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Building energy simulations are useful for analyzing decisions impacting energy performance. However, significant
discrepancies exist between simulated building energy performance and real-world measured performance, thus
inhibiting progress towards sustainability. This paper examines recent Building Energy Performance Gaps (BEPG)
research trends using bibliometric measures. It also aims to assess global research trends by examining global
research engagement and thematic development to build a more comprehensive understanding of BEPG. The
systematic review of the Web of Science (WoS) database identified 331 relevant articles published between 2012
and July 2023. A quantitative approach of bibliometric procedures (including title, abstract and keywords) was used
for analyzing the documents, alongside the VOSviewer software program. This methodology enabled the authors
to produce scientometric maps, showcasing the relationships in authorship, citation, occurrences, and bibliometric
coupling. The results indicate that BEPG research is primarily conducted in more developed regions such as Europe
and North America, while severely lacking in many developing countries within the Global South (GS).Results further
indicate a broadening research scope, with less than ten percent of the 1,118 keywords used by authors three times
or more. Solutions towards resolving BEPG need to be highly contextualized. Therefore, this study identifies major
BEPG research areas and highlights the multidisciplinary nature of the field. Additionally, fostering international
collaborationsand developing building energy performance standards could aid in creatinga more sustainable built
environment and developing capacities, focusing critically on the needs of GS countries.
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1 INTRODUCTION:

Despite the extensive literature on various building
energy efficiency themes, three decades of global
historic sectorial energy data show annual electricity
consumption between 1990 (9,701 TWh) and 2021
(24,155 TWh) increased by nearly 149 percent and
that buildings remain major contributors to increased
energy use and CO2 emissions (International Energy
Agency (IEA) 2022a). Furthermore, the IEA tracking
report for 2022 indicates that it is unlikely for the global
building sector’s energy consumption and emissions to
meet the 2050 Net Zero efficiency targets (IEA 2022b).
One possible reason for the limited improvement is
performance discrepancies, also known as Building
Energy Performance Gaps (BEPG). This challenge
requires urgent attention from both climate change
stakeholders and built environment professionals, in
an attempt to develop more energy-efficient buildings
and standards.

Built environment professionals use Building Energy
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Modelling (BEM) principles and processes to prepare
Building Performance Models (BPM) and analyze
decisions impacting energy performance (Rysanek
and Choudhary 2013). The potential to optimize
operational energy use in buildings at predefined
building conditions provides opportunities to further
limit energy consumption levels, thereby fostering a
more sustainable builtenvironmentglobally (Coakley et
al. 2014, Hemsath, and Bandhosseini 2018). However,
BEPGs imply that the expected progress towards
reducing energy-related emissions and fostering
sustainability in the built environment does not fully
materialize in the real world.

BEPGandrelated discrepancies have beendocumented
in several studies over the years, demonstrating it
as a persisting challenge for energy modellers (van
Dronkelaar et al. 2016; Jradi et al. 2018). A study by Zou
etal. (2018) provides extensive reviews of the causes of
discrepancies associated with the different phases of a
building’s life cycle.

Category Causes of BEPG

Reference

Process . Design complexity.

Variations and errors in design.
Inaccurate modelling assumptions.
Uncertainties such as occupant behavior.

(Yan et al. 2015; Alencastro et al. 2018;
Eon et al. 2020; Shi et al. 2019)

Microclimatic differences and the reliability of
weather files.
Oversimplification of building energy models.

Product

Faulty installation of equipment.

Faulty construction practices and inefficiencies.
Inaccurate specification of components and
equipment.

Inadequate maintenance of lighting, metering,
heating, ventilation,and air-conditioning (HVAC)
systems.

(Turner and Frankel, 2008; Jradi et al.,
2018; Zou et al. 2018)

Policy

Limited enforcement of building energy
efficiency codes leading to a “policy gap.”
Lackofperformanceverificationpost-occupancy
of the building.

Inappropriate interpretation and application

of building energy regulations, focusing on
compliance modelling.

(Burman et al. 2014; Cozza et al. 2021; de
Wilde, 2014; Lopez-Gonzalez et al. 2016)

People

Limited expertise of the modeller.

Limited sustainable design knowledge.

Lack of effective collaboration among project
consultants.

Stakeholders often do not prioritise optimising
real-world performance; decisions are mostly
economically centred.

Absence of a facility manager for effective
coordination, especially in large-footprint
buildings.

(Alencastro et al. 2018; Gram-Hanssen
etal. 2018; Imam et al. 2017; Zou et al.
2018)

Table 1. Summary of factors and classifications influencing BEPG
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Table 1 presents a synthesized overview of the various
causes of BEPG, as discussed by the different authors.
Studies typically use the stages of the building lifecycle
(i.e., design, construction, and operational phases) to
classify and examine the causes of BEPG (Jradi et al.
2018, Zheng et al. 2024, de Wilde, 2014, Mahdavi et
al. 2021, Igugu et al. 2024). Additionally, the causes of
BEPG can be grouped and understoodinfour spheres of
factors, namely:

Process: Refers to the simulation procedures, the
performance targets, the software parameters, and
data which need to be specified.

Product:Referstotheservices, equipment,and building
envelope.

Policy: Refers to mandatory protocols and industry
standards regulating building energy simulation
practices.

People: Refers to stakeholders involved in the building
delivery, including the client, project consultants, and
building occupants.

In essence, the presence of BEPG implies that buildings
often fail to meet their energy performance targets,
resultinginminimalpracticalprogresstowardsachieving
sustainability. Over the span of thirty years, from 1990
to 2020, global historical sectoral energy consumption
data provided by the IEA (2022b) supports this claim,
highlightingthatbuildingsaccountforaboutforty-eight
percent of electricity consumption. Thus, the sector
remains a significant contributor to increasing energy
use and emissions. Considering the urgent need for
energy-efficient buildings within the context of limiting
global greenhouse gas (GHG) emissions and ensuring
sustainability, especially in the built environment, it is
essential to develop a more holistic understanding of
the concept of BEPG.

Table 2 describes previous meta-analyses and reviews
of BEPG. It outlines the central question that the
researchers investigated, the number of articles
included in the review, and provides a brief summary of
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the key findings. Notably, most of these reviews largely
explored specific aspects of BEPG research or tools to
alleviate performance gaps. Explored areas include
BIM-based methods (Muta et al. 2025), Al-integration
for system optimization (Ali et al. 2024), trends in
low-energy buildings (Bai et al. 2024), and building
automation systems (BAS) (Qiang et al. 2023). Other
studies focused on specific building categories such as
school buildings (Franceschini and Neves 2022), and
residential buildings (Cozza et al. 2021). In addition,
Mahdavi et al. (2021) examined the impact of building
occupants on performance gaps, while Alencastro et al.
(2018)alsoreviewedtheimpactofbuildingconstruction
quality defects.

Despite existing meta-analyses of BEPG research, a
holistic view of the research landscape and activity
is lacking. To address this gap, this paper aims to (1)
examinerecentBEPGresearchtrendsusingbibliometric
measurements and (2) identify the thematic landscape
of performance gap research, with its multifaceted and
transdisciplinary nature. The findings may facilitate
new thematic explorations and cross-contextual
collaborations.

The paper is organized as follows: Section 2 outlines
the methodology, Section 3 presents the results and
discussesbibliometrictrendsin publication,authorship,
and thematic interests, and Section 4 considers the
implications of the findings and concludes the study by
outlining potential areas for future research.

2. METHODOLOGY

The methodology for this study uses a systematic
decision-making approach in selecting journal sources,
mined data analysis tools and data presentation. The
study uses the Preferred Reporting Items for Systematic
Reviews and Meta-Analyzed (PRISMA) approach to
identify published research based on keywords and
thereby screening sources for inclusion and further
evaluation (Page et al. 2021).

To accomplish this, the study employs bibliometric
processes to analyze BEPG-related papers retrieved

Article title Year Central Question # of Summary of Key Findings Times | Reference
studies Cited
1 Enhancing energy 2025 | How effective is 106 BIM can improve the quality of the 1 (Muta et al.
performance as- building information models through technologies such 2025)
sessment and label- modeling (BIM) for as digital twins and the process of
ing in buildings: reducing perfor- energy labeling or compliance. It can
A review of BIM- mance gaps and also improve the data integration and
based approaches enhancing the accu- management processes. However, the
racy and reliability of need for more accurate data, standards
energy labeling? and tools exists.
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Al-Driven Innovations
in Building Energy
Management Systems:
A Review of Potential
Applications and Energy
Savings

2024

What is the impact of
Al-based models for
reducing performance
gaps via optimizing the
actual energy consumed
byvariousbuilding systems
across building categories?

148

The impact of Al models integrating
with building energy systems is
potentially the most effective in
office buildings when compared with
educational or residential structures.

(Ali et al. 2024)

Systematic examination
of energy performance
gap in low-energy
buildings

2024

What insights can

be derived about

the complexities of
performance gaps in
low-energy buildings
using a dialectical system
framework and a lifecycle
human-technology-
organization model?

76

Low-energy buildings can consume
less energy than predicted but over
80% consume considerably more.
On average, refurbished and new
low-energy buildings consume 58-
62% more energy. In addition, there
is an identified need for studies to
investigate the organizational and
systemic issues that contribute to
performance gaps.

(Bai et al.
2024)

Review of the building
energy performance
gap from simulation
and building lifecycle
perspectives:
Magnitude, causes, and
solutions

2024

What are the main causes,
drivers, and solutions

to mitigate the growing
magnitude of energy
performance gaps across
different building types?

223

The magnitude of the energy
performance gap varies significantly
across building types, reaching up to
400 percent in educational buildings.
It largely originates from building
envelope, system, occupant behavior,
and weather data uncertainties.

To mitigate the occurrence of
performance gap, a mix of technical
and soft strategies are required.

(Zheng et al.
2024)

Building automation
systems for energy and
comfort management
in green buildings:

A critical review and
future directions

2023

How are building
automation systems (BAS)
integrated across the
lifecycle of green buildings
to facilitate user comfort
and reduce performance
gap?

143

Integrating BAS and green buildings
can be structured into five key
methods with a focus on prediction,
control, and trade-offs. Among other
issues, data privacy and security
concerns, and uncertainties are
significant barriers.

47

(Qiang et al.
2023)

A critical review on
occupant behavior
modelling for building
performance simulation
of naturally ventilated
school buildings and
potential changes

due to the COVID-19
pandemic

2022

What are the focus areas
of occupant behavior
modelling studies and
the drivers of behavioral
dynamics in naturally
ventilated education
buildings?

278

There are three steps needed to
model occupant behavior effectively,
but not all education building-
based studies adopt the systematic
framework. There is also an identified
need to study the impact of the
behavioral patterns among teachers
and groups in classrooms as main
drivers.

42

(Franceschini
and Neves,
2022)

In search of optimal
consumption: A
review of causes and
solutions to the Energy
Performance Gap in
residential buildings

2021

What strategies have
researchers investigated
to mitigate performance
gaps in the analysis of
space heating loads for
residences?

160

Uncertainties around building
envelopecharacteristicsandoccupant
behavior are drivers of performance
gaps. To mitigate the discrepancies,
some researchers either seek to
adopt more accurate assumptions
and parameters for the simulations,
while others aim to enhance the
building’s measured performance via
more effective monitoring, building
maintenance, and operational
practices.

79

(Cozza et al.
2021)

Table 2. Previous review studies on the energy performance gap in buildings
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from the Web of Science (WoS) database, up until 4 July
2023. Following the systematic review, the analysis and
visualizations are prepared using VOSviewer software,
and finally key conclusions and recommendations for
future research are discussed.

2.1 DATA SOURCE, IDENTIFICATION, AND MINING
STRATEGY

The WoS database, provided by Clarivate Analytics, was
utilised to collect data, due to its extensive collection
of scholarly articles, conference proceedings, and
other research outputs from various disciplines, such
as sciences, humanities, engineering, and arts. The
WoS is widely used and acknowledged by academics,
researchers, and institutions globally. Therefore,
the researchers leveraged the comprehensive WoS
database to extract a variety of materials for further
analysis using the VOSviewer software tool.To establish
prioritising criteria and define the scope of the search
results, the WoS was limited to the “Topic” field.
This systematic approach included searching within
document titles, abstracts, and keywords, ensuring a
focused and relevant dataset for analysis.

A major hurdle with conducting the search and
retrieving papers was the variety of phrases that can be
used to describe the Building Energy Performance Gap
(BEPG). These variations include terms such as building
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performancegap (Jradietal.2020),energy performance
gap in buildings (Jain et al. 2020), and discrepancy
between predicted and measured energy consumption
(van Dronkelaar et al. 2019), among many others.
Such variations can lead to the omission of relevant
documents or the inclusion of irrelevant ones (Zou et al.
2018). To address this challenge, the study conducted
multiple searches, each emphasizing different parts of
the entire search phrase using quotation marks (*).
Forexample, searching the database with the keywords
“building performance gap’, returned only twenty-
one documents. However, expanding the search to
encompass various individual terms of the phrase BEPG
or collectively, yielded up to 9,914 initial documents.
The central theme remained BEPG, and Table 3 presents
the results from these different WoS search queries.

2.2 DATA SCREENING AND INCLUSION

Data screening and inclusion in a systematic review are
critical to determine variables for elimination that could
affect the interpretation of results.

The initial search results varied from twenty-one
documents to 9,914 documents. The search queries
were scrutinized to refine and exclude sources not
directly related to the specific subject area. Using the
advancedsearchoptioninWoS, relevantquerynumbers
(#) were combined via the OR function to produce a

Query No. | Search phrase Search phrase Used
#1 building energy “performance gap*” 434 X
#2 “building energy performance” 1,560

#3 search within #2 “gap*” 164 X
#4 “building energy” AND “performance gap*” 169 X
#5 “energy performance gap*” 143

#6 search within #5 “building*” 138 X
#7 Building “energy performance” 9,914

#8 “energy performance” AND “building*” 9,731

#9 search within #8 “gap*” 829

#10 search within #8 “performance gap*” 268 X
#11 “Building performance gap*” 21 X
#12 #1 OR#3 OR#4 OR #6 OR #10 OR #11 543

#13 #12 Refined by: Document Types: Articles 413

Table 3. The outcome of search queries on BEPG research records in Wo$S
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unified result. Specifically, Query No. #12, as shown
in Table 3, combined Queries #1, #3, #4, #6, #10, and
#11, resulting in a total of 543 documents. The results
were then further restricted to include only journal
articles published in English, yielding a final total of 413
documents.

The resulting 413 documents were further screened by
reading titles, abstracts, keywords, and intermittently
the full text of articles to ascertain the relevance to
the study. This step was necessary due to the variety
of ways researchers describe BEPG. Some of these
variations include: predicted vs. measured, theoretical
vs. actual (Coyne and Denny 2021), designed vs. as-
built (Uriarte et al. 2021), design vs. in-use (Shrubsole
et al. 2019), modeled vs in situ measured (Marshall et
al. 2017), calculated vs. actual (Cholewa et al. 2020),
among others.

Following this screening, the authors identified eighty-
two documents as not relevant to the specific subject
area and therefore excluded from the search results
using their accession numbers, which are unique WoS
identifiers assigned to each record.

From the extensive data screening, a final number of
331 documents were identified for the bibliometric
analysis. Figure 1 summarizes the data screening and
mining process.

The 331 documents, along with their reference and
bibliographic content, were successfully exported

Main theme (BEPG)

Multiple search queries within
Title, Abstract, and Keywords.
The outcome ranged from 21
to 9914 documents

 g—

ENQ

as comma-separated value (CSV) files. Essential
bibliometric details such as author names, affiliations,
journal types, and rankings, mostly sourced from the
WoS database, were consolidated into a Microsoft Excel
file. Finally, the data were imported into the VOSviewer
software program to conduct the comprehensive
bibliometric analysis. The WoS database was deemed
sufficient for t further analysis, as it allows the export of
1,000 to2,000 documents to the VOSviewer at a time.

Lastly, conducting an in-depth systematic review of
some of the articles assisted the author in appropriately
analyzing the variables and identifying research trends
and gaps for further study.

2.3 DATA COLLECTION AND BIBLIOMETRIC ANALYSIS

This study utilised the VOSviewer software programme,
version 1.6.19, (developed by the Centre for Scienceand
TechnologyStudies, LeidenUniversity, TheNetherlands)
to illustrate the bibliometric and scientometric data, as
well as research networks based on the 331 articles
retrieved from WoS. A comprehensive description of
scientometrics and the VOSviewer is provided by van
Eckand Waltman (2010). Itis a free software application
used to produce graphical content from scientific data
analysis by converting qualitative data into graphical
maps,enablingpragmaticexplorations,andestablishing
relationships (van Eck and Waltman 2022). The main
types of analysis implemented in this study were the
co-authorship analysis, used to determine active role
players,and the co-occurrenceanalysis, whichidentifies

Export

331 documents relevant
documents exported from
Web of Science and used in
VOSviewer.

Refine

Refined to articles only i
resulting in 413 documents.

P

e

I

Combine outcomes

Combine search queries in
Web of Science using the
advanced search option.

543 documents identified.

I

Screening

Documents screened to
ascertain relevance to
BEPG. 82 irrelevant
documents were identified.

Figure 1: Summary of data mining strategy for publication on BEPG research.
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thematic trends. Specifically, co-authorship refers to
the publications jointly authored by two researchers,
while co-occurrence determines instances where two
keywords are jointly mentioned in publications (van Eck
and Waltman 2013). The significance of a node (i.e.,
active role players or keywords) and the strength of
its relationship to other nodes or clusters are scaled in
VOSviewer by size and distance (van Eck and Waltman
2010), thereby creating a distance-based network map.

The co-authorship analysis included only authors with
a minimum of two articles, refining the VOSviewer
dataset from 984 to 169 authors. Additionally, the co-
authorship analysis of institutions encompassed 387
organizationsacross fifty-four different countries. These
countries span five continents: Europe, North America,
Asia, Africa, and Australia.

The co-occurrence analysis included 1,118 author
keywords across the entire dataset. The minimum
keyword occurrence threshold (not WoS indexed
keywords i.e., keywords plus) was set to one, to ensure
that all 1,118 author keywords were included in the
VOSviewer analysis. However, visualisations were set
to include author keywords with a minimum of two
occurrences, resulting in 219 keywords. Additionally,
theaverage publicationyear of keywords was examined
using VOSviewer’s overlay visualization mode, where
keyword colors represent the average publication year
of articles mentioning them.

Thestudyincludesaperiodicanalysis usingVOSviewer'’s
co-occurrence analysis function, in order to understand
the approach to BEPG and its development. Based on
the total number of documents, it is evident that BEPG
is still a developing research landscape that warrants
further investigation.

3. RESULTS AND DISCUSSIONS

This section presents the key findings from the
scientometricreview, based onthebibliometricanalysis
obtained from the WoS database and presented
graphically using the VOSviewer program. The results
showcase the mostprominent journals, affiliations,
geographical regions, authors, and cited papers to
reveal trending keywords in BEPG research.

3.1 ANNUAL PUBLICATION OUTPUT AND GROWTH
TRENDS

Based on publications indexed in the Web of Science
(WoS), research in the field of BEPG has grown
significantly in recent years. The results of the search—
conducted twice using specific queries outlined earlier
in Table 3—indicate that WoS-indexed literature on
BEPG spans from 2012 to July 2023.
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The article by Menezes et al. (2012) was the only
publication on BEPG that year. It focused on using
information gathered during a post-occupancy
assessment of a case study building to improve
model fidelity. In the four years from 2012 to 2015,
only 20 documents were published. However, in the
following seven years (2016-2022), that number grew
nearly sixteenfold to 309 documents—an increase of
approximately 1,445 percent. This reflects a substantial
rise in research interest in BEPG, as shown in Figure 2.

I Annual papers Cumulative papers e

Inclining research ' Declining research

70
ment, engagement

350

60 300

o

250

I
S

200

w
S

150

Number of BEPG articles

)
S

100

Cumulative number of BEPG articles

=

(Y

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Year of publication

Figure 2. Growth trends in yearly and cumulative
publications on BEPG research

From Figure 2, the data also indicate that each year after
2020 has seen fewer BEPG-related papers published
than its previous year, with 2023 on-track to barely
surpass 2022 (based on the data mining date, only
articles published until 4 July 2023 were retrieved).
However, Wang et al. (2019) observed a peak-and-
decline pattern similar to Figure 2 in the development
fieldand concludedthatit presentsincreased prospects
for future research. While the growth trend is significant
anddesirable, itisimportantto understand and address
theobservedvariancesinbuildingenergy performance.

Reflecting on the outcome of the WoS search queries
in Table 3, the comparison of the queries indicates
that research on “performance gap” accounted for less
than three percent (268 documents) of the combined
research on “energy performance” and “building*”
(which resulted in 9,731 documents). These results
indicate an opportunity to increase BEPG research and
achieve the following:

- facilitating an improved grasp of BEPG as a
phenomenon,

«  case-by-case evidence and analysis of BEPG,
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«  monitoringandpredictingmultifacetedfactors,and

- urgently changing standard practices in related
professional fields.

Several studies support this claim, as previously
highlighted in Table 2 (de Wilde, 2014; Cozza et al,,
2021; Zheng et al.,, 2024; Zou et al. 2018). Considering
the continuing challenge of high contributions by
buildings to energy-related emissions (IEA 2022b), it is
essential to maintain high interest in BEPG research and
its development.

3.2. GLOBAL ANALYSIS OF BEPG RESEARCH

Further analysis of the research categories indexing
the articles in the WoS database indicated a variety of
subjects on which the research focused.

The range of BEPG discussions include construction
and engineering (Gupta et al. 2015; Hepf et al. 2023;
Reguis et al. 2023), chemistry and materiality (Jradi,
2020; Martinez-Comesana et al., 2020), management
(Samarakkody et al. 2022; Alencastro et al, 2018;
Rasmussen et al., 2019), mechanics (Yao, 2020), and
others.

Figure 3 illustrates the distribution of various subject
areas or disciplines from the documents analyzed.
The results indicate that twenty-eight percent falls
into Construction Building Technology, twenty-five
percent Engineering, twenty-three percent Energy
Fuels, eight percent Science Technology, and seven
percent Environmental Science Ecology. Other less
predominant disciples include research areas such as,
thermodynamics, business, architecture, computer
science, physics, education, and others.

Business Economics
%

Other
4%

Thermodynamics
3%

Environmental Sciences Ecology
7%

Science Technology
8%

Figure 3: Distribution of WoS articles based on various
subject areas.

ENQ

The research areas in the WoS database with more than
ten documents on BEPGresearch include the following:
construction and building technology (190 articles);
engineering (173 articles); energy fuels (161 articles);
science and technology topics (fifty-three articles);
environmental studies and ecology (forty-six articles);
thermodynamics (nineteen articles); and business
economics (seventeen articles). This substantiates
that the performance gap is as much an economic
and sociological challenge as a technical one and
requires multidisciplinaryinvestigationto beaddressed
effectively. It also demonstrates that policy and
management issues related to the accuracy of building
energy performance need to be researched alongside
technological and environmental concerns.

The 331 articles used in this paper for the bibliometric
analysis were published across sixty-six journals. Similar
to the large distribution of research areas, the journals
originatefromavariety of themes beyond construction,
engineering, and building. These include social
science, policy, and management (including facilities
management, environmental management, business
andstrategy),amongothers.Thisvarietyofthemesvis-a-
vistherelatively large number of journals demonstrates
the thematic complexity and interdisciplinary nature of
BEPG.

3.3 LEADING AUTHORS IN BEPG RESEARCH

The following section presents the most cited authors
with at least five articles on BEPG from the query search.
This includes author names, total publications, total
citations, affiliations, and geographical information.
It is necessary to identify the top researchers in the
field of BEPG, as it can enhance networking, improve
interdisciplinary productivity, and establish potential
collaborations. Furthermore, this provides young
researchers with guidance on leading authors within
various disciplines related to BEPG research.

The results from the bibliometric analysis showed that
the 331 publications were written by a total of 984
authors. However, a list of the most productive authors
in BEPG research is presented in Table 4, featuring
authors with a minimum of five articles among the
documents.

The top fourteen authors identified are affiliated with
nine academic institutions, spread across five countries.
Similarly, regional analysis shows that England accounts
for eight authors, China three authors, Spain one
author, India one author, and South Korea one author.
Allfourteen authors have collectively published ninety-
seven articles. This translates to approximately 29.3
percent of the BEPG publications.
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From Table 4 it is evident that the most productive
authors in BEPG research are D. Mumovic affiliated with
the University College LondoninEnglandand E.Burman
from the Bartlett Faculty of the Built Environment,
University College London in England, with twelve
articles each. Additionally, D. Mumovic has a total
of 128 publications (TPs), 3,033 total citations (TCs),
and an h-index of twenty-seve. E. Burman has a total
of thirty-one publications, 486 TCs, and an h-index of
twelve. The authors, M. Davies and R. Gupta tie for third
with a total of eight BEPG articles each. The remaining
ten authors complete the research query, with at least
five publications each. The researchers collectively
authored fifty-two of the 331 publications included in
this study. Table S1 in the supplementary materials lists
the publications.
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Among the top fourteen authors witha minimum of five
articles, the year of first publication ranges from 1972
to 2016, nearly forty-five years. In addition, the total
publications on BEPG (TPb) by each recognized author
is presented, comparing the data indexed in WoS (TPw)
againstdataindexedinScopus(TPs).Notably,substantial
differences appear in total publication accounts. These
observed differences range from as few as two articles,
seen with C.F. Bandera [TPw = 28; TPs = 30] to as large
as 1,607 articles in M. Davies (TPw = 339; TPs = 1946).
This brief comparison underlines a substantial disparity
which can influence the perception of the research
community about authors’ productivity considering
the wide scale of adoption of these databases across
an extensive range of research fields (Hallinger and
Kovacevi¢ 2019; Det Udomsap and Hallinger 2020;

# Author TPb | TPw | TPs Author ID' Year h-index’ TCs' Current affiliation1 Country
1st
pub*!
1 Mumovic, Dejan 12 |93 12 14040664500 | 2005° 27 3033 | University College London, | England
Builtenvironment 8 London
2 Burman, Esfand 12 |19 31 55843415200 2012° 12 486 University College London | England
Builtenvironment (The Bartlett), London
3 | Davies, Michael 8 194 |33 57202098246 19952 63 14 University College London | England
Builtenvironment 6 9 108 (The Bartlett), London
4 Gupta, Rajat 8 58 18 7501323603 19722 31 2817 | Oxford Brookes University, | England
Architecture 1 Oxford
5 | Johnston, David 7 |45 32 55725429600 | 2000° 10 529 Leeds Beckett University, England
Builtenvironment Leeds
6 Xu, Xiaoxiao 7 1 48 57188580287 2016° 23 1284 | NanjingForestryUniversity, | Peoples R
Engineering 6 Nanjing China
7 Farmer, David 6 10 16 56425342700 2012° 8 263 Leeds Beckett University, England
Builtenvironment Leeds
8 | Gregg, Matthew 6 18 39 46661023500 2011° 12 554 Oxford Brookes University, | England
Architecture Oxford
9 | Lin, Borong 6 15 19 7403508277 20012 37 4441 | TsinghuaUniversity, Beijing | Peoples R
Architecture 3 7 China
10 | Bandera, Carlos 5 28 30 57201334734 2016 11 603 Universidad de Navarra, Spain
Fernandez Pamplona
Architecture
11 | Deb, Chirag 5 27 32 36106838200 2010° 17 1704 | Indian Institute of India
Architecture Technology Bombay,
Mumbai
12 | Jain, Nishesh 5 10 16 56526077900 2014° 6 108 University College London | England
Builtenvironment
13 | Park, Choel-Soo 5 72 97 55505157800 | 20032 19 1421 | Seoul National University | South
Architecture College of Engineering, Korea
Seoul
14 | Zou, Patrick X.W. 5 1 12 7006775603 2002° 38 4486 | Chang'an University, Xi'an | Peoples R
Engineering China

Table 4. The WoS most productive authors in BEPG research with five papers or more.
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TPb: total number of publications within the BEPG search outcomes in WoS;
TPw: total number of author’s publications indexed in WoS;
TPs: total number of author’s publications indexed in Scopus;

TCs: Total number of author’s citations in WoS;

* Role in joint authorship of the article, identified by the superscripts: a first author; b co-author; 1: Scopus as the

data source.

Munim et al. 2020). Hence, some researchers have
stated the need for a comprehensive comparison of
bibliometric information in the WoS and the Scopus
databases (Md Khudzari et al. 2018).

The findings further show that around twenty
percent of the top authors in this study are within the
engineering field, while the majority (eighty percent) is
in the architecture and built environment profession.
This distribution further demonstrates the crucial role
of architecture and built environment disciplines in
creating a more sustainable built environment and
achieving 2050 targets. In addition, seven of the top ten
authors are affiliated with institutions in England. This
suggests that BEPG research is well-established in the
region, and it could serve as a basis for international
collaboration. However, it also reveals a geographic
and contextual disparity, which is further discussed in
Section 3.5.

This section provides insight into recognizing key
connections and the most influential contributors to
the BEPG research field. The study includes prominent
authors, their publications, affiliations, geographical
regions, and disciplinary impact, showcasing the
importance of BEPGresearch, specificallyinarchitecture
and the built environment.

3.4 LEADING JOURNALS PUBLISHING BEPG RESEARCH

This section explores the leading journals in which the
331 articles from the WoS database were published.
Similar to the vast range of research areas from the
bibliometric analysis, the articles were published
across 66 journals, with a variety of themes beyond
construction, engineering, and buildings. These
journals’ themes include social science (Energy
Research Social Science), policy (Energy Policy) and
management(JournalofFacilitiesManagement,Journal
of Environmental Management, and Business Strategy
and the Environment), to name a few. The diverse
range of themes across the journals clearly illustrates
the thematic complexity and interdisciplinary nature of
BEPG.

It is crucial for scholars to identify leading journals, as
this can assist in identifying gaps, current trends, and
global issues within BEPG research. In Table 5, the
top ten most prolific journals are ranked according to

their percentage representation of articles included in
the WoS search query. The table further includes the
journal impact factor (JIF) for the year 2022, and their
respective most cited articles within the documents.

From the bibliometric analysis, the top ten journals
represent approximately 15.2 percent of the total
journals included in the study, and account for nearly
two-thirds (65.6 percent) of the total publications. It is
evident from Table 5 that Energy and Buildings is the
leading source for BEPG research with seventy-eight
articles, translating to nearly 23.6 percent of the total
publications. This is followed by Energies with twenty-
four articles (7.3 percent), Building and Environment
(twenty articles), Building Research and Information
(seventeen articles), and Sustainability with sixteen
articles.

In addition, the researchers investigated the number of
citations, impact factor, publishers, and identified the
most cited article for each journal. Among the top ten
journals from the WoS database, Sustainability had the
highest total citations (187, 953), followed by Applied
Energy (156, 087), Energy (156, 083), and Energies (103
643).The study reveals the most cited articleamong the
331 documents is by de Wilde (2014) with 579 citations
and published in the Automation in Construction.

Table 5 also includes the JIF of the top ten journals,
alongside theirranking based on the 2022 metric value.
The journal with the highest JIF is Applied Energy (11.2),
followed by Energy Policy (9.2), Energy (9.0), Building
and Environment (7.4), and Energy and Buildings (6.7).
The JIF rank reflects the journal’s position within its
assigned WoS category. Some journals such as Energies
areonlyindexedin oneWoS category, while others such
as Sustainability are indexed under multiple categories
depending on their theme. This indexing across
categories can affect the total reach of the journal.

Researchers often aim to publishin journals with higher
impact factors. However, considerations such as the
capacity of a journal in terms of audience and research
engagement should be a key factor in deciding where
to publish (Md Khudzari et al. 2018). Given the need
for BEPG research and application, it is important that
relevant stakeholders can access significant research
findings readily.
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# Journal TP (%) TC JIF Rank by JIF The most cited article [reference] Times Publisher
2022 2022 [WoS cited
Category]
1 | Energy and 78(23.6) | 59418 | 6.7 12/139 [EGC]; | Energy performance gap in refurbished | 137 Elsevier
Buildings 10/68 [CBT]; German dwellings: Lesson learned from a
37/115 [EFU] field test (Cali et al. 2016)
2 | Energies 24 (7.3) 103 3.2 78/115 [EFU] Optimizing energy efficiency in operating | 50 MDPI
643 builtenvironmentassetsthroughbuilding
information modeling: A Case Study (Petri
etal. 2017)

3 | Building and 20 (6.0) 53430 74 6/139 [EGC]; Ten questions concerning occupant 285 Elsevier

Environment 7/68 [CBT]; behavior in buildings: The big picture
14/55 [EGE] (Hong et al., 2017)
4 | Building Research | 17 (5.1) | 4077 39 22/68 [CBT] Performance gaps in energy 82 Taylor &
and Information consumption: Household groups and Francis
building characteristics (van den Brom et
al. 2018)
5 | Sustainability 16 (4.8) 187 3.9 114/274 [ESC]; | Rethinking performance gaps: A 19 MDPI
953 48/127 [EST]; regenerative sustainability approach
34/46 [GSSTI*; | to built environment performance
5/9 [GSSTI** assessment (Coleman et al. 2018)

6 | Building Services | 16(4.8) | 912 1.7 48/68 [CBT] Quantifying the domestic building fabric | 47 Sage
Engineering “performance gap” (Johnston et al. 2015) Publications
Research &

Technology
7 | JournalofBuilding | 14 (4.2) 27 082 6.4 11/68 [CBT]; Comparison of EnergyPlus and IES to 40 Elsevier
Engineering 13/139 [EGC] modelacomplexuniversity buildingusing
three scenarios: Free-floating, ideal air
load system, and detailed (Al-janabi et
al.2019)
8 | Applied Energy 12(3.6) 156 11.2 | 11/158 [EGCH]; | Predicted vs. actual energy performance | 464 Elsevier
087 15/115 [EFU] of non-domestic buildings: Using post-
occupancy evaluation data to reduce the
performance gap (Menezes et al. 2012)
9 | Energy Policy 11(3.3) | 71939 |92 8/380 [ECN]; Do residential building energy efficiency | 41 Elsevier
22/115 [EFUJ; standards reduce energy consumption in
27/274 [ESC]; China? A data-driven method to validate
12/127 [EST] the actual performance of building
energy efficiency standards (Wang et al.
2019)
Measuring the thermal energy 41
performance gap of labeled residential
buildings in Switzerland (Cozza et al.
2020)
10 | Energy 9(2.7) 156 9.0 22/115 [EFU]; Towards measurement and verification 114 Elsevier
083 3/62[TD] of energy performance under the
framework of the European directive for
energy performance of buildings (Burman
etal. 2014)

Table 5. Top 10 WoS ranking of the most productive journals in BEPG research

TP: total publications; TC: total citations; JIF: journal impact factor; WoS: Web of Science; EGC: Engineering, Civil;
CBT: Construction, Building & Technology; EFU: Energy & Fuels; EGE: Engineering, Environmental; ESC: Environ-
mental Sciences; EST: Environmental Studies; GSST: Green & Sustainable Science & Technology; EGCH: Engineering,
Chemical; ECN: Economics; TD: Thermodynamics; *: Science Citation Index Expanded (SCIE); **: Social Sciences

Citation Index (SSCI).
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Furthermore, the top ten journals were published
by only four different publishers, namely: Elsevier,
Multidisciplinary Digital Publishing Institute (MDPI),
Taylor & Francis, and Sage Publications. Out of the top
ten, Elsevier accounted for six journals, followed by
MDPI (two journals), Taylor & Francis (one journal), and
Sage (one journal). The study on all 331 documents also
revealed that Elsevier comprised the most documents
(183 articles), followed by MDPI (forty-four articles),
Taylor & Francis (thirty-one articles), Sage (eighteen
articles) and Emerald Group Publishing (nine articles).
Considering the substantial difference in the number
of journal articles published between the first and
fifth publisher, concerns around equitable knowledge
sharing and its implications for addressing the energy
performance gapinbuildings may requireinvestigation
if the trend continues.

This analysis identified journals with the most citations,
total publications, impact factors, and publishers of
journals referenced in the WoS database. The analysis
highlightedthefollowingjournalsasthemostprominent
in BEPG and related research: Energy and Buildings,
Energies, Building and Environment, Building Research,
and Information and Sustainability.

3.5 THE GEOGRAPHICAL LANDSCAPE OF BEPG
RESEARCH

Besides information on journal articles, keywords,
citations, publishers and themes, the geographical
distribution of authors was also obtained from the Wo$S
database, using the bibliographic information of BEPG
authors. Research on the 331 documents indicates that
the documents originate from fifty-four countries.

The geographical spread of articles was ranked
according to total publications in the BEPG research
field as indexed in the WoS database. In Figure 4, the
top fourteen countries (TPc) and their respective
rankings are indicated, including each country’s most
active academic institution. Studies have indicated that
it is crucial for researchers to familiarise themselves
with authors working on similar projects to establish
possible networks globally (Md Khudzari et al. 2018;
Krauskopf 2018).

The total publications (TPc) of a particular country
encompassed both singularly and jointly authored
articles. An analysis of the data focusing on the regional
distribution indicates that among the top fourteen
countries,Europeaccountsforninecountriespublishing
BEPG related work. This was followed by North America
and Asia with two countries each, and one in Australia.
It is evident from Figure 4 that the most active country
in terms of total publications with ninety-four articles
is the United Kingdom, followed by China (thirty-nine),
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United States (twenty-four), Australia (twenty-three),
Germany (twenty-three), Italy (twenty-two), and Spain
(twenty-two). This disparity demonstrates the need for
increased research activity in the BEPG field globally,
and specifically the Global South.

Considering all 331 documents included in the study,
countries actively publishing BEPG research are mostly
concentrated in Europe (thirty-one countries) and Asia
(fifteen countries), with a total of eighty and seventy-
five publications, respectively. Among the other
countries, North America has the highest activity via
the contributions of the United States (twenty-four
publications), Canada (fourteen publications), and
Mexico (three publications). In South America, Brazil,
and Chile contributed to BEPG research with four and
twopublicationsrespectively.Onlytwoarticlesoriginate
from the African continent, one from Egypt and the
other from Ghana. (Table S2 in the supplementary
data provides the full list of publications by country).
The Egyptian study focused on heat transfer coefficient
and was conducted in collaboration with researchers
from China, Iraq and Saudi Arabia (Zhang et al. 2023).
The other publication studied occupant behavior in
air-conditioned public buildings in Ghana and was
conducted solely by Ghanaian researchers (Ahadzie et
al. 2021). These two studies present the cases of inter-
country and intra-country collaboration, which can be
effective mechanisms to grow BEPG research in regions
with minimal BEPG research activity and ultimately
facilitate a sustainable built environment. The extent
of collaborations across the global community of
researchers in the BEPG field is displayed in Figure 5.

The results from Figure 5 further reveal that within the
contextof collaborations, countriesarefragmentedinto
two categories. The first consists of a cluster of countries
conducting research within a “closed cell” The second
category includes “lone countries” demonstrating no
observable interaction with other regions, emphasized
by their distance from the closed cell.

This division has several implications for both the built
environment and global sustainability. On one hand,
the potential for the built environment community to
maximize the applicability of BEPG research findings
may be hindered duetothelimited scope of contextand
investigation.Onthe otherhand, it suggestsinsufficient
knowledgeandexpertisetransferamongbothacademic
andnon-academic(governmental)researchinstitutions
globally. To adequately address the issues of BEPG and
energy efficiency in the built environment, improving
international collaborations could play a significant role
towards achieving 2050 climate change targets (Tian et
al. 2022).
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Rank  Country TPc The most productive academic institution Tpi
1 United Kingdom 94 University College London 23
University of London 23
2 PeoplesR 39 Tsinghua University 11
China
3 United States 24 Georgia Institute of Technology 3
4 Australia 23 Swinbume University of Technology 8
4 Germarny 23 RWTH Aachen University 9
6 Italy 22 Polytechnic University of Milan ~]
6 Spain 22 University of Navarra S
Tpe: total publications of the country. Tpi: total publications of the

Rank  Country T The most productive academic institution Tpi
8 Switzerland 15 ETH Zurich 6
9 Canada 14 University of Toronto 4
10 Netherlands 13 Delft University of Technology 8
11 Denmark 12 Technical University of Denmark 6
12 France 10 n/a n/a
12 Ireland 10 University College Dublin 5
14 S. Korea 9 Sungkyunkwan University 3

n/a: no academic institution with more than one (1) publication.

Figure 4. Most active countries in BEPG research based on WoS

The geographic distribution of BEPG research across
continents is clearly illustrated in Figure 4 and Fi5,
indicating that leading countries are predominantly
those falling under the “developed” category.
Developed countries usually have stable economies,
structured governments, reliable electricity supply, and
technological advancement beyond that of developing
or emerging countries (World Economic Forum 2019).

Given the expected population and built environment
energy consumptionincreases (Siirola, 2014), especially
in developing regions such as Africa (Rupp et al. 2015),
it is necessary to examine BEPG factors and issues that
are contextual for these areas. Essentially, it presents
an opportunity for more case-by-case evidence and
analysis of BEPG research that can be useful in limiting
GHG emissions from buildings in the coming decades
(de Wilde 2014).

3.6 THEMATIC INTERESTS IN GLOBAL BEPG RESEARCH

In this section, the author keywords from all 331 articles
arefurtherexploredtodetermine the key terminologies
and themes in BEPG research. Given the developing
stage of BEPG research and the numerous variations of
key phrases (as outlined in the methodology), keywords
were not relabeled before the bibliometric mapping
usingVOSviewer.Subsequently,variationsresultingfrom
plurals, acronyms or abbreviations, and grammatical
differences (e.g.,behaviorvs behaviour) wereidentified,

summarized, and relabeled accordingly. Additionally,
variations resulting from the use of different words such
as occupant vs user were also identified, summarized,
and included for discussion purposes.

The results of the bibliometric analysis and mapping
shown in Figure 6 illustrate the most prominent
keywords used in the BEPG research field and their
respective average year of publication. Consequently,
the VOSviewer keyword analysis identified five key
themes, with “performance gap” being the most used
keyword by authors in describing BEPG research,
occurring eighty times with a total link strength of 420
links to other keywords. This is followed by energy
performance gap (forty-one occurrences, 187 links),
occupant behavior (thirty-six occurrences, 173 links),
energy efficiency (twenty-seven occurrences, 143 links),
and buildings (twenty-one occurrences, 118 links).
Various terms describe efficiency in buildings, including
energy performance (twenty occurrences, eighty-eight
links), building performance (fifteen occurrences,
eighty-three links), and building energy performance
(fifteen occurrences, seventy-five links), among others.
Similarly, a variation of occupant behavior was also
written as user behavior with six occurrences and thirty-
four links.

As stated earlier in the methodology, the variation of
words describing a similar or singular phenomenon
can pose some challenges to the larger research and
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Figure 5. A visualization of international collaborations in BEPG research using VOSviewer

professional community due to the risk of losing
key information. The researcher suggests that some
measure of standardizing terms may assist readers and
researchers in accessing information readily, while also
improving best practices in the larger industry. This
is demonstrated by the standardisation of the term
“pbuilding information modelling,, shortened to the
well-known acronym ‘BIM’ (Ghaffarianhoseini et al.
2017).

Furthermore, the results illustrate a large variety of
BEPGthemes withinthe contextual investigation. Some
oftheresearchfocusedonbuildingtypologiesincluding,
social housing (five occurrences, eighteen links) (Filippi
and Sirombo, 2019; Ozarisoy and Altan 2022), non-
residential buildings (four occurrences, fourteen links)
(Ji et al. 2022), and office buildings (six occurrences,
thirty-seven links), including sub-classifications and
qualifying keywords such as office spaces, shared
offices,andgreenoffice buildings.Otherstudiesfocused
more onthe building phase with keywords such as post-
occupancyevaluation(nineoccurrences, fifty-onelinks),
retrofit (eleven occurrences, sixty-nine links), and soft
landings (five occurrences, twenty-eight links) (Gana et
al. 2018). The term soft landings refers to an effective
framework and adaptable strategy that facilitates
the seamless transition between building phases,
generating substantial interest amongst stakeholders
and governments (Samarakkody et al. 2022).

Inthe spiritof anenvironmental epistemology, students

learned about the underlying systems, instead of from
it, merely imitating them. By studying the structure and
inexhaustible resourcefulness of nature, they became
better equipped to design for delicate ecosystems in
a productive and supportive manner. This approach
encouraged the development of strategies that respect
and enhance the natural environment, rather than
imposing upon it.

Moreover, another significant theme within BEPG
research is the investigation into the role of weather
data, especially within the context of climate change.
Several keywords regarding weather information were
observedincluding,climatechange(sevenoccurrences,
twenty-six links), cold climate (three occurrences,
fourteen links), temperate climate (two occurrences,
ten links), urban climate (two occurrences, eight links),
weather forecast (one occurrence, six links), tropical
weather (one occurrences, five links), weather file
(one occurrence, four links), and future weather (one
occurrence, three links).

Understanding the climatic context of a location is
essential in energy modelling and producing accurate
data. However, given the shifting climate patterns,
some researchers argue that climate change needs to
be factored into weather data, citing an insufficiency of
historical weather data for predicting a building's future
energy performance (Farah et al. 2019; Guan 2009). As
aresult, simulating building energy performance using
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forecasted weather data can become part of standard
procedures and provide more accurate results for the
future.

This study identifies emerging trends and pertinent
research themes within BEPGresearch, highlighting the
complexity of BEPG with the magnitude of keywords
andassociations,includingbuildingtypologies,machine
learning, climatic data, building envelope, and energy
standards. These findings underpin the dynamic
evolution of BEPG research, while simultaneously
emphasizing the need for scholars and researchers to
foster impactful and collaborative projects related to
these themes.

3.7 THE IMPACT OF BUILDING ENERGY CODES ON BEPG

Tofurtherexplorethedetailsof BEPG, theauthorsstudied
the correlation between building energy regulations
and related performance gaps. Studies highlight
that building energy regulations are foundational for
building performance analysis as they often provide
mandatory minimum building energy performance
requirements (Urge-Vorsatzetal. 2012). However, many
countries globally currently lack the necessary building
energy performance standards, especially in the Global
South, when compared to countries in the Global North
(Gaum and Laubscher 2021). In addition, building
performance codes are context-specificand influenced

urban climate

J, e

mainly by building methods and materials. These vary
between countries in the Global North and South.
When modelling programs are genericin structure and
building components are generalized, predictions are
affected.

Thus, the lack of building performance codes presents
significanthurdlesforbuilding performance prediction,
whichpotentiallyexacerbatesthechallengeof BEPGand
thelack of building performance simulation practicesin
the Global South (Gaum et al. 2022).

To determine the BEPG papers that incorporate policy
and energy regulations as components of the research,
the following search phrases were identified from the
keywords, and employed to refine the results: “energy
policy” or “energy rating* or “building regulation*”
or “governance” or “policy” or “building code*”
or “building energy code*” or “building codes and
standard*” or “building energy conservation code*”
or “building energy rating” or “building standard*” or
“epbd” or “energy performance of buildings directive”
or “environmental policy target*” or “2050 climate
target*” or “national energy rating”. The search phrase
resulted in eighty-seven articles from thirty-eight
countrieswhichtheauthorsfurtherdelineatedasGlobal
North and Global South based on the updated Brandt
Line, systematically developed by Gaum and Laubscher
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(2021). Following a manual screening of the articles, the
studyidentified three mainapproachesthatcapturethe
policy-BEPG research intersection:

1. Building energy codes as the research context
(Aldabesh et al. 2021).

2. Focusing on energy codes as the subject of the
investigation (Wang et al. 2019).

3. Implicationsof thefindingsfor policy development
such as the need for better simulation parameters
or assumptions and theoretical values (Bauer et al.
2021).

The result indicates that a total of twenty-nine Global
North countries and nine Global South countries
researched energy regulations and policy for BEPG.
In Figure 7, the top twelve most active Global North
countries are compared to the nine Global South
countries. Excluding China, BEPG research that
incorporates themes around energy codes are vastly
limited in the Global South despite the significant
floor area growth expected between 2030 and 2060
(IEA 2017). These results present several implications
including a widening gap between the Global North
and Global South capacities, and the possibility that
buildings in the Global South may also become locked
into BEPG inefficiencies.

Moreover, several BEPG research articles incorporated
green building themes and case studies as part of their
research design. While analysing the author keywords,
the study observed three categories of green building-
related themes. These categories refer to the type of
rating system, specific reference to resource efficiency
in buildings, and distinctive frameworks. Gupta et
al. (2015) incorporated the UK's Green Deal scheme
that supports energy efficiency home upgrades (UK
Government, n.d.) into their BEPG research. A recent
study creatively applied the framework of green human
resource management (GHRM) to understand BEPG
in green buildings and the role of occupants (Parida
et al. 2023). The third framework is green financial
instruments (GFls) (such as green insurance, green
bonds, green credit, among others), and the impact of
BEPG on green building development (He et al. 2023).

A key implication is that BEPG in green buildings
exacerbates fiscal investment and economic risks at
both governmental and market levels (He et al. 2022).
Considering the current drive towards sustainable
development globally and especially in developing
regions (Chan et al, 2017, International Finance
Corporation[IFC]2019),moreengagementintobuilding
energy codes, green frameworks, resource use, rating
systems, and efficiency methods to alleviate BEPG in
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buildings will not only be beneficial, but necessary to
achieve 2050 climate change targets.

4. CONCLUSION AND FUTURE STUDIES

On a global scale, BEPG poses long-term sustainability
challenges for the built environment. This paper
provides important insights into the global trends and
themes in BEPG research using bibliometric analysis.

The researchers systematically searched the WoS
database and found 331 relevant articles published
between 2012 and mid-2023. By applying systematic
and scientometric analysis techniques and using the
VOSviewer program, the study identified and visualized
globalresearch engagements, thematic developments,
and geographical context of BEPG research. This review
ultimately aimed to promote energy efficiency and built
environment sustainability,and proposed new research
directions for effectively implementing BEPG research,
specifically for the Global South.

This paper further sets out to partially address the
challenges in BEPG research by examining global
engagement and identifying key thematic research
areas. The findings provide readers in the field with a
holisticunderstanding of the subject, current status, key
actors, and opportunities for further studies.

The study found that while less activity on BEPG
research was detected over the past two years (at the
time of the analysis), it has increased substantially over
the past decade. From the 1,118 author keywords, less
than ten percent were utilised three times or more. This
trend demonstrates new focus areas are emerging, and
the range of BEPG research is broadening. Nonetheless,
the researchers believe that there is an increasing need
for a deeper understanding of the multifaceted nature
of the subject. Achieving this calls for thorough case-
by-case evidence of how BEPG is mitigated in different
building types and geographic contexts. It also requires
the refinement of standards and professional practices.
With the globalfloorarea growth expected to double by
2060, it is crucial to alleviate the challenge of BEPG and
ensure an energy-efficient building sector.

The study determined that BEPG research is mainly
conducted by authors, institutions and countries in
developed regions such as Europe and North America.
Hence, research in the Global South region, particularly
in Africa, is almost non-existent. This gap could be due
to several reasons. For instance, one claim would be
thatregionswith less building energyregulations might
conductmoreperformance-gapresearchtounderstand
theirneeds.However,a country’slackof buildingenergy
regulations suggests that energy-efficient building
design and practices are not standardized or legislated
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Figure 7. BEPG research from Global North and Global South countries incorporating building regulations

requirements in its building sector. Hence, exploring
the energy performance gap in buildings may not be
considered necessary. In addition, research connecting
BEPG and building energy regulations is relatively
limited in the Global South compared to the Global
North. For building energy simulation as a practice
to grow in the Global South, regulations and policies
such as minimum energy performance standards are
essential. Another challenge could be a lack of capacity
in technical expertise, policy expertise, and research
funding. Further studies are also needed to potentially
explore the role and impact of industry incentives, and
knowledge transfer across contexts in more depth.

In essence, it is crucial to increase research efforts in
Africa and the Global South to better understand BEPG
in different regional contexts. Using the WoS database,
the study identified the authors and institutions which
have published in the BEPG research field. Table 4
outlines the authors with at least five publications
from the sample of 331 articles, and Table S3 in the
supplementary data provides a list of the affiliations
with a minimum of three articles in the study’s dataset.
By identifying the key actors in BEPG research, these
findings offer a starting point to foster international
collaborations. Furthermore, strategic partnerships
between Global North and Global South authors,
institutions, and countries can facilitate the transfer
of knowledge, best practices, and technical expertise
that are needed to ensure a sustainable global built
environment.

As the world moves towards Net Zero, green building
topics can be expected to play a crucial role in the

future (Ohene et al. 2022). BEPG research is beneficial
to the real-world performance of this building sector.
Additionally, the expanding range of themes helps
deepenunderstanding of BEPGandits multidisciplinary
role within global sustainability. Therefore, the
researchers believe the future of building energy
simulation lies in embracing this multidisciplinary
framework, incorporating itinto research, and applying
it in real-world practice.

ACKNOWLEDGEMENTS

The authors acknowledge South Africa’s National
Research Foundation (NRF) and the Tshwane University
of Technology (TUT), South Africa, for the doctoral
bursary, awarded to Henry Odiri Igugu.

FUNDING

This research was funded by the NRF [Grant No.
CSUR23042195938].

REFERENCES

Ahadzie, D. K., E. K. Agyekum, and R. Dansoh. 2021.
“Analysis of Occupant Behaviour in the Use of Air-
ConditionersinPublicBuildingsinDevelopingCountries:
Evidence from Ghana!International Journal of Building
Pathology and Adaptation 39: 259-282.

Al-Janabi, A., M. Kavgic, A. Mohammadzadeh, and
A. Azzouz. 2019. “Comparison of EnergyPlus and IES
to Model a Complex University Building Using Three
Scenarios: Free-Floating, Ideal Air Load System, and
Detailed” Journal of Building Engineering 22: 262-280.

ENQUIRY: The ARCC Journal ‘ VOLUME 22 ISSUE 1 | 2025
http://www. arcc-journal.org 17



Aldabesh, A., Soufi, J.,, Omer, S., and Haredy, A. 2021.
“Unlocking the Residential Retrofitting Potential in a
Three-Degree World: A Holistic Approach to Passive
Design in Hot Climates.” Buildings, 11, 228.

Alencastro, J,, Fuertes, A., and de Wilde, P. 2018. “The
Relationship Between Quality Defects and the Thermal
Performance of Buildings.” Renewable and Sustainable
Energy Reviews, 81, 883-894.

Ali, D. M. T. E, V. Motuziené and R. Dziugaité-
Tumeéniené. 2024. “Al-Driven Innovations in Building
Energy Management Systems: A Review of Potential
Applications and Energy Savings.” Energies, 17: 4277.

Bai, Y., Yu, C. and Pan, W. 2024.“Systematic Examination
of Energy Performance Gap in Low-Energy Buildings.”
Renewable and Sustainable Energy Reviews, 202:

114701.

Bauer, A., Moller, S., Gill, B. and Schroder, F. (2021).
When energy efficiency goes out the window: How
highlyinsulatedbuildingscontributetoenergy-intensive
ventilation practices in Germany. Energy Research and
Social Science, 72: 101888.

Burman, E., D. Mumovic, and J. Kimpian. 2014.“Towards
Measurement and Verification of Energy Performance
under the Framework of the European Directive for
Energy Performance of Buildings!” Energy 77: 153-63.

Cali, D, T. Osterhage, R. Streblow, and D. Miller. 2016.
“Energy Performance Gap in Refurbished German
Dwellings: Lessons Learned from a Field Test.” Energy
and Buildings 127: 1146-58.

Chan, A. P. C,, A. Darko, and E. E. Ameyaw. 2017.
“Strategies for Promoting Green Building Technologies
AdoptionintheConstructionIindustry—AnInternational
Study.” Sustainability 9: 969.

Cholewa, T.,, C. Balaras, S. Nizeti¢, and A. Siuta-Olcha.
2020. “On Calculated and Actual Energy Savings
from Thermal Building Renovations — Long Term Field
Evaluation of Multifamily Buildings” Energy and
Buildings 223: 110145.

Coakley, D., P. Raftery, and M. Keane. 2014.“A Review of
Methods to Match Building Energy Simulation Models
to Measured Data.” Renewable and Sustainable Energy
Reviews 37:123-41.

Coleman, S., M. F. Touchie, J. B. Robinson, and T. Peters.
2018. “Rethinking Performance Gaps: A Regenerative
Sustainability Approach to Built Environment
Performance Assessment.” Sustainability 10: 4829.

Coyne, B., and E. Denny. 2021. “Mind the Energy

J, e

Performance Gap: Testing the Accuracy of Building
Energy Performance Certificates in Ireland” Energy
Efficiency 14: 57.

Cozza, S., J. Chambers, A. Brambilla, and M. K. Patel.
2021."In Search of Optimal Consumption: A Review of
Causes and Solutions to the Energy Performance Gap
in Residential Buildings” Energy and Buildings 249:
111253.

Cozza, S., J. Chambers, and M. K. Patel. 2020.“Measuring
the Thermal Energy Performance Gap of Labeled
Residential Buildings in Switzerland.”Energy Policy 137:
111085.

de Wilde, P. 2014. “The Gap between Predicted
and Measured Energy Performance of Buildings:
A Framework for Investigation” Automation in
Construction 41: 40-49.

Det Udomsap, A., and P. Hallinger. 2020.“A Bibliometric
Review of Research on Sustainable Construction, 1994-
2018 Journal of Cleaner Production 254: 120073.

Eon, C, J. K. Breadsell, J. Byrne, and G. M. Morrison.
2020. “The Discrepancy between As-Built and As-
Designed in Energy Efficient Buildings: A Rapid Review.”
Sustainability 12: 6372.

Farah, S., D. Whaley, W. Saman, and J. Boland. 2019.
“Integrating Climate Change into Meteorological
Weather Data for Building Energy Simulation.” Energy
and Buildings 183: 749-60.

Filippi, M., and E. Sirombo. 2019. “Energy and Water
Monitoring for a Large Social Housing Intervention in
Northern Italy!” Frontiers in Energy Research 7.

Franceschini, P. B.,, and L. O. Neves. 2022. “A Critical
Review on Occupant Behaviour Modelling for Building
Performance Simulation of Naturally Ventilated School
Buildings and Potential Changes Due to the COVID-19
Pandemic” Energy and Buildings 258: 111831.

Gana, V. F. G, R. Giridharan, and R. Watkins. 2018.
“ApplicationofSoftLandingsinthe DesignManagement
Process of a Non-Residential Building.” Architectural
Engineering and Design Management 14: 178-93.

Gaum, T, H. lgugu, and J. Laubscher. 2022. “Using a
System Dynamics Framework to Develop a Decision-
Making Model for Building Energy Efficiency Codes in
the Global South!”

Gaum, T, and J. Laubscher. 2021. “Building Energy
Codes: Reviewing the Status of Implementation
Strategies in the Global South!” International Journal of
Built Environment and Sustainability 9: 39-53.

ENQUIRY: The ARCC Journal ‘ VOLUME 22 ISSUE 1 ‘ 2025
http://www. arcc-journal.org 18



Ghaffarianhoseini, A., J. Tookey, A. Ghaffarianhoseini,
N. Naismith, S. Azhar, O. Efimova, and K. Raahemifar.
2017. “Building Information Modelling (BIM) Uptake:
ClearBenefits, Understanding Its Implementation, Risks
and Challenges.” Renewable and Sustainable Energy
Reviews 75: 1046-53.

Gram-Hanssen, K., S. Georg, E. Christiansen, and P.
Heiselberg. 2018. “What Next for Energy-Related
Building Regulations?: The Occupancy Phase.” Building
Research & Information 46: 1-14.

Guan, L. 2009. “Preparation of Future Weather Data
to Study the Impact of Climate Change on Buildings.”
Building and Environment 44: 793-800.

Gupta, R, M. Gregg, and K. Williams. 2015. “Cooling
the UK Housing Stock Post-2050s.” Building Services
Engineering Research and Technology 36.

Hallinger, P, and J. Kovacevi¢. 2019. “A Bibliometric
Review of Research on Educational Administration:
Science Mapping the Literature, 1960 to 2018." Review
of Educational Research 89: 335-69.

He, C, T. Zhou, L. Zhang, X. Chen, and W. Zhang. 2023.
“Extremely Hot East Asia and Flooding Western South
Asia in the Summer of 2022 Tied to Reversed Flow over
Tibetan Plateau.” Climate Dynamics 61: 2103-19.

He, W., P. Liu, B. Lin, H. Zhou, and X. Chen. 2022.“Green
Finance Support for Development of Green Buildings

in China: Effect, Mechanism, and Policy Implications!
Energy Policy 165: 112973.

Hemsath, T. L., and K. A. Bandhosseini. 2018. Energy
Modeling in Architectural Design. New York and Oxon:
Taylor & Francis.

Hepf, C., L. Overhoff, S. C. Koth, M. Gabriel, D. Briels, and
T. Auer. 2023. “Impact of a Weather Predictive Control
Strategy for Inert Building Technology on Thermal
Comfort and Energy Demand.” Buildings 13: 996.

Hong, T, D. Yan, S. D'Oca, and C.-f. Chen. 2017. “Ten
Questions Concerning Occupant Behavior in Buildings:
The Big Picture!”Building and Environment 114:518-30.

Igugu, H. O, J. Laubscher, A. B. Mapossa, P. A. Popoola,
and M. Dada. 2024. “Energy Efficiency in Buildings:
Performance Gaps and Sustainable Materials.
Encyclopedia 4: 1411-32.

Imam, S., D. Coley, and I. Walker. 2017. “The Building
Performance Gap: Are Modellers Literate?” Building
Services Engineering Research and Technology 38.
https://doi.org/10.1177/0143624416684649.

J, e

International Energy Agency (IEA). 2017. Energy
Technology Perspectives 2017. Paris: IEA.

International Energy Agency (IEA). 2022a. “Buildings.”
IEA. Accessed October 11, 2023. https://www.iea.org/
energy-system/buildings.

International Energy Agency (IEA).  2022b.
Energy  Statistics Data Browser [Online].
Available: https://www.iea.org/data-and-

statistics/data-tools/energy-statistics-data-
browser?country=WORLD&fuel=Energy%20consu
mption&indicator=TFCShareBySector [Accessed 11
October 2023].

International Finance Corporation (IFC). 2019. Green
Buildings: A Financial and Policy Blueprint for Emerging
Markets [Online]. World Bank Group (WBG). Available:
https://www.ifc.org/en/insights-reports/2019/green-
buildings-report [Accessed 31/08/2023].

Jain,N., E.Burman, S. Stamp, D. Mumovic, and M. Davies.
2020. “Cross-Sectoral Assessment of the Performance
Gap Using Calibrated Building Energy Performance
Simulation.” Energy and Buildings 224: 110271.

Ji, C, T. Hong, H. Kim, and S. Yeom. 2022. “Effect of
Building Energy Efficiency Certificate on Reducing
Energy Consumption of Non-Residential Buildings in
South Korea!” Energy and Buildings 255: 111701.

Johnston, D., D. Miles-Shenton, and D. Farmer. 2015.
“Quantifyingthe DomesticBuilding Fabric’Performance
Gap” Building Services Engineering Research and

Technology 36: 614-27.

Jradi, M. 2020. “Dynamic Energy Modelling as an
Alternative ApproachforReducingPerformance Gapsin
Retrofitted Schools in Denmark.” Applied Sciences 10:
7862.

Jradi, M., K. Arendt, F. C. Sangogboye, C. G. Mattera,
E. Markoska, M. B. Kjergaard, C. T. Veje, and B. N.
Jorgensen. 2018.“ObepME: An Online Building Energy
Performance Monitoring and EvaluationTool to Reduce
Energy Perflormance Gap]”

Jradi, M., N. Liu, K. Arendt, and C. G. Mattera. 2020.
“An Automated Framework for Buildings Continuous
Commissioning and Performance Testing — A University
Building Case Study."Journal of Building Engineering 31:
101464.

Krauskopf, E. 2018. “A Bibliometric Analysis of the
Journal of Infection and Public Health: 2008-2016"
Journal of Infection and Public Health 11: 224-29.

Lépez-Gonzdlez, L. M., L. M. Lépez-Ochoa, J. Las-

ENQUIRY: The ARCC Journal ‘ VOLUME 22 ISSUE 1 ‘ 2025
http://www. arcc-journal.org 19



Heras-Casas, and C. Garcia-Lozano. 2016. “Energy
Performance Certificates as Tools for Energy Planning
in the Residential Sector: The Case of La Rioja (Spain).”
Journal of Cleaner Production 137: 1280-92.

Mahdavi, A, C. Berger, H. Amin, E. Ampatzi, R. K.
Andersen, E. Azar, V. M. Barthelmes, M. Favero, J.
Hahn, D. Khovalyg, H. N. Knudsen, A. Luna-Navarro, A.
Roetzel, F. C. Sangogboye, M. Schweiker, M. Taheri, D.
Teli, M. Touchie, and S. Verbruggen. 2021. “The Role of
Occupants in Buildings’Energy Performance Gap: Myth
or Reality?” Sustainability 13: 3146.

Marshall, A., R. Fitton, W. Swan, D. Farmer, D. Johnston,
M. Benjaber, and Y. Ji. 2017. “Domestic Building Fabric
Performance: Closing the Gap between the In Situ
Measured and Modelled Performance!” Energy and
Buildings 150: 307-17.

Martinez-Comesana, M., L. Febrero-Garrido, E. Granada-
Alvarez, J. Martinez-Torres, and S. Martinez-Marifo.
2020. “Heat Loss Coefficient Estimation Applied to
Existing Buildings through Machine Learning Models.”
Applied Sciences 10: 8968.

Md Khudzari, J., J. Kurian, B. Tartakovsky, and G. S.
V. Raghavan. 2018. “Bibliometric Analysis of Global
Research Trends on Microbial Fuel Cells Using Scopus
Database"Biochemical Engineering Journal 136:51-60.

Menezes, A. C., A. Cripps, D. Bouchlaghem, and R.
Buswell.2012.“Predicted vs. Actual Energy Performance
of Non-Domestic Buildings: Using Post-Occupancy
Evaluation Data to Reduce the Performance Gap.
Applied Energy 97: 355-64.

Munim, Z. H., M. Dushenko, V. J. Jimenez, M. H. Shakil,
and M. Imset. 2020.“Big Data and Artificial Intelligence
in the Maritime Industry: A Bibliometric Review
and Future Research Directions!” Maritime Policy &
Management 47:577-97.

Muta, L.F.,, A.P. Melo, and R. Lamberts. 2025.“Enhancing
Energy Performance Assessment and Labeling in
Buildings: A Review of BIM-Based Approaches.” Journal
of Building Engineering 103: 112089.

Ohene, E., A. P.C. Chan, and A. Darko. 2022. “Review of
Global Research Advances Towards Net-Zero Emissions
Buildings." Energy and Buildings 266: 112142.

Ozarisoy, B., and H. Altan. 2022. “Bridging the Energy
Performance Gap of Social Housing Stock in South-
Eastern Mediterranean Europe: Climate Change and
Mitigation.” Energy and Buildings 258: 111687.

Page, M. J,, J. E. McKenzie, P. M. Bossuyt, I. Boutron, T.

J, e

C. Hoffmann, C. D. Mulrow, L. Shamseer, J. M. Tetzlaff,
E. A. Akl, S. E. Brennan, R. Chou, J. Glanville, J. M.
Grimshaw, A. Hrébjartsson, M. M. Lalu, T. Li, E. W. Loder,
E. Mayo-Wilson, S. McDonald, L. A. McGuinness, L. A.
Stewart, J. Thomas, A. C. Tricco, V. A. Welch, P. Whiting,
and D. Moher. 2021. “The PRISMA 2020 Statement: An
Updated Guideline for Reporting Systematic Reviews.”
BMJ 372:n71.

Parida, S., C. Chan, S. Ananthram, and K. Brown. 2023.
“In the Search for Greener Buildings: The Role of Green
Human Resource Management.” Business Strategy and
the Environment 32: 5952-68.

Petri, I., S. Kubicki, Y. Rezgui, A. Guerriero, and H. Li.
2017."Optimizing Energy Efficiency in Operating Built
Environment Assets through Building Information
Modeling: A Case Study.” Energies 10: 1167.

Qiang, G., S. Tang, J. Hao, L. Di Sarno, G. Wu, and S.
Ren. 2023. “Building Automation Systems for Energy
and Comfort Management in Green Buildings: A
Critical Review and Future Directions” Renewable and
Sustainable Energy Reviews 179: 113301.

Rasmussen, H. L., P. A. Jensen, S. B. Nielsen, and A. H.
Kristiansen. 2019. “Initiatives to Integrate Operational
Knowledge in Design: A Building Client Perspective.”
Facilities 37: 799-812.

Requis, A., M. Tunzi, B. Vand, P. Tuohy, and J. Currie.
2023.“Energy Performance of Scottish Public Buildings
and Its Impact on the Ability to Use Low-Temperature
Heat.” Energy and Buildings 290: 113064.

Rupp, R. F, N. G. Vasquez, and R. Lamberts. 2015.
“A Review of Human Thermal Comfort in the Built
Environment.” Energy and Buildings 105: 178-205.

Rysanek, A. M., and R. Choudhary. 2013. “Optimum
Building Energy Retrofits underTechnicaland Economic
Uncertainty.” Energy and Buildings 57: 324-37.

Samarakkody, A. L., B. A. K. S. Perera, and R. Palliyaguru.
2022. “Appropriateness of Soft Landings Concept for
Avoiding Malpractices in Sri Lankan Building Projects.”
International Journal of Construction Management 22:
2817-29.

Shi, X, B. Si, J. Zhao, Z. Tian, C. Wang, X. Jin, and X.
Zhou. 2019. “Magnitude, Causes, and Solutions of the
Performance Gap of Buildings: A Review." Sustainability
11:937.

Shrubsole, C., I. Hamilton, N. Zimmermann, G.
Papachristos, T. Broyd, E. Burman, D. Mumovic, Y. Zhu,
B. Lin, and M. Davies. 2019. “Bridging the Gap: The
NeedforaSystemsThinking ApproachinUnderstanding

ENQUIRY: The ARCC Journal ‘ VOLUME 22 ISSUE 1 ‘ 2025
http://www. arcc-journal.org 20



andAddressingEnergyandEnvironmentalPerformance
in Buildings.”Indoor and Built Environment 28: 100-17.

Siirola, J. J. 2014. “Speculations on Global Energy
Demandand Supply Going Forward."Current Opinionin
Chemical Engineering 5: 96-100.

Tian, J,, L. Yu, R. Xue, S. Zhuang, and Y. Shan. 2022.
“Global Low-Carbon Energy Transition in the Post-
COVID-19 Era!” Applied Energy 307: 118205.

Turner, C.,, and M. Frankel. 2008. Energy Performance of
LEED® for New Construction Buildings. White Salmon,
WA: US. Green Building Council and New Buildings
Institute.

UK. Government. n.d. Green Deal: Energy Saving
for Your Home [Online]. Available: https://www.gov.
uk/green-deal-energy-saving-measures [Accessed
28/08/2023].

Urge-Vorsatz, D., N. Eyre, P. Graham, D. Harvey, E.
Hertwich, Y. Jiang, C. Kornevall, M. Majumdar, J. E.
McMahon, S. Mirasgedis, S. Murakami, A. Novikova, K.
Janda, O.Masera, M. McNeil, K. Petrichenko, S.T.Herrero,
and E. Jochem. 2012. “Energy End-Use: Buildings.” In
Global Energy Assessment:Toward a Sustainable Future,
edited by T. Global Energy Assessment Writing Team,
649-760. Cambridge: Cambridge University Press.

Uriarte, I, A. Erkoreka, A. Legorburu, K. Martin-
Escudero, C. Giraldo Soto, and M. Odriozola-Maritorena.
2021. “Decoupling the Heat Loss Coefficient of an In-
Use Office Building into Its Transmission and Infiltration
Heat Loss Coefficients.” Journal of Building Engineering
43:102591.

van den Brom, P, A. Meijer, and H. Visscher. 2018.
“Performance Gapsin Energy Consumption: Household
Groups and Building Characteristics.”Building Research
& Information 46: 54-70.

van Dronkelaar, C., M. Dowson, C. Spataru, E. Burman,
and D. Mumovic. 2019. “Quantifying the Underlying
Causes of a Discrepancy Between Predicted and
Measured Energy Use!” Frontiers in Mechanical
Engineering 5.

van Dronkelaar, C.,, M. Dowson, C. Spataru, and D.
Mumovic. 2016. “A Review of the Regulatory Energy
Performance Gap and Its Underlying Causes in Non-
DomesticBuildings."FrontiersinMechanicalEngineering

van Eck, N. J,, and L. Waltman. 2010. “Software Survey:
VOSviewer, a Computer Program for Bibliometric
Mapping.” Scientometrics 84: 523-38.

van Eck, N. J. and L. Waltman. 2013. VOSviewer Manual.

J, e

Leiden: Univeristeit Leiden.

van Eck, N. J. and L. Waltman. 2022. VOSviewer Manual:
Manual for VOSviewer. Version 1: 18.

Wang, X., W. Feng, W. Cai, H. Ren, C. Ding, and N.
Zhou. 2019.“Do Residential Building Energy Efficiency
Standards Reduce Energy Consumption in China? — A
Data-Driven Method toValidate the Actual Performance
of Building Energy Efficiency Standards.” Energy Policy
131:82-98.

World Economic Forum 2019. Making Affordable
Housing a Reality in Cities. Cities, Urban Development
& Urban Services Platform In Collaboration with PwC.
Switzerland: WEF.

Yan, D., W. O'Brien, T. Hong, X. Feng, H. Burak Gunay, F.
Tahmasebi, and A. Mahdavi. 2015.“Occupant Behavior
Modeling for Building Performance Simulation: Current
State and Future Challenges”Energy and Buildings 107:
264-78.

Yao, J. 2020.“The Uncertainty of Manual Shade Control
on West-Facing Facades and Its Influence on Energy
Performance!” Applied Thermal Engineering 165:
114611.

Zhang, G., Y. Ge, A. Khudhair Yakoob, T. Alkhalifah, F.
Alturise, H. Elhosiny Ali,andY.Yang. 2023.”Determining
the Heat Transfer Coefficient of Sustainable Buildings
Using Extreme Learning Machine!” Fuel 336: 126795.

Zheng, Z., ). Zhou, ,Z Jiaqgin, Y. Yang, , F. Xu, , and H. Liu.
2024.“Review of the Building Energy Performance Gap
from Simulation and Building Lifecycle Perspectives:
Magnitude, Causes and Solutions.’Developmentsin the
Built Environment 17: 100345.

Zou,P.X.W.,X.Xu, J.Sanjayan,and J.Wang.2018.“Review
of 10 Years' Research on Building Energy Performance
Gap: Life-Cycle and Stakeholder Perspectives.” Energy
and Buildings 178: 165-181.

ENQUIRY: The ARCC Journal ‘ VOLUME 22 ISSUE 1 ‘ 2025
http://www. arcc-journal.org 21





