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Abstract 

Thematic Review of Smart and Sustainable University Campuses. Burgeoning over an 

insistent intertwining among technology, human engagement, and contextual adaptation as 

necessary for successful implementation. Systematic literature review and thematic 

analysis of peer-reviewed studies from 2015 to 2024. Powering the understanding of the 

technologies involved-such as IoT sensors, AI, and data analytics-that generally optimize 

resource management and also reduction of environmental footprints and enhanced 

operational efficiency of campuses. Transformation of the campus into living labs, among 

others, bringing smart infrastructure integration with sustainability goals and consequently 

operational efficiency while improving quality of life among campus communities. Key 

finding emphasizes a human-centered approach, advocating for participatory feedback 

systems involving all stakeholders, including students, faculty, and staff, to make smart 

initiatives relevant, inclusive, and socially responsible. High-upfront infrastructure costs, 

very complex data integration, and very ethical issues related to privacy, security, and 

algorithmic fairness in AI deployment are some of the challenges faced. The research has 

suggested that to mitigate the concerns, solid cybersecurity measures need to be installed 

with the ethical frameworks and in the adoption of energy-efficient AI technologies 

powered in renewable energy so as to balance technological advancement with 

environmental and human well-being. Conclusions stress that intelligent campuses will 

have to adopt integrated, adaptable, and context-sensitive strategies dovetailing 

technological innovation with socio-institutional, environmental aspects. Yet it is in this 

regard that universities are best placed not only to crowd a bulk of human capital and 

innovation but also to function as strategic centers in driving objectives broader than smart 

city initiatives toward sustainable development. 
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1. Introduction 

The development of smarter and more sustainable urban areas rely increasingly on the 

strategic incorporation of technology and data-driven capabilities, observed particularly at 

university and college campuses [1] and the principles of IOE (internet of everything) in a 

networked environment. Environmental planning, which covers assessment, conservation, 

utilization and management of nature resources, is one of the fundamental factors 

contributing to sustainable development with minimum environmental disturbance for the 

health and happiness of people [2]. With respect to this change, AI and AIoT indeed offer 

wonderful opportunities in resource management, energy efficiency, and environmental 

performance in general [3]. These technologies, which facilitate the easy integration of 

urban systems and enable the connection of different urban domains, are also in full 

consonance with the essential mandate of the urban planners [2]. The advent of AI in urban 

planning does nevertheless bring forward a whole new set of ethical questions that warrant 

a thorough investigation, with a degree of anticipation for the identification of the risks 

represented by AI [4]. The paper intends to synthesize an exposition of the knowledge 

terrains relevant to 'smart' and 'sustainable' campus initiatives by exploring the 

methodology tools and outcomes linked to their successful deployment. Towards that end, 

[3] and references therein; and [5], through an examination of a set of case studies and 

analytic approaches, aim to extract best practice and fundamental challenges to help inform 

a greater understanding of how universities might serve as models for more general-

purpose smarter city development. In fact, being representatives of larger urban contexts, 

universities provide an interesting platform to first pilot and then fine-tune smart city 

solutions with the potential to instigate good urban practices for sustainable development 

[3]. 

Figure 1. Theoretical framework of a smart, sustainable, and well-being campus: the 

proposed framework paints a clear picture of a smart, sustainable campus—one where 

advanced technologies and eco-friendly practices work together, from smart mobility, 

classroom, security to student engagement, future research, to create a healthier, more 

connected environment.  
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X. Chen28,D Das, Lim et. al86; B. M. Mohsen9; L. F. Kwok6; Nasro Min‐Allah ,et. al7; M. Musa, 

M. N. Ismail,et. al 19; C. Clemm, L., et. Al68; D. K. Das33; M. Liu and L. Li14; Ebere Donatus 

Okonta,et. al12 ; Z. Huang15 ;Tommy Chagnon-Lessard , et al.81;Alahi et al.87 ;Dad, A, et.al88; 

Elenı D. et.al31 J.; Anttila et.al10 

Sustainable Smart Campus 

Thus, any "smart campus" is that which, beyond being understood as an area of learning, 

comprehends the entire continuum within a dynamic ecosystem where technology 

updates and improves on every aspect of academic [6] as well as everyday life. Rather, it 

is characterized by incorporating advanced technologies, prominent data analytics, 

artificial intelligence, Internet of Things sensors, and other modern innovations on the 

resource management optimization, efficiency in operations, and sustainable environment 

[7]. Big data analytics further makes ubiquitous computing much more relevant in 

transforming urban operations and policies related to sustainability, establishing a point 

of analyzing the necessity for frameworks guiding techno-urban development [8]. In 

addition to the potential of this integration to enhance the quality of life for staff and 

students, it also sets an example for sustainable processes that have the possibility of being 

applied more broadly in urban areas. [9] smart campus is also a live laboratory, where 

innovation is encouraged along with possible cooperation among students, professors, and 

industry partners to generate and apply innovative solutions onto real-life problems [10]. 

Smart Technologies 

A smart campus utilizes technological advancements for improved environment, learning 

experience, and resource management, enabling real-time tracking and control of energy, 

waste, and water consumption [11]. Smart technologies improve urban safety, health, and 

transit to provide governments with integrated solutions to the many problems faced in 

cities [12].  
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Student Engagement 

The smart and sustainable campus is a strong driver towards the enhancement of the 

learning environment as well as setting in the students a responsible attitude towards the 

environment. This is yet another instance of blending the technologies of 'smart' with the 

pedagogical experience, hence ensuring that universities provide an effective and 

enriched learning environment with individual focus on each and every other student 

[13].Student involvement in green initiatives can establish roles supporting sustainability 

through volunteer efforts, promoting green transportation, and reducing energy 

consumption. Smart campuses integrate technology into learning and social community 

[14]. In this way, colleges on the ultimate side can build the educational space where 

sustainability awareness touches on all aspects of life and trains students to be 

environmental warriors in a world folding itself further apart each and every day. 

Information and Technology Infrastructure 

An intelligent campus rests on a solid base of information and technology infrastructure, 

the kind that lets its many smart systems and apps work together as smoothly as gears in 

a well-oiled machine. These infrastructures include high‑speed internet access and 

wireless networks, backed by a centralized data system that gathers, analyzes, and shares 

information across the campus right down to the benches outside the library. An 

intelligent campus rests on pillars like data analysis, procedural know‑how, and smooth 

system integration much like sensors quietly tracking the flow of students through a busy 

hallway [14]. The smart campus brings information technology into students’ daily work 

updating educational resources and sparking fresh ideas on how to guide and support 

them. They also ensure strong cybersecurity measures to protect confidential data and 

safeguard the privacy of both students and staff, tackling the specific security challenges 

that once plagued smart campus systems, like intercepted Wi‑Fi signals in shared study 

areas [15]. 
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Future Research 

Future studies will zero in on building smart, sustainable campuses, using new tools like 

blockchain and AI to make them run at peak efficiency where lights dim on their own and 

systems adjust in real time. Building smart campuses is essential for tackling the new 

challenges in education, from managing real-time data to keeping students connected. 

More work is needed to build solid assessment systems that track the social, financial, and 

environmental effects of intelligent campus programs like measuring how much energy a 

smart lighting setup actually saves. [6],[11]. 

Awareness  

Creating an awareness of sustainability is very important because such has to foster in-

campus culture in terms of responsibility and acceptance. Universities will be able to do 

this by educating the students, through lectures, and public events. Working with regional 

communities and businesses, universities can continue to improve the built eco-friendly 

environment, technology-driven operations, and sustainable educational programs [16]. 

Hence, universities would lead society toward sustainability. The 4R principle “reduce, 

reuse, recycle, and recover” stems from philosophical belief; all initiatives in recycling are 

based on this, under which increasing efforts by institutions are geared toward minimizing 

impacts on the environment as well as fulfilling the Sustainable Development Goals [17]. 

ICT means today to reach far beyond influencing human life by extending activities from 

the terrestrial realm into cyberspace, almost all human activities online; digital 

transformations are those applications that provide for better infrastructure management 

and enhance online service delivery, while at the same time offering a sound governance 

model that can trigger the transformation of cities into smart, sustainable habitats [18]. A 

smart campus is defined as a sustainable and interconnected environment in which parts of 

the campus operate through the interconnection of smart applications and network 

connection to advance the dissemination of information, resource consumption, security 

improvements, and the overall quality of services on campus [19].The smart campus drew 

its concept from that of a smart city to convert a traditional campus into a smart campus 

[20]. Within a smart campus are many components such as smart buildings, smart 

transportation systems, smart energy management, smart grid technologies, with improved 

adaptive learning environment all knit for sustainability to provide better quality of life for 

the campus populace. The smart city model would seek to challenge the mechanization of 

its ordinary practice and challenges in managing traffic, while allowing persons to 

investigate, visualize, design, and enhance for sustainability, efficiency, and overall quality 

of life [21]. 
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2. Methodology 

A comprehensive, well-planned research method was applied in examining literature on 

modern and eco-friendly campus developments, which is vast from the perspective of 

searching, organizing, and synthesizing scholarly articles, case studies, and reports [22]. 

This involved conducting a comprehensive search strategy across the major academic 

databases of Scopus, the Web of Science, IEEE Xplore, and Google Scholar, with academic 

work centered on smart campus initiatives. The search employed keywords and Boolean 

operators, restricted to peer-reviewed studies published between 2015 and 2024, excluding 

non-English sources.The initial search through literature picked up quite a few studies. 

Thereafter followed a rigorous screening procedure whereby considerable numbers of 

publications were first screened through title and abstract checking for exclusion of 

irrelevant papers and finally full text reading of possibly relevant publications to ascertain 

that the studies were in line with the research objectives [23]. An acceptable means of 

qualitative inquiry was adopted in the review study concerning mostly literature and case 

studies of institutions to discover those hidden, underlining causes carrying with it the 

challenge of smart sustainable campuses [24]. The understanding of the thematic areas, 

methods, and technologies which make up sustainability and efficiency in the operations 

of higher education institutions were the focus. 

Figure 2. The proposed conceptual framework for a smart, sustainable, and well-being-

focused campus. 

 

 

 

 

The systematic review was structured to identify, assess, and synthesize all relevant studies 

addressing smart and sustainable campus initiatives. Initial searches were conducted across 

multiple databases including Scopus, ERIC, SpringerLink, PubMed, Redalyc, Scielo, Web 

of Science, and ProQuest Education Journals to capture a comprehensive array of 

perspectives and recent discoveries [25]. 

 

Key Findings and Synthesis 

The growing adoption of smart and sustainable practices in university campuses is driven 

by their emerging consideration as miniature versions of societal issues [26]. These 

changes focus on reducing environmental impacts, improving efficiency, and enhancing 

the quality of life among students and faculty members [7],[27]. There is an expectation 

 

Data Collection  

 

Systematic Review 
Thematic Analysis 
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from higher education institutions to contribute towards building more sustainable 

societies. This expectation translates into the need for widening the framework of these 

institutions to incorporate sustainable development while also paying careful attention to 

their impact on society [28]. The incorporation of digital technologies remains critical in 

advancing higher educational institutions towards sustainability which requires 

understanding how these technologies could be applied [29]. Therefore, campuses are 

becoming living labs with the goal to stimulate innovation and practical learning not only 

within but also beyond the community [30]. To develop smart and sustainable campuses, 

universities have been applying different common strategies and themes which are 

presented in detailed papers.  

Data Collection 

Data collections of this kind would consist of systematic collection of relevant data through 

acquiring identified information from selected sources, through cases, papers, and reports 

from smart and sustainable feedback initiatives at other campuses. Such data will relate to 

initiatives adopted, technologies employed, reported performance measures, and results 

achieved. This will have needed systematic and transparent review processes to ensure that 

this information indicates reliable and pertinent insights regarding the conception of the 

smart and sustainable campus initiative environment.  

Table 1: Stages of Data Collection 

Thematic Analysis 

Thematic analysis is an acceptable qualitative technique for identifying, analyzing, and 

reporting themes or patterns within qualitative data. It enables qualitative interpretation of 

complex information by way of categories of shared themes, which then provide insight 

into the research problem. This is the method that can best be used for literature reviews, 

giving the option to integrate the results of the studies such that theoretical perspectives 

may be expounded or matters that may be growing across a field of study might be brought 

onward [80]. This process of data analysis could also help generate useful research patterns 

from the raw data information. This research demonstrated the significance of 

interdisciplinary collaboration among faculty members, students, administrators, and 

outside entities in development of a sustainable society and driving meaningful change 

[31]. This review acts as a well-rounded overview of smart and sustainable campus 

Stage Description Actions 

Identification Define the scope of the 

review 

Specify the research questions 

and inclusion/exclusion criteria 

Screening Filter out articles based on 

title and abstract 

Retain articles that align with 

the review's focus on smart and 

sustainable campus initiatives 

Eligibility  Filter out articles based on 

title and abstract 

Select studies that meet the 

criteria for data extraction and 

synthesis 
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initiatives, drawing attention to the success stories and the challenges met, and giving 

pointers to directions for further study and real-world implementation [32]. 

3. Results 

Beneficial Insights from the Studies 

The paper review shows that despite the significant improvements in smart and sustainable 

campuses; there is still a need for comprehensive approach in the adaption of technological 

solutions for urban spaces [33]. The components of this include systematic knowledge of 

governance structures, anticipated outcomes of the context, and the expected outcomes of 

implementation and success of initiatives [34].Indeed, real smart schools in the world are 

still fresh enough for deep, empirical probing, especially as they might relate to the 

worthiness and scalability of such products under a variety of institutional contexts and in 

the long term [35]. A comprehensive analytical framework, utilizing big data analytics and 

contextual-aware computing, is needed to bridge the gap between technological 

interventions and soci-institutional movements in smart and sustainable cities. [36]. This 

way, the approach is likely to lead to identifying the best routes to meeting integration of 

various smart technologies while improving resources efficiency and quality-of-life 

conditions for campus individuals, thus furthering the wider subject under sustainable 

urban development [37]. Getting smart campuses is thus a miniature smart city program in 

that it highlights the need for that kind of smartness in terms of technology integration 

toward environmental and social governance [38]. These environments of a campus are 

core attributes of an intelligent city, hence making the smart campus a study and area of 

application [39]. Modern technologies such as artificial intelligence, the IoT, and big data 

analytics should also be included in building modern management systems inside those 

smart campus ecosystems, in such a way that those systems would react flexibly on the 

change of environment and user needs [40],[41]. 

Deficiency of the Studies 

The literature made present advances but assumedly ignores the cooperative effects of 

integrated technologies on environmental sustainability, focusing instead on mere 

economic and social aspects [42]. Research surrounding holistic environmental 

considerations and linked relationship with smart technology for campus sustainability is 

limited and most studies are longways deficient. This aspect of having no longitudinal 

empirics affects the development of predictive models and impact assessments which are 

important to promoting policy and investment decisions in campus development. [43]. 

Besides, a certain technological bias becomes apparent in much of the ongoing research, 

which never usually considers human behavioral aspects as well as socio-technical 

challenges that accompany the adoption and use of intelligent technologies in a campus 

environment [44],[62]. Research on AI sustainability in smart campuses lacks 

consideration of complex interactions between technology, users, and policy. Future 
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research should adopt multi-level perspectives, dynamic systems, and interdisciplinary 

approaches for sustainable results [45] [46][47]. 

Technical Insights for Using Smart Campus 

The application of artificial intelligence within smart campus frameworks offers substantial 

opportunities to enhance environmental sustainability through optimized resource 

management and predictive analytics [48],[49]. 

Artificial Intelligence vs Smart Technology 

Technological innovation concerning artificial intelligence and intelligent systems was 

forged into two distinguishable, yet complementary, patterns of assistance that contribute 

toward the environmental sustainability of smart campus initiatives [50]. Smart 

technologies, comprising connected devices and sensors, provide real-time data for AI 

algorithms to produce actionable insights to take advantage of operating sustainably. This 

data leads to intelligent systems by managing the environment proactively, contributing to 

a sustainable campus and its ecosystem. [51]. This kind of integration would probably offer 

a huge reduction in the carbon footprint and energy loss, through in-depth control of the 

building systems and real-time monitoring of the environmental parameters [52]. 

Conversely, environment management through AI, especially regarding pollution, is a 

great leap toward changing the entire scenario of environmental monitoring and 

degradation mitigation [54]. 

Digital vs Smart  

The smart technologies indicate intelligence not only do they process data, but they also 

project problems and therefore adjust in real-time, controlling everything from morning 

warm-up of a campus heating system to foot traffic flow between buildings [53]. The 

campuses are turning into smart grids, using AI-powered predictive analytics and data-

pulling environmental management systems in order to share energy with an eco-

sustainable manner and reduce their environmental footprint, such as dimming lights in 

empty lecture halls, whilst, of course, forecasting impacts in future to be in line with 

environmental regulation [55]. However, the big question comes with AI systems as they 

bear serious consequences on the environment since computing power requirements are on 

the rise like rows of humming servers running 24/7. Hence, the need for precise 

measurements and a set of rules that would guide AI toward aiding-and-not-harming-

sustainability goals like carbon emissions reduction [56]. We need to do some hard 

thinking about the entire life cycle of AI from extracting the metals needed in its hardware 

to powering servers that ostensibly consume energy so that net-positive ecological 

resilience results [57]. Green AI or Sustainable AI stands for the use of energy-efficient 

algorithms, lightweight model architectures, and renewable energy-based data centers, e.g., 

solar panel systems installed on their rooftops to cope with the growing energy demand 

without impairing performance [58],[59],[60]. 
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Risk on Cyber Securities 

The use of smart technology and AI in campus architecture assists to mitigate cybersecurity 

challenges such as data breaches, denial-of-service attacks, and cyber or cyber-physical 

attacks. Cybersecurity systems for managing these risks must focus on encryption, multi-

factor user login, intrusion detection, and continuous auditing process. Also, ethical 

concerns (involving privacy and accountability) must be properly addressed in order for 

deployment of AI to be realistic [61]. Talking such concerns is very important so that 

development in smart campus technologies does promote the sustainability agenda without 

intentionally affecting the data privacy or digital security of the university community. On 

the other hand, the energy consumption of AI for training and inference carries a huge 

environmental imbalance that must be managed properly in attaining the goals of 

sustainability[62][63].In combining with that, energy-efficient AI systems that optimize 

computation and use renewable energy sources to power AI infrastructure must be 

employed to bring down the environmental costs of this powerful tool [64].Consideration 

should also be given to the adverse effects of computing energy requirements and carbon 

emissions in the training of large-scale deep learning models. Therefore, it is necessary to 

shift to energy-efficient AI algorithms and hardware [65][66].That establishes the rationale 

for Green AI that minimizes the negative impact of AI systems over its entire life cycle by 

improving training efficiency, optimizing data use, and running AI algorithms on energy-

efficient hardware [67][68].Also, the right frameworks need to be established to ascertain 

the equitable and responsible deployment of AI associated to data privacy, accountability, 

and algorithmic fairness[69]. 

Table 2: Classification of Smart Campus Studies by Technology 

E. Bibri et. al1; X. Chen28; M. Musa,et. al19; Dad, A.,et. al88; Donatus Ebere Okonta,et. al89; 
Hidayati Ramli, et. Al47 

FINDINGS 

Projects aimed at making universities more sustainable expose the learning gleaned, as well 

as the benefits and hurdles of a solar-powered walkway, for instance. Besides, bright 

technologies such as IoT sensors now include the capacity to manage room occupancy and 

artificial intelligence (AI)-developed solutions to do the analysis and return the data [70]; 

keep resonating with the message on smart resource use, reduced environmental footprint 

Category of Study Key Technologies 

General Smart & Sustainable Campuses1 IoT, Big Data, Cloud Computing, Smart Systems 

Sichuan University Smart Campus28 Cloud Computing, IoT, Big Data, Sensor 

Technologies 

Universiti Tun Hussein Onn Malaysia 

Smart Campus19 

Cloud Computing, IoT, Data Analytics 

Smart Umbrella Concept88 IoT, Sensor-based automation 

Smart City Software Analysis89 AI-powered platforms, 3D visualization tools, Real-

time monitoring systems 

Medium-Sized City Smart City Solutions47 Smart city solutions (general, encompassing various 

technologies) 
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but efficient campus operations [7]. For instance, an energy management system that 

tweaks lighting and HVAC settings on the fly like dimming lights in an empty hallway has 

proven it can cut energy use dramatically [71]. Smart campus projects often tie into larger 

smart city goals, focusing on seamless connections and decisions shaped by real-time data, 

like sensors tracking energy use in a single classroom. 

Still, putting these measures into practice won’t be easy like trying to fit a stiff key into a 

worn lock. A major hurdle is the steep upfront cost of rebuilding infrastructure and 

adopting new technology enough to make smaller-budget universities hesitate, like staring 

at a price tag with too many zeros. More importantly, security and privacy matter most, 

since collecting and processing campus data can raise serious ethical concerns think 

constant surveillance or the risk of someone misusing a student’s personal records. For 

most initiatives to succeed, they need management’s backing and genuine teamwork 

students tossing out ideas, professors shaping them, and the administration helping to make 

them real. The findings show that universities increasingly recognize their role as a 

cornerstone of sustainable development, with smart campus projects serving as lively test 

grounds—like solar-paneled walkways for bold new solutions [72]. 

4. Discussion 

The study points to a human focused approach, with many parts and particular settings, in 

smart lasting university campuses - it points to a need for feedback systems, steady 

evaluation along with steady betterment. Institutions are places for human capital plus 

creativity supporting lasting development [73]. 

A study of smart city software shows six areas of action that support resilience and lasting 

qualities. It shows how various technological solutions better urban processes but also 

citizen experiences [74]. There are difficulties with data access and standardization, but a 

thematic map helps stakeholders to clearly see solutions for particular metropolitan 

problems [75].  

5. Conclusion 

A thematic investigation of various studies conducted on smart and sustainable university 

campuses and smart city initiatives indicates a very intricate interaction between 

technology, human engagement, and contextual adaptation. This interaction is pivotal to 

the successful implementation of smart city projects. One of the major thrusts of these 

findings is that a human-centered approach is needed in which the development process 

with participatory feedback systems includes stakeholders-from students to professors and 

staff [76]. Participation in this process will ensure that smart projects are pertinent and 

inclusive enough to respond to the various needs of the campus community [77]. In 

addition, the multidimensional nature of intelligent campuses is mentioned in order to 

promote pathways for sustainable development that take into account technological, 

human, institutional, and environmental dimensions [39]. The universities will then work 
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as incubators for human capital and innovation, preparing students to strengthen the 

broader perspective of smart cities and smart countries [23]. The study also presents 

challenges such as complex data integration and the concerns for stringent security 

measures to safeguard sensitive data within smart environments [78]. Ultimately, the 

intersection of these themes highlights the primacy of integrated, participatory, adaptable, 

context-sensitive approaches in the evolution of intelligent campuses and cities. The 

approaches should find a fine balance between technological advancement and human and 

environmental wellbeing. This will eventually improve operational efficiency and the 

quality of life in urban settings [79]. 

 

References 
[1]S. E. Bibri and J. Krogstie, “Smart sustainable cities of the future: An extensive interdisciplinary literature 

review,” Sustainable Cities and Society, vol. 31, pp. 183–212, Mar. 2017. 

[2]S. E. Bibri, J. Huang, Senthil Kumar Jagatheesaperumal, and J. Krogstie, “The synergistic interplay of 

artificial intelligence and digital twin in environmentally planning sustainable smart cities: A 

comprehensive systematic review,” Environmental Science and Ecotechnology, vol. 20, pp. 

100433–100433, May 2024. 

[3]S. E. Bibri, J. Krogstie, Amin Kaboli, and Alexandre Alahi, “Smarter eco-cities and their leading-edge 

artificial intelligence of things solutions for environmental sustainability: A comprehensive 

systematic review,” Environmental Science and Ecotechnology, vol. 19, pp. 100330–100330, 2023. 

[4]T. W. Sanchez, M. Brenman, and X. Ye, “The ethical concerns of artificial intelligence in urban planning,” 

Journal of the American Planning Association, pp. 1–14, Jul. 2024. 

[5]Tan Yiğitcanlar, K. C. Desouza, L. Butler, and Farnoosh Roozkhosh, “Contributions and risks of artificial 

intelligence (AI) in building smarter cities: Insights from a systematic review of the literature,” 

Energies, vol. 13, no. 6, pp. 1473–1473, Mar. 2020. 

[6]L. F. Kwok, “A vision for the development of i-campus,” Smart Learning Environments, vol. 2, no. 1, 

Jan. 2015. 

[7]Nasro Min‐Allah and Saleh Alrashed, “Smart campus—A sketch,” Sustainable Cities and Society, vol. 

59, pp. 102231–102231, May 2020. 

[8]S. E. Bibri, “Sustainable urban forms: Time to smarten up with big data analytics and Context–Aware 

computing for sustainability,” in ˜The œurban book series, Springer International Publishing, 2018, 

pp. 371–417. 

[9]B. M. Mohsen, “AI-Driven optimization of urban logistics in smart cities: Integrating autonomous vehicles 

and IoT for efficient delivery systems,” Sustainability, vol. 16, no. 24, pp. 11265–11265, Dec. 2024. 

[10]J. Anttila and K. Jussila, “Universities and smart cities: the challenges to high quality,” Total Quality 

Management & Business Excellence, vol. 29, pp. 1058–1073, Jun. 2018. 

[11]C. Yip, Y. Zhang, E. Lu, and Z. Y. Dong, “A hybrid assessment framework for human‐centred 

sustainable smart campus: A case study on COVID‐19 impact,” IET Smart Cities, vol. 4, no. 3, pp. 

184–196, Aug. 2022. 

[12]Ebere Donatus Okonta and Vladimir Vuković, “Smart cities software applications for sustainability and 

resilience,” Heliyon, vol. 10, no. 12, Jun. 2024. 

[13]M. Musa, M. N. Ismail, and Mohd, “A survey on smart campus implementation in malaysia,” JOIV 

International Journal on Informatics Visualization, vol. 5, no. 1, pp. 51–56, Mar. 2021. 

[14]M. Liu and L. Li, “The construction of smart campus in universities and the practical innovation of 

student work,” Jan. 2018. 

Hayat || V-14 || Issue 10, 2025 || ISSN:1735-2215

https://doi.org/10.5281/zenodo.17369092 ||Page No - 51



 

[15]Z. Huang, “An analysis of information security and protection strategies in colleges and universities in 

the environment of smart campuses,” Journal of Physics Conference Series, vol. 1852, no. 4, pp. 

42050–42050, Apr. 2021. 

[16]L. A. Verhoef et al., “Towards a learning system for university campuses as living labs for 

sustainability,” in World sustainability series, Springer International Publishing, 2019, pp. 135–149. 

[17]Aleksandra Jakimiuk et al., “Closing the loop: A case study on pathways for promoting sustainable waste 

management on university campuses,” The Science of The Total Environment, vol. 892, pp. 164349–

164349, May 2023. 

[18]G. Ikrissi and Tomader Mazri, “A STUDY OF SMART CAMPUS ENVIRONMENT AND ITS 

SECURITY ATTACKS,” ˜The œinternational archives of the photogrammetry, remote sensing and 

spatial information sciences, pp. 255–261, Nov. 2020. 

[19]M. Musa, M. N. Ismail, and Mohd, “Smart campus implementation in universiti tun hussein onn 

malaysia: Towards a conceptual framework,” Journal of Physics Conference Series, vol. 1860, no. 

1, pp. 12008–12008, Mar. 2021. 

[20]A. Dad, F. Karim, T. I. Chowdhury, and H. Chowdhury, “Smart umbrella: A way to beautify future smart 

cities,” International Journal of Academic Research in Business and Social Sciences, vol. 10, no. 2, 

Feb. 2020. 

[21]Agnieszka Szczepańska, Rafał Kaźmierczak, and M. Myszkowska, “Smart city solutions from a societal 

Perspective—A case study,” International Journal of Environmental Research and Public Health, 

vol. 20, no. 6, pp. 5136–5136, Mar. 2023. 

[22]Z. Y. Dong, Y. Zhang, C. Yip, S. Swift, and K. Beswick, “Smart campus: definition, framework, 

technologies, and services,” IET Smart Cities, vol. 2, no. 1, pp. 43–54, Feb. 2020. 

[23]E. Jacques, A. N. Júnior, S. D. Paris, Matheus Binotto Francescatto, and J. Cezar, “Smart cities and 

innovative urban management: Perspectives of integrated technological solutions in urban 

environments,” Heliyon, vol. 10, no. 6, Mar. 2024. 

[24]Esma Dilek and Murat Dener, “Computer vision applications in intelligent transportation systems: A 

survey,” Sensors, vol. 23, no. 6, pp. 2938–2938, Mar. 2023. 

[25]K. M. Florentin, Motoharu Onuki, and Masaru Yarime, “Facilitating citizen participation in greenfield 

smart city development: The case of a human-centered approach in Kashiwanoha international 

campus town,” Telematics and Informatics Reports, vol. 15, pp. 100154–100154, Jul. 2024. 

[26]A. I. Vodă and L.-D. Radu, “How can artificial intelligence respond to smart cities challenges?,” in 

Elsevier eBooks, Elsevier BV, 2019, pp. 199–216. 

[27]A. A. Musa, Salim Idris Malami, Fayez Alanazi, Wassef Ounaies, M. A. Alshammari, and Sadi Ibrahim 

Haruna, “Sustainable traffic management for smart cities using internet-of-things-oriented 

intelligent transportation systems (ITS): Challenges and recommendations,” Sustainability, vol. 15, 

no. 13, pp. 9859–9859, Jun. 2023. 

[28]X. Chen, “Exploration and practice of the construction of smart Campus——Taking sichuan university 

as an example,” pp. 36–41, Sep. 2020. 

[29]T. Stefan, “New perspectives in the implementation of smart-technologies in higher education,” in 

Proceedings of the 2nd International Scientific and Practical Conference “Modern Management 

Trends and the Digital Economy: from Regional Development to Global Economic Growth” 

(MTDE 2020), Jan. 2020. 

[30]Arpaporn Phokajang and Paniti Netinant, “Developing software architecture for a smart school digital 

framework,” pp. 22–27, Jan. 2021. 

[31]Elenı Dimitriadou and A. Lanitis, “A critical evaluation, challenges, and future perspectives of using 

artificial intelligence and emerging technologies in smart classrooms,” Smart Learning 

Environments, vol. 10, no. 1, Feb. 2023. 

[32]C. Ha and S.-Y. Lee, “Elementary teachers’ beliefs and perspectives related to smart learning in South 

Korea,” Smart Learning Environments, vol. 6, no. 1, Feb. 2019. 

Hayat || V-14 || Issue 10, 2025 || ISSN:1735-2215

https://doi.org/10.5281/zenodo.17369092 ||Page No - 52



 

[33]D. K. Das, “Exploring the symbiotic relationship between digital transformation, infrastructure, service 

delivery, and governance for smart sustainable cities,” Smart Cities, vol. 7, no. 2, pp. 806–835, Mar. 

2024. 

[34]D. Mauricio, E. Zumba, A. Lucio-Quintana, C. Yerbabuena-Torres, Andrea, and C. Guevara, 

“Advancing university education: Exploring the benefits of education for sustainable development,” 

Sustainability, vol. 16, no. 17, pp. 7847–7847, Sep. 2024. 

[35]A. Bustamante-Mora, M. Diéguez, M. Zegarra, F. Escobar, and G. Epuyao, “Environmental conditions 

and their impact on student concentration and learning in university environments: A case study of 

education for sustainability,” Sustainability, vol. 17, no. 3, pp. 1071–1071, Jan. 2025. 

[36]Florian Findler, N. Schönherr, R. Lozano, D. Reider, and André Martinuzzi, “The impacts of higher 

education institutions on sustainable development,” International Journal of Sustainability in 

Higher Education, vol. 20, no. 1, pp. 23–38, Jan. 2019. 

[37]L. V. Trevisan, J. Henrique, Bárbara Galleli, W. L. Filho, and E. Á. Pedrozo, “Digital transformation 

towards sustainability in higher education: state-of-the-art and future research insights,” 

Environment Development and Sustainability, vol. 26, no. 2, pp. 2789–2810, Jan. 2023. 

[38]I. I. Berchin, Silva, Isabela Blasi Valduga, M. L. Heerdt, and J. Baltazar, “Sustainable campuses as living 

labs for sustainable development: An overview of a brazilian community university,” in World 

sustainability series, Springer International Publishing, 2019, pp. 87–102. 

[39]K. Polin, Tan Yiğitcanlar, M. Limb, and T. L. Washington, “The making of smart campus: A review and 

conceptual framework,” Buildings, vol. 13, no. 4, pp. 891–891, Mar. 2023. 

[40]Temitope Omotayo, Alireza Moghayedi, Bankole Awuzie, and S. Ajayi, “Infrastructure elements for 

smart campuses: A bibliometric analysis,” Sustainability, vol. 13, no. 14, pp. 7960–7960, Jul. 2021. 

[41]R. E. Glasgow, “Methodological recommendations for assessing the impact of adaptations on outcomes 

in implementation research,” Jun. 2025.  

[42]R. Wilhelm, “The governance of smart cities: A systematic literature review,” Cities, vol. 81, pp. 1–23, 

Jun. 2018. 

[43]S. E. Bibri, “Big data analytics and context-aware computing: Core enabling technologies, techniques, 

processes, and systems,” in ˜The œurban book series, Springer International Publishing, 2018, pp. 

133–188. 

[44]S. E. Bibri, “A novel model for data-driven smart sustainable cities of the future: the institutional 

transformations required for balancing and advancing the three goals of sustainability,” Energy 

Informatics, vol. 4, no. 1, Mar. 2021. 

[45]Aysan Bashirpour Bonab, F. Bellini, and I. Rudko, “Theoretical and analytical assessment of smart green 

cities,” Journal of Cleaner Production, vol. 410, pp. 137315–137315, Apr. 2023. 

[46]X. Dong, X. Kong, F. Zhang, Z. Chen, and J. Kang, “OnCampus: a mobile platform towards a smart 

campus,” SpringerPlus, vol. 5, no. 1, Jul. 2016. 

[47]Hidayati Ramli, Z. M. Azizi, and Niraj Thurairajah, “Sustainable smart city technologies and their impact 

on users’ energy consumption behaviour,” Energies, vol. 17, no. 4, pp. 771–771, Feb. 2024.. 

[48]D. G. Costa et al., “A survey of emergencies management systems in smart cities,” IEEE Access, vol. 

10, pp. 61843–61872, Jan. 2022. 

[49]S. E. Bibri and J. Krogstie, “Environmentally data-driven smart sustainable cities: applied innovative 

solutions for energy efficiency, pollution reduction, and urban metabolism,” Energy Informatics, 

vol. 3, no. 1, Nov. 2020. 

[50]Syed Muhammad Sikandar, S. M. Ali, and Z. Hassan, “Harmonizing smart city tech and 

anthropocentrism for climate resilience and Nature’s benefit,” Social Sciences & Humanities Open, 

vol. 10, pp. 101026–101026, Jan. 2024. 

[51]H. M. Alshuwaikhat and I. R. Abubakar, “An integrated approach to achieving campus sustainability: 

assessment of the current campus environmental management practices,” Journal of Cleaner 

Production, vol. 16, no. 16, pp. 1777–1785, Jan. 2008. 

Hayat || V-14 || Issue 10, 2025 || ISSN:1735-2215

https://doi.org/10.5281/zenodo.17369092 ||Page No - 53



 

[52]Rohit Nishant, M. Kennedy, and J. Corbett, “Artificial intelligence for sustainability: Challenges, 

opportunities, and a research agenda,” International Journal of Information Management, vol. 53, 

pp. 102104–102104, Apr. 2020. 

[53]Santos and L. C. Carvalho, “AI-driven participatory environmental management: Innovations, 

applications, and future prospects,” Journal of Environmental Management, vol. 373, pp. 123864–

123864, Jan. 2025. 

[54]Z. Chen, M. Wu, A. Chan, X. Li, and Y.-S. Ong, “A survey on AI sustainability: Emerging trends on 

learning algorithms and research challenges,” arXiv (Cornell University), Jan. 2022. 

[55]M. Yadav and G. Singh, “ENVIRONMENTAL SUSTAINABILITY WITH ARTIFICIAL 

INTELLIGENCE,” EPRA International Journal of Multidisciplinary Research (IJMR), pp. 213–

217, May 2023. 

[56]J. Schwaeke, C. Gerlich, H. L. Nguyen, D. K. Kanbach, and J. Gast, “Artificial intelligence (AI) for 

good? Enabling organizational change towards sustainability,” Review of Managerial Science, Jan. 

2025. 

[57]Areti Patoucha and Ζωή Γαρείου, “The role of artificial intelligence in environmental sustainability,” 

E3S Web of Conferences, vol. 585, pp. 11011–11011, Jan. 2024. 

[58]M. S. Akter, “Harnessing technology for environmental sustainability: Utilizing AI to tackle global 

ecological challenge,” Deleted Journal, vol. 2, no. 1, pp. 61–70, Feb. 2024. 

[59]D. B. Olawade, O. Z. Wada, Aanuoluwapo Clement David-Olawade, Oluwaseun Fapohunda, A. O. Ige, 

and J. Ling, “Artificial intelligence potential for net zero sustainability: Current evidence and 

prospects,” Next Sustainability, vol. 4, pp. 100041–100041, Jan. 2024. 

[60]M. Adnan et al., “Human inventions and its environmental challenges, especially artificial intelligence: 

New challenges require new thinking,” Environmental Challenges, vol. 16, pp. 100976–100976, 

Jul. 2024 

[61]R. Wolniak and Kinga Stecuła, “Artificial intelligence in smart Cities—Applications, barriers, and future 

directions: A review,” Smart Cities, vol. 7, no. 3, pp. 1346–1389, Jun. 2024. 

[62]B. O. Adelakun, B. O. Antwi, Afari Ntiakoh, and A. O. Eziefule, “Leveraging AI for sustainable 

accounting: Developing models for environmental impact assessment and reporting,” Finance & 

Accounting Research Journal, vol. 6, no. 6, pp. 1017–1048, Jun. 2024. 

[63]OECD, “Measuring the environmental impacts of artificial intelligence compute and applications,” Nov. 

2022. 

[64]L. E. Besinga and Theophilus, “Technological innovations for climate adaptation and peacebuilding: A 

holistic approach to resource conflict and environmental challenges,” Open Journal of Applied 

Sciences, vol. 15, no. 1, pp. 285–304, Jan. 2025. 

[66]Abdulaziz Tabbakh, A. Amin, M. Islam, G. Mahmud, I. K. Chowdhury, and S. Hossain, “Towards 

sustainable AI: a comprehensive framework for green AI,” Discover Sustainability, vol. 5, no. 1, 

Nov. 2024. 

[67]A. Năstasă, Teodora-Cătălina Dumitra, and A. Grigorescu, “Artificial intelligence and sustainable 

development during the pandemic: An overview of the scientific debates,” Heliyon, vol. 10, no. 9, 

Apr. 2024. 

[68]C. Clemm, L. Stobbe, Kishan Wimalawarne, and J. Druschke, “Towards green AI: Current status and 

future research,” arXiv (Cornell University), May 2024. 

[69]C. Isensee, K. Griese, and F. Teuteberg, “Sustainable artificial intelligence: A corporate culture 

perspective,” NachhaltigkeitsManagementForum | Sustainability Management Forum, vol. 29, pp. 

217–230, Dec. 2021. 

[70]B. Tomlinson, R. W. Black, D. J. Patterson, and A. W. Torrance, “The carbon emissions of writing and 

illustrating are lower for AI than for humans,” Scientific Reports, vol. 14, no. 1, Feb. 2024 

Hayat || V-14 || Issue 10, 2025 || ISSN:1735-2215

https://doi.org/10.5281/zenodo.17369092 ||Page No - 54



 

[71]D. Ueda et al., “Climate change and artificial intelligence in healthcare: Review and recommendations 

towards a sustainable future,” Diagnostic and Interventional Imaging, vol. 105, no. 11, pp. 453–

459, Jun. 2024. 

[72]C. Clemm, L. Stobbe, Kishan Wimalawarne, and J. Druschke, “Towards green AI: Current status and 

future research,” Jan. 2024. 

[73]N. Hübner, J. Caspers, V. C. Coroamă, and M. Finkbeiner, “Machine‐learning‐based demand forecasting 

against food waste: Life cycle environmental impacts and benefits of a bakery case study,” Journal 

of Industrial Ecology, vol. 28, no. 5, pp. 1117–1131, Jul. 2024. 

[74]Burak Koçak, A. Ponsiglione, V. Romeo, L. Ugga, M. Huisman, and R. Cuocolo, “Radiology AI and 

sustainability paradox: environmental, economic, and social dimensions,” Insights into Imaging, 

vol. 16, no. 1, Apr. 2025. 

[75]Adnane Al Karkouri, Fadoua Ghanimi, and Salmane Bourekkadi, “Automatic detection of generated 

texts and energy: Exploring the relationship,” E3S Web of Conferences, vol. 412, pp. 1101–1101, 

Jan. 2023 

[76]R Prajwal et al., “A study on energy consumption in AI-Driven medical image segmentation,” Journal 

of Imaging, vol. 11, no. 6, pp. 174–174, May 2025. 

[77]R. O. Ajirotutu, M. Patrick, and S. Johnson, “AI-driven risk mitigation: Transforming project 

management in construction and infrastructure development,” World Journal of Advanced 

Engineering Technology and Sciences, vol. 13, no. 2, pp. 611–623, Dec. 2024. 

[78]S. Caird and R. Roy, “Sustainable higher education systems,” in Springer eBooks, Springer Nature, 2019, 

pp. 1817–1827. 

[79]Rallou Taratori, P. R. Fiscal, M. A. Pacho, Sesil Koutra, Montserrat Pareja‐Eastaway, and D. Thomas, 

“Unveiling the evolution of innovation ecosystems: An analysis of triple, quadruple, and quintuple 

helix model innovation systems in european case studies,” Sustainability, vol. 13, no. 14, pp. 7582–

7582, Jul. 2021. 

[80]Braun, V., & Clarke, V. (2006). “Using thematic analysis in psychology.”, Qualitative Research in 

Psychology, 3(2), 77–101 

[81]T. Chagnon-Lessard et al., “Smart Campuses: Extensive Review of the Last Decade of Research and 

Current Challenges”,in IEEEAccess,vol.9,pp.124200-124234,2021, 

[82]Nasro Min-Allah, Saleh Alrashed,”Smart campus—A sketch”,Sustainable Cities and Society,Vol. 

59,2020,102231,210-6707. 

[83]Dong, Z. Y., Zhang, Y., Yip, C., Swift, S., & Beswick, K. (2020). Smart campus: definition, framework, 

technologies, and services. IET Smart Cities, 2(1), 43.  

[84]Musa, M., Ismail, M. N., & Fudzee, M. F. M. (2021). A Survey on Smart Campus Implementation in 

Malaysia. JOIV International Journal on Informatics Visualization, 5(1), 51 

[85]Ha and Lee (2019). “Elementary teachers’ beliefs and perspectives related to smart learning in South 

Korea”. Smart Learning Environments, (2019) Vol6:3 5, 51.   

[86]D Das,Lim et. al (2022). “Developing a Smart and Sustainable Campus in 

Singapore”. Sustainability 2022, 14(21), 14472  

[87] Md Eshrat E. Alahi 1, et. al (2023). “Integration of IoT-Enabled Technologies and Artificial Intelligence 

(AI) for Smart City Scenario: Recent Advancements and Future Trends”. IoT Enabled Sensing 

System: Technologies,, Sensors 2023, 23(11), 5206:  

[88] Dad, A., Asif Mahbub Karim, F., Chowdhury, T. I., & Chowdhury, M. A. H. (2020).“ Smart Umbrella: 

A    Way to Beautify Future Smart Cities”. International Journal of Academic Research in Business 

and Social Sciences, 10(2), 379–390. 

[89] Donatus Ebere Okonta, Vladimir Vukovic.“ Smart cities software applications for sustainability and 

resilience,Heliyon”. Sustainability ,vol10,2024,e32654. 

Hayat || V-14 || Issue 10, 2025 || ISSN:1735-2215

https://doi.org/10.5281/zenodo.17369092 ||Page No - 55


