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Abstract

Background/purpose. The increasing urgency of environmental
sustainability in higher education institutions has prompted the need
for innovative approaches to Green Campus implementation. Artificial
Intelligence (Al) offers transformative potential to optimize resource
management and support sustainable campus operations. However,
many institutions face challenges such as high implementation costs,
fragmented data systems, and organizational resistance. This study
focuses specifically on State Islamic Universities (Perguruan Tinggi
Keagamaan Islam Negeri / PTKIN), aiming to analyze how Al can
effectively support Green Campus initiatives and provide strategic
guidance for its successful adoption.

Materials/methods. The study employs a SWOT analysis framework,
supported by IFAS and EFAS matrices. Primary data were collected
through surveys and semi-structured interviews with key campus
stakeholders from 14 PTKIN listed in the Ul GreenMetric World
University Rankings 2024. Secondary data were gathered from
institutional documents and a comprehensive literature review. The
combined analysis identifies critical internal and external factors
influencing Al-driven Green Campus initiatives within the PTKIN
context.

Results. The findings reveal that internal strengths—such as improved
operational efficiency, optimized resource management, and rapid
adaptability—significantly outweigh internal weaknesses. Externally,
strong opportunities—such as global sustainability policies and
advancements in Al technologies—surpass potential threats, including
data security concerns and regulatory shifts.

Conclusion. Al integration offers PTKIN a strategic advantage in
achieving sustainability goals and fostering operational excellence. By
leveraging internal strengths and external opportunities, and
addressing key challenges, these institutions can adopt Al as a
transformative tool in advancing Green Campus implementation and
long-term ecological sustainability.
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1. Introduction

The implementation of the Green Campus concept has become a primary focus in efforts to
create a sustainable educational environment. Universities, as institutions that serve as centers of
learning and innovation, have a significant responsibility in addressing global environmental
challenges such as climate change, excessive energy consumption, and uncontrolled waste
management. In this context, campuses are not only tasked with providing quality education but also
playing an active role in preserving the environment. While many institutions have adopted various
sustainability programs, the results are often suboptimal. This is due to various challenges, including
budget constraints, low awareness within the campus community about the importance of
sustainability, and the lack of data integration to support evidence-based decision-making (Cvitanovic
et al., 2016). A critical problem is the absence of comprehensive frameworks that connect the
operational dimension of sustainability with behavioral change among campus stakeholders. Without
such integration, sustainability efforts tend to be fragmented and short-lived.

In addressing these challenges, Al technology has emerged as a solution that offers great
potential to support the implementation of Green Campus initiatives in a more effective and efficient
way (Debrah et al., 2022). Al has the ability to optimize various aspects of sustainability on campus,
such as energy, water, and waste management (Al-Zahrani, 2024). Through Al implementation,
campuses can monitor and analyze data in real-time to improve resource usage efficiency and reduce
negative environmental impacts. Moreover, Al's capability to integrate data from diverse sources
allows for more accurate, evidence-based decision-making, which in turn can accelerate the
achievement of sustainability goals. Therefore, Al technology not only helps universities tackle
environmental challenges but also leads to the development of greener, more efficient, and
sustainable campuses (Alzoubi & Mishra, 2024). However, despite its great potential, Al adoption in
sustainability efforts faces various barriers: high initial costs, technical complexities, limited human
resource capacities, and resistance to change. Addressing these barriers requires systematic strategic
analysis that connects internal capacities with external opportunities.

Several previous studies have explored various aspects of Green Campus implementation,
providing valuable insights into the elements that can support campus sustainability. These studies
have highlighted key factors such as renewable energy usage, waste management, and
environmental education, which are essential for creating an eco-friendly campus environment
(Anthony Jnr, 2021). Furthermore, research has also focused on the role of technology, particularly
Al, in optimizing resource management and improving operational efficiency, which can contribute
significantly to sustainability goals on campuses. MIT is conducting several innovative pilot programs
aimed at reducing energy consumption and emissions across its campus using Al. These programs
focus on optimizing heating and cooling systems in campus buildings. The Al system dynamically
adjusts temperature settings based on real-time data such as occupancy patterns, weather forecasts,
and carbon intensity of the power grid. By doing so, the system ensures that energy is used efficiently,
maintaining occupant comfort while minimizing energy waste. Early results suggest significant
potential for saving energy and reducing emissions, with future plans to expand these initiatives to
other campus buildings as part of MIT’s broader decarbonization goals (Garimella et al., 2022; Lee &
Lee, 2022). Additionally, MIT researchers are testing Al-powered smart thermostats that manage
environmental conditions based on various factors, including weather and class schedules. The pilot
programs, particularly in classrooms, have shown promising results, with energy savings achieved
without compromising comfort. The goal is to extend this technology to other campus buildings,
further supporting MIT’s sustainability efforts(Leal Filho et al., 2015). Another initiative focuses on
optimizing resource management for a greener campus. Al is being used to monitor and control
energy consumption, water usage, and waste management. By analyzing data from sensors across
the campus, the Al systems can identify inefficiencies and recommend adjustments to minimize
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environmental impact while improving operational efficiency. As Al technology advances, its capacity
to reduce the carbon footprint of educational institutions is expected to grow (Zhong et al., 2024).

This research aims to develop previous findings with a more comprehensive approach,
integrating technical and behavioral aspects in creating a Green Campus model. The primary focus is
not only on technical optimization through the use of efficient technology and resources but also on
resource management that considers the behavioral patterns of students and staff. By combining
data analysis, automation, and human-machine interaction, this approach aims to create a Green
Campus model that is not only operationally efficient but also inclusive and adaptive to the unique
needs of each higher education institution (Adel, 2024). This study specifically addresses key research
gaps related to the effective alignment of internal strengths (operational efficiency, resource
optimization, adaptability) and external opportunities (global sustainability trends, Al advancements,
policy incentives) with institutional challenges and threats. Through this lens, the study offers a novel
strategic framework that enables higher education institutions to maximize Al’s potential for Green
Campus success.

The main challenges in implementing a Green Campus involve high investment costs, resistance
to new technologies, and a lack of integrated data that can support strategic decision-making. (Darko
et al., 2017) Traditional approaches often overlook the importance of sustainability education and
campus community involvement, which are crucial for the long-term success of such initiatives. To
overcome these barriers, innovative solutions are required solutions that leverage the full potential
of Al technology. Al can offer a way to optimize resource management, automate processes, and
integrate data from various sources to facilitate informed, evidence-based decisions.(Lainjo, 2023)
By addressing these issues, Al can help create a more effective and inclusive Green Campus, where
both operational efficiency and community engagement are central to its success. Moreover, there
is a critical need to develop scalable, adaptable frameworks that consider the diversity of campus
environments. A one-size-fits-all solution is unlikely to be effective. Therefore, this study also
emphasizes the importance of context-sensitive models that align Al-driven solutions with local
behavioral and institutional dynamics.

As a solution, Al technology offers various innovative approaches that can support the
implementation of Green Campuses. One of the key strategies is predictive analysis, which can
forecast future resource needs, allowing campuses to plan energy and resource management more
efficiently (Marinakis et al., 2020). Additionally, energy-saving systems powered by Al can reduce
energy consumption by dynamically adjusting temperature, lighting, and ventilation settings.
Technologies like the Internet of Things (IoT) and machine learning can also be used to integrate
operational data from various sources, providing better insights into waste management, water
usage, and energy efficiency. Al can also support sustainable behaviors by offering personalized, data-
driven recommendations and utilizing gamification to raise environmental awareness among
students and staff (Strielkowski et al., 2024). Thus, Al plays a crucial role not only in optimizing
resources but also in shaping a more inclusive and adaptive sustainability culture on campus (George
& Wooden, 2023).

This study aims to design a framework that guides higher education institutions in effectively
leveraging Al to support Green Campus initiatives. The approach not only emphasizes operational
efficiency but also seeks to foster a cultural transformation within campuses toward sustainability.
By integrating Al-driven solutions, such as predictive analytics, automation, and data integration, this
framework aspires to enhance resource management and encourage sustainable behavior across the
campus community (Zavrazhnyi, 2024). Furthermore, this initiative aims to position campuses as
exemplary models for other institutions globally, contributing significantly to broader sustainability
efforts. The main purpose of this study is to provide a strategic, evidence-based framework that
enables educational institutions to systematically leverage Al to achieve both environmental and

https://doi.org/10.22521/edupij.2025.19.569 Published online by Universitepark Press


https://doi.org/10.22521/edupij.2025.19.569

Rokhmah et al. | 4

operational sustainability. Its significance lies in bridging the gap between technical innovation and
institutional culture, fostering a long-term and adaptable Green Campus transformation.
Academically, this research contributes by bridging the gap between technical and social studies on
Green Campus implementation. Practically, it provides an adaptable Al-based application model for
various higher education institutions (Gupta et al., 2022). This is particularly relevant, as sustainability
depends not only on technology but also on its influence on institutional behavior and policies.

The uniqueness of this research lies in its approach, which integrates technology, management,
and human behavior studies into the Green Campus implementation model. This approach not only
focuses on technical aspects, such as resource optimization through Al and 10T, but also includes
behavioral dimensions involving the habits and patterns of students and staff. (Pedro et al., 2019) By
combining these three dimensions, the study offers a more holistic solution compared to previous
research, which often only highlights one specific aspect. Furthermore, this approach pays special
attention to the needs and local characteristics of each higher education institution, ensuring that
the proposed model is more relevant and can be effectively implemented in diverse contexts. This
approach aims to create a campus ecosystem that is adaptive, inclusive, and sustainable while
addressing unique challenges that generic strategies often fail to reach (Reed et al., 2016).

Finally, this research is expected to provide strategic guidelines for campus administrators to
integrate Al into their sustainability efforts. Additionally, it aims to act as a catalyst in accelerating the
transformation of higher education institutions into more sustainable, efficient, and environmentally
friendly campuses, while fostering a strong culture of sustainability among the academic community.

2. Literature Review

The concept of Green Campus has undergone significant development, emphasizing the
integration of technology, resource management, and human behavior to establish sustainable
ecosystems in higher education institutions. Existing research highlights the transformative potential
of technologies like Al and 10T in optimizing resources. For instance, Tien et al. (2022) demonstrated
how machine learning algorithms effectively manage energy consumption in university buildings by
analyzing factors such as occupancy patterns and real-time energy needs. The study further revealed
that machine learning models can predict energy demand fluctuations, leading to more efficient
energy distribution and cost reductions. This finding highlights the ability of Al to optimize not just
energy consumption but also operational cost-efficiency, contributing to sustainable campus
practices beyond simple energy savings. Similarly, Yasuoka et al. (2023) explored loT's role in waste
management, enabling campuses to monitor and reduce waste production through smart waste bins
and real-time data analysis. Their research showed that loT sensors track waste generation rates,
allowing for more precise scheduling of waste collection and reducing unnecessary trips, which in
turn reduces the carbon footprint of waste management processes. This loT-based approach can be
expanded to incorporate predictive analytics, allowing campuses to anticipate waste production and
optimize disposal processes in a proactive manner.

However, the behavioral dimension is equally critical in sustainability efforts. Altassan (2023)
emphasized the importance of engaging students and staff in activities like recycling and energy
conservation for long-term success. The study focused on how behavioral incentives and peer-led
initiatives can increase participation rates in sustainability programs. Furthermore, Altassan noted
that a participatory approach, where students and staff contribute to the decision-making process,
can lead to a more sustainable campus culture. Menon & Suresh (2020) further stressed that
awareness campaigns and educational initiatives play a pivotal role in embedding sustainability
practices within campus communities, ensuring active participation from all stakeholders. They
argued that behavior change is not a one-time initiative but rather a continuous process, which
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requires sustained communication strategies and feedback mechanisms to maintain engagement
over time.

In addition to technology and behavior, addressing local characteristics is vital for effective
implementation. Leal Filho, Vargas, et al. (2019) proposed a localized approach to Green Campus
initiatives, emphasizing the need to consider cultural, environmental, and socio-economic factors
specific to each institution. Their study in developing countries highlighted the importance of
understanding the local context, such as resource availability, economic constraints, and cultural
attitudes towards sustainability, in designing more effective Green Campus programs. They found
that a one-size-fits-all approach often fails to account for the specific challenges and opportunities
within different institutional settings. This aligns with Charter & Tischner (2017), who argued that
tailored solutions provide better outcomes compared to generic strategies, offering more sustainable
and socially beneficial results. They provided case studies where local solutions, such as community-
based waste management or region-specific renewable energy projects, resulted in higher levels of
student and faculty engagement, as they were aligned with local needs and values.

Combining these dimensions, Ryan-Fogarty et al. (2016) introduced a holistic framework for
Green Campus implementation. Their model integrates predictive analytics, automated energy
systems, and behavior-based incentives to create adaptable, inclusive, and efficient campus
ecosystems. They demonstrated that predictive analytics not only improved resource efficiency but
also facilitated long-term sustainability goals by forecasting trends in energy consumption, waste
production, and water usage. Moreover, they emphasized that integrating behavior-based
incentives, such as reward systems for sustainable practices, helped align individual actions with the
institution's broader environmental goals. Their approach bridges the gaps between technical
efficiency and social inclusivity, addressing both operational and behavioral challenges in creating
sustainable campus environments.

The literature underscores the importance of a comprehensive framework that combines
technology, management, and human behavior to achieve Green Campus goals. While technology
enables resource optimization, human behavior and local considerations are crucial for ensuring
adaptability and inclusivity. Technological solutions, while highly effective, may not be sustainable
without the active participation of campus stakeholders. Moreover, the impact of these technologies
can vary significantly depending on the local context, making it essential to tailor solutions to specific
institutional needs and resources. Future research should focus on scalable yet context-sensitive
models to address the diverse needs of higher education institutions worldwide. Further studies
could explore how universities can leverage emerging technologies in tandem with behavioral and
socio-economic factors to create more resilient and inclusive Green Campus initiatives.

3. Methodology
3.1. Research Model

This study employs a qualitative research approach using the SWOT (Strengths, Weaknesses,
Opportunities, Threats) analysis framework to evaluate the implementation of Al in supporting Green
Campus initiatives. The SWOT model was chosen because it allows for a comprehensive assessment
of both internal and external factors that influence the success of Al-based sustainability programs
within higher education institutions (Kulkov et al., 2024). To enhance the depth of analysis, the study
also incorporates the IFAS (Internal Factor Analysis Summary) and EFAS (External Factor Analysis
Summary) matrices. These matrices enable a structured evaluation of the relative importance of each
factor identified in the SWOT analysis, helping to prioritize strategic actions for Al integration. The
integration of SWOT with IFAS and EFAS ensures that both qualitative insights and quantitative
priorities are systematically addressed, making the strategic recommendations more actionable for
institutional decision-makers.
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3.2. Participant / Sample

Data collection is conducted using several techniques, including semi-structured interviews,
direct observations, and institutional document analysis. Interviews are conducted with key
stakeholders, including university leaders, lecturers, students, and administrative staff involved in
Green Campus policies and implementation (Rotondo et al., 2023). This study focuses specifically on
State Islamic Universities (Perguruan Tinggi Keagamaan Islam Negeri / PTKIN) under the Indonesian
Ministry of Religious Affairs that have been included in the Ul GreenMetric World University Rankings
2024. The selection of these institutions was based on their demonstrated commitment to campus
sustainability, providing a relevant context for examining the potential of Al as a driver of Green
Campus success. A total of 14 universities were included in the sample, as shown in Table 1 below.

Table 1. Ul GreenMetric World University Rankings 2024

Number University Total Score
1 Universitas Islam Negeri Raden Intan Lampung 8650
2 Universitas Islam Negeri Sultan Thaha Saifuddin Jambi 7785
3 Universitas Islam Negeri Raden Fatah Palembang 7175
4 Universitas Islam Negeri Walisongo Semarang 7085
5 Universitas Islam Negeri Syarif Hidayatullah Jakarta 6910
6 IAIN Metro Lampung 6860
7 Universitas Islam Negeri Salatiga 4995
8 UIN Sultan Aji Muhammad Idris Samarinda 4100
9 Universitas Islam Negeri Maulana Malik Ibrahim Malang 4055
10 Universitas Islam Negeri Alauddin Makassar 3515
11 Institut Agama Islam Negeri Langsa 3210
12 Universitas Islam Negeri Fatmawati Sukarno Bengkulu 2310
13 Universitas Islam Negeri Mataram 2165
14 Institut Agama Islam Negeri Ponorogo 1820

The Ul GreenMetric World University Rankings 2024 is a global ranking system that evaluates
university performance on sustainability across six key indicators: setting and infrastructure, energy
and climate change, waste, water, transportation, and education and research (Gultekin et al., 2024).
This ranking encourages universities worldwide to adopt environmentally responsible practices and
build sustainable academic ecosystems.

In the context of this study, the Ul GreenMetric rankings serve as an empirical baseline to assess
the maturity of sustainability initiatives within the selected PTKIN. Moreover, these rankings provided
a strategic lens to examine how Al technologies—such as smart resource management systemes,
predictive analytics for energy use, and intelligent waste monitoring—are beginning to complement
traditional sustainability efforts. The 2024 ranking notably emphasized the importance of innovation
in green technologies and the integration of sustainability into university curricula, trends that are
highly relevant to Al-driven approaches. Of particular note, Universitas Islam Negeri Raden Intan
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Lampung secured a place among the top 100 universities worldwide, ranking 71st globally (Ul
GreenMetric, 2024). This achievement illustrates the advanced level of Green Campus
implementation at this institution, making it an ideal reference point for exploring how Al can further
enhance sustainability outcomes in the broader PTKIN network.

3.3. Data Collection Method

Data for the study were collected from both primary and secondary sources. Primary data
collection involved surveys, semi-structured interviews, and focus group discussions (FGDs). Surveys
were distributed to administrators, IT staff, and students to capture their perceptions of Al's
potential, readiness for implementation, and anticipated barriers in supporting Green Campus
initiatives. Semi-structured interviews were conducted with administrators, IT experts, sustainability
officers, and policymakers to explore more nuanced perspectives on the opportunities and challenges
associated with Al integration (Dimitriadou & Lanitis, 2023). To validate and enrich these findings,
FGDs were held with experts in sustainability, Al, and campus management (Cao & Jian, 2024),
providing additional insights into best practices and implementation strategies.
Secondary data were obtained through a comprehensive literature review, encompassing scholarly
articles, reports from leading higher education institutions, case studies on Al-driven Green Campus
initiatives, and national policy documents related to sustainability and digital transformation (Seidel
et al., 2013). The use of both primary and secondary data sources ensured a robust and triangulated
understanding of the factors influencing Al adoption for Green Campus success.

3.4. Data Analysis

The data analysis process was conducted in several stages to ensure both depth and rigor.
Initially, a thematic analysis of interview and FGD transcripts was performed to identify key themes
corresponding to the four dimensions of the SWOT framework: strengths, weaknesses,
opportunities, and threats. These themes were then systematically organized and coded into internal
factors (strengths and weaknesses) and external factors (opportunities and threats).
Following this qualitative phase, the IFAS and EFAS matrices were applied to assign weights and
ratings to each identified factor, providing a quantitative assessment of their relative impact on Al
implementation. This structured approach allowed the research team to prioritize strategic actions
based on both empirical evidence and expert judgment. The analysis was guided by three core
research questions: (1) What internal factors influence the successful implementation of Al for Green
Campus initiatives? (2) What external factors must be addressed by higher education institutions?
(3) How can institutions strategically leverage strengths and opportunities while mitigating
weaknesses and threats?. To ensure the validity and relevance of the findings, iterative feedback
loops were conducted with FGD participants, who provided critical review and refinement of the
emerging strategic recommendations. Through this rigorous and participatory analysis process, the
study generated a set of evidence-based and context-sensitive recommendations to guide higher
education institutions in accelerating Al-driven sustainability transformation (Rane, Shirke, et al,,
2024).

4. Results

The findings of this research highlight the strategic potential of Al in achieving the goals of a
Green Campus. As sustainability increasingly becomes a global priority for educational institutions, Al
emerges as a powerful tool to optimize campus operations, reduce environmental impact, and
promote sustainable practices among the academic community. By leveraging Al's capabilities,
institutions can drive transformative changes toward a more sustainable future.

Using the SWOT framework, the study reveals both opportunities and challenges in Al
implementation for Green Campus initiatives (Palomares et al., 2021). On the one hand, Al's
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strengths, such as operational automation, data-driven analytics, and adaptability, offer significant
advantages in enhancing sustainability efforts. However, weaknesses such as high investment costs,
technical complexity, and resistance from stakeholders pose challenges that require strategic
planning and institutional readiness. The study also explores external opportunities, including
government policy support and global sustainability trends, alongside potential threats like
cybersecurity risks and regulatory uncertainties.

The results of this analysis provide a roadmap for educational institutions to integrate Al
effectively in Green Campus initiatives. By addressing weaknesses and mitigating threats while
capitalizing on strengths and opportunities, institutions can design context-sensitive strategies that
align technological innovations with practical sustainability goals (Mangarin, 2023). This research
offers not only theoretical insights but also practical recommendations to guide campuses in their
transformation toward a more sustainable, efficient, and environmentally responsible future. The
SWOT analysis is as follows:

Table 2. SWOT Analysis Matrix

SWOT Factors Main Points

Strengths 1. Operational efficiency: Optimizing campus energy, water, and waste
management (Lo-lacono-Ferreira et al., 2018).

2. Waste reduction: A smarter waste management system that supports
environmental sustainability (Nizeti¢ et al., 2019).

3. Campus system integration: Enabling more efficient and interconnected
facility management (Matarneh et al., 2022).

4. Data-driven decision-making: Supporting sustainability policies with more
accurate data analysis (Matarneh et al., 2022).

5. Improved operational performance: Al can help enhance campus
performance and productivity through automation (Banala, 2024).

6. Quick adaptation to changes: Al can adjust and improve system performance
quickly in dynamic situations (Khilenko et al., 2018).

Weaknesses 1. High investment costs: The need for expensive hardware, software, and
training for Al implementation (Tong, 2024).

2. Resistance to change: Challenges in adopting new technology among staff
and students (Rahman et al., 2024).

3. Dependence on technology: Potential operational disruptions if the Al
technology fails or does not function well (Choi et al., 2022).

4. Inadequate infrastructure: Some campuses do not yet have the necessary
networks and systems to support Al (McMillan & Varga, 2022).

5. Limited technical understanding: Lack of technical knowledge among staff
that may hinder the utilization of Al technology.(Chowdhury et al., 2022).

6. Uncertainty in long-term costs: Uncertainty regarding the operational and
maintenance costs of Al in the long run (Chowdhury et al., 2022).
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SWOT Factors

Main Points

Opportunities 1.

Threats 1.

Global policy support: Policies that support sustainability provide
opportunities for funding and assistance for green campuses (Leal Filho et al.,
2015).

. Advancements in Al technology: The development of more affordable and

efficient Al technologies, including machine learning and loT (Alahi et al.,
2023).

Increased sustainability awareness: Student support for Green Campus
initiatives, driving Al adoption (Cao & Jian, 2024).

Collaboration with technology companies: Opportunities to partner with large
companies to provide more affordable Al technology (Kim et al., 2024).

. Al development in education: Progress in the use of Al in the education sector

opens opportunities for further development on campuses (Kuleto et al.,
2021).

Availability of funding and incentives: Funding programs or incentives from
the government for campuses implementing environmentally-friendly,
technology-based solutions (Cahoy, 2023).

Data security and privacy: Managing big data carries the risk of issues related
to data breaches or misuse (Cahoy, 2023).

. Changes in policies or regulations: Shifting policies could hinder the

implementation of Al in Green Campus initiatives (Polin et al., 2024).

Low technology adoption: Lack of understanding or concerns among the
academic community about Al may obstruct its implementation (Rane,
Choudhary, et al., 2024).

Threats to Al system reliability: Potential issues in managing and overseeing Al
systems could disrupt operations (Macrae, 2024).

. Environmental and energy concerns: The extensive use of Al technology could

lead to unexpected increases in energy consumption (Ahmad et al., 2021).

Threats from technology competitors: Competitors or institutions that adopt
new technologies more quickly could create challenges for campuses that are
slow to adapt (Pucciarelli & Kaplan, 2016).

The findings presented in this section were derived from a rigorous process of qualitative and
guantitative data collection. Primary data sources included surveys administered to campus
administrators, IT staff, and students, which captured their perceptions regarding Al’s potential,
benefits, and challenges in supporting Green Campus initiatives. In addition, semi-structured
interviews with key informants—such as IT experts, sustainability officers, and policymakers—
provided deeper insights into institutional experiences and strategic perspectives. Focus group
discussions (FGDs) with sustainability and Al experts were also conducted to validate preliminary
findings and enrich the analysis with expert insights (Cao & Jian, 2024).
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Secondary data were obtained through an extensive literature review, including academic
articles, institutional reports, national policy documents, and international case studies on Al-driven
Green Campus initiatives (Seidel et al., 2013). Thematic analysis of interview and FGD transcripts
helped identify key themes across internal and external dimensions, which were then systematically
categorized within the SWOT framework. The IFAS and EFAS matrices were subsequently applied to
quantify the relative importance of each factor, providing a structured basis for formulating strategic
recommendations.

4.1. IFAS Analysis

The IFAS (Internal Factor Analysis Summary) Matrix is used to evaluate internal factors, namely
strengths and weaknesses, in the implementation of Al in Green Campuses. This matrix provides an
overview of how internal factors, such as operational efficiency and data-driven decision-making,
support the effective and sustainable implementation of Al. Strength factors are given a high weight
as they contribute significantly to success, while weaknesses like high investment costs and resistance
to change are given lower weights, reflecting the challenges that need to be overcome (Gao et al.,
2023; Javaherikhah & Sarvari, 2025). With this matrix, campuses can develop more accurate
strategies to leverage strengths and address weaknesses to achieve better and more sustainable
Green Campus goals.

The findings presented in the IFAS analysis were derived from a combination of qualitative
thematic analysis and quantitative weighting techniques. Initially, qualitative data from semi-
structured interviews, focus group discussions, and literature review were analyzed thematically to
identify key internal factors (strengths and weaknesses) relevant to Al-based Green Campus
implementation. Following this, these factors were systematically categorized and further evaluated
using the IFAS matrix (Biazar et al., 2025; Ramos et al., 2023). In this matrix, each factor was assigned
a weight (based on its perceived importance as determined through expert consensus and FGD
validation) and a rating (based on the factor’s current level of development or challenge within the
sampled institutions). This structured approach allowed the study to quantify the relative
contribution of each internal factor, providing a clear empirical basis for strategic recommendations.

Table 3 presents the IFAS Matrix, which summarizes the evaluation results of internal factors
affecting Al implementation in Green Campuses. The total score for strengths and weaknesses
reflects the overall balance between enabling and constraining factors. A higher total score for
strengths indicates that campuses have significant internal capabilities that can be leveraged to
support Al-driven sustainability transformation. Conversely, the weaknesses' score highlights key
challenges that must be addressed to optimize Al adoption. Thus, Table 3 serves not only as an
analytical summary but also as a strategic tool to guide institutional planning and resource allocation
in Al-based sustainability efforts.

Table 3. IFAS Analysis

SWOT Factors Key Points Weight Rating Score

Strengths 1. Operational efficiency: Optimizing the management 0.15 4 0.60
of energy, water, and campus waste.

2. Waste reduction: Smarter waste management 0.10 3 0.30
systems that support environmental sustainability.

3. Campus system integration: Enabling more efficient 0.12 4 0.48
and connected facility management.
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SWOT Factors Key Points Weight Rating Score
4. Data-driven decision-making: Supporting 0.13 4 0.52
sustainability policies with more accurate data
analysis.
5. Operational performance improvement: Al can help 0.10 3 0.30

enhance campus performance and productivity
through automation.

6. Rapid adaptation to change: Al can quickly adjustand  0.10 3 0.30
improve system performance in dynamic situations.

Total Strengths 0.10 2.50
Weaknesses 1. High investment costs: The need for expensive 0.15 2 0.30
(Kelemahan) hardware, software, and training for Al

implementation.

2. Resistance to change: Challenges in adopting new 0.12 2 0.24
technology among staff and students.

3. Dependence on technology: Potential operational 0.12 3 0.36
disruptions if Al technology fails or does not function
properly.

4. Inadequate infrastructure: Some campuses lack the 0.10 2 0.20

necessary networks and systems to support Al.

5. Limited technical understanding: Lack of technical 0.10 2 0.20
knowledge among staff that may hinder the
utilization of Al technology.

6. Uncertainty of long-term costs: Uncertainty 0.11 2 0.22
regarding the operational and maintenance costs of
Al in the long run.

Total Weaknesses 0.70 1.72

Total Skor 4.22

Internal factors that add value to the implementation of Al in a Green Campus play a crucial role
in ensuring sustainability and operational efficiency. One of the key strengths is Al's ability to enhance
the management of campus resources such as energy, water, and waste more efficiently. By
optimizing the use of these resources, the campus can reduce its carbon footprint and improve its
overall environmental impact. Additionally, Al enables data-driven decision-making that supports the
campus's sustainability policies. The use of accurate data and in-depth analysis allows for more
effective policies in achieving environmental goals. The rapid adaptability of Al is also a significant
strength, as it can adjust and enhance system performance in dynamic situations, making it flexible
and ready to face changes. The total strength score of 2.50 indicates that internal enabling factors
are well-developed and provide a solid foundation for Al adoption in campus sustainability efforts.

Despite the many potential strengths, the implementation of Al in a Green Campus also faces
several weaknesses that need to be addressed. The high initial investment cost, including for
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hardware, software, and training, is a major challenge. This requires a large budget, which can be a
barrier for many campuses with limited funds. Moreover, adopting new technology often involves
organizational cultural changes, which can cause resistance among staff and students. This includes
adjusting to new systems and work habits, which takes time and effort to ensure a smooth transition.
Inadequate infrastructure is also a limiting weakness, especially in campuses that do not yet have a
strong network and technological systems to support Al implementation. The uncertainty
surrounding the long-term operational and maintenance costs of Al is another factor to consider, as
unforeseen expenses may arise over time. The weaknesses' total score of 1.72 highlights that
although challenges exist, they are manageable with targeted investments in infrastructure, capacity
building, and change management. Overall, the total IFAS score of 4.22 demonstrates that the
internal strategic position of Al implementation in Green Campus initiatives is favorable, with
opportunities to further strengthen enablers while addressing identified constraints.

4.2. EFAS Analysis

The External Factor Analysis Summary (EFAS) matrix is utilized to systematically evaluate the
external factors influencing the implementation of Al in supporting the successful realization of a
Green Campus. This analytical tool provides a comprehensive overview of both opportunities and
threats encountered in the process. Key external opportunities include global sustainability policies
that facilitate access to funding, as well as continuous advancements in Al technologies that enhance
efficiency and effectiveness (Kulkov et al., 2024; Zhao & Gémez Farifias, 2023). These factors present
favorable conditions for higher education institutions aiming to advance their Green Campus
initiatives. Conversely, significant external threats such as concerns over data security and privacy,
coupled with limited awareness and understanding of Al technologies, pose potential challenges that
require strategic attention. By highlighting these factors, the EFAS matrix not only identifies critical
external opportunities that can be leveraged but also clarifies the threats that must be managed
(Taha et al., 2025; Wazin et al., 2025). This dual perspective enables the formulation of well-informed
strategies to optimize Al deployment, thereby supporting the broader goals of sustainable campus
development.

The findings presented in the EFAS analysis were derived using a mixed-methods approach,
combining qualitative thematic analysis and quantitative evaluation. Initially, key external factors
(opportunities and threats) were identified through thematic analysis of qualitative data collected
from semi-structured interviews, focus group discussions (FGDs), and an extensive literature review.
Subsequently, these factors were prioritized and quantified using the EFAS matrix, where each factor
was assigned a weight (reflecting its relative importance as validated through expert consensus and
FGD feedback) and a rating (reflecting the current level of opportunity or severity of threat perceived
in the institutional context). This technique allows for a structured and transparent evaluation of the
external environment surrounding Al adoption in Green Campuses.

Table 4. EFAS Analysis

SWOT Factors Key Points Weight Rating Score

Opportunities 1. Global policy support: Policies that promote 0.15 4 0.60
sustainability provide opportunities for funding
and assistance for green campuses.

2. Advances in Al technology: The development of Al 0.13 3 0.39
technology is becoming more affordable and
efficient, including machine learning and loT.
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SWOT Factors Key Points Weight Rating Score
3. Increased sustainability awareness: Student 0.12 4 0.48
support for Green Campus initiatives enhances Al
adoption.
4. Collaboration with technology companies: 0.11 3 0.33

Opportunities to collaborate with large
companies to provide more affordable Al
technology.

5. Al development in education: Progress in the use 0.12 3 0.36
of Al in the education sector opens opportunities
for further development on campus.

6. Availability of funds and incentives: Funding 0.12 4 0.48
programs or incentives from the government for
campuses implementing environmentally friendly
technology solutions.

Total Opportunities 0.75 2.68
Threats 1. Data security and privacy: The management of big 0.14 2 0.28
data carries the risk of issues related to data leaks
or misuse.
2. Changes in policies or regulations: Changing 0.13 2 0.26

policies may hinder the implementation of Al in
Green Campuses.

3. Low technology adoption: Misunderstanding or 0.12 3 0.36
concerns from the academic community about Al
may obstruct its implementation.

4. Threats to the reliability of Al systems: Potential 0.13 2 0.26
issues in managing and overseeing Al systems
may disrupt operations.

5. Environmental and energy issues: The extensive 0.12 2 0.24
use of Al technology may lead to unexpected
increases in energy consumption.

6. Threats from technological competitors: 0.12 3 0.36
Competitors or other institutions that adopt new
technologies more quickly may create challenges
for campuses that are slow to adapt.

Total Threats 0.75 1.86

Total Score 4.50
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The meaning of Table 4 is to provide a structured summary of the external factors influencing
the implementation of Al in Green Campus initiatives. Each factor’s weighted score contributes to
the overall assessment of external opportunities and threats. The total score for opportunities (2.68)
indicates that the external environment offers substantial support for Al adoption, with strong
enablers such as policy support, technological advancements, and available funding. Conversely, the
total score for threats (1.86) highlights the key external risks that must be managed—such as data
security concerns, regulatory uncertainties, and potential resistance within the academic community.

Overall, the total EFAS score of 4.50 suggests that the external strategic position is favorable.
Institutions have a window of opportunity to leverage supportive external conditions to advance their
Green Campus goals through Al, provided that they proactively address identified threats through
targeted risk mitigation strategies. Thus, Table 3 serves not only as a diagnostic tool but also as a
strategic guide for institutional planning, helping campus leaders prioritize external engagements,
partnerships, and policy advocacy to support Al-driven sustainability transformation.

4.3. Comparative Analysis of IFAS and EFAS

Based on the results of the IFAS and EFAS analyses, it can be concluded that both internal and
external factors make significant contributions to the successful implementation of Al in Green
Campus initiatives. However, differences emerge in the relative dominance of these two groups of
factors.

The IFAS analysis yielded a total score of 4.22, with the total score for strengths reaching 2.50
and the total score for weaknesses at 1.72. These results indicate that the internal factors, overall,
present a relatively strong foundation for driving the successful integration of Al. Strengths such as
operational efficiency, data-driven decision-making, and the adaptive capabilities of Al systems
represent valuable assets that can be optimized. Meanwhile, weaknesses—such as high investment
costs, infrastructural limitations, and resistance to change—pose challenges, but they remain
manageable through appropriate mitigation strategies.

Conversely, the EFAS analysis produced a higher total score of 4.50, with opportunities
contributing 2.68 and threats accounting for 1.86. These findings suggest that external factors
currently offer even greater leverage compared to internal ones. Opportunities—such as global policy
support, advancements in Al technologies, and the availability of government funding and
incentives—create a highly strategic environment for institutions to accelerate Al adoption. Although
external threats such as data security issues and policy uncertainties exist, the higher overall
opportunities score indicates that the current external landscape is particularly conducive to
supporting Al-driven Green Campus transformation.

From this comparison, it can be concluded that external factors (as reflected in the EFAS results)
currently exert a more dominant influence than internal factors (as reflected in the IFAS results) in
shaping the success potential of Al adoption in Green Campus initiatives. The higher EFAS total score
(4.50) compared to the IFAS score (4.22) suggests that the present external momentum is highly
favorable for advancing this technological adoption—provided that higher education institutions can
address existing internal challenges. In other words, institutions are strategically positioned to
leverage external opportunities but must also ensure that their internal readiness—particularly in
terms of infrastructure and human resource capabilities—is strengthened in parallel.

Through this holistic understanding of the IFAS and EFAS results, Al implementation strategies in
Green Campus initiatives can be more sharply focused: by maximizing the leverage of external
opportunities while simultaneously enhancing internal strengths and addressing existing weaknesses.
This synergistic approach is expected to drive more effective and sustainable achievement of campus
sustainability goals.
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4.4. Discussion

The findings of this study underscore the significant potential of Al to enhance the effectiveness
of Green Campus initiatives, aligning with the working hypothesis that Al-driven approaches can
substantially improve campus sustainability outcomes. The results also corroborate insights from
previous studies, while contributing new perspectives on the strategic alignment between internal
and external factors affecting Al adoption in higher education.

From the internal perspective, the IFAS analysis revealed that strengths such as operational
efficiency, data-driven decision-making, and rapid system adaptability strongly support the successful
implementation of Al in Green Campuses. This finding is consistent with prior research by (2°18) and
Matarneh et al., which demonstrated that intelligent automation and integrated facility management
can lead to significant reductions in resource consumption and carbon emissions on university
campuses. The ability of Al to enable real-time optimization of energy, water, and waste management
represents a transformative advancement over traditional sustainability practices. Furthermore, the
role of Al in enhancing data-driven decision-making reinforces the argument by Banala (2024) that
access to high-quality, actionable data is a critical enabler of effective sustainability governance.

However, the study also highlights internal challenges that must be addressed to maximize the
benefits of Al integration. The identified weaknesses—particularly high investment costs,
infrastructural limitations, and organizational resistance to change—mirror concerns raised by (Tong,
2024) and Rahman et al., (2024), who emphasized the importance of strategic leadership and
capacity building in overcoming such barriers. These findings suggest that while technological
capabilities are advancing rapidly, institutional readiness remains a key determinant of success.

The external environment, as captured in the EFAS analysis, presents a particularly favorable
context for Al adoption in Green Campus initiatives. The strong influence of global policy support,
advancements in Al technology, and growing sustainability awareness among students reflects trends
observed in the broader literature (Leal Filho et al., 2015;Alahi et al., 2023; Cao & Jian, 2024). These
external drivers create a momentum that higher education institutions can leverage to accelerate
their sustainability transitions. Notably, the study aligns with the argument by Kim et al. (2024) that
cross-sector collaborations with technology companies can serve as a critical catalyst for scaling Al
applications in education and sustainability domains.

Conversely, external threats—such as data security risks, policy uncertainty, and low levels of Al
literacy within the academic community—echo findings from (2023) and Macrae, underscoring the
need for robust governance frameworks and proactive stakeholder engagement. Addressing these
threats will require not only technical solutions but also cultural and institutional shifts to foster
greater trust and acceptance of Al technologies.

In the broadest context, this study contributes to the evolving discourse on Al-driven
sustainability in higher education by offering an integrated analysis that bridges technological,
organizational, and policy dimensions. It supports the working hypothesis that the strategic alignment
of internal strengths and external opportunities can create a synergistic environment for Al-enabled
Green Campus transformation. Moreover, it highlights the critical importance of addressing internal
weaknesses and mitigating external threats to ensure that this transformation is both sustainable and
inclusive.

Compared to previous studies, this research advances the field by providing a nuanced
understanding of the interplay between internal capacities and external influences. While earlier
works have primarily focused on either the technological potential of Al (Zhong et al., 2024) or the
socio-organizational aspects of Green Campus implementation (Leal Filho et al., 2015), this study
integrates both perspectives through the systematic application of SWOT, IFAS, and EFAS analyses.
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This holistic approach offers practical insights that can inform strategic planning and policy
development for higher education leaders seeking to harness Al as a transformative force in campus
sustainability.

In conclusion, the study reaffirms the importance of a balanced and adaptive strategy for Al
implementation in Green Campuses. By leveraging the current favorable external environment and
strengthening internal capacities, higher education institutions can not only enhance their
sustainability performance but also contribute to the broader global agenda for sustainable
development.

5. Conclusion

This study concludes that the implementation of Al offers substantial potential to support the
successful realization of Green Campus initiatives. The results, verified through systematic SWOT,
IFAS, and EFAS analyses, indicate that both internal and external factors play significant roles in
determining the success of Al adoption in higher education sustainability efforts.

Internally, the analysis confirmed that strengths such as operational efficiency, data-driven
decision-making, and system adaptability provide a solid foundation for enhancing campus
sustainability through Al. These findings validate previous research emphasizing the transformative
potential of intelligent automation and integrated resource management in campus environments.
At the same time, the study verified that internal weaknesses—including high investment costs,
infrastructural limitations, and resistance to change—remain key challenges that institutions must
address through strategic planning and capacity building. Externally, the study verified that the
current policy and technological landscape are highly favorable for Al adoption. Opportunities such
as strong global sustainability policies, rapid advancements in Al technology, and increased
awareness among campus stakeholders provide higher education institutions with a unique window
to advance their Green Campus agendas. Conversely, external threats—including data security
concerns, regulatory uncertainties, and gaps in Al literacy—must be actively managed to ensure that
Al initiatives are sustainable and inclusive. The comparison of IFAS and EFAS results further verified
that external opportunities currently outweigh external threats, and that internal strengths provide
a robust platform for progress, provided that weaknesses are strategically mitigated. These verified
findings confirm the study’s working hypothesis that a strategic alignment of internal and external
factors can significantly enhance the feasibility and impact of Al-driven Green Campus initiatives.

In conclusion, this study offers a comprehensive framework and actionable insights for higher
education leaders seeking to harness Al as a transformative tool for sustainability. The verified results
demonstrate that with the right strategic approach—leveraging strengths and opportunities while
addressing weaknesses and threats—Al can play a pivotal role in advancing the sustainability goals of
higher education institutions and contributing to the broader global agenda for sustainable
development.

6. Suggestion

Based on the results of this study, several strategic recommendations are proposed to support
the successful implementation of Al in Green Campus initiatives, particularly within State Islamic
Universities (PTKIN) under the Indonesian Ministry of Religious Affairs.

First, institutions should prioritize the development of robust data infrastructure and integrate
existing sustainability data sources to fully leverage Al's potential in optimizing resource
management. The study’s findings confirmed that operational efficiency and data-driven decision-
making are key internal strengths; however, addressing existing infrastructural limitations remains
critical.
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Second, to mitigate internal weaknesses related to technical capacity and organizational
resistance, universities should invest in comprehensive training programs for both academic and
administrative staff. Promoting Al literacy and fostering a culture of innovation will enhance
institutional readiness and facilitate smoother technology adoption.

Third, institutions should actively engage in partnerships with technology companies and
leverage available funding opportunities, as highlighted in the EFAS analysis. Collaborative efforts can
accelerate access to affordable Al solutions and support the scaling of pilot projects into broader
campus-wide applications.

Fourth, given the identified external threats, particularly regarding data security and regulatory
uncertainty, universities must establish clear governance frameworks for Al use. This includes
developing policies that address ethical considerations, data privacy, and compliance with evolving
regulations.

Finally, it is recommended that PTKIN continuously monitor and evaluate Al-driven sustainability
initiatives, using adaptive strategies informed by ongoing data analysis and stakeholder feedback.
Such an approach will ensure that Al implementation remains aligned with institutional goals and
contributes effectively to the long-term vision of a sustainable Green Campus.
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