic
data which can be analyzed by bibliometrics. This analysis may be conducted
to investigate social and intellectual aspects of papers in the dataset. First one
always contains authors, institutions and countries information, while the
second treats scientific production and citations among others. Further, there
are bibliometric methods, network analysis and science mapping whose
combination may products scientific production using conceptual (e.g. thematic
maps), intellectual (e.g. co-citations) and social (e.g. various collaboration
maps) structure of the papers in dataset. The results of some of the bibliometric
methods and techniques will be presented further.

3.1. Citations and scientific production

The analysis of citations is provided in Table Al for each paper up to August
2023. A total of 1296 citations were collected from 113 papers or an average
11.5 citations per paper from the Scopus database. On the other side, a total
2012 citations is collected or 19.5 citations per paper from Google Scholar
database. Which means that papers were cited 1.7 times more in Google
Scholar database. The most cited papers are Kang and Sul (2000) with 63
citations, Al-Kodmany (2015) which collected 60 citations and Siikonen (1993)
counted 51 citations from the Scopus database. The most productive papers
per yearly citations output are Gupta et al. (2022) and Al-Kodmany (2015) each
with 7.5 citations per year, followed by Zhou et al. (2018) and Yang et al. (2017)
each with 6.1 and 6 citations per year, respectively (based on the Scopus
database).

A fast-growing trend of elevator systems research is observed after 2012 as
given in Figure 2. A further intensified scientific production is noticeable around
2020 where the number of papers peaking in 2022 at 17 ones.
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Figure 2. Annual scientific production
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Source: Authors’ elaboration using Bibliometrix R package & Biblioshiny, Aria and Cuccurullo (2017)
3.2. Keywords analysis

To identify contextual links among papers in the dataset the analysis of the co-
occurrence of keywords is conducted. In order to analyze the research trends
and depict focus on thematic evolution this is a significant part. The distribution
frequency of the leading keywords which appears in the titles of the papers as
shown in Figure 3 implies the papers in the dataset focusing on the research
subject and some related issues. From the beginning of this century, an
important growth could be noticed in the number of keywords such as
“elevator”, “system” and “energy” among others. This dynamic was also
investigated by verifying which keywords have associated the number of total
link strength which is proportional to frequency of occurrence in the analyzed
period.

The word ThreeMap of keywords that received elevator systems interest from
researchers is shown inside Figure 3 to confirm the dynamic of the most
relevant keywords. According to that, “system”, “energy”, “building”, “time”,
“traffic” and “passengers” are common elevator system keywords. Further,
“design”, “control”, “consumption”, “car”, “floor”, “waiting” and “performance”
present other parts of significant keywords. This shows the development
potential of the elevator system. The importance of the large amount of data
that needs to be processed and analyzed is particularly emphasized. The
importance of process modeling and simulation is also highlighted, which can,

74
Industrija, Vol.51, No.1, 2023



with the application of new technologies, increase the overall elevator system
efficiency and significantly reduce energy consumption.

Figure 3. The dynamic of the most relevant keywords in the title of the papers
and world ThreeMap based on the keywords in the abstracts of papers

elevator elevators i results passengers simulation
339 143 6 54 54

10% 4% % 2% 2% R

s SYSTEM

s ENERGY

CONTROL

—s— TRAFFIC

—e— BUILDINGS

Cumulate occurrences
&

——LFT

—s ELEVATORS

—s—SYSTEMS

—s—sTUDY

Uﬂv‘!ﬁ 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 Year 2030
Source: Authors’ elaboration using Bibliometrix R package & Biblioshiny, Aria and Cuccurullo (2017)

Co-occurrences networks of the index keywords as shown in Figures 4 and 5
using Scopus data and the VOSviewer software are given. Co-occurrence
index keywords with full counting which have occurred two or more times are
presented. These figures indicate correlation maps between the index
keywords and contain a “co-occurrence or co-word evaluation” of the
keywords, pointing to several significant themes in the elevator system. The
distance between two keywords (two nodes) is approximately inversely
proportional to the similarity (relatedness in terms co-occurrence) of the
keywords. Hence, keywords with a higher rate of co-occurrence tend to be
found closer to each other and size of them in the map depends mainly on their
presence in the related topic. The keywords which occur in the map center or
close to that, forming main clusters in dataset (Table Al) according to feature
that the VOSviewer provides a clustering function, which assigns keywords to
clusters based on their co-occurrence (van Eck and Waltman, 2010).
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Figure 4. Co-occurrence index keywords - full counting network visualization
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Figure 5. Part of Figure 4 which underlined energy utilization
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Source: https://www.vosviewer.com (van Eck and Waltman, 2010)

Therefore, this analysis is generated by 140 frequently appeared keywords
grouped into seven clusters, which are the mainstream research directions
inside elevator systems. The seven keyword clusters have identified the
different research focuses. Red Cluster comprises 33 keywords focusing
mainly on the main subject of the paper and also any of the significant items
related to elevator systems such as “energy utilization”, “energy efficiency”,
“energy management”, “energy conservation”, “energy consumption” among
all others (This cluster is separately shown in the Figure 5). Green Cluster
contains also 26 items that predominantly emphasize the use of typical elevator
system keywords. Dark Blue Cluster covers 23 nodes focusing directly on the
elevator traffic analysis, new technologies application in elevator systems and
various techniques to solving traffic models. Yellow Cluster consists of 22
keywords, which engage in “the artificial intelligence”, “Bayesian network”,
“intelligent building”, “neural network”, “automation” and “traffic control”
among others. Purple Cluster includes 15 nodes that focus on “elevator
systems”, “elevator safety”, “internet of things”, “deep learning”, “monitoring
systems” and so on. Light Blue Cluster consists of 14 keywords related to
“computer simulation”, “genetic algorithms”, “genetic network program”,
“mathematical modeling”, “scheduling” etc. Orange Cluster contains seven
items, where the first one is focused on “optimization”, “real time system”,
“elevator aided evacuation”, “evacuation and fire simulation”, “simulation”
among others.
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3.2. Thematic evolution

The thematic evolution of the papers in the dataset is conducted and the results
of this analysis are presented in Table 1 and Figures 6 - 8. This analysis has
been focused on the three periods (i.e. the first one from 1981 to 2014; the
second one from 2015 to 2020 and the third one from 2021 to August 2023).
Using the Bibliometrix R package (Aria and Cuccurullo, 2017), this analysis
treated 250 keywords in the title of papers from the dataset. Cluster frequency
was set to minimum 3 with index weighted by word-occurrences set to 0.1. A
few keywords are shown per each cluster.

If frequency of occurrence is small for some keywords, it means they have no
significant impacts on the core themes. On the other hand, the keywords which
have an adequate level of frequency of occurrence (threshold which may be
arbitrary) are grouped into clusters which could be limited with arbitrary number
of keywords because this number usually determines the number of keywords
which will appear in the cluster (to be visible). The name of the theme is always
determined by the keyword with the maximum frequency of occurrence.

There is a strategic diagram based on the Callon centrality and density to
analyze the motor themes, the niche theme, the emerging or declining themes
and the basic themes (Callon et al., 1991; Cobo et al., 2011). This diagram is
divided into four quadrants. Each quadrant represents different types of themes
(the first quadrant has on the upper right-hand corner of the plane and
represents Motor themes - These themes have high levels of centrality and
density because they are highly relevant and well developed; the second
guadrant has on the upper left-hand corner of the plane and represents Nische
themes - These themes have low centrality and high density because they are
the highly developed but not very relevant; the third quadrant has the lower left-
hand corner of the plane and represents Emerging/declining themes - These
themes have low centrality and low density because they are weakly developed
internal and external ties; and the fourth quadrant has the lower right-hand
corner of the plane and represents Basic themes - These themes have low
levels of density and high levels of centrality because they are low developed
but very relevant themes) (see more in Callon et al., 1991; Cobo et al., 2011).
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Table 1. Description of the themes during considering periods

The first period, 1981-
2014 based on results in
Figure 6

The second period, 2015-2020
based on results in Figre 7

The third period, 2021-2023,
based on results in Figure 8

Motor themes

Motor themes

Motor themes

There are a few themes in
the two clusters:
“elevators”, “system” and
“control” are predominant
in the central cluster. One
smaller cluster partially
belongs to it: “automated”
and “optimal”.

The same cluster stays stably
positioned. Two new clusters have very
good levels of density and centrality.
“Energy”, “buildings”, “traffic” and
“time” appear as new themes.

The two same clusters stay stably
allocated although the new cluster
from the second period is a little
lost to density but its scope is
bigger. The two new clusters
came, both of them are related to
“performance measures” and
“smart technology” in “high-rise
buildings”.

Dominant position of two clusters, while one is very close to centrality

levels of centrality and density.

(3rd third sub-period) with average

Niche themes

Niche themes

Niche themes

Contains one cluster with

three interesting themes:
“programming”,  “genetic”,
“network”. A slightly
smaller cluster partially
belongs to it with the
themes “automated” and
“optimal”.

There are three themes: “building,
“efficiency” and “tall”.

Contains one cluster which has
three themes: “algorithm”,
“prevention” and “transportation”.
Also one cluster slightly touches
this quadrant with the two
interesting themes such
“modeling” and “solution”.

There are not many clusters but the existing ones express some potential.

Emerging/declining
themes

Emerging/Declining Themes

Emerging/Declining Themes

There is one theme:

“development”.

Contains the two clusters. The first one
with the two themes: “application” and
“management”. The second one has
one theme: “three-dimensional”. A
slightly smaller cluster partially belongs
to it with the themes: “floor” and
“integrated”.

There are four clusters. Two first
have per the two themes:
“modeling” and “solution”; and
“elevators and “improve. Two
second clusters have one theme
each: “smart” and “technology”.

These clusters include

several studies and their development is on the way to being realized.

Basic themes

Basic themes

Basic themes

The two clusters exist. The

first one has the three
themes: “lift”, “energy”
and  “traffic”.  Second
cluster contains the two
themes: “analysis” and
“escalators”.

There is one cluster which has the
three themes: “consumption”,
“modeling” and “power”. A smaller
cluster partially belongs to it with the
theme “floor” and “integrated”.

Only one cluster exists with the
three themes: “study”, “lift” and
“residential”. Also one cluster
slightly touches this quadrant with
the three interesting themes such
“analysis”, “performance” and
“ropeless”.

Although it does not contain many clusters and themes, some of them are very significant as “energy”,

“consumption” and “modeling”.
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Figure 6. Thematic map (1981-2014)
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Figure 7. Thematic map (2015-2020)
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Figure 8. Thematic map (2021-2023)
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4. Conclusions and further research

A bibliometric analysis is conducted to investigate the elevator system. This is
the first study which used a bibliometric review of the academic literature in the
elevator system research field. As pointed out in (Zrnic, 2023) a several studies
have analyzed this subject related to development new technologies (e.g. Al-
Kodmany, 2023a), or elevator group control systems (Fernandez and Cortes,
2015), but this approach which gives deep bibliometric analysis has not been
studied. The main results which revealed in this survey study show credible
scope of analyzed academic studies, their subject related to elevator system
the multiobjective problem, citations analysis, deep keyword consideration
(dynamic of the most relevant keywords and world ThreeMap) with co-
occurrence network visualization and conceptual structure through thematic
evolution of elevator system research based on bi-dimensional matrix. One of
the most important results is highlighted by a specific red cluster in keywords
co-occurrence network map as shown in Figure 4. This cluster named energy
utilization depicts the relationship between Eco-elevator development trends
and elevator systems in general and reveals current trends and further trends
in the elevator industry.
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The results obtained in this study are based on relevant dataset and their
analysis, an actual scientific methodology and using the two much known
bibliometric software, that way all results are results reproducible and verifiable.

4.1. Synthesize findings

Emerging research cluster within the elevator systems research was revealed
in scientific literature named energy utilization which addresses technological
advances of elevators to predict Eco- elevator technologies. Its links with other
sub-clusters such as energy efficiency, energy management, energy
conservation and energy consumption (see more in Figure 5) make it possible
to transform from standard to new eco-design of elevator systems in near
future. There are more other sub-clusters which explore the impact of green
and smart lift technologies and their application in high-rise and smart buildings
(see more in Table Al).

4.2. Limitations

This survey study has a few limitations. It can have an impact on the
interpretation of the obtained results. Process of gathering and filtering data
could be arbitrary and subjective. This study was concentrated mostly on
journals' papers from the Scopus database. That way, some important study
could be omitted. Also during searching there may be some limitations (e.qg.
selection of searching keywords and strings). The main intention in this study
has been to gain current and future trends in general, and even if some paper
has not been found, its influence can mainly be determined by collected papers.
Mostly the keywords were used in analysis and whether the optimal clustering
algorithm is always chosen may be questionable.

4.3. Future agenda

Although the trend topic seems to focus on developing new elevator
technologies, it is yet questionable how widely adopted these technologies and
innovations are into the elevator system. Therefore, each stakeholder could
give some contributions related to technical, technological, institutional, social
and cultural aspects including standardization and legislation, in order that new
technologies be widely applied in elevator systems. It would be a good initiative
for the efficient operation of the elevators, the reduction of energy consumption
and the use of alternative energy sources in the near future.

This bibliometric analysis could be extended in the future research with the
dataset extending, comparing the obtained results with extended dataset, the
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process how some thematic items (Figures 6 - 8) could be more central in order
to be more important for elevator systems, and relevance and usefulness of
this kind of research and its more application in the practice. As technologies
are rapidly changing, as are elevator requests, then future research should be
concentrated to perform conceptual structure maps by multiple correspondence
analysis.

Appendix A
Table Al. Classification according to the multi-objective problem of VT

Refrences Issued | Ns | Nes | S| F|R|CE | PPr | EE | EF

Van Houten et al. (1981) 1981 41 | 109 \ \

Peters (1990) 1990 21 48 ) \

Siikonen (1993) 1993 51 | 101 Vv

Peters et al. (1996) 1996 5 9 v \

Schofield et al. (1997) 1997 17 40 v v

Brown et al. (1997) 1997 0 1 v )

Kang & Sul (2000) 2000 63 | 100 Vi i

So & Li (2000) 2000 5 9 v v

Lozzi & Briozzo (2000) 2000 1 1 v )

So & Suen (2002) 2002 3 4 v v

Chu et al. (2003) 2003 17| 41 v

Al-Sharif (2004) 2004 10 | 26 v v

Al-Sharif et al. (2004) 2004 14 | 51 v v

Tyni & Ylinen (2006) 2006 41 | 94 Vv v

Imrak & Ozkirim (2006) 2006 8 14 ) v

Hamdi & Mulvaney (2007) 2007 12 19 )

Yu et al. (2007) 2007 5 7 v \

Zhou et al. (2007) 2007 4] 7 v v

Imrak (2008) 2008 12 12 v Vv

Al-Sharif & Seeley (2010) 2010 13 26 ) \

Godwin et al. (2010) 2010 0 0 \ v

Olander & Eves (2011) 2011 27 49 ) \

De Almeida et al. (2012) 2012 50 94 v 3

Wang et al. (2012) 2012 | 14| 21 vV

Cortes et al. (2012) 2012 2 32 v \

Kuusinen et al. (2012) 2012 24 35 v )

Cortes et al. (2013) 2013 23 30 v \

Adaka et al. (2013) 2013 34| 51 v v

Fernandez et al. (2013) 2013 14 21 v )

Zhang & Zong (2013) 2013 25 35 v 3

Al-Sharif et al. (2013) 2013 18 | 54 v v

Bolat et al. (2013) 2013 28 | 42 v v

Yoo & Park (2013) 2013 1 2 \ v

Al-Sharif & Al-Adem 2014 2014 15 33 v \i

Ahmed et. al. (2014) 2014 15 17 \ Vi
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Fernandez et al. (2014) 2014 40 49 ) )
Noppakant et al. (2014) 2014 3 5 3 \i
Graham (2014) 2014 | 22| 49 v
Al-Sharif et al. (2015) 2015 14 29 ) Vi
Al-Sharif & Abu Alqumsan (2015a) 2015 11 17 ) )

Legend: Ns - Number of citations from Scopus database up to August 2023; Ns - Number of citations from Google
Scholar database up to August 2023; (Vertical transportation multi-objective problem - Safe (S); Functional (F);
Reliable (R); Cost effective (CE); Able to meet the passenger performance requirements (PPr); Energy efficient
(EE); Environmental friendly (EF), see more in Zrnic et al. (2023))
Source: Scopus and Google Scholar databases and authors’ elaboration

Table Al — Continued.

Refrences Issued | Ns | Ngs F|R|CE | PPr| EE | EF
Al-Sharif & Abu Algumsan (2015b) 2015 19 | 44 N v
Fernandez et al. (2015) 2015 34 52 v )
Al-Kodmany (2015) 2015 60 95 \ \
So et al. (2015) 2015 13| 22 v i
Kim et al. (2015) 2015 2 3 N
Tukia et al. (2016) 2016 19 | 26 Vv v
Al-Sharif et al. (2016) 2016 4 9 v Vv
Beamurgia et al. (2016) 2016 10 11 v \
Rajeesh Kumar et al. (2016) 2016 1 - \
So et al. (2016) 2016 15| 20 N v
Al-Sharif et al. (2017a) 2017 2 13 V|V
Al-Sharif et al. (2017b) 2017 4 11 ) \
Al-Sharif et al. (2017c) 2017 4 9 \ Vi
Tukia et al. (2017) 2017 6| 7 v | v
Ahn et al. (2017) 2017 | 12| 12 v | v
Papanikolaou et al. (2017) 2017 5 6 \ \
Rotger-Griful et al. (2017) 2017 13 17 3 v
Yang et al. (2017) 2017 37 48 V|V
So et al. (2018) 2018 9 11 v v
Crespo et al. (2018) 2018 35 42 v |V
Kim et al. (2018) 2018 6 7 V|V
Ming et al. (2018) 2018 8 16 v
Zhou et al. (2018) 2018 30 | 40 V|V
Tukia et al. (2018) 2018 17| 20 v v
Al-Sharif et al. (2018) 2018 7 8 ) \
Al-Sharif et al. (2019) 2019 0 0 \ v
Tukia et al. (2019) 2019 9 16 v Vv
So & Al-Sharif (2019) 2019 7 10 v 3
Kwon & Jung (2019) 2019 0 - v
Sale & Prakash (2019a) 2019 1 0 v )\
Sale & Prakash (2019b) 2019 1 2 \ v
Aleksandrov (2019) 2019 1 3 v \
Bapin & Zarikas (2019) 2019 16 22 v )
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Gichane et al. (2020) 2020 15 24 )
Maamir et al. (2020) 2020 3 7 \ \
Van et al. (2020a) 2020 8 8 v v
Van et al. (2020b) 2020 8 13 v v
Zubair & Zhang (2020) 2020 11 13 v Vi
Bapin et al. (2020) 2020 6 6 \ Vi
Hammoudeh (2020) 2020 2 3 v \
Kee et al. (2020) 2020 8 8 v v
Blazquez-Garcia et al. (2020) 2020 17 22 3 )
Wut (2020) 2020 1 1 \ v
Belmonte & Trabucco (2021) 2021 1 2 )
Cortes et al. (2021) 2021 6 10 )
Dalala et al. (2021) 2021 7 9 \ \
Table A1l — Continued.

Refrences Issued | Ns | Ngs F CE | PPr | EE | EF
Robal et al. (2021) 2021 3| 5 v v
Sorsa et al. (2021) 2021 5 4 ) )
An et al. (2021) 2021 4 4
Robal et al. (2022) 2022 1| 2 v v
Al-Had et al. (2022) 2022 2| 2 v
Anh et al. (2022) 2022 3| 3 v | v
Chandirasekeran & Shridevi (2022) | 2022 0 1 \ )
Fang et al. (2022) 2022 2 4 Vi
Hunt et al. (2022) 2022 9 17 v \/
Lee et al. (2022) 2022 7 8 v
Makar et al. (2022) 2022 4 7 v \
Tomatis et al. (2022) 2022 0 1 \
Khonjun et al. (2022) 2022 3 4 \ 3
Lai et al. (2022) 2022 3| 3 v
Chatziparasidis & Sfampa (2022) 2022 2 2 )
Basov et al. (2022) 2022 1 1 v )
Shilpa et al. (2022) 2022 0 0 \ )
Gupta et al. (2022) 2022 15 16 v
Ang et al. (2022) 2022 6 8 3 \
Beamurgia et al. (2022) 2022 0 0 \ \
Al-Kodmany (2023) 2023 0 0 \ )
Fang et al. (2023) 2023 0 1 v
Kropotin & Marchuk (2023) 2023 1 4 v v
Xu et al. (2023) 2023 1 2 v \/
Maleki et al. (2023) 2023 1 1 3 v
Erenchun et al. (2023) 2023 0 0 \ v
Berardi et al. (2023) 2023 0 0 \

85




References

Adaka, M. F., Durub, N., & Duru, H. T. (2013). Elevator simulator design and estimating
energy consumption of an elevator system, Energy and Buildings, 65, 272-280.

Ahmed, S. S., Igbal, A., Sarwar, R., & Salam, Md. S. (2014). Modeling the energy
consumption of a lift, Energy and Buildings, 71, 61-67.

Ahn, S, Lee, S., & Bahn, H. (2017). A smart elevator scheduler that considers dynamic
changes of energy cost and user traffic, Integrated Computer-Aided Engineering,
24(2), 187-202.

Aleksandrov, Y. (2019). New solution — a skyscraper with integrated floor gardens,
multi-storey panoramic elevators and aquariums filled with fluorescent algae,
Bulgarian Journal of Agricultural Science, 25(3), 595-604.

Al-Had, I. H. A.,, Mohammed, F. M., & Mohammed, J. A-K. (2022). Modeling and
simulation of electro-hydraulic telescopic elevator system controlled by
programmable logic controller, Indonesian Journal of Electrical Engineering and
Computer Science, 27(1), 71-78.

Al-Kodmany, K. (2015). Tall buildings and elevators: A review of recent technological
advances, Buildings, 5, 1070-1104.

Al-Kodmany K. (2023a). Tall buildings and elevator technologies: Improving energy
efficiency, International Journal of High-Rise Buildings, 12(2), 169-177.

Al-Kodmany, K. (2023b). Smart elevator systems, Journal of Mechanical Materials and
Mechanics Research, 6(1), 41-53.

Al-Kodmany, K. (2023c). Elevator technology improvements: A snapshot,
Encyclopedia, 3, 530-548.

Al-Sharif, L. (2004). Lift energy consumption: General overview (1974-2001), Elevator
World, 52, 61-67.

Al-Sharif, L., Peters R., & Smith, R. (2004). Elevator energy simulation model, Elevator
World, 52, 2-5.

Al-Sharif, L., & Seeley C. (2010). The effect of the building population and the number
of floors on the vertical transportation design of low and medium rise buildings,
Building Services Engineering Research and Technology, 31(3), 207-220.

Al-Sharif, L., Algumsan, A. M. A,, & Aal, O. F. A. (2013). Automated optimal design
methodology of elevator systems using rules and graphical methods (the HARint
plane), Building Services Engineering Research and Technology, 34(3), 275-293.

Al-Sharif, L., & Al-Adem, M.D. (2014), The current practice of lift traffic design using
calculation and simulation, Building Services Engineering Research and
Technology, 35(4), 438-445.

Al-Sharif, L., Abdel Aal, O. F., Abu Algumsan, A. M., & Abuzayyad, M. A. (2015). The
HARiInt Space: A methodology for compliant elevator traffic designs, Building
Services Engineering Research and Technology, 36(1), 34-50.

Al-Sharif, L., & Abu Algumsan, A. M. (2015a). An integrated framework for elevator
traffic design under general traffic conditions using origin destination matrices,

86
Industrija, Vol.51, No.1, 2023



virtual interval, and the Monte Carlo simulation method, Building Services
Engineering Research and Technology, 36(6), 728-750.

Al-Sharif, L., & Abu Algumsan, A. M. (2015b). Stepwise derivation and verification of a
universal elevator round trip time formula for general traffic conditions, Building
Services Engineering Research and Technology, 36(3), 311-330.

Al-Sharif, L., Jaber, Z., Hamdan, J., & Riyal, A. (2016). Evaluating the performance of
elevator group control algorithms using a three-element new paradigm, Building
Services Engineering Research and Technology, 37(5), 597-613.

Al-Sharif, L., Al Sukkar, G., Hakouz, A., & Al-Shamayleh, N. A. (2017a). Rule-based
calculation and simulation design of elevator traffic systems for high-rise office
buildings, Building Services Engineering Research and Technology, 38(5), 536-
562.

Al-Sharif, L., Riyal, A., Jaber, Z., & Hamdan J. (2017b). Assessing the up-peak
performance of destination elevator group control systems using real time
allocation of landing calls, International Journal of Industrial and Systems
Engineering, 25(4), 443-259.

Al-Sharif, L., Alosta, E., Abualhomos, N., & Suhweil, Y. (2017c). Derivation and
verification of the round trip time equation and two performance coefficients for
double-deck elevators under incoming ftraffic conditions, Building Services
Engineering Research and Technology, 38(2), 176-196.

Al-Sharif, L., Yang, Z. S., Hakam, A., & Abd Al-Raheem, A. (2018). Comprehensive
analysis of elevator static sectoring control systems using Monte Carlo simulation,
Building Services Engineering Research and Technology, 39(5), 518-539.

Al-Sharif, L., Hammoudeh, A., & Al-Saidi, J. (2019). Analysis and comparison of the
two sectoring approaches in elevator traffic systems, Building Services
Engineering Research and Technology, 40(5), 611-625.

An, Z., Bai, D., Huang, Y., Ning, W., Deng, Y., Gan, N., & Liu, S. (2021). Building
elevator safety monitoring system based on the BIM technology, Journal of
Physics: Conference Series, 1939(1), 1-6.

Ang, J. H., Yusup, Y., Zaki, S. A., Salehabadi, A., & Ahmad, M. |. (2022).
Comprehensive energy consumption of elevator systems based on hybrid
approach of measurement and calculation in low-and high-rise buildings of tropical
climate towards energy efficiency, Sustainability (Switzerland), 14(8), 1-21.

Anh, A. T. H. T., & Duc, L. H. (2022). Super-capacitor energy storage system to
recuperate regenerative braking energy in elevator operation of high buildings,
International Journal of Electrical and Computer Engineering (IJECE), 12(2), 1358-
1367.

Aria, M., & Cuccurullo, C. (2017). bibliometrix: An R-tool for comprehensive science
mapping analysis, Journal of Informetrics, 11, 959-975.

Bapin, Y., & Zarikas, (2019). Smart buildings’ elevator with intelligent control algorithm
based on Bayesian Networks, (IJACSA) International Journal of Advanced
Computer Science and Applications, 10(2), 16-24.

Bapin, Y., Alimanov, K., & Zarikas, V. (2020), Camera-driven probabilistic algorithm for
multi-elevator systems, Energies, 13(23), 1-16.

87
Industrija, Vol.51, No.1, 2023



Barney, G. & Al-Sharif, L. (2016). Elevator Traffic Handbook - Theory and practice,
Second edition, Routledge.

Basov, K., Robal, T., Reinsalu, U., & Leier, M. (2022). Elevator passenger in-cabin
behaviour — a study on smart-elevator platform, Communications in Computer and
Information Science, 1598, 3-18.

Beamurgia, M., Basagoiti, R., Rodriguez, I., & Rodriguez, V. (2016). A modified genetic
algorithm applied to the elevator dispatching problem, Soft Computing, 20(9),
3595-3609.

Beamurgia, M., Basagoiti, R., Rodriguez, |., & Rodriguez, V. (2022). Improving waiting
time and energy consumption performance of a bi-objective genetic algorithm
embedded in an elevator group control system through passenger flow estimation,
Soft Computing, 26(24), 13673-13692.

Belmonte M., & Trabucco, D. (2021). The ropeless elevator: New transportation system
for high-rise buildings (and beyond), International Journal of High-Rise Buildings,
10(1), pp. 55-62.

Berardi, V., Rosenberg, B. D., Srivastava, S., Estrada-Rand, N., & Frederick, J. (2023),
Stair versus elevator use in a university residence hall setting, Journal of American
College Health, 71(4), 997-1002.

Blazquez-Garcia, A., Conde, A., Milo, A., Sanchez, R., & Barrio, |. (2020). Short-term
office building elevator energy consumption forecast using SARIMA, Journal of
Building Performance Simulation, 13(1), 69-78.

Bolat, B., Altun, O., & Cortes, P. 2013. A particle swarm optimization algorithm for
optimal car-call allocation in elevator group control systems, Applied Soft
Computing Journal, 13(5), 2633-2642.

Brown, A. R., Sutherland, J., & Mulley, G. P. (1997). An uplifting experience? Hospital
passenger lifts and their suitability for disabled people, Disability and
Rehabilitation, 19(3), 117-119.

Callon, M., Courtial, J., & Laville, F. (1991). Co-word analysis as a tool for describing
the network of interactions between basic and technological research — The case
of polymer chemistry, Scientometrics, 22, 155-205.

Chandirasekeran, P., & Shridevi, S. (2022). Smart elevator obstruction detection
system using image classification, International Journal of Advanced Computer
Science and Applications, 13(4), 134-141.

Chatziparasidis, I., & Sfampa, I. K. (2022). Residential buildings with brain-computer
interface functionality: An elevator case study, Building Services Engineering
Research and Technology, 43(2), 261-272.

Chu, S. C. K,, Lin, C. K. Y., & Lam, S. S. (2003). Hospital lift system simulator: A
performance evaluator-predictor, European Journal of Operational Research,
146(1), 156-180.

Cobo, M. J., Lopez-Herrera, A. G., Herrera-Viedma, E., & Herrera, F. (2011), Science
mapping software tools: Review, analysis, and cooperative study among tools, The
Journal of the Association for Information Science and Technology - JASIST, 62,
382-1402.

88
Industrija, Vol.51, No.1, 2023



Cortes, P., Fernandez, J. R., Guadix, J., & Munuzuri, J. (2012). Fuzzy logic based
controller for peak traffic detection in elevator systems, Journal of Computational
and Theoretical Nanoscience, 9(2), 310-318.

Cortes, P., Onieva, L., Munuzuri, J., & Guadix, J. (2013). A viral system algorithm to
optimize the car dispatching in elevator group control systems of tall buildings,
Computers and Industrial Engineering, 64(1), 403-411.

Cortes, P., Munuzuri, J., Vazquez-Ledesma, A., & Onieva, L. (2021). Double deck
elevator group control systems using evolutionary algorithms: Interfloor and
lunchpeak traffic analysis, Computers & Industrial Engineering, 155, 107190, 1-15.

Crespo, R. S., Kaczmarczyk, S., Picton, P., & Su, H. (2018). Modelling and simulation
of a stationary high-rise elevator system to predict the dynamic interactions
between its components, International Journal of Mechanical Sciences, 137, 24-
45,

Dalala, Z., Alwahsh, T., & Saadeh, O. (2021). Energy recovery control in elevators with
automatic rescue application, Journal of Energy Storage, 43, 103168, 1-14.

De Almeida, A., Hirzel, S., Patraoa, C., Fonga, J., & Dutschke, E. (2012). Energy-
efficient elevators and escalators in Europe: An analysis of energy efficiency
potentials and policy measures, Energy and Buildings, 47, 151-158.

Erenchun, A., Kari, L., Blanco, B., Wang, B., Irazu, L., & Gil-Negrete, N. (2023),
Modeling and design of magnetorheological elastomer isolator system for an active
control solution to reduce the vibration transmission in elevator context, Journal of
Intelligent Material Systems and Structures, https://doi.org/10.1177/1045389X231188608

Fang, H., Qiu, H-P, Lin, P., Lo, S. M., & Lo, J. T. Y. (2022). Towards a smart elevator-
aided fire evacuation scheme in high-rise apartment buildings for elderly, IEEE
Access, 10, 90690-90705.

Fang, H., Wang, Q., Qiu, H., Yang, C., & Lo, S. M. (2023). Investigation of elevator-
aided evacuation strategies for older people in high-rise elderly housing, Journal
of Building Engineering, 64, 105664, 1-19.

Fernandez, J. R., Cortes. P., Guadix, J., & Munuzuri, J. (2013). Dynamic fuzzy logic
elevator group control system for energy optimization, International Journal of
Information Technology & Decision Making, 12(3), 591-617.

Fernandez, J. R., Cortes, P., Munuzuri, J., & Guadix, J. (2014). Dynamic fuzzy logic
elevator group control system with relative waiting time consideration, IEEE
Transactions on Industrial Electronics, 61(9), 4912-4919.

Fernandez, J. R., & Cortes, P. (2015). A survey of elevator group control systems for
vertical transportation: A look at recent literature, IEEE Control Systems Magazine,
35(4), 38-55.

Gichane, M. M., Byiringiro, J. B., Chesang, A. K., Peterson, N. M., Nyaga, M., Langat,
R. K., Smajic, H., & Kiiru, C. W. (2020). Digital triplet approach for real-time
monitoring and control of an elevator security system, Designs, 4(2), 9, 1-14.

Godwin, A., Ordys, A., Francik, J., Curley, A., Smolenski, P., & Burley R. (2010). A
multidisciplinary Knowledge Transfer Partnership in development of lift Simulator,
Smart Innovation, Systems and Technologies, 5, 115-123.

89
Industrija, Vol.51, No.1, 2023



Graham, S. (2014). Super-tall and Ultra-deep: The cultural politics of the elevator,
Theory, Culture & Society, 31(7/8), 239-265.

Gupta, S., Tyagi, S., Kishor, K. (2022). Study and development of self-sanitizing smart
elevator, Lecture Notes on Data Engineering and Communications Technologies,
90, 165-179.

Hamdi M., & Mulvaney, D. J. (2007). Prioritised A* search in real-time elevator
dispatching, Control Engineering Practice, 15(2), 219-230.

Hammoudeh, A. (2020). Route selection for a three-dimensional elevator using deep
reinforcement learning, Building Services Engineering Research and Technology,
41(4), 480-491.

Hunt, J. D., Nascimento, A., Zakeri, B., Jurasz, J., Dabek, P. B., Barbosa, P. S. F.,
Brandao, R., de Castro, N. J., Filho, W. L., & Riahi, K. (2022). Lift Energy Storage
Technology: A solution for decentralized urban energy storage, Energy, 254,
124102, 1-12.

Imrak, C. E., & Ozkirim, M. (2006). Determination of the next stopping floor in elevator
traffic control by means of neural networks, Istanbul University - Journal of
Electrical and Electronics Engineering, 6(1), 27-33.

Imrak, C. E. (2008). Artificial neural networks application in duplex/triplex elevator group
control system, Strojniski Vestnik/Journal of Mechanical Engineering, 54(2), 103-
114.

Kang, J.-K., & Sul, S.-K. (2000). Vertical-vibration control of elevator using estimated
car acceleration feedback compensation, IEEE Transactions on Industrial
Electronics, 47(1), 91-99.

Kee, T. Y. E., Hing, C. K., Liong, B. W. T., Shin, V. B. N., Djun, L. M., & Boniface, C. J.
A. (2020). Alternative design of air ventilation in passenger lift for thermal comfort,
CFD Letters, 12(1), 37-47.

Khazaii, J. (2014). Energy-Efficient HVAC Design - An Essential Guide for Sustainable
Building, Springer.

Khonjun, S., Pitakaso, R., Sethanan, K., Nanthasamroeng, N., Pranet, K., Kaewta, C.,
& Sangkaphet, P. (2022). Differential evolution algorithm for optimizing the energy
usage of Vertical Transportation in an Elevator (VTE), taking into consideration
rush hour management and COVID-19 prevention, Sustainability (Switzerland),
14(5), 1-19.

Kim, W.-Y., Kim, S., & Park, S.-G. (2015). The implementation model of the emergency
video call system for deep-depth and high-rise buildings lifts, Indian Journal of
Science and Technology, 8(25), 2-9.

Kim, T., Lee, U. K., Kim, S. W, Lim, H., Kim, C.W., Cho, H., & Kang, K. I. (2018).
Flexible double-cage hoist for high operational efficiency in tall building
construction, Automation in Construction, 96, 280-291.

Kropotin, P., & Marchuk, I. (2023). On efficiency of load-lifting rope-traction

mechanisms used in gravity energy storage systems, Journal of Energy Storage,
58, 106393, 1-10.

Kubba, S. (2016). Handbook of green building design and construction, Second edition,
Elsevier.

90
Industrija, Vol.51, No.1, 2023



Kuusinen, J.-M., Sorsa, J., Siikonen, M-L., & Ehtamo, H. (2012). A study on the arrival
process of lift passengers in a multi-storey office building, Building Services
Engineering Research and Technology, 33(4), 437-449.

Kwon, S.-P., & Jung, B.-J. (2019). Study on design of safety gear for fall prevention of
freight elevator, International Journal of Advanced Science and Technology, 28(5),
76-84.

Lai, S.-C., Wu, H.-H., Hsu, W.-L., Wang, R.-J., Shiau, Y.-C., Ho, M.-C., & Hsieh, H.-N.
(2022). Contact-free operation of epidemic prevention elevator for buildings,
Buildings, 12(4), 1-23.

Lee, D-S., Ji, K-H., Jing, J., & Jo, J-H. (2022). Experimental study on elevator door
reopening problems caused by stack induced pressure differences across the
elevator door in buildings, Building and Environment, 221, 109271, 1-11.

Lozzi, A., & Briozzo, P. (2000). Failure of an inclined elevator, Proceedings of the
Institution of Mechanical Engineers, Part C: Journal of Mechanical Engineering,
214(2), 323-333.

Makar, M., Pravica, L., & Kutija, M. (2022). Supercapacitor-based energy storage in
elevators to improve energy efficiency of buildings, Applied Sciences, 12(14),
7184, 1-22.

Maleki, E. F., Bhatta, D., & Mashayekhy, L. (2023). A Game-theoretic approach to
energy-efficient elevator scheduling in smart buildings, IEEE Transactions on
Systems, Man, and Cybernetics: Systems, 53(7), 3944-3955.

Maamir, M., Charrouf, O., Betka, A., Sellali, M., & Becherif, M. (2020). Neural network
power management for hybrid electric elevator application, Mathematics and
Computers in Simulation, 167, 155-175.

Ming, Z., Han, S., Zhang, Z., & Xia, S. (2018). Elevator safety monitoring system based
on Internet of Things, International Journal of Online Engineering, 14, 121-133.

Noppakant, A., Plangklang, B., & Paraken, Y. (2014). Study of power grid connection
with an unstable source from Elevator Energy Regenerative Unit (EERU), Energy
Procedia, 56, 584-590.

Olander, E. K., & Eves, F. F. (2011). Elevator availability and its impact on stair use in
a workplace, Journal of Environmental Psychology, 31(2), 200-206.

Papanikolaou, N., Loupis, M., Spiropoulos, N., Mitronikas, E., Tatakis, E.,
Christodoulou, C., Zarikas, V., & Tsiftsis, T. (2017). On the investigation of energy
saving aspects of commercial lifts, Energy Efficiency, 10, 945-956.

Peters, R. D. (1990). Lift traffic analysis: Formulae for the general case, Building
Services Engineering Research and Technology, 11(2), 65-67.

Peters, R. D., Mehta, P., & Haddon, J. (1996). Lift traffic analysis: General formulae for
double-deck lifts, Building Services Engineering Research and Technology, 17(4),
209-213.

Rajeesh Kumar N.V., DhanaSekar G., & Dennis M. (2016). Application of face detection
system for passenger counting in lifts using haar features, ARPN Journal of
Engineering and Applied Sciences, 11(13), 8336-8341.

Robal, T., Reinsalu, U., & Leier, M. (2021). Towards personalized elevator travel with
smart elevator system, Baltic Journal of Modern Computing, 8(4), pp. 675-697.

91
Industrija, Vol.51, No.1, 2023



Robal, T., Bosov, K., Reinsalu, U., & Leier, M. (2022). A Study into elevator passenger
in-cabin behaviour on a smart-elevator platform. Baltic Journal of Modern
Computing, 10(4), 665-688.

Rotger-Griful, S., Hylsberg Jacobsen, R., Brewer, R. S., & Rasmussen, M. K. (2017).
Green lift: Exploring the demand response potential of elevators in Danish
buildings, Energy Research & Social Science, 32, 55-64.

Sale, M. D., & Prakash, V. C. (2019a). Dynamic dispatching of elevators in elevator
group control system with time-based floor preference, International Journal of
Recent Technology and Engineering, 7(5), 195-200.

Sale, M. D., & Prakash, V. C. (2019b). Dynamic dispatching of elevators in elevator
group control system: Research and survey, International Journal of Innovative
Technology and Exploring Engineering, 8(4), 98-102.

Schofield, A. J., Stonham, T. J., & Mehta, P. A. (1997). Automated people counting to
aid lift control, Automation in Construction, 6, 437-445.

Shilpa, G., Sha Sayaaff, S., Suresh, M., & Suhas, N. M. (2022). Solar operated smart
elevator, Lecture Notes in Electrical Engineering, 862, 41-430.

Siikonen, M. L. (1993). Elevator traffic simulation, Simulation, 61(4), 257-267.

So, A. T. P,, & Li, T. K. L. (2000). Energy performance assessment of lifts and
escalators, Building Services Engineering Research and Technology, 21(2), 107-
115.

So, A. T. P., & Suen, W. S. M. (2002). Assessment of real-time lift traffic performance,
Building Services Engineering Research and Technology, 23(3), 143-150.

So, A., Al-Sharif, L., & Hammoudeh, A. (2015). Traffic analysis of a simplified two-
dimensional elevator system, Building Services Engineering Research and
Technology, 36(5), 567-579.

So, A., Al-Sharif, L., & Hammoudeh, A. (2016). Concept design and derivation of the
round trip time for a general two-dimensional elevator traffic system, Journal of
Building Engineering, 5, 165-177.

So, A., Al-Sharif, L., & Hammoudeh, A. (2018). Traffic analysis of a three-dimensional
elevator system, Building Services Engineering Research and Technology, 39(1),
5-20.

So, A. T. P., & Al-Sharif, L. (2019). Calculation of the elevator round-trip time under
destination group control using offline batch allocations and real-time allocations,
Journal of Building Engineering, 22, 549-561.

Sorsa, J., Siikonen, M.-L., Kuusinen, J.-M., & Hakonen, H. (2021). A field study and
analysis of passengers arriving at lift lobbies in social groups in multi-storey office,
hotel and residential buildings, Building Services Engineering Research and
Technology, 42(2), 197-210.

The Vertical Transportation Handbook (2010). R. Strakosch and R.S. Caporale,
Editors, Fourth Edition, John Wiley & Sons.

Tomatis, M., Kukura, C., Djurovic, S., Apsley, J., Griffin, D., Griffin, J., Corner, R., &
Stamford, L. (2022). Using circular economy business models and life cycle
assessment to improve the sustainability of elevators, The Sustainable City XVI,
WIT Transactions on Ecology and the Environment, 260, 525-534.

92
Industrija, Vol.51, No.1, 2023



Tukia, T., Uimonen, S., Siikonen, M-L., Hakala, H., Donghi, C., Lehtonen, M. (2016).
Explicit method to predict annual elevator energy consumption in recurring
passenger traffic conditions, Journal of Building Engineering, 8, 179-188.

Tukia, T., Uimonen, S., Siikonen, M-L., Hakala, H., & Lehtonen, M. (2017). A study for
improving the energy efficiency of lifts with adjustable counterweighting, Journal of
Building Services Engineering Research & Technology, 38(4), 421-435.

Tukia, T., Uimonen, S., Siikonen, M-L., Donghi, C., Lehtonen, M. (2018). High-
resolution modeling of elevator power consumption, Journal of Building
Engineering, 18, 210-219.

Tukia, T., Uimonen, S., Siikonen, M-L., Donghi, C., Lehtonen, M. (2019). Modeling the
aggregated power consumption of elevators — the New York city case study,
Applied Energy, 251, 113356, 1-17.

Tyni, T., & Ylinen, J. (2006). Evolutionary bi-objective optimisation in the elevator car
routing problem, European Journal of Operational Research, 169(3), 960-977.
Van, L-D., Lin, Y-B., Wu, T-H., & Chao, T-H. (2020a). Green elevator scheduling based

on loT communications, IEEE Access, 8, 38404-38415.

Van, L-D., Lin, Y-B., Wu, T-H., & Lin, Y-C. (2020b). An intelligent elevator development
and management system, IEEE Systems Journal, 14(2), 3015-3026.

van Eck, N. J., & Waltman, L. (2010). Software survey: VOSviewer, a computer
program for bibliometric mapping, Scientometrics, 84, 523-538.

Van Houten, R., Nau, P. A., & Merrigan, M. (1981). Reducing elevator energy use: a
comparison of posted feedback and reduced elevator convenience, Journal of
Applied Behavior Analysis, 14, 377-387.

Wang, X., Feng, H., Xu, B., & Xu, X. (2012). Research on permanent magnet linear
synchronous motor for rope-less hoist system, Journal of Computers, 7(6), 1361-
1368.

Wut, T. M. (2020). Elevator energy-efficient projects in the next generation of high-rise
green buildings, Sustainable Energy and Green Finance for a Low-carbon
Economy, Springer, 245-258.

Xu, X., Zhang, W., Feng, H., Zhao, Y., Ai, L. (2023). Performance analysis and
optimization of permanent magnet flux switched linear motor for ropeless elevator,
IET Electric Power Applications, 17, 47-57.

Yang, D-H., Kim, K-Y., Kwak, M.K., Lee, S. (2017). Dynamic modeling and experiments
on the coupled vibrations of building and elevator ropes, Journal of Sound and
Vibration, 390, 164-191.

Yoo, O. H., Park, J. (2013). The elevator-integrated delivery system for high-rise
residential buildings, Journal of Asian Architecture and Building Engineering,
12(1), 149-156.

Yu, L., Zhou, J., Mabu, S., Hirasawa, K., Hu, J., Markon, S. (2007). A double-Deck
elevator group supervisory control system with destination floor guidance system
using genetic network programming, IEEJ Transactions EIS, 127(7), 1115-1122.

Zhang, J., Zong, Q. (2013). Energy-saving scheduling optimization under up-peak
traffic for group elevator system in building, Energy and Buildings, 66, 495-504.

93
Industrija, Vol.51, No.1, 2023



Zhou, J., Yu, L., Mabu, S., Hirasawa, K., Hu, J., & Markon, S. (2007). Elevator group
supervisory control system using genetic network programming with macro nodes
and reinforcement learning, IEEJ Transactions EIS, 127(8), 1234-1242.

Zhou, Y., Wang K., & Liu, H. (2018). An elevator monitoring system based on the
Internet of Things, Procedia Computer Science, 131, 541-544.

Zmi¢, N., Dragovi¢, A., Kosanic¢, N., & Milovanovi¢, V. (2023). Development and State-
of-the Art in Green elevators technologies: A survey, Engineering TODAY, 2(3), 7-
24,

Zubair, M. U., & Zhang, X. (2020). Explicit data - driven prediction model of annual
energy consumed by elevators in residential buildings, Journal of Building
Engineering, 31, 101278, 1-7.

94
Industrija, Vol.51, No.1, 2023



