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Abstract: Sustainability-driven innovation and entrepreneurship have emerged as critical priorities for
higher education institutions in alignment with national policies such as the National Education Policy (NEP)
2020 and the Sustainable Development Goals (SDGs). The 3R concept—Reduction, Reuse, and Recycling—
provides a practical framework for embedding sustainability within experiential and entrepreneurial
learning. This paper examines how the 3R concept can support educational innovation and student
entrepreneurship in universities through a contextualized institutional model. Using a qualitative case-based
framework grounded in university practices, student-led recycling and waste-management initiatives are
analysed as platforms for sustainability education, innovation, and entrepreneurship development. The study
integrates insights from and global literature on entrepreneurship education, frugal innovation (jugaad),
digital transformation, and policy integration. The findings indicate that 3R-based entrepreneurial initiatives
enhance interdisciplinary learning, employability skills, and sustainable value creation, while supporting

accreditation and outcome-based education requirements in India.
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1. INTRODUCTION

The higher education institutions (HEIs) are
currently undergoing a historic transformation
driven by the National Education Policy (NEP)
2020, which emphasizes multidisciplinary learning,
sustainability, innovation, and entrepreneurship as
graduate  attributes  essential  for  national
development. Universities are no longer viewed
solely as knowledge-dissemination centers, but as
innovation ecosystems that generate social,
environmental, and economic value.

A critical sustainability challenge confronting
campuses is solid waste generation, which has
increased significantly due to student population
growth, digitization-induced consumption, and
urban campus expansion. Traditional waste
disposal models are environmentally unsustainable
and economically inefficient. Within this context,
the 3R framework—Reduction, Reuse, and
Recycling—emerges as a  practical and
pedagogically powerful model for institutional
sustainability.

The universities adopting student-led recycling
units, waste-to-wealth initiatives, and green campus
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higher education, NEP 2020, frugal

programs are increasingly transforming
sustainability challenges into entrepreneurial
learning opportunities. These initiatives operate as
living laboratories, where students engage in real-
time problem solving, innovation, and business
model development, consistent with experiential
learning theory and outcome-based education
(OBE).

Furthermore, the rapid diffusion of free and open-
source artificial intelligence (Al) tools has
significantly lowered entry barriers for research,
innovation, and entrepreneurship within
universities. When aligned with the 3R concept,
these tools enable data-driven waste auditing,
optimization, sustainability reporting, and academic
research writing, making them particularly relevant
for resource-constrained educational environments.

The transformation of higher education toward
sustainability, innovation, and entrepreneurship has
been significantly strengthened by the availability
of free and open-source artificial intelligence (Al)
tools that democratize research, analysis, and
knowledge creation. Open-source platforms such as
OpenAlex (an open scholarly knowledge graph)
and Semantic Scholar (Al-assisted academic
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discovery) enable universities to map sustainability
and entrepreneurship research trends without
subscription barriers. These tools support evidence-
based curriculum design aligned with NEP 2020.

Campus sustainability initiatives based on the 3R
concept increasingly rely on data-driven decision-
making, facilitated by tools such as Python, R, and
Pandas, which allow students to analyze waste
generation patterns, recycling efficiency, and cost
optimization. Visualization libraries like Matplotlib
and Seaborn further enhance students’ ability to
communicate sustainability outcomes effectively,
reinforcing experiential learning.

Several  universities have initiated student-led
recycling units, waste-to-wealth projects, and green
campus initiatives. These initiatives function not
only as environmental interventions but also as
living laboratories for entrepreneurship education,
aligning academic learning with societal impact
Globally, higher education institutions are
increasingly recognized as microcosms of urban
systems, generating material flows, energy
consumption, and waste streams comparable to
small municipalities. Encyclopaedic sustainability
literature highlights that university campuses
provide controlled yet diverse environments
suitable for piloting circular economy practices,
behavioural interventions, and innovation-driven
governance models. The 3R framework aligns with
this perspective by offering a structured mechanism
for integrating operational sustainability with
academic learning and institutional strategy.

From an innovation and entrepreneurship
standpoint, universities adopting sustainability
frameworks increasingly function as
entrepreneurial ecosystems. These ecosystems
combine knowledge production, experimentation,
and venture incubation within a single institutional
setting. The availability of open-source digital and
artificial intelligence tools further enhances this
transformation by enabling low-cost data
collection, simulation, modelling, and
documentation. Such tools reduce dependence on
proprietary  systems and support inclusive
participation in research and entrepreneurial
activity, particularly in publicly funded and
resource-constrained institutions.
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2. LITERATURE REVIEW

International scholarship consistently recognizes
innovation as the core instrument of
entrepreneurship, originating from Schumpeter’s
foundational theory of new combinations that
disrupt existing economic equilibria [1]. In
developing economies like India, innovation
manifests predominantly through frugal and
inclusive forms, most notably conceptualized as
jugaad innovation [2]. This approach aligns
naturally with sustainability-oriented
entrepreneurship,  where  limited  resources
necessitate creative reuse and recycling.

Empirical studies in higher education contexts
demonstrate that integrating sustainability with
entrepreneurship education improves students’
employability, ethical orientation, and problem-
solving abilities [3]. However, Gupta and Malhotra
[4] argue that curricula remain excessively theory-
centric, limiting exposure to innovation-driven and
practice-oriented entrepreneurial learning.

Green campus initiatives documented in
universities reveal that student-managed recycling
and waste-segregation programs significantly
enhance  environmental  performance  while
simultaneously fostering interdisciplinary
collaboration and leadership skills [6]. These
findings are consistent with experiential learning
models, which emphasize learning through action,
reflection, and social interaction.

Digital innovation further strengthens sustainability
entrepreneurship. Sharma and Bansal [7] show that
digital platforms reduce operational costs, improve
decision-making accuracy, and enable scalability
for small enterprises. Open-source Al tools amplify
these benefits by offering accessible analytics,
visualization, documentation, and simulation
capabilities, particularly suitable for academic
institutions.

Policy frameworks such as NEP-2020, UGC Green
Campus Guidelines, Swachh Bharat Abhiyan, and
Startup India collectively emphasize sustainability,
innovation, and entrepreneurship education [5], [8].
However, literature identifies a persistent
implementation gap between policy intent and
institutional practice, underscoring the need for
structured operational models such as 3R-based
campus entrepreneurship.
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The synthesis of sustainability and
entrepreneurship literature in higher education is
increasingly supported by Al-enabled bibliometric
and mapping tools. Platforms such as
ResearchRabbit and Litmaps enable visual
exploration of citation networks, helping
researchers identify core scholarship related to
green  campuses, frugal innovation, and
entrepreneurship  education. Connected Papers
assists in identifying conceptually related studies,
ensuring comprehensive coverage of CARE-listed
literature.

Reference management and citation integrity are
strengthened through Zotero and JabRef, both
open-source tools that support IEEE-style
referencing. Text-mining libraries such as Gensim
and spaCy allow thematic extraction from large
volumes of policy and academic texts, supporting
systematic  literature reviews aligned  with
sustainability and innovation domains.

Encyclopaedic accounts of sustainability education
emphasize that effective learning occurs when
environmental concepts are embedded within
practical decision-making and organizational
processes. The 3R model is widely described as a
foundational sustainability principle  that
encourages preventive action (reduction), adaptive
reuse, and material recovery through recycling.
When applied in educational settings, this model
supports systems thinking by linking environmental
impacts with economic and social dimensions of
innovation.

Innovation and entrepreneurship literature further
recognizes that small-scale, resource-constrained
environments often generate high levels of
creativity and incremental innovation. This
observation aligns with frugal innovation theories,
where constraints stimulate experimentation and
localized problem-solving. Digital platforms and
open-source Al tools amplify these processes by
enabling rapid literature synthesis, trend analysis,
and performance monitoring. Encyclopaedic
sources on digital scholarship highlight the role of
open knowledge infrastructures in democratizing
research access and accelerating interdisciplinary
learning, reinforcing the relevance of such tools in
sustainability and entrepreneurship education.
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3. RESEARCH METHODOLOGY
3.1Research Design

A qualitative exploratory case-based design was
employed, consistent with CARE-Il journal
expectations for education and sustainability
research. The study synthesizes multiple university
practices through document analysis, observational
insights, and thematic mapping.

A qualitative exploratory design is strengthened
through open-source qualitative analysis tools such
as Taguette and KH Coder, which enable
systematic coding, categorization, and frequency
analysis of textual data from university reports and
policy documents. These tools support transparency
and replicability—key expectations of CARE-II
journals.

Qualitative case-based research designs are widely
documented in educational research literature as
effective for exploring complex institutional
phenomena where contextual factors, stakeholder
interactions, and organizational culture play
significant roles. Such designs allow researchers to
capture process-oriented insights rather than
isolated outcomes, making them particularly
suitable for sustainability and entrepreneurship
studies within higher education institutions.

3.2. Institutional Context

The research context encompasses higher education
institutions that have adopted a comprehensive
ecosystem approach to sustainability and
entrepreneurship through the implementation of
student-managed  recycling  centres,  waste
segregation systems, and material recovery
facilities on campus. These institutions are further
supported by  structured  Entrepreneurship
Development Cells (EDCs) and innovation and
incubation centres that facilitate venture ideation,
mentoring, and commercialization of sustainability-
driven solutions. In addition, active collaborations
with municipal bodies and micro, small, and
medium enterprises (MSMEs) provide students
with real-world exposure, regulatory
understanding, and market linkages, thereby
strengthening  experiential  learning, industry
relevance, and the practical translation of
sustainability initiatives into viable entrepreneurial
outcomes.
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Institutional sustainability data are structured and
analyzed using LibreOffice Calc, Python Pandas,
and NumPy, enabling aggregation of recycling
metrics, student participation rates, and operational
outcomes. OpenLCA, an open-source life cycle
assessment tool, supports environmental impact
estimation of recycling initiatives within campuses.

Students from engineering, commerce,
management, environmental science, and social
sciences  participate, reflecting NEP-2020’s
multidisciplinary mandate.

Universities implementing sustainability initiatives
often operate within multi-stakeholder
environments involving local governments, service
providers, and  community  organizations.
Encyclopaedic descriptions of campus
sustainability stress the importance of institutional
coordination  across academic  departments,
facilities management units, and student
organizations. This integrated approach enables the
translation of sustainability objectives into
measurable operational and educational outcomes.

3.3 Role of Open-Source Al Tools

Open-source Al tools were conceptually mapped
to:

Within the study, open-source and Al-enabled tools
were conceptually mapped to support multiple
functional dimensions, including sustainability data
analysis, research synthesis, and academic writing
assistance. These tools enable systematic
processing of institutional sustainability data,
facilitate  the  consolidation and critical
interpretation of scholarly literature, and improve
the quality, structure, and clarity of academic
manuscripts. In addition, Al-supported platforms
contribute to entrepreneurial ideation by assisting
in opportunity identification, feasibility analysis,
and innovation development, while also aiding in
the interpretation of education, sustainability, and
entrepreneurship-related  policy  frameworks,
thereby  strengthening  alignment  between
institutional practices, regulatory requirements, and
learning outcomes.

The formulation of research objectives and
questions is enhanced through Al-assisted concept
clustering using tools like Orange Data Mining and
Scikit-learn, which help identify dominant themes
in sustainability and entrepreneurship education
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research. These tools support objective alignment
with NEP 2020 by revealing gaps between policy
intent and institutional practice.

Open-source artificial intelligence tools are
increasingly recognized as critical enablers of
academic innovation due to their transparency,
adaptability, and community-driven development.
Encyclopaedic technology sources describe these
tools as foundational to modern data science,
natural language processing, and knowledge
discovery. Within higher education, such tools
support  reproducible research, ethical data
practices, and skill development aligned with
contemporary innovation ecosystems.

4. DATA COLLECTION AND INTERPRETATION

The data sources for the study comprised multiple
institutional, policy, and scholarly inputs to ensure
comprehensive coverage and contextual validity.
These included university sustainability audit
reports that provided empirical insights into
campus-level waste management and green
practices, as well as policy documents issued by the
University Grants Commission (UGC) and the
Ministry of Education (MoE), which outlined
national priorities and regulatory frameworks. In
addition, CARE-listed journal articles were
reviewed to establish a strong theoretical and
empirical foundation, while observational records
of campus-based sustainability and entrepreneurial
initiatives  offered  practical  evidence  of
implementation, outcomes, and experiential
learning processes.

Interpretation followed experiential learning theory,
entrepreneurial competence models, and
sustainability assessment frameworks, supported by
Al-assisted thematic clustering and citation

mapping.

Data collection is strengthened using OpenRefine
for cleaning institutional datasets and OCRmyPDF
for digitizing printed sustainability reports. CORE
Discovery, an open-access research aggregator,
supports retrieval of open-access journal articles
relevant to sustainability and entrepreneurship.

Interpretation follows experiential learning and
entrepreneurial competence frameworks, supported
by NLTK and spaCy for keyword extraction and
sentiment analysis. Voyant Tools, a web-based
open-source text analysis platform, assists in
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identifying recurring sustainability and innovation
narratives across documents.

Document-based and observational data collection
methods are widely used in sustainability and
education research due to their ability to capture
institutional practices over time. Encyclopaedic
research methodology sources emphasize that
combining policy documents, institutional reports,
and observational records strengthens interpretive
validity by providing multiple perspectives on the
same phenomenon. The integration of digital tools
further enhances data quality through automated
cleaning, structuring, and analysis.

5. DATA ANALYSIS AND VALIDATION

The thematic analysis revealed four dominant
dimensions that collectively explain the impact of
3R-based initiatives in  higher  education
institutions. These include sustainability learning
outcomes, reflecting students’ understanding and
application ~ of  environmental principles;
entrepreneurial  skill formation, encompassing
opportunity recognition, problem-solving, and
venture planning abilities; and innovation under
constraints, commonly conceptualized as jugaad,
which highlights frugal, adaptive, and resource-
efficient approaches to problem-solving. The fourth
dimension relates to policy and accreditation
alignment, demonstrating the extent to which these
initiatives support national education policies and
quality assurance frameworks such as NEP 2020,
NAAC, NBA, and Outcome-Based Education
requirements.

Validation was achieved through triangulation,
theory-policy convergence, and cross-institutional
consistency.

Data analysis employs R, Python, and Weka for
pattern identification and validation across
institutions. Triangulation is enhanced through
GitHub repositories for version control and
transparency of analytical scripts, ensuring
methodological rigor and reproducibility—key
CARE-II expectations.

Thematic analysis is extensively documented as a
flexible yet rigorous method for identifying
patterns across qualitative datasets. Encyclopaedic
methodological literature highlights triangulation
and transparency as key strategies for enhancing
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trustworthiness. The use of open-source analytical
environments supports these principles by enabling
reproducibility, peer verification, and iterative
refinement of analytical frameworks

6. RESULTS

The findings reveal that 3R-based initiatives
function effectively as entrepreneurial incubators
within ~ higher  education  institutions by
transforming  sustainability  challenges into
opportunity-driven learning environments. Through
active engagement in reduction, reuse, and
recycling activities, students progressively develop
essential leadership qualities, innovation capability,
and systems thinking skills that are critical for
entrepreneurial  decision-making and problem-
solving. The integration of open-source and Al-
enabled digital tools significantly enhances
research efficiency, data analysis, documentation,
and academic  writing  quality, thereby
strengthening students’ analytical and
communication competencies. Collectively, these
initiatives demonstrate strong alignment with
Outcome-Based Education (OBE) principles and
national accreditation and policy frameworks,
including  NAAC, NBA, and the National
Education  Policy (NEP) 2020, providing
measurable evidence of learning outcomes and
institutional quality enhancement.

From a systems perspective, the results illustrate
how sustainability initiatives can function as
innovation platforms within higher education
institutions. Encyclopaedic accounts of
organizational innovation emphasize that learning-
by-doing and feedback loops are central to
capability development. The observed outcomes
suggest that 3R-based initiatives support not only
environmental performance but also institutional
learning and entrepreneurial orientation.

7. DISCUSSION

The findings reinforce  scholarship advocating
experiential, frugal, and digitally enabled
entrepreneurship  education.  Recycling-based
campus enterprises embody jugaad innovation,
while Al tools democratize research capabilities,
especially in public universities with limited
funding.

The discussion aligns with broader scholarly and
encyclopaedic narratives that position sustainability
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and entrepreneurship as mutually reinforcing
domains.  Digital  openness,  collaborative
experimentation, and frugal innovation models are
increasingly recognized as effective responses to
institutional constraints. Within higher education,
these dynamics contribute to resilient academic
ecosystems capable of continuous adaptation.

8. CONCLUSION

The study establishes the 3R framework as a
scalable, policy-aligned, and pedagogically robust
model for sustainability-driven entrepreneurship in
higher education. The integration of free and open-
source Al tools further strengthens research quality,
innovation capacity, and academic productivity.

In a broader educational context, the 3R framework
demonstrates strong potential as a unifying model
for sustainability, innovation, and entrepreneurship
integration. Encyclopaedic sustainability literature
underscores that institutional change is most
effective when operational practices, educational
objectives, and technological tools are aligned. The
findings support the adoption of integrated, open,
and participatory approaches to sustainability
education within higher education institutions.
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ANNEXURES (1npiaN SCENARIO)

ANNEXURE A:

Mapping of 3R Activities to Sustainability,
Innovation, and Entrepreneurship Outcomes
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ANNEXURE C :

Rubric for Assessing Sustainability
Entrepreneurship Competencies

3R Sustainabil .
Compone ity Innovatio||Entrepreneurs
n Skills hip Skills
nt Outcomes P
Resource ||Lean
efficiency, |[thinking, ||Cost control,
Reduction||waste process |[financial
minimizatio ||optimisati ||viability
n on
Design .
. o rtuni
Material thinking, Oppo t.u. ty
. . recognition,
Reuse life creative
. product
extension ||problem- .
. redesign
solving
Systems
Circular thinking, |[Venture
Recycling|leconomy |loperation |jexecution,
practices |fal scalability
planning
ANNEXURE B :

Alignment of 3R-Based Activities with NAAC,
NBA, and OBE Requirements

A ment .
§sess .e Low Moderate High
Dimension
. ... |Basic Applied .
Sustainability PP . ||Strategic
.~ |lawarenes|junderstandin||. .
understanding s g integration
Innovation lel'Fe(_j Functional ||Breakthroug
- creativit ||. . .
capability innovation ||h solutions
. - Scalable
Entrepreneuri |[Idea Feasibility .
al planning  ||stage analysis business
model
Advanced
Digital tool - . .
usag tea too Minimal ||Functional [|analytics &
g reporting
ANNEXURE D:

Integration of the 3R Framework with
Sustainability, Innovation, and Entrepreneurship in
Higher Education

NBA
. NAAC OBE
Activity o Graduate
Criterion . Outcome
Attribute
Student-led . GA4 —
. Criterion CO
recycling Problem .
. | . attainment
units Solving
\Waste-to- L .
Criterion ||GA7 — Skill-based
wealth L
. 1] Sustainability||outcomes
projects
Digital . GA5 —
g . ... ||Criterion Measurable
sustainability Modern .
. | learning
audits Tools

Dimension Reduce Reuse Recycle
Minimizati
Extended .
on of Material
use of
resource . ||[recovery
- . ||lacademic
Sustainability ||consumpti and and waste
on and . processing
physical
waste systems
. resources
generation
Frugal Adaptive
. g . b Process
innovation |reuse of || .
L innovation
. through existing
Innovation - .|[through
efficiency- |{technologil|| .
. circular
driven es and
. systems
design processes
Entrepreneurs ||Cost Repurposi ||Developme
hip optimizatio||ng nt of green
nand lean ||institution ||ventures
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Dimension || Reduce Reuse Recycle ANNEXURE H :
NAAC / NBA / OBE Alignment for Sustainability
startup al assets ||and . .
. and Entrepreneurship Integration
models for value ||recycling
creation - enterprises Accreditation .. || Alignment with
Key Criteria
Framework Study
.. ||Systems
Experienti|| .~ .
Awareness . |[thinking -
al learning . Integration of
. of and Curriculum -
Educational . |land . . sustainability and
responsible . environmen NAAC Design and . .
Impact . |lapplied . innovation
consumpti tal Innovation
problem- - concepts
on . responsibili
solving N
y Institutional  ||Adoption of 3R
NAAC Values and framework and
Best Practices ||green initiatives
ANNEXURE G :

Mapping of Sustainability, Innovation, and
Entrepreneurship Skills to Learning Outcomes

Skill Category

Description

Learning
Contribution

Understanding

Mapping of
NBA Program sustainability and
Outcomes entrepreneurship
skills
Data-driven
NBA Continuous analysis and
Improvement |[feedback
mechanisms
Outcome Measurable
OBE Attainment learning and skill

development

. Enhances
L environmental, .
Sustainability . responsible
. social, and .
Literacy . decision-
economic .
. . making
interdependencies
Creative thinking, ||Supports
Innovation problem-solving, [|solution-
Skills and oriented
experimentation learning
Opportunity Encourages
Entrepreneurial ||identification, risk (|venture-
Skills assessment, and oriented
value creation mindset
. Improves
. Data analysis, .
Digital & Al . y analytical and
: automation, and
Skills L. research
decision support .
capabilities
. Responsible Strengthens
Ethical & . P . . g
. . innovation and societal
Social Skills . L.
inclusivity relevance
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