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Abstract. As sustainability becomes a critical priority for higher education institutions (HEIs),
there is a growing need for advanced, data-driven approaches to assess and improve
sustainability performance. This paper analyzes the potential of integrating artificial
intelligence (Al) into existing sustainability frameworks, specifically the Ul GreenMetric
World University Rankings. Using secondary data and literature review, the study explores
how Al-driven analytics can enhance data collection, accuracy, real-time monitoring, and
decision-making in sustainability management within HEIs. A conceptual framework for Al
integration is proposed, using Universitas Brawijaya as a case study context to illustrate
possible system development. The findings highlight the opportunities and challenges of
applying Al technologies in sustainability metrics, offering insights for future research and
practical implementation in the higher education sector.
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1 INTRODUCTION

1.1. Background

Sustainability has become a critical consideration for higher education institutions
(HEIs) worldwide, not only in terms of environmental impact but also in driving
responsible growth and governance [1]. One of the most recognized global initiatives
in this area is the Ul GreenMetric World University Rankings, which evaluates
universities' sustainability efforts based on indicators such as energy usage, waste
management, transportation, and education initiatives [2]. However, as sustainability
challenges grow more complex, there is a pressing need for more advanced, data-
driven approaches to assess and manage institutional sustainability.

Artificial intelligence (Al) offers tremendous potential to transform how sustainability
is measured and managed within HEIs. Al-driven systems can analyze vast amounts
of data, identify patterns, and provide actionable insights for sustainability
management in a way that traditional methods cannot [3]. Integrating these
capabilities into the existing information systems used by universities could
significantly enhance decision-making processes and sustainability performance [4].
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This paper explores the potential of integrating Al-driven sustainability metrics within
HEIs' information systems, specifically focusing on how the existing indicators used
in the Ul GreenMetric rankings could serve as a foundation for developing more
sophisticated, Al-powered sustainability metrics. The initiative aims to develop a
comprehensive system at Universitas Brawijaya, leveraging the capabilities of Al to
provide a more accurate and dynamic assessment of sustainability efforts,
contributing to the university’s overall sustainability strategy and performance.

1.2. Problem Statement

Despite the growing importance of sustainability, many HEIs face significant
challenges in measuring and managing sustainability metrics effectively. Traditional
methods often involve manual data collection, which is time-consuming, labor-
intensive, and prone to errors [5]. There is also a lack of standardized metrics and data
management practices, which can lead to inconsistent and unreliable sustainability
reporting [6]. Furthermore, HEIs frequently struggle to convert the collected data into
actionable insights due to limited analytical capabilities, hindering their efforts to
develop and implement effective sustainability strategies [7]. The integration of Al
into information systems (IS) presents a promising approach to address these
challenges by automating the collection, analysis, and reporting of sustainability data

[8].
1.3. Objective of the Study

The primary objective of this study is to explore the integration of Al into IS for
managing sustainability metrics within HEIs. This includes examining the potential of
Al-driven solutions to automate data collection processes, enhance data accuracy,
predict trends, identify inefficiencies, and provide actionable insights for improving
sustainability performance. The study also aims to develop a framework for
seamlessly incorporating Al technologies into existing IS infrastructures within HEIs
to support sustainable decision-making.

2 Literature Review

2.1. Sustainability in Higher Education Institutions

Higher education institutions (HEIs) play a crucial role in promoting sustainability by
incorporating it into their academic programs, operations, and community
engagement efforts [9]. However, HEIs face significant challenges in achieving
sustainability goals, such as efficient resource consumption, waste management, and
reducing their carbon footprint. These challenges are exacerbated by inadequate
measurement tools, inconsistent data collection methods, and the lack of a
comprehensive approach to managing sustainability metrics. The growing importance
of sustainability in HEIs is driven by the rising global demand for environmentally
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responsible institutions and the need to create environmentally conscious graduates
[10].

2.2. Information Systems and Sustainability

Information systems (IS) play a vital role in supporting sustainability initiatives
within HEIs. Existing IS applications for sustainability management include data
collection, analysis, and reporting tools. However, traditional methods often involve
manual data collection, which is time-consuming, labor-intensive, and prone to errors
[8]. Additionally, the lack of standardized metrics and data management practices can
lead to inconsistent and unreliable sustainability reporting. HEIs also struggle to
convert collected data into actionable insights due to limited analytical capabilities,
hindering their ability to develop and implement effective sustainability strategies

[11].

2.3. Artificial Intelligence in Information Systems

Artificial Intelligence (AI) technologies offer innovative solutions to address the
challenges faced by HEIs in managing sustainability metrics. Al-driven tools and
techniques can automate data collection processes, enhance data accuracy, predict
trends, identify inefficiencies, and provide actionable insights for improving
sustainability performance [12]. Al can be integrated into existing IS infrastructures
within HEIs to support sustainable decision-making [13]. By leveraging Al, HEIs can
achieve real-time monitoring and analysis of sustainability data, leading to more
informed and timely decisions. This could result in better resource management,
reduced waste, and lower energy consumption, thereby enhancing overall
environmental performance.

2.4. UI GreenMetric

The Ul GreenMetric World University Rankings were established in 2010 by
Universitas Indonesia as a global initiative aimed at evaluating universities'
commitments to environmental sustainability. The rankings assess institutions based
on six key categories: setting and infrastructure, energy and climate change, waste
management, water usage, transportation, and education and research [2]. These
indicators offer a comprehensive view of universities' sustainability practices,
allowing for global benchmarking and the promotion of eco-friendly initiatives. As of
2023, more than 900 universities from various countries participate in the rankings,
making it one of the most widely recognized sustainability assessment frameworks in
higher education. The goal of the UI GreenMetric rankings is not only to evaluate but
also to encourage universities to adopt more sustainable policies and practices [2].

Despite its widespread adoption, Ul GreenMetric has faced criticisms regarding the
subjective nature of some indicators and the self-reporting mechanism, which may
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lead to inconsistencies in data accuracy and comparability. Furthermore, the static
nature of the ranking system, with annual reporting cycles, limits real-time monitoring
and adaptation to emerging sustainability challenges [14]. While it has been a pivotal
tool for raising awareness and encouraging sustainability efforts, the evolving needs
of institutions require more advanced tools that can provide dynamic, data-driven
insights. Al technologies, when integrated with these established metrics, offer the
potential to address these limitations by automating data collection and analysis,
improving accuracy, and enabling continuous monitoring of sustainability
performance.

2.5. Students’ Learning Enhancement

Recent advancements in Artificial Intelligence (Al) have significantly impacted the
landscape of higher education, particularly in enhancing the teaching and learning
experiences. A notable trend is the adoption of Al chatbots, which have been analyzed
extensively through structural equation modeling to understand their potential for
transforming educational environments. The generative Al chatbots' adoption among
students and educators can enhance student interaction and engagement in higher
education [15], [16]. Similarly, Al-driven automation is not only improving learning
outcomes but are also fostering sustainability by reducing resource consumption and
increasing operational efficiency [17]. Al can influence decisions related to student
performance by monitoring student engagement and performance, ensuring that
resources are allocated effectively to areas that can yield the most significant
academic improvements [18].

3 Methodology

3.1. Research Design

This research adopts a qualitative approach, relying on secondary data to explore the
integration of Al-driven sustainability metrics into higher education institutions'
information systems. The study focuses on the existing sustainability framework
provided by the Ul GreenMetric and evaluates how its indicators can be enhanced
through Al technologies. The following subsections describe the data sources,
collection methods, and analysis techniques used.

3.2, Data Collection and Analysis

Secondary data collection forms the foundation of this research. The study utilizes
publicly available data from Ul GreenMetric reports, sustainability assessments,
academic journals, and case studies of universities participating in the GreenMetric
rankings. The primary source of data is the annual Ul GreenMetric World University
Rankings, which provides comprehensive reports on the sustainability performance of
over 900 institutions worldwide. These reports include detailed information on the six
key categories used in the rankings, such as infrastructure, energy, waste
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management, and education [2]. Additional secondary sources include academic
literature and previous research on sustainability metrics, Al applications in
environmental management, and case studies on Al integration in higher education
institutions [20].

The analysis focuses on identifying the gaps and limitations in the current Ul
GreenMetric indicators, particularly regarding data collection, accuracy, and real-time
monitoring. By reviewing existing literature, the study evaluates how Al-driven
analytics could enhance these indicators. Content analysis is used to examine existing
reports and literature on sustainability performance metrics, focusing on how Al
applications can automate and improve data processes. Furthermore, comparative
analysis is employed to examine how other Al-driven sustainability initiatives in
different sectors could be adapted for higher education institutions.

The study does not include primary data collection, such as interviews or surveys, as
the objective is to build on existing frameworks and data sources. Instead, the
research draws on extensive academic and institutional reports to propose a
conceptual model for integrating Al into the sustainability metrics used by
universities. This model is illustrated using Universitas Brawijaya as a case study,
where relevant data from the institution’s sustainability programs and existing
GreenMetric reports will be reviewed to demonstrate how Al systems could be
incorporated.

4 Findings And Discussions

4.1 Limitations of UI Greenmetric

The Ul GreenMetric rankings provide valuable insights into universities'
sustainability efforts, but several limitations hinder their effectiveness, particularly
regarding data collection, accuracy, and real-time monitoring. The reliance on self-
reported data introduces inconsistencies, as universities may interpret indicators
differently, and manual data entry can lead to errors or outdated information.
Additionally, without a robust mechanism for verifying the data or allowing
continuous reporting, the rankings may not always reflect a university’s true
environmental performance. The lack of real-time monitoring further exacerbates
these challenges, as sustainability efforts, such as energy usage and waste
management, require immediate attention to respond to emerging issues effectively.

Al-driven analytics offer solutions to these challenges by automating data
collection and providing real-time insights. Al can enhance the accuracy of
sustainability indicators by integrating data from multiple sources, such as energy
sensors and waste tracking systems, into a unified platform. This approach allows
universities to continuously monitor and optimize their sustainability efforts, leading
to more dynamic and proactive management. Predictive analytics can also enable
institutions to identify trends and potential inefficiencies, empowering them to make
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more informed decisions that align with long-term sustainability goals. This
integration of Al technologies addresses the limitations of the current GreenMetric
framework, offering a more accurate, real-time, and actionable sustainability
assessment system.

4.2. Al Role in Enhancing Sustainabillity Metrics

One of the significant drawbacks of the Ul GreenMetric rankings is the reliance on
self-reported data. This can introduce inconsistencies and inaccuracies, as universities
may interpret indicators differently or provide outdated information. Al can mitigate
these issues by automating data collection from various sources, such as energy
meters, waste tracking systems, and student surveys. Table 1 compared how
traditional and Al-driven sustainability metrics are measured. By integrating Al
technologies such as Internet of Things (IoT) sensors and automated data collection
systems, HEIs can gather vast amounts of data with near-zero error rates. For
instance, energy consumption, waste management, and water usage can all be
monitored in real time, ensuring more accurate reporting and analysis. Accurate real-
time data ensures that institutions can act quickly to correct inefficiencies, such as
energy waste or overconsumption of water, leading to significant cost reductions.
Continuous data collection leads to more comprehensive and up-to-date sustainability
reports, which can improve transparency and accountability.

Table 1. Comparison between Traditional Sustainability Metrics and Al-Driven
Sustainability Metrics in HEIs

Aspect Traditional Sustainability Metrics Al-Driven Sustainability Metrics

Data Collection Manual data collection, often prone  Automated data collection via

Data Accuracy

to errors

May be inconsistent due to human
error or outdated data

sensors and surveys, reducing
errors and inconsistencies

Al ensures higher accuracy by
integrating multiple data sources
and real-time updates

Monitoring Periodic reporting, often with time Continuous real-time monitoring
delays and analysis
Data Analysis Basic statistical analysis, limited Advanced analytics, including
predictive capability predictive modeling and trend
forecasting
Decision Making  Relies on historical data and static Real-time insights, enabling proactive
reporting cycles decision-making and dynamic
adjustments
Efficiency Resource-intensive with significant ~ Optimized resource allocation,
manual input enabling smarter management and
cost-saving measures
Personalization Generic recommendations based Tailored, personalized sustainability
on historical data recommendations based on Al-driven
insights
Scalability Difficult to scale due to resource Easily scalable with Al tools adapting

constraints and limited tools

to larger datasets and expanded
systems
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Al systems can enable HEIs to monitor sustainability metrics continuously. This
provides a dynamic and real-time view of institutional performance. For example,
energy usage can be tracked in real time, alerting sustainability managers to unusual
spikes in energy consumption, which could indicate equipment malfunction or
inefficiencies. Thus, Al allows HEIs to address sustainability challenges proactively
rather than reactively. For example, predictive analytics can foresee potential issues in
waste management, allowing the institution to implement solutions before the
problems escalate. With real-time insights into resource use, HEIs can optimize their
energy consumption, reduce waste, and improve overall sustainability practices.

By analyzing historical data, Al can identify patterns that predict future sustainability
performance. For instance, Al could predict a university’s energy demand based on
seasonal trends, historical usage, and campus activities, allowing for more accurate
budgeting and resource allocation. Al can assist in forecasting future resource needs,
allowing HEIs to budget effectively for sustainability projects, such as infrastructure
upgrades or renewable energy installations. Based on that data, Al helps universities
set realistic and achievable sustainability goals that are aligned with actual
capabilities.

4.3. Recommended Framework for Universitas Brawijaya

Universitas Brawijaya (UB) has a strong commitment to sustainability, demonstrated
by its various initiatives in energy efficiency, waste management, transportation, and
education. To further enhance these efforts, integrating Al-driven sustainability
metrics into UB's existing information systems can provide significant benefits as
shown in Fig. 1.

Anomaly and
inefficiency
detection

Human capital
management
(lecturers and
staffs)

Predictive analytics to
expect energy
demand and budget

Water usage

Personalized
recommendation for
initiative ESG
strategy

Centralized
data repository
that connects
seamlessly in
real-time and
shown on
interactive
dashboard

Electricity
consumption

Students'learning
enhancement at
Brone LMS through
chatbots for
sustainability topics

Waste
generation

Gamification
through Gapura UB
to track individual

contributions

Finance and
asset
management

Fig. 1. Framework for UB’s Al-Driven Sustainability Strategy.
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One of the key steps in this integration process is the creation of a centralized data
repository to collect and store data from various sources. This repository should
ensure data consistency and comparability by using standardized formats and
definitions. Additionally, developing APIs to enable seamless data exchange between
different systems can facilitate real-time data analysis.

Once the data is collected and standardized, Al-driven analytics can be applied to
extract valuable insights. Predictive modeling can forecast future sustainability
performance based on historical data, allowing UB to anticipate potential challenges
and take proactive measures. Anomaly detection techniques can identify deviations
from expected patterns, such as unusual spikes in energy consumption or waste
generation, providing early warning signals for potential issues. Optimization
algorithms can help UB identify the most efficient resource allocation strategies,
maximizing sustainability benefits.

Real-time monitoring and reporting are essential for effective sustainability
management. For example, UB can leverage its existing energy management system
to track energy consumption in real time. By integrating this data with Al-powered
analytics, UB can identify trends, anomalies, and opportunities for energy efficiency
improvements. Additionally, UB can develop interactive dashboards to visualize key
sustainability metrics, such as energy consumption, waste generation, and water
usage. These dashboards can be accessed by relevant stakeholders, including faculty,
staff, and students, to promote awareness and accountability.

Personalized recommendations can further enhance UB's sustainability efforts. Al-
powered systems can provide tailored recommendations based on specific
institutional characteristics and goals, helping UB to identify the most effective
strategies for improvement. Scenario analysis can simulate different scenarios and
assess the potential impact of various sustainability initiatives, allowing UB to make
informed decisions.

To increase student engagement and awareness, UB can incorporate gamification
elements into sustainability initiatives, such as integrating a sustainability-themed
feature on Gapura UB, the official mobile app of UB, that allows students to track
their personal carbon footprint and compete with their peers in reducing their
environmental impact. Additionally, UB can develop Al-powered learning tools, such
as a virtual reality simulation that allows students to experience the consequences of
climate change firsthand on Brone, the current university level’s learning
management system or an Al-powered chatbot that can answer questions about
sustainability topics. By implementing these actions, Universitas Brawijaya can
significantly enhance its sustainability metrics, improve decision-making, and foster a
more sustainable campus environment.
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