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ABSTRACT

The aim of this study is to prioritize the indicators influencing the creation of a green
university using the fuzzy Delphi approach. First, through theoretical studies and semi-
structured interviews with 50 experts in the fields of environment, sustainable
development, and green universities, 20 key indicators were identified and finalized.
These indicators include optimal energy consumption, water resource management,
waste reduction, green building design, sustainable transportation, and modern
technologies. To ensure the validity of the data collection instrument, content validity
was confirmed by experts, and the reliability of the tool was verified using Cronbach’s
alpha (0.898), indicating high validity and reliability of the questionnaire. The Delphi
process was conducted in two consecutive rounds, and fuzzy techniques such as
triangular fuzzy numbers and fuzzy pairwise comparison matrices were employed for
data analysis. The findings showed that three main indicators (energy consumption
management, reduction of resource consumption, and enhancement of environmental
awareness) had the highest priorities. Moreover, the experts emphasized that the
effective implementation of green strategies requires the active participation of all
university members, including students, faculty, and staff. The results of this study can
serve as a basis for strategic planning and decision-making toward the development of
sustainable and green universities.
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Introduction

In the context of escalating environmental crises and
the pressing global call for sustainable development,
higher education institutions have assumed a pivotal
role in advancing ecological awareness and
environmental stewardship. Universities, as centers of
research, learning, and innovation, bear a significant
responsibility for shaping the knowledge, attitudes,
and behaviors of future leaders who will determine the
trajectory of sustainable development. Against this
backdrop, the concept of the “Green University” has
emerged as an essential paradigm within higher
education, one that seeks to minimize the ecological
footprint of campuses while integrating sustainability
principles into academic, operational, and cultural
dimensions (Roshani et al., 2023; Pouramini &
Bashkooh, 2023).

The Green University model extends beyond
environmental management; it encompasses an
institutional commitment to sustainability through
teaching, research, community engagement, and
governance. It promotes the efficient use of resources,
the development of environmentally friendly
infrastructure, the adoption of renewable energy, and
the cultivation of sustainable lifestyles among students
and staff (Tajeddini & Nasiri, 2022; Mirfalah
Damouchali & Kiamoghadam, 2022). Moreover,
universities have become testbeds for technological
innovation, social transformation, and policy
experimentation in sustainability (Bahmaniyari et al.,
2020; Vahidi et al., 2020).

Despite increasing attention to sustainability in
higher education, many institutions still lack a
systematic and data-driven framework for identifying
and prioritizing the most influential indicators in
achieving green university status. In Iran, as in many
developing countries, there is limited empirical
research  applying quantitative decision-making
models to this issue. The present study therefore
aimed to prioritize the key indicators influencing the
creation of green universities in Iran by employing the
Fuzzy Delphi Method (FDM) — a hybrid approach
that integrates expert consensus with fuzzy logic to
address ambiguity and uncertainty in human
judgments.

Previous studies across various countries have
identified a broad array of sustainability indicators in
university contexts, including energy management
(Roshani et al., 2023), waste reduction (Esmaili et al.,
2022), water conservation (Moghimi et al., 2023), and
sustainable mobility (Kyrychenko et al., 2021).
Furthermore, global experiences have demonstrated
that the success of Green Universities depends not
only on technological investments but also on cultural
transformation,  stakeholder = engagement, and
educational reform (Atici et al., 2021; Ali & Anufriev,

2020).

Kyrychenko et al. (2021) emphasized the role of
universities in building a sustainable public health
system, while Liu and Ren (2020) explored strategies
for designing energy-efficient campus buildings.
Similarly, Gholami et al. (2020) identified the
institutional and managerial barriers to implementing
green campus operations. Within the Iranian context,
recent research has underscored the need for a
localized framework that incorporates environmental,
social, and economic dimensions of sustainability
(Roshani et al., 2023; Pouramini & Bashkooh, 2023).

However, the literature also reveals that many
studies have focused on isolated aspects of
sustainability, such as green buildings or waste
management, rather than establishing comprehensive,
prioritized frameworks for action (Tshivhase &
Bisschoff, 2023).

Hence, this study aimed to fill this gap by
developing and prioritizing a holistic set of indicators
that integrate environmental, social, economic, and
technological perspectives relevant to Iranian higher
education institutions.

Methodology

This study employed the Fuzzy Delphi Method
(FDM) to identify, refine, and prioritize the indicators
most influential in establishing Green Universities.
The FDM combines the traditional Delphi technique’s
iterative consensus process with fuzzy logic, enabling
more nuanced handling of linguistic uncertainties in
expert opinions.

Participants and Data Collection: Fifty
experts participated in the Delphi rounds, selected
through purposive sampling to ensure high levels of
expertise and diversity. Participants included
university professors, environmental consultants,
green project managers, and sustainability researchers,
representing both public (70%) and private (30%)
universities in Iran. The experts’ age distribution
ranged from 30 to over 60 years, and their
professional experience averaged between 11 and 20
years. Approximately half held PhD degrees, and the
remainder Master’s degrees.

Instrument Development and Validation: The
research instrument was developed through an
extensive literature review and semi-structured
interviews with domain experts. Initial interviews and
theoretical analysis yielded twenty potential indicators
related to  environmental, managerial, and
technological sustainability (Tables 2—4 in the main
article). To ensure reliability, Cronbach’s alpha was
0.898, confirming excellent internal consistency.
Content validity was established through expert
review.

The Delphi process was conducted in two rounds.
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In the first round, participants evaluated the relevance
and impact of each indicator using linguistic scales
(e.g., “very low,” “low,” “average,” “high,” “very
high”), which were subsequently converted into
triangular fuzzy numbers for quantitative analysis.
Indicators with a defuzzification score below 0.7 were
excluded after the first round.

In the second round, experts re-evaluated all
indicators based on the feedback and aggregated
results from the previous stage. Fuzzy aggregation and
defuzzification techniques were used to calculate final
scores and establish a ranked list of prioritized
indicators. The inclusion of triangular fuzzy numbers
and defuzzification allowed for precise quantification
of expert consensus while managing subjectivity and
uncertainty inherent in linguistic judgments (Anthony,
2021; Kohler & Kaiser, 2021).

Results

Round One Findings: In the first Delphi round, 12 of
the 20 indicators achieved the acceptance threshold (>
0.7). These included Optimal Energy Consumption,
Waste Reduction, Green Building Design, Sustainable
Transportation, Environmental Education and
Awareness, Promoting a Culture of Sustainability,
Green Space Development, Carbon Management,
Strategic Planning for Sustainability, Encouraging
Sustainable Research, International Collaboration, and
Use of Solar Energy. The remaining eight indicators
(including Hazardous Waste Management,
Establishment of Green Innovation Centers, Circular
Economy Development, Procurement Policy Reform,
and Community Engagement) were initially rejected
due to lower defuzzification scores.

Round Two Findings: In the second round, expert
consensus increased significantly. All 20 indicators
exceeded the acceptance threshold (> 0.7), with
defuzzified scores ranging between 0.80 and 0.89.
This indicated a strong convergence of opinions
among participants regarding the multifaceted nature
of the Green University concept.

The final ranking revealed that Promoting a
Culture  of  Sustainability = ranked  highest
(defuzzification = 0.89; final weight = 0.534),
followed closely by Green Building Design,
Environmental Education and Awareness, and Green
Space Development (defuzzification = 0.87 each).

Indicators related to Sustainable Transportation,
Carbon Management, Encouraging Sustainable
Research, and International Collaboration shared
similar scores (0.86). In contrast, the Establishment of
Green  Innovation  Centers  ranked  lowest
(defuzzification = 0.80; final weight = 0.480),
suggesting that while innovation is valuable, cultural
and behavioral transformations are considered more
immediate priorities within the Iranian context.

Interpretation of Results: The prioritization
pattern reflects an integrated perspective that values
cultural and educational interventions as foundational
to sustainability implementation. While technological
measures (e.g., energy management, renewable
energy) and managerial strategies (e.g., strategic
planning, procurement reform) are essential, they are
perceived as secondary to the human and cultural
dimensions that drive long-term behavioral change
(Aboramadan, 2022; Wu, 2021).

The study’s findings emphasize that achieving a
green university requires a balanced approach
encompassing environmental, social, and economic
dimensions. In the second round of the Delphi
analysis, expert consensus increased, and all twenty
indicators achieved defuzzification scores above 0.7.
The  highest-ranked indicator, promoting a
sustainability culture (defuzzification = 0.89; final
weight = 0.534), underscores that institutional
transformation begins with people, not infrastructure.
This confirms the Persian results indicating that
cultural and educational dimensions rank higher than
technological and economic ones. This finding is
consistent ~ with ~ Aboramadan  (2022), who
demonstrated that green human resource management
and employee engagement are key mediators of
sustainable behavior in universities.

Indicators such as green building design,
environmental  education, and green  space
development (defuzzification = 0.87) jointly ranked
second, highlighting the importance of physical
environment design and learning processes in
fostering sustainability. These results align with
international research emphasizing the role of built
environments in reducing carbon emissions and
promoting environmental literacy (Atici et al., 2021;
Liu & Ren, 2020). Likewise, green space development
supports psychological well-being and environmental
aesthetics, fostering campus environments that inspire
sustainable practices (Kohler & Kaiser, 2021).

Indicators including sustainable transportation,

carbon  management, encouraging  sustainable
research, and international collaboration
(defuzzification = 0.86) followed closely,

demonstrating the importance of operational
strategies, advanced technologies, and global
cooperation in achieving sustainability. This finding
supports Tshivhase & Bisschoff (2023), who stressed
the value of cross-institutional collaboration for
benchmarking and knowledge exchange.

Furthermore, hazardous waste management and
procurement policy reform received relatively high
scores, reflecting increased awareness among Iranian
universities of the need for effective policy
integration. Procurement policies influence supply
chains and resource use, while proper management of
chemical waste prevents environmental
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contamination—both  crucial ~ for institutional
compliance with sustainability standards (Vahidi et
al., 2020).

In contrast, green innovation centers ranked lowest
(defuzzification = 0.80; final weight = 0.480), while
circular economy development also received a lower
ranking. This may stem from limited infrastructure,
resource constraints, and the early developmental
stage of green innovation ecosystems in Iranian higher
education. However, these indicators possess
significant long-term potential for scaling up
sustainability through research and entrepreneurship
(Gholami et al., 2020).

Implications and Recommendations: The
findings provide actionable insights for policymakers,
university ~ administrators, and  sustainability
practitioners seeking to operationalize green university
initiatives.

Cultural Transformation: The leading role of
promoting  sustainability culture implies that
awareness campaigns, training programs, and
participatory  governance should precede or
accompany technical interventions. Embedding
sustainability values into curricula and student life is
essential (Atici et al., 2021; Wu, 2021).

Operational Sustainability: The inclusion of
sustainable transportation and carbon management as
mid-ranked priorities reflects the operational
dimensions of sustainability. Initiatives such as
bicycle-friendly infrastructure, electric vehicles, and
carbon auditing can significantly reduce universities’
ecological footprints (Kyrychenko et al., 2021; Ali &
Anufriev, 2020).

Integrated Strategic Planning: University
management should align sustainability objectives
across departments, linking academic activities,
infrastructure  development, and administrative
policies under unified strategic plans (Anthony, 2021).

Investment in Green Infrastructure: Although
cultural aspects ranked higher, the importance of
green building design and renewable energy adoption
remains critical. Universities should implement energy
audits, use smart systems for resource optimization,
and adopt bioclimatic architectural principles
(Behzadpour & Khakzand, 2021).

Monitoring and Evaluation: The inclusion of
continuous monitoring and evaluation among the
approved indicators highlights the necessity of
measurable benchmarks such as carbon footprint
analysis and waste-tracking systems (Shahriari et al.,
2020).

International Benchmarking: Participation in
international  sustainability = rankings (e.g., UI

GreenMetric) and partnerships can facilitate mutual
learning and external validation of progress (Atici et
al., 2021).

Policy and Governance: Revising procurement
policies and establishing institutional frameworks for
hazardous waste management will ensure long-term
compliance with environmental standards and reduce
institutional risks (Fawehinmi et al., 2020; Vahidi et
al., 2020).

Research and Innovation: Despite lower
rankings, developing green innovation centers and
promoting sustainability research remain key for
fostering innovation ecosystems and student
entrepreneurship (Kohler & Kaiser, 2021).

Conclusion

This research contributes to the growing body of
knowledge on sustainability in higher education by
developing and empirically validating a set of
prioritized indicators for creating green universities in
Iran. Using the Fuzzy Delphi Method, the study
successfully captured expert consensus and reduced
uncertainty in prioritizing twenty interrelated
indicators.

The results underscore that the path toward a green
university is multidimensional, requiring simultaneous
attention to  cultural change, environmental
management, technological advancement, and
institutional governance. Among these, promoting
sustainability culture emerged as the cornerstone,
reaffirming the centrality of human awareness and
participation in achieving sustainability goals.

By aligning with global findings (Aboramadan,
2022; Atici et al., 2021; Roshani et al., 2023) while
contextualizing them within Iran’s socio-economic
and educational realities, the study offers both
theoretical and practical implications. The proposed
indicator hierarchy can serve as a strategic roadmap
for policymakers and university leaders to plan,
implement, and evaluate green initiatives effectively.

Future research could extend this framework
through comparative cross-country studies,
longitudinal assessments of implementation progress,
and integration with quantitative performance metrics
such as energy audits, life-cycle analyses, and
sustainability reporting standards.

Ultimately, this study affirms that the
transformation toward green universities is not solely
a technological or infrastructural endeavor—it is
fundamentally a cultural evolution rooted in
education, awareness, and collaborative action across
all levels of the academic community.
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electric and low-emission vehicles.
Al’lthOIly. 2021: Shahriari oKl 3 d)lA.{L?, dl)g &ob dlmdﬁt)g 9 szL..u u)9,\; LS)IAiL.f. dl).: t_g.').ll).a.ué‘ d)'g_)énljﬁ
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sloatls 5k il el g)lul 3 Slas o)l
. ; oo bl g <yllas
Shahriari et al., 2020; S 9 oS : Wy = 15
Vahidi et al., 2020 Monitoring university sustainability Continuous Mor}ltormg and
performance through quantitative and Evaluation
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. lops sl g
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Aboramadan, 2022 Engagigg in international projegtg r;lated to Cooperation
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Pouramini & Bashkooh, .o Ji).} S
2023; Qazi et al., 2020 . . Sustainable Procurement 18
’ - Purchasing products and services based on Policies
green and sustainability standards.
dgude 9 B! yials gl mlbie g dlge 3l saome adlazwl
Gholami et al., 2020; ey SR S ety v ol SLadl dongs
Yadegari Dehdakordi & Sk 19

Nilashi, 2022

Reusing materials and resources to reduce
waste and improve efficiency.

Development of the
Circular Economy
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Table 4. Final Indicators from Expert Opinions and Theoretical Studies
References Description Indicator Row
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2023 resources. Management
o . Silwdige g mle Coplo ) pg slagygld 5l aslawwl
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Esmaeili et al., 2022; Sy TranrsRo 9 joo chilose 655 o gl ol b
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Nilashi, 2022 Application of green architecture and low- Green Building Design
energy buildings.
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process optimization.
Kyrychenko et al., 2021, I O glie o e
Ali & Anufriev, 2020 . — >
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recycling and purification systems.
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Expert Interview S paenS Y 2l Jog o . 8
Promoting public transportation and the use of Sustainable Transportation
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Kohler & Kaiser, 20213 caujlae 5 5k sjg 53 Flaiod (slaojyy | cules o loging & g
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2022 g g Use of Local Resources
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. S g oS yote (Dbl g )l
Expert Interview Monitoring universities’ sustainability Continuous Monitoring and 15
performance through quantitative and Evaluation
qualitative indicators.
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Yadeggri Dghdakordi & o AJ. Lo Efficient Management of 17
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Shahriari et al., 2020; “;)L\')'l;’: ’MJ L;Lz,(L;» “ Qib QL‘TA& ? Q\/T > Ly sl Mol 13
Vahidi et al., 2020 urchasing products and services according to Procurement Policy Reform
green and sustainable criteria.
doce 9 AW Lials (ly mlio g dlge I sazee ool / domls sl
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Pouramini & Bashkooh, <5390 582 <o . 7
2023 Ghazi et al.. 2020 , X Development of Circular 19
’ > Reusing of materials and resources to Economy
reduce waste and improve efficiency.
sl 3 IRl dnsls 5 bty € Lie il
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M., & Jabbari, 2021

Enhancing student and university community
participation in green programs.

Community Engagement
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Table 6. Questionnaire Validity
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Table 7. First Round of Results of the Delphi Questionnaire on Green University Indicators
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Table 8. Second Round of Results of the Delphi Questionnaire on Green University Indicators

395 I35 2 26 b 5l 0

dl.tbuab-l.w L;:L»Lw LSI)’. u_f?J.) Mw); J5| 390 O

Sasjl Gilise (slajadls e oSty sl j IS8

Egoome jllus obj)l by il g (L, M, U) (n:5ke

o oSl (slo 2Ll A5 doliiin s ol pgd 593 A Joa

Jaw b

) FKeY)
awbeas oy 2125 5L J5 il oo
Approvall Number of Defuzzification Total average (L,M,U) el Z 6
disapproval experts Index =&
§ Lie!
>0.7 50 e Slie U M L U M L
Final score
. Sil iz By
i .
= 50 0.83 100 088 0.62 1200 1050 740  Optimal 1
Approved Energy
Consumption
L..
= 50 0.83 1.00 0.88 0.62 12.00 10.50 7.40 Water 2
Approved Resource
Management
b dbj Mg ials
A d 50 0.82 1.00 085 0.60 12.00 10.20 7.20 Waste 3
pprove Reduction
bk
Wb s slaplaizbs
50 0.87 1.00 095 0.67 12.00 11.40 8.00 Green 4
Approved ree
Building
Design
Wb by Jasg o
A d 50 0.86 1.00 093 0.65 12.00 11.10 7.80 Sustainable 5
pprove Transportation
5 olizl
W oy syl
50 0.83 1.00 0.88 0.62 12.00 10.50 7.40 Use of 6
Approved
Modern
Technologies
5 Uhjsel
2t e 25T
50 0.87 1.00 095 0.67 12.00 11.40 8.00 seocos § 7
Approved * =)
Environmental

Education and



S 3,509y 4 dogi b jaw oKl sl )3 )5 53U claasli (cancu gl i Sho Yy

[ Sluss
awlpas Oy =I5 5 J oo 0Sbe
Approval/  Number of Defuzzification Total average (L,M,U) el Z 6
disapproval experts Index RN
>0.7 50 sl Sl U M L U M L
Final score
Awareness
S b gy
— 50 0.89 1.000 098 0.68 12.00 11.70 8.20 Sl 8
Approved ’ ’ ’ ’ : : : Promoting a
Culture of
Sustainability
b o SL3S dongi
A d 50 0.87 100 095 0.67 12.00 11.40 B8.00  Green Space 9
pprove Development
wh oS Copde
A q 50 0.86 1.000 093 0.65 12.00 11.10 7.80 Carbon 10
pprove Management
G 2ely
lp Se
0 50 0.84 1.00 090 0.63 12.00 10.80 7.60 Sk 11
Approved Strategic
Planning for
Sustainability
b b
Approved 50 0.86 1.000 093 0.65 12.00 11.10 7.80 Encou_raging 12
Sustainable
Research
sl Ko
b 50 0.86 100 093 065 1200 11.10 7.80 ol 13
Approved International
Collaboration
b 50 0.86 1.000 093 0.65 1200 11.10 7.80 ko 14
Approved : : : : : : : Hazardous
Waste
Management
a9l 3510 2l
b o
= 50 0.80 1.00  0.83 058 12.00 990 7.00 Establishment 15
Approved of Green
Innovation
Centers
d) ):l )I odlésiuwl
s .
= 50 0.83 1.00 0.88 0.62 12.00 10.50 7.40 S yg> 16
Approved Use of Solar
Energy
Bl dawgs
b 50 0.82 1.00 085 0.60 12.00 10.20 7.20 ot 17
Approved : : : : : : : Development
of the Circular
Economy
. L5yl g ol
= 50 0.84 100 090 063 12.00 1080 7.60 =777 18
Approved oo



[ Sl
o lipas Oy =I5 5 J oo 0Sbe
Approvall  Number of Defuzzification Total average (L,M,U) el Z 6
disapproval experts Index 2 &
>0.7 50 e el U M L U M L
Final score
Continuous
Monitoring
and
Evaluation
ol M|
= 50 0.86 1.00 093 0.65 12.00 11.10 7.80 2 19
Approved Procurement
Policy Reform
oS lie s
‘U
= 50 0.86 100 093 0.65 1200 11.10 7.80 dncly 20
Approve Community
Engagement
245 4l 190 5 pcute JSyobdy 2ol s oKl slogy) o 135,50

b)) 290 AR Ve (e s ye pl 3 g gl

o 0l bl )3 350 slayasls ganas, WA Jous
Table 9. Ranking of Effective Indicators in Creating a Green University
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