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Abstract

The global climate change triggered by high carbon emissions requires the higher education sector to
implement sustainable energy management both through environmentally friendly energy management
practices and through scientific contributions. This study aims to identify and analyze research trends
related to the optimization of low carbon emission energy management in the university environment using
bibliometric approaches, PRISMA and OpenKnowledge. The bibliometric method is used to map the
development of publications, dominant topics, as well as collaboration between researchers in this field,
PRISMA analysis for selection or selection of relevant journals while OpenKnowledge analysis is carried
out to access, listen and integrate relevant journal sources in supporting sustainable energy management
practices in universities. The results of this study show a significant increase in publications related to low
carbon emission energy management in universities over the last 4 years, namely 2020-2023, with a focus
on the use of PLN electric energy, energy efficiency and the integration of smart technology. The analysis
will be carried out on the development of environmentally friendly infrastructure, optimization of energy use,
and implementation of data-based monitoring systems, so this study proposes a new finding to conduct a
research.

Keywords: Energy Optimization, Energy Management, Zero Emission, Low Carbon, Bibliometrics.

1. INTRODUCTION

The increasingly serious global challenges related to climate change encourage various
sectors to immediately reduce carbon emissions and find more environmentally friendly
energy solutions [1], [2]. Based on data released by various international environmental
organizations, the energy sector is a major contributor to carbon dioxide (CO,) emissions
[3], the most common greenhouse gas produced by human activities. The use of energy
from non-renewable sources and low energy efficiency contribute to the impact of climate
change [4], [5]. In this context, higher education institutions such as universities play an
important role in encouraging a paradigm shift towards zero emission [6]-[8].

Universities, as centers of science, technology, and innovation, are not only tasked with
producing environmentally sound graduates but also serve as pilot institutions in energy
management [9], [10]. However, campuses generally have significant energy
consumption due to the operation of buildings, laboratories, information technology, and
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student and staff activities [11], [12]. This high energy consumption poses a challenge for
universities in optimizing energy management [13], [14], in order to reduce carbon
emissions while maintaining the continuity of teaching and learning [15], [16].

The building sector is currently the most energy-consuming sector, therefore, energy
management in buildings has become an international goal in modern technology [17],
[18]. Energy Management is a systematic process that aims to optimize the use of energy
in an organization or system [19]-[21]. It involves planning, monitoring, controlling and
evaluating energy use to achieve higher efficiency and reduce energy costs [22] The aim
is to save costs, improve efficiency and protect the environment from excessive energy
consumption [23] In addition, the benefits of energy management are cost savings [24],
improving operational performance and encouraging innovation in developing energy
technologies and solutions [24]-[26].

Low carbon emissions are efforts to reduce the amount of carbon dioxide (CO,) emissions
and other greenhouse gases released into the atmosphere from various human activities
[27], [28], especially those related to the use of fossil energy such as petroleum, coal, and
natural gas [29], [30]. The main goal of the low-carbon emission concept is to reduce the
negative impact on climate change and global warming by reducing emission levels [31],
[32]generated by industry, transportation, agriculture, and buildings that contribute to
increasing greenhouse gas concentrations [33]-[35].

Greenhouse gas emissions in the electricity sector are assessed using the time-varying
carbon intensity method [36], Instead of the average carbon intensity approach, the
average carbon intensity is a constant number and may reflect periodic variations in
actual intensity [36]-[38]. The generation emission factor is calculated using the power
plant conversion efficiency as follows: oil 38%, coal 35.2%, and gas 45% [36], [39].

In the clarification of carbon data, it is also possible to know the relationship between
organizational activities that are formed in the life cycle process where activities produce
greenhouse emissions from resource and energy consumption [40]. When calculating
greenhouse gases, combining carbon data from various sources increases the complexity
of the calculation and requires reasonable management and processing methods of
carbon data so as not to cause uncertainty in the calculation results [41]. Therefore, it is
necessary to clarify the carbon data generated in organizational activities and products,
which are the main basis for calculating greenhouse gas emissions [42].

Based on this background, there is a need for a literature review to evolve, ignite, and
synthesize previous research related to optimizing low carbon emission energy
management in a university. Through bibliometric analysis, PRISMA and the utilization of
OpenKnowledge, it is expected to provide guidance and recommendations for universities
in developing and implementing low carbon emission energy management [43], [44]. Itis
also expected to provide comprehensive insights for universities in optimizing energy
management and the results of this research are expected to help higher education
institutions around the world [45], including in Indonesia, in taking concrete steps to
reduce their carbon footprint, insights into best practices that can be implemented to
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support universities in realizing a more environmentally friendly campus and contributing
to sustainable development goals [46], [47].

This research aims to identify gaps in the literature in the 2020-2023 timeframe, using
VOSviewer visualization, Bibliometrics and PRISMA, while the benefit of this research is
to find out research trends related to optimizing low carbon emission energy management
at a university, as well as its relationship with other variables as a reference for conducting
further research.

2. METHOD

The method used in this literature goes through 5 stages, starting from
retrieving/collecting data based on keywords that will be used as titles such as
optimization, energy management, carbon emissions, buildings. All data is taken from the
Scopus and Web of Science databases, after retrieving the data, the data is then grouped
based on the citation year, namely 2020-2023.

After being grouped by year then the data from Scopus and WOS were processed through
visualization PRISMA, known as Preferred Reporting Items for Systematic Reviews and
Meta-Analyses, is a set of standard specifications for research quality in systematic
reviews. PRISMA applies to reviews of published literature containing primary data
sources. This study builds on the guidelines provided by PRISMA on the transparency
and quality of reporting of systematic reviews [48].

This aims to increase the scientific validity and comparability of the systematic review.
Referring to previous classic studies, Figure 1 illustrates the steps in conducting a
systematic literature review using the PRISMA protocol and quantitative analysis through
bibliometric analysis to achieve the research objectives, which will later obtain the novelty
of a study to be taken, here is a picture of the research stages.
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Looking For Research
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Data Directions

Selected journal
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Figure 1. Research Stages
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The next stage is data processing using PRISMA visualization, as shown in Figure 2

below.
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-g Reports of new included studias
k- (n =60

Figure 2: Journal Selection Process

The PRISMA chart in Figure 2, illustrates the search for journals based on the keyword
'‘Optimization of Energy Management' there are 252 journals from the Scopus database
and 57 journals from IEEE, a total of 309 journals, then selected for several reasons as
many as 159 journals, by adding keywords to 'Optimization of Energy Management in
Buildings' then reduced to 150 journals.

The keyword 'Low Emission Carbon' was further refined to 92 eligible journals, from 92
journals selected again to 78 journals based on the theme to be studied. Of the 78
journals, looking at the vulnerable years from 2020-2023, the analysis methods used and
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the pattern of discussion, it was reduced to 60 research journals that were in accordance
with the research to be carried out.

From the last total data obtained, namely 60 journals, it was then analyzed using
Bibliometric visualization to get the novelty of the research, besides Bibliometric, it also
uses OpenKnowledge visualization to see how many studies have been conducted by
previous researchers, as shown in Figure 3 below.
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Figure 3: Optimization of building energy management

Figure 3 is used to determine the most researched research by previous researchers with
the theme taken is 'building energy management optimization and simulation', the large
circle illustrates the number of researchers who have discussed sensors, energy
management, smart grids, energy efficiency and building energy management while the
small circle is only a few researchers who have just conducted research related to rural
domestic, office and quality management.
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Figure 4: Optimization of low emission carbon in buildings

While in Figure 4. The theme taken is Optimizing low carbon emission energy
management, it can be seen which themes have been widely researched and which are
still rarely researched.

In the largest circle that research on building carbon emission is widely researched
followed by the theme of energy consumption in buildings, building renovations,
commercial buildings, energy in electric vehicles, for themes that are still rarely
researched is seen in a small circle separated from other circles is the acceleration of the
transition to renewable energy which aims to reduce carbon dioxide emissions and
negative impacts on the environment while encouraging economic growth.
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3. RESULTS AND DISCUSSION

In this section discusses the results obtained during data retrieval from Scopus from
2020-2023, by entering 2 key sentences as follows:

3.1. Studies related to the theme of Low Carbon Emission Optimization in Building

By using scopus data where the keywords taken are Optimization, Low, Emission,
Carbon, Building, there are 134 documents

TITLE-ABS-KEY (optimization AND low AND emission AND carbon AND building) AND
PUBYEAR > 2019 AND PUBYEAR < 2024 AND ( LIMIT-TO ( SUBJAREA , "ENER")
OR LIMIT-TO ( SUBJAREA , "ENGI" ) ) AND ( LIMIT-TO ( DOCTYPE , "ar") ) AND (
LIMIT-TO ( EXACTKEYWORD , "Carbon" ) OR LIMIT-TO ( EXACTKEYWORD |,
"Optimization" ) OR LIMIT-TO ( EXACTKEYWORD , "Carbon Emissions" ) OR LIMIT-TO
(EXACTKEYWORD , "Energy Efficiency") ) )

A graph of the relationship between the document and the year of study is shown in Figure
5.

Documents per year by source
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Figure 5: Document to year relationship

From the graph, it can be seen that the application of an energy has the highest level of
research, followed by energy and building trends, while the country with the highest level
of research is China with 81 documents, as shown in Figure 6.
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Documents by country or territory

Compare the document counts for up to 15 countries/territories.

China
China - | 81 documents in Scopus d
United Kingdom |GG Click chart segment to view document list
United States [N
Switzerland [
Canada |
Hong Kong [
ltaly [
Netherlands [l
Spain [
Australia [l
0 10 20 30 40 50 60 70 20 90
Documents

Figure 6: Countries with the most research on low carbon emission in buildings
3.2. Study on the Implementation of Energy Management in Buildings

A literature review shows that many universities have developed efficiency-based energy
management systems to reduce carbon emissions. Studies at several global university
campuses such as Stanford University, University of California, and National University
of Singapore show a focus on energy-efficient infrastructure and utilization of renewable
energy sources. These implementations include the preservation of fossil fuel energy to
renewable energy such as solar, wind, or biomass energy which have made significant
contributions in reducing carbon emissions. [49]-[52].

By using scopus data where the keywords taken are Optimization, Management, Energy,
Building, there are 742 documents.

TITLE-ABS-KEY (optimization AND management AND energy AND building) AND
PUBYEAR > 2019 AND PUBYEAR < 2024 AND ( LIMIT-TO ( SUBJAREA , "ENER")
OR LIMIT-TO ( SUBJAREA , "ENGI" ) ) AND ( LIMIT-TO ( DOCTYPE , "ar") ) AND (
LIMIT-TO ( EXACTKEYWORD , "Energy Management" ) OR LIMIT-TO (
EXACTKEYWORD , "Optimization” ) OR LIMIT-TO ( EXACTKEYWORD , "Energy
Efficiency" ) ) )

A graph of the relationship between the document and the year of study is shown in Figure
7.
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Figure 7: Document to year relationship

From the graph, it can be seen that the application of an energy is the highest level of
research, followed by energy and building trends, while for the country whose research
level is about a lot is China with 207 documents, as in Figure 8.
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Figure 8: Countries with the most research on energy management in buildings
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After obtaining all articles from the Scopus database, the process continued using
VOSviewer and Bibliometric visualization, where VOSviewer and Bibliometric are very
useful tools for analyzing bibliometric data [48], . By using these tools, we can gain a
better understanding of the research landscape, identify emerging trends and make more
informed decisions regarding research.
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Figure 9: Bibliometric visualization

Figure 9 is the result of visualization, from the results of the Bibliometric visualization
analysis, it can be seen at each point needed for further research, it will be seen that the
most, medium and rare journals discuss the theme to be taken, there are 4 points that will
be clicked on in the Bibliometric visualization according to research needs, namely:

a. Point at Carbon point

In Figure 10. It can be seen that the abbreviations in the Carbon Emission point, that the
smallest point and far from the carbon point are 'Low Carbon' and 'Temperature’, which
means that there are still very few journals that discuss Low Carbon' and 'Temperature’,
so it can be used as a recommendation for further research.
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Figure 10: Bibliometric Visualization at Point Carbon
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Figure 11: Bibliometric Visualization in Energy Management Point

In Figure 11, it can be seen from the network visualization that there are several small
and distant points of energy management, but the ones that will be taken are those related
to the themes of 'Low Carbon’, 'Net Zero Energy Building' and 'Climate’'.
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c. Point at Optimization point
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Figure 12: Bibliometric Visualization in Optimization

While in the network visualization in Figure 12, the points that are rarely examined by
researchers and far from the optimization point are ‘Net Zero Building', 'Carbon Emission’
and 'Carbon Footprint'.
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Figure 13: Bibliometric Visualization in Building
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For visualization based on building points, the themes that are still rarely researched are
‘Carbon Emission' and 'Low Carbon'.

e. Point at Low Carbon point
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Figure 14: Bibliometric Visualization at Low Carbon Point

The visualization in Figure 14, in terms of low carbon points, is the least networked of the
key research themes above, as it is clear that the smallest and furthest away from the low
carbon point is 'Carbon Emission'.

3.3. Reference journals by method, tool and location

There are 60 references to the results obtained from PRISMA software related to carbon
emissions, buildings and energy management, in addition to the journals that have been
cited above there are still several journals that match the theme above, so it is necessary
to explain in detail based on the methods used and what tools are used for the energy
management process before proceeding to Bibliometric analysis, as in Table 1 below:
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Table 1: Journal Reference

Reference Methods Software Used Location
Indoor thermal optimization by EnergyPlus, Fuzzy Logic and Office
[53] : . o
season DesignBuilder Building
- Energy Management System
[54] Model predictive control (MPC) (EMS) based on modular Moder'n
method A Urbanism
optimization
Building energy, comfort, and
[55] environmental design optimization Regression Model with 6 designs | Building
(BECEDO)
Butterfly optimization algorithm EnergyPluse takes into account
[56] (BOA) the non-linear interaction of Building
design variables
Artificial ecosystem optimization
(AEO) algorithms are a new Demand side management (DSM)
[57] optimization technique inspired by program Home
the flow of energy among all living
organisms in ecosystems on earth.
Optimization of microgrid MATLAB/Simulink with 3
[58] ptimi 9 weather conditions cloudy, Building
operating costs on solar panels .
sunny and rainy
Optimization of Equioment The ITS-BF algorithm is the
[59] P quip shortest path between two Home
Energy Consumption Patterns : !
vertices in a graph.
Model tri-objectives of operating
[60] costs, emissions and average Fuzzy Logic Maxmin Home
peak ratio

4. CONCLUSION

Research related to the research theme to be taken, namely low carbon energy
management in universities since 2020-2023, using several software, namely PRISMA,
Bibliometric visualization network analysis, VOSviewer software. and OpenKnowledge,
as well as journals taken from Web Scopus and IEEE with the keywords 'Optimization of
energy management. building' and 'Optimization of low emission carbon in buildings',
there are 309 journals which are then selected again using PRISMA software into 60
journals to proceed to bibliometric visualization.

Of the 60 journals reprocessed with several stages so that it can be concluded that
research thatis still rarely done by other researchers is with the theme of ‘Net Zero Energy
Building', ‘Carbon Footprint' and 'Climate’. It can be seen in Figure 6 and Figure 8 that
research on low carbon energy management is dominated by China around 40% followed
by the United State around 25% and other countries such as Italy, Canada, Kingdon State
and India.

The tools used varied to analyze using several software such as Smart Grid, Matlab,
BEM, Machine Learning and fuzzy Logic, with models of lighting, HVAC, renewable
energy and Greenhouse Gas.
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