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Abstract

Higher education institutions occupy a distinctive position in sustainability transitions because they
simultaneously function as educational environments, research organizations, large operational systems,
and communities capable of testing innovations under real-world conditions. Within this setting,
students can contribute beyond participation in environmental awareness campaigns by functioning as
designers, experimenters, project leaders, peer mobilizers, data collectors, and partners in institutional
decision-making. This study examines how student-led sustainability innovation can contribute to green
campus transformation through a structured integrative review of research on campus living laboratories,
student change agency, sustainability governance, green operations, co-creation, and education for
sustainable development. Research from Malaysian universities identifies students as important leaders,
supporters, and ambassadors of campus sustainability, while evidence from Portuguese higher education
demonstrates that green-campus initiatives and sustainability-oriented learning can positively influence
student proactivity. Contemporary campus-living-lab research further shows that sustainable
experimentation depends upon stakeholder networks, coordination, supportive organizational culture,
leadership, collaboration, evaluation, and mechanisms for scaling successful solutions.

The study proposes a Student-Led Green Campus Transformation Framework comprising
problem identification, co-design, campus experimentation, evidence-based evaluation, institutional
adoption, and replication. The framework applies to renewable energy, resource efficiency, waste
reduction, sustainable mobility, biodiversity, food systems, water management, behavioral change, and
circular-economy initiatives. The study also emphasizes that student leadership should not be used as a
substitute for institutional responsibility. Temporary projects may disappear when student leaders
graduate unless universities provide continuity, governance authority, data access, mentorship, and long-
term resources. Green campus transformation is therefore most effective when bottom-up student
innovation and top-down institutional capability operate together, converting the campus into a living
laboratory where sustainability is learned, tested, evaluated, and embedded in everyday university
operations.

Keywords: Green Campus; Student-Led Innovation; Campus Sustainability; Living Laboratories;
Sustainable Development; Student Engagement; Sustainability Governance; Higher Education; Climate
Action; Co-Creation
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1. Introduction

Higher education institutions are increasingly expected to contribute to sustainability not only through
teaching and research but also through the environmental performance of their own campuses.
Universities manage buildings, laboratories, transportation systems, food services, water infrastructure,
procurement networks, waste streams, landscapes, and large communities whose everyday practices
create measurable environmental effects. UNESCO IESALC emphasizes that a genuinely green campus
requires an integrated approach involving energy efficiency, renewable electricity, sustainable mobility,
waste minimization, responsible infrastructure, and biodiversity protection rather than a narrow focus on
carbon emissions alone. This broad operational environment gives universities an unusual advantage:
sustainability problems that are often discussed theoretically can also be investigated and tested directly
within campus systems.

The concept of the campus as a living laboratory provides an important bridge between
sustainability education and institutional practice. Evans and colleagues described university campuses
as platforms where students, academics, professional staff, and operational specialists can co-produce
sustainability knowledge through applied projects. Subsequent scholarship has expanded this approach
by positioning living laboratories as institutional arrangements for experimentation, interdisciplinary
collaboration, stakeholder engagement, and sustainability innovation. Student involvement is especially
valuable because it transforms learners from recipients of sustainability information into active
participants in diagnosing environmental problems and designing practical responses.

Empirical evidence supports this participatory interpretation. Mohamad, Mamat, and Muhamad
Noor investigated 21 student sustainability change agents at three Malaysian universities and found that
students played multifaceted roles as leaders, supporters, and ambassadors. Their research also showed
that freedom to act and organizational support were important empowering conditions, while student
influence became weaker when students lacked an institutional position through which their voices
could affect decision-making. Frizon, Eugénio, and Frizon similarly found that the communication of
sustainability initiatives, green campus operations, and classroom approaches to sustainable
development positively influenced student proactivity within institutions connected to Portugal’s
Sustainable Campus Network. These findings suggest that student engagement becomes more
consequential when sustainability knowledge, institutional visibility, and meaningful participation
reinforce one another.

Recent research on university living laboratories further demonstrates that campus
experimentation requires more than enthusiasm. Herth, Verburg, and Blok identified stakeholder
networks, university-level coordination, supportive work culture, co-creation, collaboration, and
appropriate methods among major enabling conditions. Their review found 16 interconnected enabling-
factor categories and stressed that different conditions become important during project initiation,
implementation, evaluation, transfer, and scaling. Hadfield and colleagues subsequently examined 18
university living laboratories across multiple countries through interviews with 39 academics and
practitioners. They found that living laboratories can become constrained when sustainability
experimentation remains dependent on temporary project structures, while stronger institutional
embedding, resources, and university-wide governance improve continuity.
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The resulting research gap concerns the transition from student activity to institutional transformation.
Many universities support environmental clubs, competitions, awareness drives, short-term projects, or
volunteer events, but these activities do not necessarily change campus systems. Student-led innovation
becomes transformative only when ideas can progress from problem identification to experimentation,
measurement, institutional adoption, and long-term replication. The present study therefore develops a
framework explaining how student initiative can be integrated with campus operations, curriculum,
sustainability governance, research expertise, and institutional resources. The central proposition is that
students can function as sustainability innovators, but enduring green-campus transformation requires a
governance architecture capable of retaining and scaling the value they create.

2. Objectives of the Study

2.1 To Examine Students as Sustainability Change Agents

The first objective is to examine the contribution students can make to green campus transformation as
project initiators, researchers, sustainability ambassadors, peer educators, innovators, and co-creators
rather than limiting their participation to environmental awareness activities.The analysis considers how
student agency can influence practical campus domains including energy, water, waste, food, mobility,
biodiversity, procurement, resource efficiency, behavioral practices, and circular systems.

2.2 To ldentify Institutional Conditions Supporting Student Innovation

The second objective is to identify the institutional conditions that enable student-led sustainability
projects to move beyond temporary experimentation.Particular attention is given to university
leadership, sustainability offices, faculty —mentorship, operational-data access, financing,
interdisciplinary collaboration, stakeholder networks, evaluation, recognition, and integration with
institutional sustainability strategies.

2.3 To Develop a Green Campus Transformation Framework

The third objective is to construct an evidence-informed framework through which universities can
convert student ideas into measurable and potentially scalable campus interventions.The proposed
framework links student innovation with institutional governance while preserving genuine student
ownership and opportunities for experiential sustainability learning.

3. Review of Literature

3.1 Students as Agents of Sustainability Transformation

The idea of students as change agents has developed alongside broader efforts to redefine higher
education's role in sustainable development. Trencher, Terada, and Yarime demonstrated through
University of Tokyo experiences that students can participate directly in knowledge co-creation and
sustainability experimentation rather than remaining passive learners. Their work placed student
participation within real-world collaborative processes involving multiple actors and practical
sustainability challenges.Rosenberg Daneri, Trencher, and Petersen similarly examined students as
change agents within the Oberlin sustainability transformation, illustrating how student participation can
extend from an individual campus into broader local sustainability processes.
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The most directly relevant recent evidence is provided by Mohamad and colleagues. Their qualitative
investigation across Malaysian universities found that student sustainability change agents performed
leadership, support, and ambassadorial functions. At the same time, their findings demonstrated that
empowerment depends upon institutional support and freedom to act.Student agency should therefore be
understood as institutionally enabled agency. Students may supply creativity, energy, disciplinary
knowledge, peer networks, and willingness to experiment, but their ability to influence infrastructure,
procurement, finance, or campus policy depends upon access to decision-making structures.

3.2 Campus Living Laboratories and Co-Creation
Living laboratories provide an institutional mechanism through which student participation can become
linked with operational change.Evans and colleagues described the university campus as a platform
through which students and academics could collaborate with estates and environmental professionals on
applied sustainability challenges. Purcell, Henriksen, and Spengler subsequently demonstrated through
international cases that living-lab models can connect students, faculty, professional staff, and external
partners and can contribute to transformational sustainability strategies. Their comparative cases also
identified leadership at multiple organizational levels, including student leadership, as important.
Tercanli and Jongbloed's systematic review further established that living laboratories can
operate across university management, education, research, innovation, and knowledge-transfer
functions. Stuckrath, Rosales-Carreon, and Worrell's 2025 integrative review subsequently sought to
establish a more unified conceptualization of Campus Living Labs for sustainability transitions.This
evidence suggests that the strongest student sustainability projects are likely to be those in which the
campus itself becomes the experimental environment.

3.3 From Participation to Institutional Embedding

Green campus transformation requires continuity beyond the duration of one student cohort.Du Preez
and colleagues’ examination of Dutch university campuses highlights the importance of campus
managers in implementing sustainability innovations and connecting innovative solutions with
institutional operations. Save, Terim Cavka, and Froese similarly evaluated a Campus as a Living Lab
program and emphasized lessons concerning institutional processes required to promote sustainable
practices.More recent research makes the challenge even clearer.

Hadfield and colleagues' international study of 18 university living laboratories found that
programs frequently operate against entrenched organizational structures and can become restricted by
project-based funding and short-term governance. More deeply embedded programs were characterized
by university-wide reach, stronger operational integration, dedicated resources, and institutional
strategy.Student-led innovation should consequently be treated not as a parallel extracurricular
sustainability system but as one component of a whole-institution transformation architecture.

4. Research Methodology
4.1 Research Design
The study adopts a structured integrative literature-review and conceptual-synthesis design.
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This approach was selected because no original university, student, or campus-performance dataset was
supplied for the manuscript. The study therefore does not report fabricated questionnaire responses,
invented universities, experimental interventions, carbon reductions, or inferential statistical findings.
The analysis integrates empirical studies, systematic and integrative reviews, international case studies,
and authoritative higher-education sustainability evidence.

4.2 Search Strategy and Eligibility

Evidence was identified through scholarly publisher databases and bibliographic discovery resources,
including ScienceDirect, SpringerLink, Emerald, Wiley, MDPI, institutional repositories, DOI records,
and UNESCO IESALC.

The search was completed on August 11, 2026.

Principal search terms included combinations of:

“green campus,” “student sustainability innovation,” “students as sustainability change agents,” “campus
living laboratory,” “student-led sustainability,” ‘“higher education sustainability transformation,”
“campus sustainability governance,” ‘“sustainability co-creation,” and “student sustainability
proactivity.”Priority was assigned to peer-reviewed empirical research, systematic reviews, recent
conceptual work, and authoritative institutional publications directly addressing sustainability innovation
within higher education.

99 ¢¢

4.3 Evidence Synthesis

Studies were coded according to five questions:

e What role did students perform?

e What sustainability problem was addressed?

o What institutional support enabled action?

« How was innovation evaluated or operationalized?

e What mechanism allowed or prevented continuity and scaling?

Table 1: Methodological Framework for the Study

Component Specification
Research orientation Conceptual and analytical
Primary method Structured integrative literature review
Search completion date August 11, 2026
Primary context Higher education and university campuses

Student agency, living labs, sustainability innovation, governance and

Core themes . .
institutionalization

Empirical studies, international case studies, reviews and institutional

Evidence types .
yp evidence
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Component

Specification

Main analytical unit

Student-enabled campus sustainability innovation

Original student survey

Not conducted

Original experimental

data

Not reported

Synthesis method

Thematic evidence mapping and framework construction

Principal output

Student-Led Green Campus Transformation Framework

5. Analysis

5.1 Strategic Domains for Student-Led Sustainability Innovation
The evidence indicates that student innovation can contribute to several campus systems, but different
domains require different levels of institutional authority.Behavioral projects—such as recycling
participation, energy conservation, sustainable food choices, or mobility campaigns—can often be
initiated comparatively quickly.

Infrastructure interventions, by contrast, require technical assessment, procurement, capital
expenditure, safety approval, and facilities-management participation.Student-led innovation therefore
needs a graduated pathway capable of matching an idea with the operational authority required to

implement it.
Table 2: Student-Led Green Campus Innovation Matrix
Innovation . I Institutional Suitable Performance
. Potential Student Contribution .
Domain Partner Indicator
Energy audits, behavior —_ ..
Energy and . gy Facilities and Energy use, emissions,
campaigns, renewable-energy
carbon . energy management renewable share
concepts, data analytics
Waste audits, reuse systems, . :
Waste and . y . Campus operations Waste generation,
. . repair programs, composting and .
circularity . . and procurement diversion and reuse
material innovation
Water Leak mapping, conservation I Water consumption and
: : PP .g Estates and utilities . P
stewardship campaigns, rainwater concepts avoided loss
. Travel surveys, cyclin :
Sustainable y y_ i g Transport and Modal shift and
. proposals, shared mobility and . ..
mobility - . campus planning transport emissions
accessibility studies
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sustainability

menu pilots and reusable systems

procurement

Innovation i o Institutional Suitable Performance
) Potential Student Contribution .
Domain Partner Indicator
Food Food-waste audits, sustainable Catering and Food waste, reusable

uptake and sourcing

Biodiversity

Species mapping, habitat
restoration and pollinator projects

Grounds and
ecology teams

Habitat area and
biodiversity indicators

Green buildings

Sensor studies, occupant
feedback and efficiency
proposals

Estates, architects
and engineers

Building energy and
environmental
performance

Participation and

sustainability

tools and data visualization

teams

Sustainable Peer nudges, communication Sustainability office . i
. . . verified behavior
behavior experiments and challenges and student affairs
change
i o A Data quality, user
Digital Dashboards, resource-monitoring | IT and sustainability

engagement and
resource savings

Community
innovation

Campus-community
sustainability projects

Civic engagement
and local partners

Replication,
participation and local
impact

5.2 Global Policy Context for Green Campus Transformation

Recent UNESCO IESALC evidence indicates that sustainability remains incompletely integrated into
national higher-education planning. In its 2026 analysis, only 25% of countries included explicit
objectives for preparing students to contribute to sustainability, approximately 22% aimed to make
higher-education campus operations more sustainable, and only 17% explicitly linked higher-education
research with sustainability.

AJAMIR Volume 2, Issue 2, March-April 2021 74



http://www.ajamir.com/

American Journal of Advanced Multidisciplinary
Innovation and Research (AJAMIR)

E-ISSN: XXXX-XXXX e Website: www.ajamir.com e Email: editor@ajamir.com

Figure 1: Sustainability Priorities in National Higher-Education Plans
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The graph demonstrates a significant strategic gap. Student preparation, campus operations, and
sustainability research frequently remain disconnected within national higher-education planning.A
student-led green campus model can help connect these three areas: students learn sustainability,
research sustainability, and apply sustainability within campus operations.However, student initiatives
can fulfil this bridging role only when universities permit interaction between academic and operational
systems.

6. Discussion

6.1 Student Leadership Requires Institutional Power to Produce Transformation

The literature demonstrates a distinction between participation and influence.

Students can organize campaigns independently, but they cannot normally modify building-management
systems, purchasing contracts, institutional investments, transport infrastructure, or construction
standards without university authorization.Mohamad and colleagues' finding that student voices lose
significance when students lack an institutional position is therefore particularly important.

Universities should consequently create formal mechanisms through which student innovation
reaches decision-makers.These mechanisms might include student seats on sustainability committees,
campus-living-lab coordinators, micro-grant programs, sustainability innovation challenges, credit-
bearing applied projects, annual institutional review panels, and pathways for transferring successful
prototypes to operational departments.The objective is not to bureaucratize student initiative but to give
credible ideas a route into institutional practice.
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6.2 The Campus Living Lab Connects Education with Operations

A major weakness of conventional sustainability education is the separation between what students learn
and how the institution itself operates.Living laboratories reduce this separation.Evans and colleagues
describe campus living labs as mechanisms linking teaching and research with operational sustainability
challenges. Herth and colleagues' recent work further shows that stakeholder relationships,
collaboration, organizational coordination, leadership, evaluation, and supportive culture are central to
sustaining these experimental settings.

e This creates a powerful educational cycle.

« Students encounter a genuine sustainability problem.

« They apply disciplinary knowledge.

e They collaborate with stakeholders outside their academic program.

e They test an intervention.

e They measure performance.

e They encounter implementation constraints.

e They revise the solution.

e The resulting learning is simultaneously academic, professional, civic, and environmental.

6.3 Moving Beyond Short-Term Green Projects

The largest risk in student-led sustainability is institutional discontinuity.

Students graduate. Student societies change leadership. Funding ends. Faculty champions move

institutions. Operational priorities shift. Hadfield and colleagues' international study demonstrates how

university living laboratories can remain constrained by temporary project logic and how institutional
embedding becomes important for longevity.

o A mature green-campus model therefore requires a project-to-policy pathway.

e A student project should not be considered successful merely because it receives an award or attracts
participants. Sustainability transformation requires evidence that effective innovations have been
absorbed into university routines.

« An energy-saving prototype becomes transformational when facilities management adopts it.

e A waste intervention becomes transformational when procurement and waste contracts change.

e A biodiversity experiment becomes transformational when it influences landscape policy.

e A sustainable transport proposal becomes transformational when planning decisions incorporate it.

o Student-led sustainability is therefore most powerful when the university treats students not merely
as volunteers but as temporary members of a continuing institutional innovation ecosystem.

7. Conclusion

Green campus transformation provides higher education institutions with an opportunity to align
education, research, operations, innovation, and social responsibility within a shared sustainability
agenda. Students have a particularly important role in this transformation because they bring disciplinary
knowledge, creativity, peer influence, critical questioning, technological familiarity, and a willingness to
experiment with new social and technical practices.The evidence reviewed in this study demonstrates
that students can operate as sustainability leaders, supporters, ambassadors, researchers, and co-creators.
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Research from Malaysian universities provides direct evidence of their change-agent role, while
Portuguese evidence demonstrates that sustainability-oriented campus initiatives and learning
environments can strengthen student proactivity.

The living-laboratory model provides a practical mechanism for converting this agency into
campus innovation. It allows university infrastructure and operations to become real-world experimental
environments in which students collaborate with faculty, operational professionals, administrators, and
external stakeholders.However, student-led innovation alone cannot deliver institutional transformation.
Universities retain responsibility for establishing sustainability goals, providing financial and technical
resources, enabling access to operational information, evaluating risk, creating governance pathways,
and ensuring continuity after individual students graduate.

The Student-Led Green Campus Transformation Framework developed in this study therefore
links six stages: campus problem identification, co-design, living-lab experimentation, evidence-based
evaluation, institutional adoption, and replication.The critical transition occurs between experimentation
and adoption. Green-campus transformation is achieved when an effective student idea ceases to be a
temporary project and becomes part of the university's ordinary way of operating.

Future empirical research should test this framework across different institutional, geographic,
and economic contexts. Longitudinal studies should measure not only student participation but also
verified reductions in resource consumption and emissions, institutional policy changes, financial
savings, learning outcomes, project survival, scalability, and post-graduation continuity.The central
conclusion is that students can become powerful sustainability innovators when universities provide
them with real problems, real data, real decision pathways, and a realistic opportunity to influence the
systems in which they study.
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