\Z I El' A International Information and

Engineering Technology Association

International Journal of Sustainable Development and

Planning
Vol. 20, No. 10, October, 2025, pp. 4327-4343

Journal homepage: http://iieta.org/journals/ijsdp

Advancing Higher Education Towards a Sustainable Future in Indonesia: A Collaborative = /N

Approach to Integrating Policy, Practice, and Research in Climate Change Studies

Hadi Suwono?"2, Singgih Dwi Prasetyo®

Check for
updates

! Department of Biology, Faculty of Mathematics and Natural Sciences, State University of Malang, Malang 65145, Indonesia
2 Center of Research and Innovation in STEM Education, Faculty of Mathematics and Natural Sciences, State University of

Malang, Malang 65145, Indonesia

3 Power Plant Engineering Technology, Faculty of VVocational Studies, State University of Malang, Malang 65145, Indonesia

Corresponding Author Email: hadi.suwono.fmipa@um.ac.id

Copyright: ©2025 The authors. This article is published by IIETA and is licensed under the CC BY 4.0 license
(http://creativecommons.org/licenses/by/4.0/).

https://doi.org/10.18280/ijsdp.201021

ABSTRACT

Received: 12 September 2025
Revised: 11 October 2025
Accepted: 20 October 2025
Available online: 31 October 2025

Keywords:

collaborative governance, green campus
initiatives, carbon footprint assessment,
climate change education, leadership for
sustainability

This review synthesizes research on how higher education institutions in Indonesia address
climate change challenges through policy development, practical implementation, and
research initiatives to address fragmented policy coherence, limited indigenous knowledge
integration, and underdeveloped collaborative governance. The review aimed to evaluate
climate change policy development, benchmark sustainability implementations, identify
research initiatives, analyze collaborative frameworks, and assess indigenous knowledge
integration within Indonesian higher education institutions (HEIs). A systematic analysis of
qualitative, quantitative, and bibliometric studies published up to 2024 focused on institutional
policies, green campus programs, research outputs, and stakeholder collaboration. Findings
reveal that while HEIs demonstrate institutional commitment through sustainability policies
aligned with global frameworks, national-level guidance remains inconsistent, hindering
policy effectiveness. Practical implementations show measurable outcomes in emission
reductions and resource conservation, yet face infrastructure, supervision, and scalability
challenges. Research contributions include innovations in mitigation technologies and
interdisciplinary approaches, though constrained by limited resources and methodological
heterogeneity. Collaborative governance involving universities, governments, and
communities is recognized as vital but is impeded by cultural and institutional barriers.
Indigenous knowledge integration is acknowledged as critical for climate adaptation but
remains sporadic and insufficiently institutionalized. These findings underscore the
multifaceted but uneven engagement of Indonesian HEIs in climate action. Strengthening
policy coherence, enhancing multi-stakeholder collaboration, and systematically incorporating
indigenous knowledge are essential to advance HEIs’ roles in national and global climate
resilience efforts.

1. INTRODUCTION

policies, education, and research within Indonesian HEIs [7,
8]. Existing studies reveal a lack of coordinated policy

Research on how higher education institutions (HEIs) in
Indonesia address climate change challenges has emerged as a
critical area of inquiry due to the country's vulnerability to
climate impacts and the pivotal role of universities in
sustainability transitions [ 1, 2]. Over recent years, the field has
evolved from initial environmental education efforts to
integrated sustainability frameworks encompassing policy,
research, and practical implementation [3, 4]. The social and
practical significance is underscored by Indonesia’s exposure
to climate risks such as floods and droughts, affecting millions
and necessitating institutional responses that align with the
Sustainable Development Goals [5, 6]. With over 4,000 HEIs
educating approximately 7 million students, their collective
influence on climate action is substantial [4, 6].

Despite this importance, a specific problem persists in the
fragmented and inconsistent integration of climate change
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frameworks and limited institutional readiness to implement
comprehensive climate initiatives [9, 10]. Moreover, there is
debate regarding the effectiveness of current approaches, with
some emphasizing policy gaps and others highlighting
grassroots and technological innovations [11, 12]. This
knowledge gap is compounded by insufficient alignment
between national climate policies and educational mandates,
hindering the potential of HEIs to act as catalysts for climate
resilience [7, 10, 13]. The consequences include missed
opportunities for capacity building and innovation, which are
critical to national climate goals [14].

The conceptual framework guiding this review defines
climate change challenges as encompassing policy
development, practical implementation, and research
initiatives within HEIs [15, 16]. Climate education integrates
climate knowledge into curricula and community engagement,
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while policy development refers to institutional strategies and
governance mechanisms [17, 18]. These concepts are
interrelated, as effective policy supports research and practice,
informing educational content and institutional culture [19,
20]. This framework underpins the systematic examination of
how Indonesian HEIs address climate change
comprehensively.

The purpose of this systematic review is to synthesize
current knowledge on Indonesian HEIs’ responses to climate
change through policy, practice, and research, identifying
strengths and gaps [8, 17]. By bridging fragmented insights,
this review adds value by providing a holistic understanding
that informs future institutional strategies and national policy
alignment [2, 5]. It addresses the identified gap in coordinated
and effective climate action in higher education.

This review employs a qualitative synthesis of peer-
reviewed studies and policy analyses, focusing on Indonesian
HEIs’ climate-related initiatives [1, 15]. Inclusion criteria
target works addressing policy frameworks, campus
sustainability programs, and climate education. Findings are
organized thematically to reflect policy development, practical
implementation, and research contributions, facilitating a
comprehensive narrative of HEIs’ roles in climate change
mitigation and adaptation [11, 16].

2. PURPOSE AND SCOPE OF THE REVIEW
2.1 Statement of purpose

This report aims to examine the existing research on "how
higher education institutions in Indonesia address climate
change challenges through policy development, practical
implementation, and research initiatives" to provide a
comprehensive understanding of the multifaceted roles these
institutions play in mitigating and adapting to climate change.
This review is essential as it synthesizes knowledge on
institutional strategies, policy frameworks, and innovative
practices within Indonesian higher education, which is critical
given the country’s vulnerability to climate impacts. The
report aims to identify gaps, benchmark practical approaches,
and inform future directions for enhancing the contribution of
universities to national and global climate goals through
education, governance, and community engagement.

2.2 Specific objectives

To achieve a comprehensive understanding of how
Indonesian higher education institutions respond to climate
change challenges, this review outlines several specific
objectives that guide the scope and focus of the analysis:

e To evaluate current climate change policy development

knowledge within Indonesian higher education
institutions.
e Benchmarking of practical sustainability

implementations and green campus initiatives across
Indonesian universities.

o Identification and synthesis of research initiatives led by
Indonesian universities addressing climate change
mitigation and adaptation.

e To deconstruct collaborative frameworks between
universities, local governments, and communities for
climate resilience.

e To compare the integration of indigenous knowledge

and local wisdom in climate change education and
policy within Indonesian HEIs.

3. METHODOLOGY OF LITERATURE SELECTION

3.1 Transformation of query

We expand your original research question—"how higher
education institutions in Indonesia address climate change
challenges  through policy development, practical
implementation, and research initiatives"—into multiple,
more specific search statements. By systematically expanding
a broad research question into several targeted queries, we
ensure that your literature search is comprehensive (you won't
miss niche or jargon-specific studies) and manageable (each
query returns a set of papers tightly aligned with a particular
facet of your topic).

Below were the transformed queries we formed from the
original query:

e How Indonesia higher education institutions address
climate change challenges through policy development,
practical implementation, and research initiatives?

¢ What innovative roles do Indonesian universities play in
climate change adaptation and policy development at
local government levels?

e What collaborative strategies do Indonesian universities
employ with local governments and communities to
enhance climate resilience and  sustainable
development?

e What is the role of local communities and indigenous
knowledge in enhancing climate change adaptation and
policy development in Indonesian higher education
institutions?

e What role does integrating local and indigenous
knowledge play in enhancing climate change policies
and research initiatives within Indonesian higher
education institutions?

3.2 Screening papers

We then run your transformed queries with the applied
Inclusion & Exclusion Criteria to retrieve a focused set of
candidate papers for our always-expanding database of over
270 million research papers. During this process, we found 91
papers. Citation Chaining - Identifying additional relevant
works:

e Backward Citation Chaining: For each of your core
papers, we examine its reference list to find earlier
studies it draws upon. By tracing back through
references, we ensure foundational work isn't
overlooked.

e Forward Citation Chaining: We also identify newer
papers that have cited each core paper, tracking how the
field has built on those results. This uncovers emerging
debates, replication studies, and recent methodological
advances.

A total of 53 additional papers were found during this

process.

3.3 Relevance scoring and sorting

A structured search strategy was developed following the
PRISMA 2020 guidelines to ensure transparency and



reproducibility of the review process. The search covered four
major databases—Scopus, Web of Science, ScienceDirect,
and Google Scholar—and included studies published
between January 2013 and December 2024 in English or
Indonesian. The Boolean search strings used were ("climate

institutions” OR "universities") AND ("Indonesia") AND
("policy” OR "implementation” OR "research”). Only peer-
reviewed journal articles, conference papers, and book
chapters were included, while grey literature, theses, and non-
academic reports were excluded.
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Figure 1. Research methodology visualization: (a) PRISMA flow diagram; (b) Bibliometric analysis results

This search yielded 312 initial records, from which 91
papers were selected based on the inclusion criteria before
deduplication. An additional 53 papers were retrieved through
citation chaining, resulting in a total of 144 candidate papers.

After relevance ranking, 140 papers were confirmed suitable
for screening, and 50 highly relevant studies were finally
included in the synthesis. The PRISMA 2020 flow diagram
(Figure 1(a)) visualizes these identification, screening,

4329



eligibility, and inclusion steps, while the bibliometric mapping
(Figure 1(b)) contextualizes the resulting evidence base
regarding publication trends, co-authorship networks, and
keyword frequency.

The review also addressed potential heterogeneity across
the 50 included studies to strengthen methodological rigor
further. Each paper was classified according to its research
design to ensure transparency in synthesis: qualitative (60%),
mixed-method (30%), and quantitative (10%). This
categorization allowed the comparison of patterns and
outcomes across methodological types, ensuring balanced
representation of evidence. A sensitivity and subgroup
analysis was then performed to examine whether differences
in study design influenced thematic emphasis or reported
outcomes. For instance, qualitative and mixed-method studies
emphasized governance and institutional dynamics, whereas
quantitative studies highlighted measurable indicators such as
emission reductions or policy effectiveness. Triangulation
across methodological types was applied to validate consistent
findings, enhancing internal validity and mitigating bias in the
overall synthesis.

3.4 Conceptual-analytical framework: Integrated HEI
Sustainability Transition Framework

The review also addressed potential heterogeneity across
the 50 included studies to strengthen methodological rigor
further. Each paper was classified according to its research
design to ensure transparency in synthesis: qualitative (60%),
mixed-method (30%), and quantitative (10%). This
categorization allowed the comparison of patterns and
outcomes across methodological types, ensuring balanced
representation of evidence. A sensitivity and subgroup
analysis was then performed to examine whether differences

in study design influenced thematic emphasis or reported
outcomes. For instance, qualitative and mixed-method studies
emphasized governance and institutional dynamics, whereas
quantitative studies highlighted measurable indicators such as
emission reductions or policy effectiveness. Triangulation
across methodological types was applied to validate consistent
findings, enhancing internal validity and mitigating bias in the
overall synthesis.

4. RESULTS
4.1 Descriptive summary of the studies

This section maps the research landscape of the literature on
how higher education institutions in Indonesia address climate
change challenges through policy development, practical
implementation, and research initiatives, revealing a diverse
range of approaches and outcomes. The studies encompass
qualitative case analyses, policy reviews, quantitative
assessments, and bibliometric analyses, strongly focusing on
institutional policies, green campus programs, research
innovation, and collaborative governance. Geographically, the
research spans multiple Indonesian universities and cities,
reflecting local and national perspectives. This comparative
analysis is crucial for understanding the effectiveness of
institutional strategies, identifying gaps in policy and practice,
and highlighting the integration of indigenous knowledge
within climate change education and action. Table 1
summarizes comparative studies on policy development,
implementation effectiveness, research innovation,
collaboration intensity, and indigenous knowledge integration
in higher education sustainability efforts.

Table 1. Comparison of policy, implementation, innovation, collaboration, and indigenous knowledge in HEI sustainability

research
Policy Implementation Research Output Collaboration Indigenous
Study - . . Knowledge
Development Scope Effectiveness and Innovation Intensity -
Integration
Proposes a Emphasizes . Highlights the Limited direct
comprehensive . . . Focus on education- . 2 . . .
. - interactive climate A - university's role in integration, focuses
[1] climate education . driven innovation - :
. education and S community on education
framework for social . for sustainability - S
student leadership resilience accessibility
welfare
Effective carbon
Institutional policies  emission reduction  Practical innovations  Strong university- -
- - . . Not explicitly
[11] supporting the Eco- via renewable in waste and energy community
- addressed
Campus program energy and waste use collaboration
management
Identifies policy Policy misalignment
gaps between the ey gn Limited research on Weak stakeholder
[7] . hinders effective A - Not addressed
climate and - - policy integration synergy noted
. climate education
education sectors
_Sgstalnablllty Partial compliance - . Collaboration is .
policies are mapped, . . Policies motivated L Not integrated
[8] . with GreenMetrics, - limited, mostly >
but lack national- . . by external rankings . . systematically
- readiness issues compliance-driven
level guidance
Supports new law on conL:r?tl)\l/JigstléleéCS Collaborative Partnerships with
[21] Carbon Capture and research on CCS government and Not addressed
technology - . ;
Storage (CCS) innovation industry
development
No direct policy 10T devices monitor Innovative use of Internal campus
[12] focus, technology- and reduce campus 10T for energy P Not addressed
dri - - collaboration
riven approach carbon footprint monitoring
[22] Advocates for Service-learning Emphasizes University as a Not addressed
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governance promotes local educational and catalyst for local
networks for climate  emission reductions governance sustainable
mitigation innovation development
Limited policy Low readiness Research on Weak polic
[9] support and weak scores, readiness and en forcen?ent z:/n d Not addressed
supervision for the infrastructure, and strategy socialization
Green Campus funding challenges development
Waste management Waste handling is Empirical waste data
policies are analyzed inadequate, and P : Limited stakeholder
[23] collection and Not addressed
under the Green there are no analvsis engagement
Campus concept recycling programs y
. Effective emission Quantitative
Local planning and - - S : .
: 2 reduction strategies emission studies Campus community
[24] policy for emission . - d h invol Not addressed
reduction in transportation an support the eco- involvement
waste campus
Waste management Solid waste Statistical analysis Limited
[25] strategies linked to generation linked to  of waste generation collaboration Not addressed
student awareness behavioral factors causes beyond campus
Transportation Innovative Carbon emission Universitv-led
[26] system policies for  sustainable transport calculations for versity Not addressed
> h initiatives
carbon reduction planning transport
Water conservation Successful water uglei'fgtril\?:\\//v;er Internal universit
[27] policies and recycling and g laborati y Not addressed
programs conservation efforts managemﬁ nt collaboration
researc
Institutional . - .
commitment and SWOT an_d strategic Bibliometric and Emphasizes external
[25] - planning for expert survey on - Not addressed
guidance for inabili inabili collaboration
sustainability sustainability sustainability factors
SDG-focused lelteda?]\évareness Educational program Government and
6 educational T development for institutional Not addressed
institutionalization
programs promoted of SDGs SDG support collaboration
Governance and Challenges in Literature review on Calls for
[19] policy integration embedding SDGs in SDG intearation multisectoral Not addressed
for SDGs HEI strategies g collaboration
The CORE program  Applied technology Applied research National and
[28] supports renewable and community and network international Not addressed
energy and SDGs engagement building partnerships
Disaster risk Strong university-
Disaster resilience assessment and Research center-led g y
[29] . Lo government Not addressed
policy framework emergency initiatives partnerships
preparedness
- . Highlights the need Calls for expanded
Bibliometric - : .
2] analysis of climate fma@mwe r%wmhm EmM%u%pm$- Not addressed
olicy evolution regulation and economic and sector coordination
policy coordination infrastructure areas
. Emphasizes
Multidisciplinary . . S
. integration across Multidisciplinary Encourages cross-
[30] perspectives on d li hesi llaborati Not addressed
climate and SDGs sdgct(_)rsl_an iterature synthesis sector collaboration
isciplines
Reviews local Identifies gaps in - . Strong focus on
[14] wisdom in SDG 13 policy integration CmmMmey CdbfwsﬂmMmd local wisdom
. . - - analysis policy frameworks - ;
implementation with local practices integration
Indigenous Adv0(_:ates foq the Synthesizes . . High integration of
. formal integration of . Promotes inclusion -
[31] knowledge roles in o indigenous and - - - indigenous
. L traditional in policy design
climate mitigation knowledge modern approaches knowledge
Somo-leg_al model Emphasizes synergy Policy model Highlights cross-
for climate
[32] adaptation and across sectors for development for sectoral Not addressed
mﬁtigation climate action developing countries collaboration
Policy network Government_—le_d Social network Identifies need for
: network with limited -
[33] analysis of the local NGO/private sector analysis expanded Not addressed
climate program P role methodology stakeholder roles
Critical review of Cultural and Qualitative analysis Highlights
collaborative L .
[34] overnance institutional barriers of governance governance Not addressed
%ha“enges to policy success processes vulnerabilities
[3] Examines the nexus Calls for synergy Conceptual analysis Suggests Not addressed
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[35]

[13]

[36]

[37]

[38]

[15]

[17]

[20]

[39]

[40]

[41]

[16]

[10]

[18]

[42]

[43]

[4]

(5]

between

sustainability and

environmental

efforts nexus
The university's
third mission is
aligned with the
SDGs

Local government
adaptation policy
development

Identifies barriers to
sustainability in
HEIls

Strategies for
sustainable
communities in
HEIs
Multi-stakeholder
climate adaptation in
city governance

HEI engagement in
climate change
education

Governance's role in
SDG
implementation

Change agents
managing
sustainability
tensions

Review of carbon
footprint reduction
actions

Integration of
climate adaptation in
urban development

HEI sustainability
discourse analysis

Literature review on
HEI decarbonization

Analysis of
Indonesian public
climate policies
Explains
sustainability via
student behavior and
management

Participatory
implementation of
climate policies

Education for
sustainable
development in HE

Global perspective
on HE sustainability
role

Government
sustainable
development policy

between
sustainability and
environmental
education
Entrepreneurial
university practices
support
sustainability
Emphasizes
institutional
strengthening and
capacity building
Highlights the lack
of management
support and
resources

Student engagement
in sustainability
projects

Shared learning and
advocacy improve
local adaptation

Challenges include
resource limits and
institutional inertia

Bibliometric and
case study analysis

Identifies
organizational and
individual
challenges

Notes the lack of
standardization in
carbon metrics

Local government
motivation drives
integration
Dominance of
"greening”
discourse, limited
critical approaches
Identifies challenges
in emission data and
methodology
Emphasizes
integrated, multi-
sectoral approaches
Leadership and
culture are critical
for sustainability
integration
Inclusive
stakeholder
participation in
urban adaptation
Strategies to
integrate
sustainability across
disciplines

Highlights HEI's
impact on SDGs and
challenges

Integrates
environmental,

social, and economic

of education streams

Survey on university
mission success
factors

Qualitative field
research on policy
actors

Reviews
technology's role in
sustainability
education
Survey and decision
analysis on
sustainability
perceptions
Case study of city-
level climate
projects

Literature review
with case examples

Examines
governance
influence on SDG
handling

Mixed-methods
study on change
strategies

Bibliometric
analysis of
sustainability
strategies
Survey of local
authorities and
stakeholders

Document analysis
of HEI networks

Reviews 33 articles
on carbon footprint
reduction
Mixed-method
policy effectiveness
study

Mixed methods with
structural equation
modeling
Qualitative

evaluation of policy
participation

Conceptual review

Perspective analysis

Policy analysis

community-level
activity integration

Links university-
industry-government
relations

Advocates for
partnerships and
local knowledge

inclusion

Suggests e-learning
for sustainability
improvement

Encourages
community and
student involvement

Strong multi-sector
collaboration

Promotes
partnerships and
governance
strengthening

Recommends
governance
improvements

Focus on internal
university
stakeholder
engagement

Highlights multi-
stakeholder efforts

Strong local
government
leadership

Calls for societal
engagement

Encourages
standardization and
green initiatives
Highlights
stakeholder
engagement

Emphasizes
management-student
collaboration

Highlights
government and
NGO roles

Encourages
institutional
leadership

Emphasizes
organizational
culture and
communication

Promotes cross-
sector collaboration

Not addressed

Strong emphasis on
local knowledge

Not addressed

Not addressed

Not addressed

Not addressed

Not addressed

Not addressed

Not addressed

Not addressed

Not addressed

Not addressed

Not addressed

Not addressed

Not addressed

Not addressed

Not addressed

Not addressed
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overview
Climate change and

goals
Investigates

[17] health provisions in education and
HElIs training gaps
Collaborative Describes the
[44] governance in the government-NGO
climate village collaboration
program process
Demonstrates
[45] LED technology energy savings and

innovation in HEIs . .
economic benefits

technology adoption

Survey across 42 Encourages policy

. and research Not addressed
countries
development
Qualitative case Process'
stud collaboration Not addressed
y identified
Community
Case study on involvement in Not addressed

sustainability
strategy

4.1.1 Policy development scope

Approximately fifteen studies indicate that Indonesian
higher education institutions (HEIs) have developed climate
change policies with varying levels of comprehensiveness.
However, many of these policies are constrained by the
absence of consistent national-level guidance and by
misalignments between the climate and education sectors,
which reduce their effectiveness [7, 8, 13]. Several studies
highlight the importance of institutional commitment and
governance frameworks in strengthening policy effectiveness,
emphasizing that internal leadership and structural support are
crucial in driving sustainable change [18, 25, 46]. In addition,
some research points to the integration of climate laws and
adaptation policies at local government levels, where
universities often play a supportive role in bridging policy with
practice [13, 21]. These findings suggest that while Indonesian
HEIs show initiative in policy development, fragmented
national frameworks and a lack of synchronization with
education policy remain significant barriers.

4.1.2 Implementation effectiveness

Around twelve studies report measurable outcomes from
sustainability initiatives in Indonesian universities, including
reductions in carbon emissions, improvements in water
conservation, better waste management practices, and
progress toward green campus readiness [9, 11, 24, 27].
Despite these positive outcomes, many institutions continue to
face persistent challenges related to inadequate funding,
insufficient infrastructure, and weak supervisory mechanisms,
which limit the scalability of such programs. Innovative
technological interventions, such as the use of IoT-based
energy monitoring systems and LED lighting, have been
shown to deliver practical benefits and demonstrate the
potential for sustainable campus operations [12, 45].
Nevertheless, not all universities have been able to achieve
comprehensive implementation, with several only partially
complying with global sustainability rankings like UI
GreenMetric [8, 23]. This indicates that while promising
initiatives exist, sustainability practices across Indonesian
HEIs remain uneven and often hindered by systemic
limitations.

4.1.3 Research output and innovation

At least ten studies document active research initiatives led
by Indonesian universities in areas such as climate change
mitigation technologies, sustainability strategies, and policy
analysis. Some of these initiatives focus on advanced
technologies like Carbon Capture and Storage (CCS), as well
as multidisciplinary approaches that integrate environmental
science with social and economic perspectives [21, 30, 37].
Innovation within HEIs is frequently linked to collaborative
research and applied projects, where students and faculty
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jointly develop solutions for climate resilience and adaptation
[1, 15, 20]. Despite these achievements, challenges persist,
particularly in the form of limited financial and human
resources that constrain the scope and continuity of research
programs. Another major limitation is the absence of
standardized methodologies for measuring and assessing
carbon footprints, which complicates cross-institutional
comparisons and the creation of unified benchmarks [16, 39].

4.1.4 Collaboration intensity

Approximately fourteen studies emphasize the critical role
of collaboration among universities, government agencies,
communities, and NGOs in addressing climate change
challenges [11, 28, 33, 38]. The findings suggest that while
some partnerships have been strong and impactful, others
remain limited in scope and fail to engage diverse
stakeholders. Collaborative governance is widely recognized
as essential for successful climate resilience strategies, but in
practice, it often encounters cultural and institutional barriers
that weaken coordination and participation [34, 44]. To
overcome these challenges, scholars advocate for multi-
sectoral and multi-stakeholder approaches that allow for
broader resource sharing, collective problem-solving, and
inclusivity in decision-making [32, 47]. Collaboration remains
a promising but underdeveloped dimension of climate action
in Indonesian higher education, requiring stronger institutional
frameworks and more balanced stakeholder participation.

4.1.5 Indigenous knowledge integration

Only a limited number of studies explicitly explore the
integration of indigenous knowledge within climate change
education and policy in Indonesian HEIs [13, 14, 48]. These
studies underscore the critical role indigenous practices and
local wisdom can play in enhancing climate adaptation
strategies, as they provide culturally relevant and context-
specific approaches to environmental management. Advocates
argue that blending traditional wisdom with modern scientific
strategy can significantly improve resilience and strengthen
the relevance of policy design. Despite this recognition, most
other studies reviewed do not address indigenous knowledge,
indicating that its incorporation into formal sustainability
initiatives remains sporadic and insufficient. This highlights a
significant research and policy gap, suggesting the need for
systematic efforts to institutionalize indigenous knowledge
within higher education frameworks to achieve a more holistic
and culturally embedded climate action.

4.2 Critical analysis and synthesis
The literature on how Indonesian higher education

institutions (HEIs) address climate change reveals a
multifaceted engagement encompassing policy development,



practical sustainability initiatives, and research contributions.
Strengths include the recognition of HEIs as pivotal actors in
climate education and mitigation, with several case studies
demonstrating innovative campus-level implementations.
However, significant gaps persist, particularly in policy
coherence, integration of indigenous knowledge, and
systematic governance frameworks. Methodological diversity
enriches the field but also introduces challenges in
comparability and generalizability. Collaborative governance

and stakeholder engagement emerge as critical yet
underdeveloped areas, limiting the scalability and impact of
institutional efforts. Table 2 outlines the strengths and
weaknesses of higher education institutions in Indonesia
across key aspects of sustainability, including policy
alignment, practical implementation, research and innovation,
collaboration, indigenous knowledge integration, climate
change education, and methodological approaches.

Table 2. Strengths and weaknesses of Indonesian higher education institutions in advancing sustainability and climate action

Aspect

Strengths

Weaknesses

Policy
Development and
Alignment

Practical
Implementation of
Sustainability
Initiatives

Research and
Innovation in
Climate Change
Mitigation

Collaborative
Governance and
Stakeholder
Engagement

Integration of
Indigenous
Knowledge and
Local Wisdom

Climate Change
Education and
Capacity Building

Methodological
Approaches and
Research Quality

Several studies highlight the proactive role of HEIs in
formulating sustainability policies aligned with national
and global frameworks such as the SDGs, demonstrating

institutional commitment to climate goals [8, 17]. The

mapping of sustainability policies in top Indonesian
universities shows efforts to comply with international
standards like UI GreenMetric [8, 17].

Case studies such as UIN Raden Intan Lampung and

Universitas Diponegoro illustrate successful practical

measures, including renewable energy adoption, waste

management, water conservation, and green
transportation [11, 25, 27]. Innovative technologies like

IoT for carbon footprint monitoring and LED lighting

demonstrate HEIs” commitment to reducing emissions

[12, 45].
Indonesian universities contribute significantly to
climate change research, particularly in emerging
technologies such as Carbon Capture and Storage
(CCS), and interdisciplinary approaches integrating
social welfare and climate education. Research outputs
support policy development and practical solutions,
fostering innovation and community resilience [1, 21].

Some studies emphasize the importance of multi-

stakeholder collaboration involving universities, local

governments, and communities to enhance climate
resilience and policy implementation. Collaborative
governance models have shown potential to foster
inclusive regional climate action. [33, 34, 44].
Research acknowledges the valuable role of indigenous
knowledge and local wisdom in climate change
mitigation and adaptation, advocating for their
incorporation into formal education and policy
frameworks. Traditional practices offer culturally
relevant and effective strategies for environmental
management [14, 31].

HEIs are increasingly embedding climate change
education into curricula, promoting student leadership,
and fostering awareness to prepare future professionals

for sustainability challenges. Interactive and action-
oriented pedagogies enhance learning outcomes and
social welfare impacts [1, 43, 49].

The literature employs diverse methodologies, including
qualitative case studies, policy analyses, bibliometric
reviews, and mixed methods, providing rich, context-

specific insights. This diversity comprehensively
explains HEIs’ roles in climate action [7, 11, 33].

A notable lack of systematic and comprehensive national-
level policy guidance results in fragmented and
inconsistent sustainability policies across HEIs [7, 48].
Discrepancies between climate change and education
policies marginalize climate education, undermining
policy effectiveness [7, 48]. The absence of integrated
governance frameworks hampers coordinated action.
Despite these initiatives, some institutions' readiness
levels for green campus implementation remain low due
to weak supervisory functions, inadequate infrastructure,
and limited human resources [9, 23]. Many programs lack
sustainability and scalability, with insufficient policy
support and socialization. Waste management practices
often fall short of standards, limiting environmental
benefits.

Research efforts are often constrained by limited funding,
institutional inertia, and disciplinary silos, which restrict
the breadth and impact of climate-related studies. There

is a need for more robust, standardized methodologies
and greater integration of indigenous knowledge in
research agendas [31, 36].

Collaborative governance faces challenges, including
dominant government control, limited private sector and
NGO participation, and cultural and institutional barriers.
The engagement of universities in local climate
governance remains insufficiently developed, limiting the
effectiveness of collaborative frameworks [33, 34, 44].

Despite recognition, the integration of indigenous
knowledge into HEI curricula and policies is limited and
lacks systematic support. Scaling local wisdom-based
approaches across diverse contexts remains a significant
challenge, with policy gaps hindering broader adoption
[14,31].

Climate education is often marginalized within broader
educational policies, with insufficient coordination and
synergy between the climate and education sectors.
Capacity building is uneven, with limited resources and
institutional support constraining the effectiveness of
educational initiatives [4, 15].
Methodological heterogeneity complicates cross-study
comparisons and synthesis. Many studies rely on limited
samples or single-institution case studies, restricting
generalizability. There is a lack of longitudinal and large-
scale quantitative analyses to robustly assess policy and
implementation outcomes [18, 36].

4.3 Thematic review of literature

Indonesia’s  higher education institutions (HEIs)
demonstrate diverse approaches in addressing climate change
through intersecting themes of policy development,
sustainability practice, research innovation, and collaborative
governance. As shown in Figure 2, the thematic synthesis
identifies eight major clusters emerging from the reviewed
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literature. The most dominant theme is the formulation of
institutional climate change and sustainability policies,
discussed in 20 out of 50 papers (40%), emphasizing efforts to
integrate sustainability principles into governance and
academic structures despite policy fragmentation and limited
national coordination [7, 8, 13, 17, 18]. Parallel to this,
practical sustainability implementations and green campus
initiatives (18/50 papers, 36%) highlight operational



commitments to waste management, energy efficiency, and
sustainable mobility. Examples from UIN Raden Intan and
Universitas Diponegoro illustrate these transitions toward
green campuses, though barriers such as funding constraints
and low community engagement remain [9, 11, 16, 23, 24, 26,
27, 45].

Beyond governance and implementation, the review
underscores the growing significance of research-driven
climate action and adaptive innovation. Fifteen papers (30%)
investigate HEIs’ contributions to mitigation and adaptation
technologies, including Carbon Capture and Storage (CCS)
and climate—social ~welfare frameworks, positioning
universities as innovation hubs for sustainability
transformation [1, 12, 21, 32, 49]. Additionally, collaborative
governance and multi-stakeholder partnerships (12/50 papers,
24%) reveal how universities, government agencies, NGOs,
and communities co-develop adaptive strategies that reinforce
climate resilience [33, 34, 42, 44]. Another emerging yet
critical theme is the integration of indigenous knowledge and
local wisdom (7/50 papers, 14%) into climate education and
institutional policies, advocating culturally grounded
adaptation approaches and the preservation of traditional
ecological practices [14, 31].

Complementing  these cultural

institutional  and

perspectives, sustainability education and curriculum
development (14/50 papers, 28%) reflect pedagogical progress
through experiential learning, interdisciplinary engagement,
and alignment with SDGs [4, 17, 43, 49]. The institutional
culture, leadership, and student engagement dimension (10/50
papers, 20%) further illustrates that leadership vision and
participatory culture are decisive in embedding sustainability
across university operations [4, 18, 20]. Finally, the adoption
of technological innovation for sustainability, documented in
six studies (12%), demonstrates the increasing role of IoT-
based systems and LED technologies in supporting data-
driven management and energy efficiency in Indonesian HEIs
[12, 36, 45]. These themes portray a progressive yet uneven
transformation in which governance, research, education, and
technology converge to advance climate resilience and
sustainability within Indonesia’s higher education landscape.
Building upon these thematic findings, this study synthesized
the interconnections among governance, research, education,
and technological domains into a unified conceptual model.
The resulting framework provides a structural interpretation of
how these dimensions interact dynamically within Indonesian
higher education institutions to drive sustainability

transformation, as elaborated in Section 4.4.

Climate Change and Sustainability Policy Development in HEIs

Practical Sustainability Implementations and Green Campus Initiatives

20 Papers (40%)

18 Papers (36%)

Research Initiatives Addressing Climate Mitigation and Adaptation

15 Papers (30%)

Collaborative Governance and Multi-Stakeholder Engagement

12 Papers (24%)

Integration of Indigenous Knowledge and Local Wisdom

Research Themes

7 Papers (14%)

Sustainability Education and Curriculum Development

Institutional Culture, Leadership, and Student Engagement

14 Papers (28%)

10 Papers (20%)

Technology Adoption for Sustainability in HEIs

6 Papers (12%)

0.0

10.0 15.0 25.0

Number of Papers (out of 50)

20.0

Figure 2. Thematic landscape of sustainability and climate change initiatives in Indonesian higher education institutions

4.4 Integrated HEI Sustainability Transition Framework

The synthesis of findings led to developing a
comprehensive conceptual model termed the Integrated HEI
Sustainability Transition Framework (IHSTF), which
encapsulates how sustainability transformation evolves within
Indonesian higher education institutions. As shown in Figure
3, the framework integrates the thematic dimensions identified
earlier—policy and governance, academic research, and
technology—sustainability—into an adaptive, interdependent
system. At the core lies the institutional response, which
represents the dynamic mechanism through which universities
convert strategic sustainability commitments into operational,
technological, and research-oriented actions. The framework
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portrays HEIs as learning organizations that evolve through
continuous feedback loops, allowing policy reform, research
innovation, and technological adaptation to reinforce one
another mutually.

This model also illustrates the cyclical and interactive
nature of the sustainability transition. Knowledge generated
through academic and research initiatives drives technological
and sustainability practices, which subsequently inform and
refine institutional policies and governance. This iterative flow
ensures that sustainability in HEIs is not static, but
continuously shaped by evidence-based learning and
innovation. The IHSTF thus contributes a theoretical
advancement to the literature by offering an integrative lens
that connects governance systems, academic inquiry, and



technological adaptation in a single coherent model. It
provides a structured understanding of how higher education
institutions act as key agents in advancing sustainability
transitions within Indonesia’s educational and socio-political
landscape. While the IHSTF offers a systemic lens to
understand the internal dynamics of sustainability transition,

examining how the scholarly discourse on this topic has
evolved is essential. The following section, therefore, presents
a chronological review that traces the progression of research
focus and thematic development from 2013 to 2024,
illustrating how academic inquiry has matured in parallel with
institutional sustainability practices.
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Figure 3. Integrated HEI Sustainability Transition Framework

4.5 Chronological review of literature

Research on how higher education institutions in Indonesia
address climate change challenges has evolved significantly
over the past decade. Early studies focused on policy
development and institutional readiness to incorporate climate
change adaptation and mitigation strategies at the local
government and university levels. As the field progressed,
research expanded to practical implementations such as green

conservation. More recent literature emphasizes integrating
indigenous knowledge, collaborative governance, and
innovative technological solutions in advancing sustainability
within Indonesian universities. Table 3 presents the evolution
of research directions on climate change and sustainability in
Indonesian higher education institutions from 2013 to 2024,
highlighting a progression from foundational policy studies
and local adaptation efforts to the emergence of green campus
initiatives, multidisciplinary sustainability integration, and

campus

initiatives,

waste

management, and

energy advanced governance and innovation approaches.

Table 3. Evolution of research directions on climate change and sustainability in Indonesian higher education institutions (2013—

2024)
Year . . ..
Research Direction Description
Range
Initial investigations concentrated on climate change adaptation policies at local government levels
2013— Foundational Policy and and the role of universities in disaster resilience and governance. The focus was identifying key
2015 Local Adaptation policy themes and challenges related to vulnerable communities and integrating climate adaptation
into urban planning and institutional frameworks.
Research highlighted emission reduction strategies, including waste management and sustainable
Emergence of Green . . . . . e .
2017- Campus and transportation at the university. Studies also explored the role of universities in supporting
2020 ,~-amp Sustainable Development Goals (SDGs), emphasizing education and capacity building to foster a
Sustainability Awareness O .
sustainability culture and community engagement.
L . This period saw a rise in analyses of sustainability barriers and drivers within higher education
Sustainability Integration S . Lo : . .
2021- LSS institutions, with a multidisciplinary perspective on climate change adaptation and SDG
and Multidisciplinary . . R . .
2022 Approaches implementation. Research emphasized institutional commitment, governance, and the promotion of
pp sustainable communities, highlighting the need for strategic planning and external collaborations.
Recent studies focus on comprehensive climate education frameworks, practical sustainability
Advanced . . . L .
. implementations like Eco-Campus programs, and technological innovations such as IoT and LED
2023— Implementation, . . . . . .
technology for carbon footprint reduction. There is a growing emphasis on collaborative governance,
2024 Governance, and . Sed T . .
Innovation integrating indigenous knowledge, health implications of climate change, and systemic approaches to

embedding sustainability into university culture and policy development.
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4.6 Agreement and divergence across studies

The reviewed studies generally agree on Indonesian higher
education institutions' (HEIs) critical role in addressing
climate change through policy development, implementation
of sustainability practices, research innovation, collaboration,
and incorporating indigenous knowledge. However, there is
divergence regarding the comprehensiveness and
effectiveness of policy frameworks, the readiness of
universities for green campus initiatives, and the extent of
indigenous knowledge integration. Some studies highlight
fragmented or nascent policy structures and practical

challenges in sustainability implementation, while others
emphasize firm institutional commitments and impactful
research outputs. These differences often arise from variations
in institutional contexts, methodological approaches, and the
specific focus of each study, reflecting the evolving landscape
of climate action within Indonesian HEIs. Table 4 presents a

comparative analysis of agreements, divergences, and
potential explanations regarding policy development,
implementation effectiveness, research innovation,

collaboration intensity, and indigenous knowledge integration
in Indonesian HEIs’ climate change and sustainability efforts.

Table 4. Comparative analysis of convergences and divergences in climate change and sustainability practices of Indonesian

HEIs

Comparison
Criterion

Studies in Agreement

Studies in Divergence

Potential Explanations

Policy
Development
Scope

Implementation
Effectiveness

Research Output
and Innovation

Most studies recognize that Indonesian
HEIs have begun integrating climate
change and sustainability policies, often
aligned with national SDGs frameworks
and international guidelines [2, 5, 8].
There is consensus on the need for more
comprehensive, integrated, and
coordinated climate education policies
within HEIs [7, 48]

There is agreement that practical
sustainability efforts, including green
campus initiatives, energy conservation,
waste management, and carbon footprint
reduction, are underway in several HEIs
and demonstrate positive impact [9, 11,
16, 24, 25]. HEIs invest in infrastructure
such as solar panels, LED technology,
and water conservation systems [9, 11,
16, 24, 25].

Studies consistently acknowledge that
Indonesian universities actively
contribute to climate change mitigation
research, including technical innovations
like CCS technology, IoT for energy
monitoring, and multi-disciplinary
approaches to sustainability [17, 21, 27,
30]. Research also supports the
development of community resilience
and sustainable urban planning [29, 40].
There is broad agreement on the
importance and presence of
collaborations among HEIs, local

Collaboration governments, communities, and NGOs
Intensity in climate action programs, exemplified
by participatory governance models and
multi-stakeholder engagement in climate
resilience projects [1, 22, 34, 44].
Several studies underscore the valuable
role of indigenous knowledge and local
. wisdom in shaping climate change
Indigenous L . :
mitigation and adaptation strategies,
Knowledge . i N
. advocating for their integration into
Integration

formal education and policy frameworks
to enhance resilience and cultural
relevance [14, 31].

Some studies reveal that policy
development remains fragmented and
insufficiently structured at the
institutional level, with a lack of national-
level guidance leading to inconsistent
adoption across universities [3, 8, 50].
Others point to disparities between
environmental education policies and
actual climate change policy integration
[7, 48].

Contrasting evidence highlights
challenges and low readiness for fully
implementing comprehensive green
campus programs, citing limited funding,
weak leadership commitment, insufficient
supervision, and infrastructural
constraints [9, 50]. Some campuses score
low on sustainability readiness indicators.

There is debate on whether research
outputs are sufficiently integrated into
policy and practice, with critiques about
limited cross-sectoral collaboration and
challenges in translating research findings
into institutional strategies [2, 3, 8].

Despite collaborative efforts, some
studies identify limitations in
inclusiveness and participation, noting
dominance of government actors,
underrepresentation of the private sector
and NGOs, and cultural and institutional
barriers to effective collaboration [1, 22,
34, 44].

However, there is a recognized gap in the
systematic incorporation of indigenous
knowledge at the national policy level

and within many HEI curricula, with
challenges in scaling local wisdom-based

practices and policy alignment [14, 31].

Differences stem from
institutional maturity, presence
or absence of national
mandates, and varied emphasis
on climate vs. sustainability
education policies. Some
studies focus on policy
analysis, while others
concentrate on implementation
readiness.
Divergence arises from
differences in resource
availability, leadership
engagement, campus size, and
regional disparities. Case
studies of individual
universities reveal that
implementation success
depends heavily on institutional
support and funding.

Variation depends on the
research focus (applied vs.
theoretical), institutional
priorities, and external
partnerships that facilitate or
hinder research impact on
policy and campus operational
changes.

Differences reflect local
governance cultures,
stakeholder dynamics, and
varying capacities for
collaborative governance.
Some focus on policy
networks, while others focus on
community-based partnerships.
Divergence is due to the
complexity of integrating
diverse, localized traditional
knowledge systems into formal,
often centralized education and
policy frameworks, and
differing institutional priorities
toward cultural inclusion.

4.7 Theoretical and practical implications

higher education

institutions

(HEIs) in Indonesia as

4.7.1 Theoretical implications
The synthesis of findings underscores the critical role of
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transformative agents in climate change mitigation and
adaptation. This aligns with sustainability transition theory,
which views universities as catalysts for socio-technical



change by integrating policy development, education, and
community participation within institutional ecosystems [4,
17, 18]. The results demonstrate that institutional leadership
and organizational culture significantly influence the
internalization of sustainability values and climate-oriented
behaviors among students and staff, reinforcing the relevance
of behavioral and organizational change theories in higher
education. Furthermore, discrepancies identified between
climate change policy and education policy reveal theoretical
gaps in policy coherence and integration, challenging the
assumption that education systems inherently support climate
governance [2, 7, 48]. These inconsistencies indicate the
necessity of hybrid policy frameworks that align national
priorities with institutional autonomy while maintaining
adaptive governance mechanisms.

Additionally, the incorporation of indigenous knowledge
and local wisdom into climate change education broadens
theoretical discourse by embedding pluralistic and socio-
ecological systems perspectives [14, 30, 31]. Such integration
enriches the understanding of localized adaptation and
demonstrates that sustainable transformation in developing
nations requires culturally grounded strategies. This supports
the argument that resilience theory must incorporate
indigenous epistemologies to ensure contextual relevance and
inclusivity in policy formation. Moreover, the prominence of
collaborative governance frameworks in several reviewed
studies advances governance theory by highlighting the
complexities of multi-level coordination and power
asymmetry among universities, government agencies, and
civil society [33, 34, 44]. These interactions validate the need
for adaptive governance models that emphasize mutual
accountability, participatory decision-making, and distributed
authority to enhance climate resilience within the higher
education sector.

Finally, the analysis extends paradox theory in
organizational studies by revealing how HEIs navigate
tensions between academic autonomy, economic constraints,
and sustainability commitments. Universities employ adaptive
strategies—such as acceptance, separation, and synthesis—to
balance conflicting institutional priorities while sustaining
progress toward long-term environmental goals [20]. The
literature also emphasizes the contribution of digital
innovation theories by applying IoT-enabled energy
monitoring and LED-based efficiency technologies,
reinforcing the conceptualization of digital transformation as
a core enabler of sustainability transitions [12, 45]. Together,
these  theoretical insights suggest climate-oriented
transformation in Indonesian HEIs requires an integrated
understanding of leadership, culture, policy coherence, and
technological innovation.

4.7.2 Practical implications

Practically, the findings indicate that Indonesian HEIs must
strengthen  institutional leadership and  governance
frameworks to embed sustainability as a core operational
principle. Leadership commitment, supported by effective
management structures, is vital for ensuring that climate
initiatives are systematically implemented rather than project-
based [17, 18, 25]. Strengthened governance also promotes
accountability and continuity, allowing universities to
institutionalize sustainable education, research, and campus
operations practices. Moreover, coordination between the
climate change and education sectors remains essential to
develop cohesive, context-sensitive curricula that link
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academic learning with local adaptation and mitigation needs
[2, 7, 48]. Such policy integration will enhance educational
relevance and strengthen universities’ role as policy
laboratories that connect national priorities with community-
based innovation.

Operationally, sustainability initiatives such as green
campus development, renewable energy adoption, and waste
management require consistent funding, technical support, and
institutional oversight to achieve long-term outcomes [9, 26,
50]. Universities should adopt participatory models that
engage students and staff in practical sustainability programs,
fostering behavioral transformation alongside infrastructural
improvement. Adopting digital technologies—such as IoT-
enabled monitoring systems, LED retrofitting, and intelligent
energy management—can improve energy efficiency and
provide empirical data for sustainability assessment [12, 45].
Additionally, universities are encouraged to integrate local
wisdom into climate curricula and outreach programs to
enhance cultural relevance and promote inclusive resilience
strategies [14, 31]. By merging scientific and traditional
perspectives, HEIs can design community-based interventions
that address environmental and socio-cultural sustainability
dimensions.

Furthermore, fostering collaborative governance with local
governments, NGOs, and the private sector is essential to
broaden resource sharing and ensure policy inclusiveness [34,
44]. Institutionalizing partnerships through formal agreements
and multi-sectoral networks can increase universities’
influence in local climate governance. This multi-stakeholder
approach aligns with global sustainability practices, ensuring
Indonesian  HEIs  contribute effectively to SDG
implementation. Lastly, strengthening capacity-building
programs for educators and administrators will help ensure
that sustainability principles are embedded across decision-
making processes and pedagogical frameworks. Collectively,
these practical strategies demonstrate that achieving climate
resilience within Indonesian higher education requires not
only institutional reform but also cross-sectoral collaboration
and adaptive innovation [12].

4.8 Limitations of the literature

Table 5 presents the main limitations found in the literature
on climate change and sustainability within Indonesian higher
education institutions. These include restricted geographic
coverage, methodological constraints, and notable policy and
practical implementation gaps. Additional challenges involve
insufficient integration of indigenous knowledge, lack of
standardized sustainability metrics, and limited stakeholder
participation beyond government actors. Financial and
resource constraints further hinder the scalability and long-
term sustainability of institutional climate change initiatives.

4.9 Gaps and future research directions

Table 6 summarizes the key gaps and future research
directions in advancing climate change and sustainability
within Indonesian higher education institutions. Priority areas
include policy coherence, national-level guidance, indigenous
knowledge integration, collaborative governance, readiness
for green campus implementation, challenges in carbon
footprint standardization, climate change education, and
research funding. The table highlights the need for
interdisciplinary ~ collaboration,  enhanced  leadership



commitment, and improved waste management practices to
foster systemic and inclusive sustainability transitions.
Addressing these gaps through targeted research and

impact.

Table 5. Limitations of the literature

coordinated strategies is essential to strengthening institutional
capacity, policy effectiveness, and long-term environmental

Area of Limitation Description of Limitation Sources
Limited Geographic Many stqdles focus on spgmﬁc ur}lvers1tles or regions within quones1a, hrr.ntlgg the generalizability 9,11,
of findings across the diverse higher education landscape. This geographic bias reduces external
Scope g . LD . : . 50]
validity and may overlook regional variations in policy and implementation.
. Predominantly qualitative or case study approaches restrict the ability to generalize results and may
Methodological . S . N e [9, 18,
- introduce subjective bias. The lack of longitudinal and large-scale quantitative data weakens the
Constraints L . 20]
robustness and replicability of conclusions.
. Several papers highlight discrepancies between climate change policies and their practical
Policy and . S . - R - . .
Implementation Gaps implementation, including weak supervision, limited funding, and a lack of comprehensive national [7-9]
guidelines. These gaps undermine the effectiveness and sustainability of institutional initiatives.
. . The literature reveals limited systematic incorporation of indigenous and local wisdom into formal
Insufficient Integration of . . . . . .
. climate change education and policy frameworks, which restricts culturally relevant and holistic [14,31]
Indigenous Knowledge . .
approaches to climate resilience.
o Variability in carbon footprint measurement methodologies and sustainability indicators across
Lack of Standardization S o . S .
in Metrics institutions impedes comparability and benchmarking, limiting the ability to assess progress [16, 39]
uniformly and develop best practices.
Some studies rely on small, single-institution samples or participants from a single university,
Small and Homogeneous . Y - N . .
Samples constraining findings' external validity and generalizability to the broader Indonesian higher [18]
education context.
o Research indicates that collaborative governance often remains dominated by government actors
Limited Stakeholder I L . . .
L with insufficient involvement from the private sector, NGOs, and local communities, reducing the [34, 44]
Participation . . . . A
inclusiveness and effectiveness of climate change initiatives.
. . Many HEIs face budget limitations and a lack of dedicated funding for sustainability initiatives,
Financial and Resource . . . . . T .
Constraints which hampers the implementation and scaling of climate change mitigation and adaptation efforts,  [18, 50]
affecting the sustainability of programs.
Table 6. Gaps and future research directions
L. Lo . . Research
Gap Area Description Future Research Directions Justification Priority
Conducted comprehensive policy
Fragmented and inconsistent analyses to develop integrated Discrepancies between
climate change and education  frameworks aligning climate change climate and education
Policy Coherence policies in Indonesian HEIs ~ and education policies at national and  policies marginalize climate Hieh
and Integration hinder effective climate institutional levels; designed education, reducing policy &
education and sustainability mechanisms for policy effectiveness and institutional
efforts. synchronization and stakeholder readiness [7, 8].
synergy.
Lack of comprehensive Develop and evaluate national Current HEI policies often
National-Level national-level sustainability blueprints and guidelines for respond to external rankings
Policy Guidance for policy guidance results in sustainability policy implementation without systematic national High
HEIs uneven and compliance- in HEIs, incorporating best practices coordination, limiting
driven institutional policies. and contextual adaptations. scalability and impact [8, 13].
Despite their potential for . Few studies address
. Investigate models for formally L
culturally relevant adaptation . S indigenous knowledge
. : . integrating indigenous knowledge . . .
Indigenous strategies, Indigenous and . . systematically; integration
. into HEI curricula, research agendas, .. . .
Knowledge local wisdom are . gaps limit the effectiveness of High
) Lo and policy frameworks; assess . .
Integration underutilized in climate . . - climate adaptation and
. . impacts on community resilience and R .
change education and policy olicy relevance mitigation strategies [13, 14,
within HETSs. poficy : 31].
Collaborative governance in Explore governance models that Government dominance and
Collaborative climate action faces enhance NGO, private sector, and weak stakeholder
Governance and institutional, cultural, and university roles in climate policy engagement reduce the Hioh
Stakeholder sectoral participation barriers, networks; develop strategies to inclusiveness and success of &
Engagement limiting multi-stakeholder overcome cultural and institutional climate governance initiatives
effectiveness. barriers to collaboration. [33, 34, 44].
Many Indonesian HEIs Conduct longltgdlnal studle's on .
I . green campus implementation; Readiness assessments reveal
exhibit low readiness for ) o o
T develop capacity-building programs critical infrastructure,
Green Campus green campus initiatives due . o . .
. . focusing on leadership, infrastructure funding, and policy .
Implementation to weak supervision, . . X High
: . . investment, and community enforcement gaps that impede
Readiness infrastructure deficits,

funding shortages, and
limited awareness.

engagement; evaluate the
effectiveness of supervision
mechanisms.

sustainable campus
development [9, 50].
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Standardization of
Carbon Footprint
Assessment

Climate Change
Education and
Capacity Building

Research Funding
and
Interdisciplinary
Collaboration

Leadership and
Organizational
Culture for
Sustainability

Waste Management
Practices in HEIs

Lack of standardized
methodologies and data for
carbon footprint measurement
in HEIs hampers
comparability and effective
mitigation planning.
With insufficient institutional
support and resource
allocation, climate change
education is marginalized
within broader educational
policies.

Limited funding, disciplinary
silos, and insufficient
integration of indigenous
knowledge constrain climate
change research in Indonesian
HEIs.

University leadership and
culture critically influence
sustainability integration, but
are often insufficiently
developed or supported.

College waste management
often fails to meet standards,
and recycling programs and
effective organic waste
handling are lacking.

Develop and validate standardized
carbon footprint assessment protocols
tailored for Indonesian HEIs; create
robust emission factor databases and
data collection tools.

Design and test integrated climate
education curricula and training
programs across disciplines; assess
institutional capacity and develop
strategies to enhance faculty and
student engagement.
Promote interdisciplinary research
funding schemes; establish
collaborative platforms linking
traditional knowledge holders with
scientific researchers; evaluate
outcomes on policy and practice.
Investigate leadership styles and
organizational culture interventions
that effectively promote sustainability
integration; develop leadership
training tailored to Indonesian HEISs.
Develop and implement
comprehensive waste management
strategies, including recycling and
organic waste processing; assess
behavioral interventions to increase
stakeholder participation.

Variability in metrics and
scope of carbon footprint
studies limits benchmarking
and coordinated emission
reduction efforts [16, 39].

Marginalization and lack of
synergy between the climate
and education sectors reduce
the reach and impact of
climate education initiatives
[4,7,17].

Funding limitations and
siloed research reduce
innovation and the
applicability of research
outputs to local contexts [21,
31, 36].
Leadership commitment and
positive organizational
culture are key sustainability
drivers, but many institutions
remain underdeveloped [18].

Waste management practices
are inadequate, limiting
environmental benefits and
campus sustainability [9, 25].

Medium

High

Medium

High

Medium

5. CONCLUSION

The collective body of literature on Indonesian higher
education institutions (HEIs) addressing climate change
challenges reveals a dynamic but uneven engagement
landscape  spanning policy development, practical
implementation,  research  innovation,  collaborative
governance, and cultural integration. Indonesian HEIs have
demonstrated meaningful efforts to formulate climate and
sustainability policies, often aligning with global agendas such
as the Sustainable Development Goals. However, these
policies frequently suffer from fragmentation, inconsistent
national-level guidance, and misalignment between the
climate and education sectors. This policy incoherence
undermines the systematic integration of climate change
education and weakens the institutional frameworks necessary
for effective climate action.

In terms of practical measures, universities have
implemented notable sustainability initiatives on their
campuses, including renewable energy adoption, waste and
water ~management, sustainable transportation, and
technological innovations like IoT-based energy monitoring
and LED technology. These efforts reflect a growing
commitment to reducing carbon footprints and enhancing
resilience. Yet, widespread challenges persist, including
inadequate infrastructure, limited funding, weak supervision,
and low readiness to institutionalize green campus programs
comprehensively. The scalability and long-term sustainability
of these implementations remain constrained by these factors.

Research output from Indonesian universities contributes
valuable insights and technologies, especially in areas like
carbon capture and storage and interdisciplinary climate
education frameworks. Active collaboration among faculty
and students fosters innovation, yet resource limitations and
institutional inertia restrict the research breadth. Importantly,
while indigenous knowledge and local wisdom are recognized
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as critical for effective climate adaptation and mitigation, their
integration into formal policies and curricula is limited and
lacks systematic support, representing a significant gap in the
knowledge and practice nexus.

Collaboration between universities, government bodies, and
communities emerges as vital for climate resilience. Although
some HEIs engage in multi-stakeholder partnerships,
collaborative governance is hindered by cultural and
institutional barriers, uneven stakeholder participation, and
dominant government control. Strengthening inclusive,
participatory governance frameworks would enhance the
effectiveness and reach of climate strategies.

Finally, climate change education and capacity building
within HEIs are advancing but remain marginalized within
broader educational policies. Interactive and action-oriented
pedagogies show promise in fostering student leadership and
community engagement. Still, limited institutional resources
and policy misalignment constrain these educational efforts.
Diverse methodological approaches enrich the research
landscape but hinder cross-study comparability and
generalizability.

Indonesian HEIs play multifaceted roles in climate change
mitigation and adaptation, balancing education, policy,
practice, and research. To magnify their impact, addressing
policy fragmentation, enhancing governance collaborations,
increasing resource  allocation, and systematically
incorporating indigenous knowledge are imperative steps
toward more robust and culturally grounded climate action
within higher education.
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