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A comprehensive energy management guideline tailored to higher education institutions in
Malaysia is essential for advancing sustainable campus development. This study identifies 11

critical energy elements consisting of six management and five technical components, based on Framework;
a review of 23 international sustainability frameworks including Sustainability Tracking, Sustainable Energy Management;
Assessment and Rating System (STARS), GreenMark Green Building Index (GBI), and Guidelines;

University of Indonesia (UI) GreenMetric. The review found that most major frameworks Energy Management
incorporate multiple energy-related elements, indicating that energy management is widely
acknowledged as a key component in evaluating campus sustainability. A case study was
conducted at Universiti Malaysia Sabah, focusing on the Electrical and Mechanical Engineering
Unit under the Development and Maintenance Department. Descriptive statistical analysis using
a three-point Likert scale was applied, with a mean score of 2.40 established as the threshold for
identifying essential elements. All six management elements, namely organizational structure,
energy policy, planning, auditing, reporting, and awareness, achieved a mean score of 3.00,
reflecting unanimous recognition of their importance. Technical elements including efficient
equipment and mechanical systems also recorded a mean score of 3.00, while renewable energy
scored 2.90. Retrofitting and building envelope improvements both received a mean score of
2.40, meeting the threshold for essential inclusion. These results confirm that all 11 elements are
relevant and necessary for guiding sustainable energy practices. The proposed integrated
framework combines technical enhancements with strategic management actions, offering a
practical and holistic approach to strengthening energy governance in Malaysian university
campuses in alignment with national and global sustainability goals.

http://doi.org/10.54337/ijsepm.10169

1 Introduction consumption in higher education institutions. A well-de-

Sustainable energy can be defined as the consumption of
energy efficiently to serve the needs of the present with-
out compromising future generations’ energy needs [1].
Energy is a key component that leads to environmental
problems, either directly or indirectly, caused by high
energy consumption in university buildings [2], due to
building size, population, and the various activities
taking place in universities.

Given the pivotal role of energy in achieving a sus-
tainable campus, developing a structured guideline or
assessment tool is crucial for optimizing energy
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fined framework enables universities to evaluate their
sustainability performance, identify key areas for
improvement, and develop targeted strategies. This
approach fosters a culture of sustainability, enhances the
evaluation process, and clarifies what to measure, the
expected outcomes, and the appropriate indicators to be
used. Sustainable campuses have become a global prior-
ity for universities, with each institution striving to
achieve environmental, economic, and social sustain-
ability. As complex ecosystems, universities function
like small cities, accommodating large populations and
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hosting diverse activities. These activities, in turn, gen-
erate significant environmental, economic, and social
impacts, underscoring the importance of implementing
effective sustainability practices. Among these practices,
energy management emerges as a particularly critical
component [3].

However, implementing sustainability in campus set-
tings presents increasing challenges [4]. The rising
number of student enrollments each year has led to
higher electricity consumption, a situation further exac-
erbated by the continuous development of new buildings
[5]- Despite these pressures, awareness of energy con-
servation among students and university staff remains
insufficient to drive meaningful change [4]. Without
effective energy management strategies, universities risk
excessive energy consumption, leading to higher opera-
tional costs and a greater environmental footprint. In
response, a comprehensive energy management guide-
line tailored to university operations must be developed.
Although several energy management frameworks exist
for industrial and commercial buildings, university
buildings are often categorized within the commercial

sector without specific consideration for their unique
needs. Moreover, most current guidelines lack technical
components such as retrofitting strategies and mechani-
cal system optimization, further highlighting the need
for a holistic framework tailored to the higher education
sector.

To support this need, robust assessment tools are
essential for providing a comprehensive understanding
of an institution’s sustainability performance. In a key
study, [7] emphasized that an ideal sustainability assess-
ment for universities should highlight key issues, be
measurable and comparable, go beyond eco-efficiency,
evaluate underlying motivations, and maintain clarity.

2. Literature Review

In line with these principles, this study employs a struc-
tured approach to selecting appropriate sustainable
assessment tools. Table 1 lists 23 sustainability guide-
lines, categorized by year, country of origin, and the
organization or individual responsible for their develop-
ment. These frameworks, grounded in the principles of

Table 1. List of Previous Sustainability Assessment/Frameworks/Guidelines.

Organization/

Country/

No. Sustainability Assessment Tool Year Individual for Development States Origin Reference
British Research Establishment

1 Environmental Assessment Method 1990 BRE Global Ltd United Kingdom [7]
(BREEAM)
Camp us Ecology S.tudent .. Student Environmental Action California,

2 Environmental Action Coalition 1993 o . [8]

Coalition United States

(SEAC)
Higher Education Funding Council for . . . .

3 England’s environmental report and 1998 glrggir Elilécatlon Funding Council England (6]
workbook (Environmental Workbook) g
University Leaders for a Sustainable

4 Future’s Sustainability Assessment 1999 University Leaders for a Washington D.C, (6]
Questionnaire for Colleges and Sustainable Future (ULSF) Campus United States
Universities (SAQ)

5 Environmental Management System 2000 Campus Consortium for Washington D.C, (9]
Self-Assessment Checklist Environmental Excellence United States

Contd...
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Contd...

6  Penn State Indicator Report 2000

Penn State Green Destiny Council

Pennsylvania, 8]
United States

Auditing Instrument for Sustainability

Dutch Committee on Sustainable

7" in Higher Education (AISHE) 2001 Hioher Education (CDHO) United Kingdom {10}
g Campus Sustainability Selected 2001 New Jersey Higher Education New Jersey, (1]
Indicators Snapshot Partnership for Sustainability United States
Campus Sustainability Assessment o L Michigan, United
9 Review Project (CSARP) 2002 Western Michigan University States [10]
Campus Sustainability Assessment .
10 Framework (CSAF) 2003 Lindsay Cole Canada [12]
Higher Education Partnership for . .
11 Sustainability (HEPS) 2003  Forum for the Future United Kingdom [8]
Good Company’s Sustainable Pathways Oregon, United
12 Toolkit 2004 Good Company States [11]
Building and Construction .
13 GreenMark 2005 Authority (BCA) Singapore [13]
Global Reporting Initiative Modified . o Amsterdam, The
14 for Universitics 2006  Global Reporting Initiative Netherlands [14]
Association for the Advancement Pennsvlvania
15  STARS for Colleges and Universities 2006 of Sustainability in Higher Uni teg Sta tes, [15]
Education (AASHE)
16 ~ GREENSHIP 2008  Building Council of Indonesia (GBCI)  Indonesia [16]
17  LEED for neighborhood Development 2008  U.S. Green Building Council United States [16]
SURPAM - Sustainable Urban Renewal Sustainable Urban Renewal Project
18 Project Assessment Model 2008 Assessment Model Hong Kong [17]
Campus Sustainability Assessment . ..
19 Framework Core (CSAF Core) 2009  Sierra Youth Coalition Canada [18]
20  FGBC-Green Development 2009  Florida Green Building Coalition ~ Florida [19]
21 UI GreenMetric 2010  Universitas Indonesia (UI) Indonesia [20]
22 GBI for NCW Residential Development 2011 Malaysian Institute of Architects Malaysia [21]
and Township
Comprehensive Assesment System . .
23 for Build Environment Efficiency 2014 Japan GreenBuild Council Japan [13]

(CASBEE) for Urban Development

(JaGBC)

sustainability in higher education, have been widely
applied across university campuses globally, serving as
valuable references for institutions aiming to strengthen
their sustainability initiatives.

Table 1 presents a chronological overview of various
sustainability assessment frameworks and guidelines
developed globally, highlighting their origins, organiza-
tions responsible for their creation, and key contribu-
tions. The evolution of these frameworks reflects the
growing recognition of sustainability as a crucial

element in higher education and urban development.
The selection of guidelines from 1990 to 2014 captures
key milestones in the development of structured sustain-
ability assessment tools, illustrating how methodologies
have evolved over time to address the increasing com-
plexity of sustainability challenges in universities and
the built environment.

The early development of sustainability guidelines
began in the United Kingdom with the establishment of
the BREEAM in 1990, followed by initiatives in the
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United States such as the Campus Ecology Student
Environmental Action Coalition in 1993. By the late
1990s and early 2000s, numerous frameworks emerged,
particularly in North America and Europe, addressing
various aspects of sustainability assessment in higher
education. Notable examples include the Sustainability
Assessment Questionnaire developed by the University
Leaders for a Sustainable Future and the Campus
Sustainability Assessment Framework from Canada.
These guidelines laid the foundation for sustainability
assessments by establishing standardized evaluation cri-
teria, influencing the development of future
frameworks.

In the ASEAN region, sustainability assessment
guidelines gained prominence in the mid-2000s, begin-
ning with the introduction of Green Mark in Singapore
in 2005 by the Building and Construction Authority.
This was followed by the Greenship framework by the
Green Building Council Indonesia in 2008 and the UI
GreenMetric initiative by Universitas Indonesia in 2010,
which has since expanded and is widely used as a bench-
mark among ASEAN universities. Malaysia also intro-
duced its own framework, the GBI in 2011, focusing on
sustainable building practices. The inclusion of these
regional guidelines reflects the growing commitment of
ASEAN universities to integrating sustainability into
their operations.

Each of these guidelines includes specific energy
management elements in their assessment criteria. In a
previous study by [5], four prominent guidelines were
analyzed for their energy management components
within the context of sustainable campus and building
frameworks. These include the Sustainability Tracking,
Assessment, and STARS from the United States, along
with three ASEAN-based frameworks: Green Mark
(Singapore), UI GreenMetric (Indonesia), and the Green
Building Index (Malaysia). These internationally recog-
nized guidelines play a pivotal role in shaping sustain-
ability policies across universities and in broader urban
development initiatives. By focusing on guidelines
introduced between 1990 and 2014, this study offers a
comprehensive overview of the historical evolution of
sustainability assessments and their impact on contem-
porary practices.

Table 2 demonstrates that STARS, GreenMark, and
UI GreenMetric integrate both management and techni-
cal aspects of sustainability, while GBI solely focuses on
technical elements. This highlights the need for a more
balanced framework that effectively combines both pol-
icy-driven management strategies and technical improve-
ments to optimize energy sustainability in Malaysian
universities. The STARS Framework, developed by the
Association for the Advancement of Sustainability in
Higher Education (AASHE), is widely recognized, and

Table 2. Comparation of energy management elements for four (4) sustainable guidelines.

GREEN

Guidelines & Elements STARS MARK UL GREENMETRIC GBI
a) Management

Organizational Structure/Energy Team v v v -
Energy Policy v v v -
Planning v - - -
Audit v v v -
Reporting - - - -
Awareness v - v -
b) Technical

Retrofitting - v v -
Building Envelope - - v v
Efficiency Equipment v v v v
Mechanical Systems - v - v
Renewable Energy N v v v

Note: v indicates the element is addressed in the framework and - indicates the element not addressed.

Source: [5] Ali et al (2023)
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adopted in higher education sustainability [22]. Its holis-
tic approach, incorporating social responsibility and
economic viability alongside energy sustainability. This
makes it suitable for universities aiming to balance sus-
tainability efforts with institutional and community
engagement. However, its broad focus may result in less
emphasis on technical energy efficiency improvements,
which are crucial for tropical climates like Malaysia’s.
Similarly, according to [21] and [23], GreenMark and
GBI are well-known certification schemes for sustain-
able buildings that are recognized in the construction
sector and by government programs.

GreenMark and GBI focus on building performance
and energy conservation makes it highly relevant for the
construction of new facilities and the retrofitting of exist-
ing ones. They provide clear criteria for assessing and
certifying buildings based on sustainable features such as
energy-efficient design and operation. These frameworks
prioritize technical solutions such as efficiency equipment,
mechanical systems, and building envelope enhance-
ments. However, they lack a comprehensive focus on
sustainability management strategies, which are essential
for long-term energy governance in universities.

The Ul GreenMetric framework, developed by
Universitas Indonesia, offers a sustainability assessment
approach tailored specifically for academic institutions
[UI GreenMetric citation]. Unlike other frameworks, it
places strong emphasis on energy components and oper-
ational aspects relevant to universities, covering both
management and technical dimensions. This makes it
particularly suitable for Malaysian universities, where
education, research, and energy efficiency are central to
sustainability priorities. Its focus on climate change
adaptation and energy management is especially signifi-
cant in Malaysia’s tropical climate, where cooling loads
account for a major share of energy demand.

In contrast, the Green Building Index (GBI) adopts a
primarily technical orientation, emphasizing efficiency
equipment, mechanical systems, and building envelope
measures, but lacking management focused aspects such
as energy policy, reporting, and awareness initiatives. As
a result, it is less effective as a comprehensive tool for
campus wide governance. Similarly, while international
standards such as ISO 50001 provide robust organiza-
tional protocols for energy management, they do not
extend to building level interventions or the operational
realities of university campuses [24]. These limitations
highlight the need for an integrated framework that can
bridge both managerial and technical domains.

The novelty of this study lies in addressing these defi-
ciencies. The proposed framework integrates six man-
agement elements: organizational structure, policy,
planning, auditing, reporting, and awareness with five
technical elements: retrofitting, building envelope, effi-
cient equipment, mechanical systems, and renewable
energy. Unlike existing tools that emphasize either gov-
ernance or technical design, this balanced integration
provides a holistic and context sensitive model. It
directly responds to the operational realities of Malaysian
higher education institutions, offering a practical path-
way to strengthen energy governance in line with
national sustainability agendas and global climate
targets.

According to [25], energy management consists of six
elements: organizational structure, energy policy, plan-
ning, auditing, reporting, and awareness. In this study,
these are grouped as management elements, which play
a crucial role in effectively managing and optimizing
energy consumption. By establishing a clear organiza-
tional structure, implementing energy policies [26],
conducting regular audits, and promoting awareness,
institutions can significantly improve energy perfor-
mance. Additionally, retrofitting has been identified as a
key strategy for reducing energy use [27], while the
building envelope plays a major role in moderating ther-
mal loads [28]. Efficient equipment, mechanical sys-
tems, and renewable energy are also widely recognized
as critical measures for sustainable performance [29].
Together, these five aspects form the technical elements
of this study.

3. Methodology

This study followed a structured process to identify and
validate eleven ESE relevant to Malaysian university
campuses. The methodology was structured to ensure
clarity in defining the population, determining the sam-
pling strategy, developing the research instrument, con-
ducting expert validation, and outlining the analytical
approach.

3.1 Population, Target Population, and Sampling
Frame

Judgmental (purposive) sampling was employed to ensure

that responses were obtained from individuals with direct

and specialised knowledge of campus energy management.

The population of interest comprised all technical person-

nel engaged in energy management activities within
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Malaysian higher education institutions. For this case
study, the target population was defined as the staff of the
Electrical and Mechanical Engineering Unit under the
Development and Maintenance Department at Universiti
Malaysia Sabah (UMS), the organisational unit directly
responsible for operational energy management on campus.

The sampling frame consisted of the complete list of
technical staff in this unit, which, at the time of the
study, comprised only ten individuals: three engineers,
four assistant engineers, and three technicians. This
small number reflects the actual organisational structure
of the department rather than a subsample. Following
the approach recommended by [30] when the target pop-
ulation is small and well defined, a census method was
adopted instead of random sampling, eliminating sam-
pling error and ensuring complete representation of the
group’s perspectives. Accordingly, all members of the
sampling frame were surveyed (n = 10). While this pro-
vides full coverage of the target unit, it is acknowledged
that the results cannot be statistically generalised beyond
the case institution.

3.2 Questionnaire Development

Following an extensive literature review, 11 energy sus-
tainability elements were identified as potentially rele-
vant to university contexts. A structured questionnaire
was then developed to assess the perceived relevance
and practical importance of each element from the per-
spective of the target population identified in Section
3.1. The instrument was designed to capture both demo-
graphic data and respondents’ awareness and percep-
tions of the ESE. The survey aimed to gauge the
respondents’ level of understanding and awareness of
the identified energy management elements. The ques-
tionnaire consisted of two sections:

e  Part A: Collected demographic information.

e  Part B: Evaluated awareness and perceptions of
the energy sustainability elements using a three-
point Likert scale ranging from “Agree”,
“Neutral” and “Strongly Agree.”

The breakdown of respondents by job position is pre-
sented in Table 3.

3.3 Expert Review and Refinement for
Questionnaire Reliability
To ensure the clarity, reliability, and content validity of
the instrument, the questionnaire underwent an expert
validation process involving three domain experts, each
with over ten years of professional experience in sus-
tainable energy and the AECO (Architecture,
Engineering, Construction, and Operations) industry.
Their feedback was as follows:

e  Expert 1 focused on the overall structure and
logical flow of the questionnaire. He
recommended refining the title to more accurately
reflect the study scope and target audience, for
instance, “Questionnaire on Awareness of
Sustainable Energy Management Among
Technical Staff at UMS.” He also suggested
revising the introductory statements to improve
clarity and respondent engagement.

e  Expert 2 concentrated on grammar, spelling, and
formatting consistency. He identified and
corrected typographical issues (for example,
“sustaianable” was corrected to ‘“‘sustainable”)
and recommended rephrasing ambiguous phrases
for clarity, particularly in Section B where
awareness of energy practices was being
assessed.

e  Expert 3 evaluated the clarity and relevance of
the questionnaire items. She noted that several
statements were too brief or general (for example,
“Efficiency Equipment”) and advised rewording
them into specific and actionable items such as
“I am aware that energy efficient equipment is
used in UMS buildings.

Based on the consolidated expert feedback, the ques-
tionnaire was thoroughly refined. The title and objective
statement were clarified, vague items were rephrased for
specificity, the demographic section was expanded for

Table 3. Composition of respondents based on their position.

Position Number of respondents Percentage
Engineer 3 30
Assistant Engineer 4 40
Technician 3 30
Total 10 100
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richer respondent profiling, and the response scale was
upgraded to enhance data depth. These revisions ensured
that the final instrument was well structured, contextu-
ally relevant, and aligned with the research objectives of
identifying critical elements for sustainable energy man-
agement on campus.

3.4 Data Collection and Analysis

Data were collected via self-administered questionnaires
distributed in person to all members of the target popu-
lation. The completed responses were analysed using
SPSS software, where descriptive statistics (mean, min-
imum, maximum, and standard deviation) were com-
puted for each ESE. In addition, frequency distribution
analysis was conducted to examine the percentage of
responses for each level of agreement. This combined
approach provided a comprehensive interpretation of
overall awareness trends and highlighted specific ele-
ments that were either highly prioritized or under-recog-
nized by the technical staff at UMS.

4. Result and Discussion

The data collected from the survey were input into SPSS
for analysis, and descriptive statistics were employed to
examine and interpret the findings. This section presents
the results of the survey, which explore the level of
awareness among technical staff members regarding
various energy management elements.

Table 4 provides the mean scores and standard devia-
tions for the responses concerning the energy manage-
ment elements. It presents the descriptive statistics

(mean, minimum, maximum, and standard deviation)
for each element. Notably, elements such as
Organizational/Energy Team, Energy Policy, Planning,
Audit, Reporting, Awareness, Efficiency Equipment,
and Mechanical Systems all received a mean score of
3.00, indicating unanimous agreement among the
respondents. Conversely, elements like Retrofitting and
Building Envelope scored a mean of 2.40, reflecting
more varied perceptions among the technical staff. The
Renewable Energy element, with a mean score of 2.90,
demonstrated strong agreement among most
respondents.

Table 5 presents the frequency distribution of
responses for each energy element. These results offer a
deeper understanding of the level of agreement expressed
by the respondents regarding key components of energy
management practices by UMS. The majority of respon-
dents (100%) strongly agreed with elements such as
Organizational/Energy Team, Energy Policy, Planning,
Audit, Reporting, Efficiency Equipment, and Mechanical
Systems, indicating that these areas are well-recognized
and prioritized within the department. shows the fre-
quency distribution for each element. These results
reflect the degree of agreement among staff members
regarding key components of energy management prac-
tices at UMS. It provides the frequency distribution for
each energy management element, offering a deeper
look into the level of agreement expressed by respon-
dents. The majority (100%) strongly agreed with ele-
ments such as Organizational/Energy Team, Energy
Policy, Planning, Audit, Reporting, Efficiency
Equipment, and Mechanical System. This strongly

Table 4. Mean Scores and Standard Deviations of Energy Elements.

N Minimum Maximum Mean Std. Deviation

Organizational/Energy Team 10 3 3 3.00 .000
Energy Policy 10 3 3 3.00 000
Planning 10 3 3 3.00 .000
Audit 10 3 3 3.00 .000
Reporting 10 3 3 3.00 .000
Awareness 10 3 3 3.00 .000
Retrofitting 10 1 3 2.40 .699
Building Envelope 10 1 3 2.40 843
Efficiency Equipment 10 3 3 3.00 .000
Mechanical System 10 3 3 3.00 .000
Renewable Energy 10 2 3 2.90 316
Valid N (listwise) 10
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suggests these areas are well acknowledged and priori-
tized within the department.

4.1 Elements of Energy Management

This section discusses the findings of the survey con-
ducted to evaluate the awareness and perceived impor-
tance of eleven key energy management elements
identified through a comprehensive literature review and
analysis of sustainability frameworks. These elements
are categorized into two main groups: management ele-
ments, which include Organizational/Energy Team,
Energy Policy, Planning, Energy Audit, Reporting, and
Awareness; and technical elements, comprising
Retrofitting, Building Envelope, Efficient Equipment,
Mechanical Systems, and Renewable Energy. The pur-
pose of this evaluation is to determine the extent to
which these elements are recognized and prioritized by
technical personnel at UMS, who are directly involved
in campus energy operations. The results, presented
through descriptive statistics and frequency distribu-
tions, provide insights into current energy management
practices and potential areas for improvement. These
findings support the argument that a tailored framework
that encompasses both strategic management practices
and technical improvements is essential for Malaysian

universities. Existing schemes like ISO 50001 or GBI
may serve as broad references but do not reflect the
ground level realities and operational challenges faced
by technical departments in campus environments. The
following subsections detail the analysis for each
element.

4.1.1 Organizational/Energy Team, Policy, Planning,
Audit, Reporting, Awareness, Efficiency Equipment,
and Mechanical System

For elements such as Organizational Structure/Energy
Team, Energy Policy, Audit, Planning, Reporting,
Awareness, Efficiency Equipment, and Mechanical
System, the mean scores were 3.00, with standard devi-
ations of 0.000 (Table 4), indicating full agreement
across all 10 respondents. The corresponding frequency
data in Table 5 confirmed that 100% of respondents
strongly agreed with the importance of these elements.
This reflects a high level of understanding and support
for structured energy management practices among
UMS technical staff.

4.1.2 Retrofitting
The mean score for the Retrofitting element was 2.40,
with a wider standard deviation of 0.699 (Table 4).

Table 5. Frequency Distribution of Energy Elements.

Energy Elements Response Frequency Percent Valid Percent Cumulative Percent
Organisational/Energy Team Strongly Agree 10 100.0 100.0 100.0
Energy Policy Strongly Agree 10 100.0 100.0 100.0
Planning Strongly Agree 10 100.0 100.0 100.0
Audit Strongly Agree 10 100.0 100.0 100.0
Reporting Strongly Agree 10 100.0 100.0 100.0
Agree 10.0 10.0 10.0
Retrofitting Neutral 4 40.0 40.0 50.0
Strongly Agree 5 50.0 50.0 100.0
Total 10 100.0 100.0
Building Envelope Agree 20.0 20.0 20.0
Neutral 20.0 20.0 40.0
Strongly Agree 60.0 60.0 100.0
Total 10 100.0 100.0
Efficiency Equipment Strongly Agree 10 100.0 100.0 100.0
Mechanical System Strongly Agree 10 100.0 100.0 100.0
Renewable Energy Neutral 10.0 10.0 10.0
Strongly Agree 9 90.0 90.0 100.0
Total 10 100.0 100.0
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Frequency data (Table 5) revealed that 50% of respon-
dents strongly agreed, 10% agreed, and 40% were neu-
tral. This indicates a positive but somewhat mixed
perception regarding the importance of retrofitting exist-
ing systems with modern technology to improve energy
efficiency. The variance in responses may reflect both
technical and financial considerations. From a technical
standpoint, retrofitting often involves integrating new
equipment into older building systems, which can pres-
ent compatibility and performance challenges.
Financially, retrofitting projects require substantial
upfront investment, and budgetary constraints within
public universities can limit their feasibility despite
long-term energy savings potential. Additionally, deci-
sion-makers may prioritize measures with more immedi-
ate and visible benefits over large-scale retrofits that
require phased implementation.

4.1.3 Building Envelope

Similarly, Building Envelope scored a mean of 2.40
(Table 4), with 60% of respondents strongly agreeing,
20% agreeing, and 20% being neutral (Table 5). This
suggests that while the element is generally viewed pos-
itively, there may still be a need for enhanced awareness
or further clarification on its significance in energy con-
servation. The mixed responses are likely shaped by
both climatic and cost-related factors. In Malaysia’s
tropical climate, where cooling loads are high year-
round, building envelope improvements such as
enhanced insulation or double glazing may deliver less
noticeable energy savings compared to mechanical
system upgrades [31]. Furthermore, such measures can
be expensive to implement in existing buildings, espe-
cially when facade or structural modifications are
required. These realities may explain why technical
staff, while recognizing the theoretical value of envelope
improvements, perceive them as less immediately prac-
tical in the campus context without dedicated funding or
long-term planning.

4.1.4 Renewable Energy

For Renewable Energy, the analysis yielded a mean
score of 2.90 with a standard deviation of 0.316 (Table
4). As shown in Table 5, 90% of respondents strongly
agreed on its importance, while 10% remained neutral.
These results reflect a strong consensus on the relevance
of incorporating renewable energy sources into campus
energy management strategies. This finding aligns with
the study by [32], which highlights the critical role of

renewable energy in supporting sustainable develop-
ment goals. The study emphasizes the current state of
renewable technologies, their contribution to sustain-
ability, ongoing research on their long-term viability,
and their integration into low-carbon energy systems.

5. Conclusion

This study addresses the urgent need to strengthen
energy management practices in Malaysian higher edu-
cation institutions, where rapid campus growth has led
to increased energy consumption and environmental
impacts. Existing sustainability assessment tools often
fail to comprehensively integrate both technical and
management energy aspects. To overcome this limita-
tion, the study reviewed 23 international sustainability
frameworks and identified 11 critical energy manage-
ment elements, which were organized into a structured
framework tailored for university campuses.

A case study was conducted at Universiti Malaysia
Sabah, focusing on technical personnel from the
Electrical and Mechanical Engineering Unit under the
Development and Maintenance Department. A struc-
tured questionnaire using a three-point Likert scale was
used, with 2.40 set as the threshold to determine whether
each element was essential. The main results and their
implications are summarized below:

e Eleven essential energy management elements

were established, comprising:

a. Management components: organizational
structure, energy policy, planning, auditing,
reporting, and awareness

b. Technical components: retrofitting,
building envelope, efficient equipment,
mechanical systems, and renewable energy

¢  Frameworks such as STARS and UI GreenMetric

incorporate several of these elements, reflecting

a global consensus on the importance of energy

strategies in sustainability.

a. However, none of the reviewed frameworks
cover all eleven elements, highlighting
gaps in current global tools.

b. For example, Ul GreenMetric omits
planning and reporting, while STARS
excludes retrofitting and building envelope
considerations.

c. Compared to ISO 50001 and GBI, the
proposed framework demonstrates conceptual
novelty by bridging strategic energy
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governance with technical implementation.
These two domains are often treated
separately by existing standards. By aligning
the framework with campus-specific
operations, the study provides a more
actionable and adaptable model for Malaysian
higher education institutions seeking to
improve their energy sustainability practices.
e  Validation through campus survey showed full
agreement on all six management elements and
strong support for most technical elements.

a. Mean scores for management and several
technical components reached 3.00
(maximum rating).

b. Retrofitting and building envelope elements
scored 2.40, meeting the essential threshold
but indicating areas for improvement in
implementation and awareness.

e The framework provides a practical and
adaptable tool for institutional decision-makers,

supporting:

a. More systematic measurement and
management of campus energy performance

b. Strategic alignment with national

sustainability goals and global climate targets
c.  Ascalable model to guide other universities

in transitioning toward low carbon and

energy-resilient campus environments.

5.1 Limitations and Future Research Directions
This study has several limitations that should be
acknowledged. Firstly, the research was conducted at a
single institution, Universiti Malaysia Sabah (UMS),
and involved only one department, the Electrical and
Mechanical Engineering Unit. The sample consisted of
all ten technical personnel, and while this ensured full
participation from the target group, the findings remain
institution specific and may not reflect practices or per-
spectives at other universities. Additionally, the study
employed descriptive statistical analysis without the use
of inferential techniques, as the objective was to explore
and validate key energy management elements within a
focused campus setting.

Furthermore, while the findings reflect strong consen-
sus among technical staff on the relevance of the identi-
fied elements, these perceptions were not cross validated
against actual campus energy performance metrics, such
as measured consumption data or post retrofit savings.
Without this empirical linkage, the practical impact of

the identified priorities on real world energy outcomes
remains unverified. Incorporating operational energy
data in future studies, ideally through pre and post inter-
vention comparisons, would allow for a more robust
evaluation of the framework’s effectiveness, strengthen
causal inferences, and enhance the persuasiveness of
results for institutional decision makers.

These limitations restrict the generalisability of the
results but provide a valuable foundation for future
investigations involving broader and more diverse insti-
tutional contexts. Future research should aim to test and
refine the eleven element energy management frame-
work across a wider range of Malaysian higher educa-
tion institutions, encompassing diverse geographic,
climatic, operational, and institutional contexts.
Comparative analyses involving universities of varying
sizes, building typologies, and energy consumption pat-
terns would yield deeper insights into implementation
challenges and context specific adaptation strategies.
Additionally, longitudinal studies could evaluate the
long term effectiveness of the framework in reducing
energy use and enhancing sustainability performance.

Moreover, the current study applied equal weighting
to all eleven energy management clements (ESEs).
Future studies are encouraged to employ multi criteria
decision making methods such as the Analytic Hierarchy
Process (AHP) to systematically determine the relative
importance of each element. This approach would pro-
vide a more nuanced prioritization of ESE based on
expert judgment and contextual factors, enhancing the
framework’s applicability and effectiveness.

Parallel efforts should focus on integrating the frame-
work with emerging smart campus technologies, such as
real time energy monitoring systems, loT enabled build-
ing controls, predictive analytics, and Al based diagnos-
tics, to improve operational efficiency and support data
driven decision making. Institutionalisation of the frame-
work through campus policies, standard operating proce-
dures, and performance metrics will be crucial for
ensuring consistent and sustainable adoption. Furthermore,
promoting inclusive stakeholder engagement, including
students, technical staff, academics, and campus leader-
ship, can foster behavioural change and institutional com-
mitment. Embedding sustainability principles into
curricula, research activities, and cross sectoral collabora-
tions will further strengthen the knowledge ecosystem
and accelerate Malaysia’s progress toward low carbon,
energy resilient, and climate responsive campuses in line
with national and global sustainability goals.
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