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Aksaray University, The global climate change and the elements of the increasing consumption have led
Smart Campus, to the risk of emerging environmental deformation in cities. In light of these
Smart City, parameters, it is the matter that campuses, which are a core component of cities, are
Sustainability. also affected. Today, universities prefer to use the Boyd Cohen Wheel to develop

their campuses in terms of the sustainable environment as in cities. Because
campuses are small-scale cities in terms of many ways, studies to be conducted in
these areas can set a model for smart cities as well. There are also several
approaches in literature and practice related to the process of conversion to smart
campuses. This study aims to examine the idea of 'smart campus' and its
relationship with 'smart city' by focusing on examples from Aksaray University. In
this context, approaches to a sustainable environment in university campuses are
discussed.

AKILLI KAMPUSLERIN BOYD COHEN CEMBERI VE SURDURULEBILIR CEVRE BOYUTU

BAGLAMINDAKI ONEMI
Anahtar Kelimeler 0z
Aksaray Universitesi, Artan niifus degisimleri, kiigiik ve biiyiik 6lcekli sehirleri etkilemektedir. Ozellikle,
Akilli Kampiis, bina yapimi ve yerlesimlerde, konfor, enerji verimliligi, atik kontroli, cevreye uyum
Akall Sehir, ve yliksek teknoloji artik temel ihtiyaglar arasina girmistir. Kiiresel iklim degisikligi
Stirdiirtilebilirlik. ve artan tiiketim unsurlari, sehirlerde cevresel deformasyon olugsmasi riskini de

beraberinde getirmistir. Bu parametreler 1518inda kentlerin temel bir bileseni olan
kampiislerin de etkilenmesi s6z konusudur. Gliniimiizde iiniversiteler kampiislerini
kentlerdeki gibi siirdiiriilebilir cevre acisindan gelistirmek icin Boyd Cohen
Cemberini' kullanmay tercih etmislerdir. Kampiisler bir¢ok yénden kiiciik 6l¢ekli
sehirler olup bu alanlarda yapilacak ¢alismalar potansiyel olarak akilli sehirlere de
ornek olusturabilir. Akilli kampislere doniisim streci ile ilgili literatiirde ve
uygulamada gesitli yaklasimlar da bulunmaktadir. Bu ¢alisma mevcut literatiiriin
'akilli kampiis' kavramini nasil kapsadigini ve 'akilli sehir' ile iliskisini Aksaray
Universitesi Kampiisiinden érneklerle incelemeyi hedeflemektedir. Bu kapsamda,
iiniversite yerleskelerinde, kati atik ve su yonetimi, ulasim, aydinlatma ve enerji
verimliliginin arttirilmasi hususlarinda yaklasimlar tartisilmistir.
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1. Introduction

The population of cities is growing by factors such as birth and migration; therefore, “the proportion of the
population living in cities, which is 54% in 2015, is expected to rise to 60% by 2030 and 66% by 2050” (Villegas-
Ch et al, 2019; Swilling et al, 2018). With this unstoppable growth, consumption is increasing and many
environmental concerns are emerging in individuals. The environmental concerns that cities will face today and
in the future can be outlined as follows: Population growth, climate change and global warming, health, declining
resources, pollution, increased energy requirement, and the need for communication. The negative effects of rapid
consumption of ecological resources due to the global growth and increasing population have paved the way for
many cities to be smart cities in the world (Barcelona, Singapore, Copenhagen, etc.) (Bi et al,, 2017; Huang et al.,
2015;Yang, 2015). The rapid population growth, especially in large cities, leads to many problems. These problems
adversely affect the economic and social life in the cities, as well as reduce the life quality of the city residents and
reduce the brand and competitiveness power of the cities. At this point, since it has the potential to generate
rational solutions for urban problems, the Smart Cities approach emerges as an important project implemented
by countries and international organizations. Technological developments in recent years also lead to a
technological transformation in our lives (Jiayu et al, 2019; Kayapinar Kaya et al,, 2019). So much so that,
technology affects almost all areas of our lives and surrounds us, consciously or unwittingly. Both because of this
technological change and because of the sustainable environment phenomenon, the campuses that are an
indispensable part of the cities also receive their share from this change (Gorgulu and Kocabey, 2020; Fortes et al.,
2019; Bhatia, 2018; Ferraris et al,, in press; Kog, 2014). Campuses have always been home to growth, production,
innovation, and awareness due to their dynamic structures. The “smart campus” was first introduced in the early
2000s (Vasileva et al.,, 2018). Smart campuses should be well designed in addition to their environmental and
rational dimensions. With a holistic approach, the smart campus should be created as a mixed, compact, well-
connected, well-structured, living, green campus in an urbanized environment (Figure 1).
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Figure 1. Campus form dimensions (Hajrasouliha, 2017).
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Universities are the most important areas that contribute to the development of a modern lifestyle in societies
through sustainable and ecological studies. Therefore, sustainable university, sustainable and ecological campus
practices have become a rapidly growing trend worldwide. “The sustainable and ecological campus” concept can
be expressed as campuses that are environmentally sensitive, minimize energy consumption, have effective waste
management, use nature-friendly products and materials, and contribute to sustainable development. With the
sustainable and ecological campus applications, the university will be able to stand on its own feet economically,
resist global climate change and environmental problems, and perform social responsibility tasks by raising
awareness of the community. In this study, which is about smart campus and smart city parameters, the concept
of ‘smart city’ is discussed first and then applications in Aksaray University (ASU) campus are examined within
the context of the ‘smart campus’ concept.

2. Boyd Cohen Weel and The Components of Smart Cities

While the definition of a smart city is made in the world and Turkey according to a wide variety of commissions
and unions, the concept of smart city incorporates some concepts such as sustainable city, connected city, the
competitive city, brand city, digital city, livable city, ecological city, green city, and low carbon city (de Souza et al.,
2020; General Directorate of Geographic Information Systems, 2019; Guerrieri et al.,, 2019; Ardito et al,, 2019). A
smart city is expressed as a sustainable city where technological facilities and data are utilized at the most
advanced level in order to improve the life quality of its inhabitants and to use the resources effectively and
efficiently, and where all the individuals of the city are integrated with the city management (Neirotti et al., 2014).
The smart city is founded on two key criteria (sustainability and communication). With its easy-to-follow fiction,
Boyd Cohen's Smart City Wheel has the potential to inspire new projects for smart cities. According to this
approach, which is also adopted by the European Union, smart cities consist of 6 components (Figure 2): smart
mobility/transportation, living, governance, environment, economy, and people (General Directorate of
Geographic Information Systems, 2019; Cohen, 2018; Gasco-Hernandez, 2018; Yaqoob et al., 2017; Yoshida et al,,
2017; Liu, 2015). Since these components are applications that feed and develop each other, handling of these
components in a holistic way through a systematic approach in smart city design will increase the effectiveness in
practice.
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Figure 2. Boyd Cohen's Smart City Wheel (General Directorate of Geographic Information Systems, 2019).

As the interest in sustainable campuses has increased, sustainable international indexes have begun to be used as
well. These are the Green League, Environmental and Social Responsibility Index, Green Star, and GreenMetric
assessment methods (Puertas and Marti, 2019; Ozdogan and Civelekoglu, 2019; Ragazzi et al.,, 2017; Suwartha et
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al,, 2013). Among these, the most widely used and the first in sustainable campus applications is the GreenMetric
ranking model (Marrone et al, 2018). Among the main reasons for the emergence of the GreenMetric ranking
model, there are many factors such as increased environmental issues (water pollution, soil and air pollution, etc.),
rapid depletion of non-renewable energy sources, drought resulting from global warming, decrease of
biodiversity, changes in seasons and climate, deterioration of ecological balance, etc. In the GreenMetric model put
into practice by the University of Indonesiain 2010, green measurement categories and indicators were developed
to ensure that higher education institutions were environmentally conscious and sustainable. This model,
consisting of 6 main categories and 53 indicators in total, was structured to include issues of environmental and
ecological sensitivity, economics, and teaching (Table 1). The indicators were campus placement, substructure,
energy and global warming, waste and water management, ecologic transportation opportunities, and teaching,
respectively (Kayapinar Kaya et al., 2019). Through this model, it was aimed to raise awareness among university
administrators and employees on issues such as “global warming”, “energy”, “water management and saving”,
“waste recycling”, and “green transportation and environment”. In campus, by applying some practices such as
“saving energy”, “greenhouse gas emission reduction and adaptation policy”, “in-campus carbon footprint rate”,
“Green and smart building applications”, and “energy-efficient equipment usage”, which are under the main
category of “energy and climate change”, universities aim to reduce the factors that can cause global warming.

3. Smart Campus and Aksaray University

There are many index studies published in the context of Smart Campus. However, not all of the studies conducted
touches on all the components of the Smart Campus (Figure 3). Generally, universities around the world and in our
country have focused on the GreenMetric model, intelligent environment, and life components within the scope of
Boyd Cohen's Smart City Wheel. In addition, there is a wide variety and new research about Smart Campus in the
literature (de Souza et al., 2020; Guerrieri et al,, 2019; Ardito et al., 2019; Ampudia-Renuncio et al., 2018; Gasco-
Hernandez, 2018; Yoshida et al,, 2017; Alvarez-Campana et al., 2017; Yaqoob et al,, 2017; Liu, 2015; Wu and Yin,
2015).
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Figure 3. Six-factor GreenMetric model rating of ASU campus
3.1. Water Management and Saving
It is clearly mentioned on international platforms that water scarcity will be one of the major problems of the

coming centuries in every region of the world on a global scale, and therefore the lives of billions of people depend
on the rational and correct management of water. Today, supplying of water is becoming a major problem due to
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some reasons such as the rapid increase of the population, increasing water needs in all areas, unconscious
consumption, and the pollution of clean water sources (Amaral et al., 2020; Washington-Ottombre et al., 2018).
Therefore, instead of being a pollutant, domestic wastewater has become a source of water that can be used by
reevaluating. With their staff, student capacity, classrooms, laboratories, social facilities and dormitories,
university campuses are also the areas causing emerging of a significant amount of wastewater. Water
management and saving is expressed as the development, distribution, and use of water resources, which are used
within the campus, in a planned and programmatic manner. For this purpose, effective use of water should be
ensured by establishing a campus water footprint. Green field irrigation is being attempted to apply by recycling
the low-contaminated wastewater which is defined as “grey water” in the literature and which originates from the
sinks of the units (faculty, refectory, dormitory, administrative unit etc.) in ASU campus (Figure 4). In addition,
grey water analysis and treatment methods continue to be developed within the scope of undergraduate theses in
the ASU Environmental Engineering Department.

Table 1. GreenMetric model ratings at universities in Turkey (UI GreenMetric, 2019).

University Setting & Infrastructure Energy & Climate Change Waste Water Transportation Education & Research Puan
U1 1050 1150 1575 800 1425 1600 7600
U2 1100 1200 900 750 1175 1425 6550
U3 1075 1050 1125 525 1325 1200 6300
U4 775 1300 1200 600 1175 1200 6250
Us 850 1400 975 575 1200 975 5975
U6 900 1025 1575 150 1225 1050 5925
U7 975 975 975 450 1400 975 5750
Us 875 975 1050 500 1275 1050 5725
U9 875 1100 900 500 1250 1050 5675
U10 900 1175 1350 200 1325 625 5575
U11 1050 675 1125 450 1225 975 5500
U12 1325 925 450 250 1350 1175 5475
U13 775 1225 1050 100 1525 725 5400
U14 1050 1050 1200 625 625 750 5300
U15 925 800 900 575 1125 925 5250
U16 850 875 975 500 1100 900 5200
U17 1200 700 675 525 925 1100 5125
U18 650 650 1125 200 1275 1075 4975
U19 725 1050 900 350 825 850 4700
U20 900 825 600 500 925 825 4575
U21 850 675 1500 350 800 375 4550
U22 800 975 825 450 950 525 4525
U23 950 475 825 550 1050 625 4475
U24 650 1125 750 650 550 700 4425
U25 525 1150 975 100 1125 525 4400
U26 825 850 675 400 1025 600 4375
u27 875 675 675 350 800 975 4350
U28 850 825 450 250 1125 775 4275
U29 575 575 900 100 1175 900 4225
U30 950 900 975 0 900 300 4025
U31 300 650 1500 200 1075 300 4025
U32 850 800 675 400 750 450 3925
U33 850 650 825 100 600 900 3925
U34 950 650 375 225 975 725 3900
U35 325 825 525 275 1075 825 3850
U36 800 575 975 200 625 675 3850
u37 850 900 375 300 800 550 3775
U38 800 650 900 300 725 400 3775
U39 375 475 450 500 925 1025 3750
U40 775 225 675 300 1275 300 3550
U41 775 650 225 550 650 325 3175
U42 525 450 675 150 800 475 3075
U43 600 500 450 100 700 450 2800

U1:Istanbul Technical University; U2:Erciyes University; U3:Middle East Technical University; U4:0zyegin University; U5:Cyprus International University; U6:Aksaray
University; U7:Zonguldak Bulent Ecevit University; U8:Ege University; U9:Yildiz Technical University; U10:Hitit University; U11:Akdeniz University; U12:Cukurova
University; U13:Afyon Kocatepe University; U14:Sabanci University; U15:0ndokuz Mayis University; U16:Bartin University; U17:Ankara University; U18:Cappadocia
University; U19:Yeditepe University; U20:Dokuz Eylul University; U21:Anadolu University; U2:Inonu University Malatya; U23:Sivas Cumhuriyet University;
U24:TOBB University of Economy and Technology; U25:Istanbul Sabahattin Zaim University; U26:Tokat Gaziosmanpasa University; U27:Bogazici University;
U28:Diizce University; U29:Marmara University; U30:Ataturk University; U31:Galatasaray University; U32:Baskent University; U33:Siileyman Demirel University;
U34:Kadir Has University; U35:Kto Karatay University; U36:Bolu Abant Izzet Baysal University (BAIBU); U37:Cankaya University; U38:Eskisehir Technical University;
U39:Nigde Omer Halisdemir University; U40 Bilkent University; U41:Igdir Universitesi; U42:Kilis 7 Aralik University; U43: Izmir University of Economics

3.2. Waste Control and Zero Waste Applications

The problem of solid waste, which is a big problem on the way to becoming a smart city and is increasing day by
day, also creates negativities within the campuses (Abdelaal, 2019; Shuqin et al., 2019). To deal with this negative
effect, waste must be managed effectively. The development of recycling methods and techniques for plastic, glass
and paper types of waste that can be recycled within the campus is the first step for the waste management.
Through the Integrated Waste Management, students and staff of the university should be informed about the
methods of disposal of solid wastes emerging in the campus and works should be carried out in all faculties
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(Bahgelioghu et al,, 2020; Adeniran et al., 2017). For this purpose, based on zero waste target, applications were
carried out in all areas of ASU campus as seen in Figure 5. When these activities are associated with the city where
the university is located, it is seen that there is a mutual interaction. Good practices for the collection,
transportation, and disposal of waste will serve as an example for the city and will create an encouraging and
motivating effect.

Figure 4. Irrigation and landscaping practices at ASU campus

Figure 5. Zero Waste Management Practices at ASU Campus

3.3. Energy Efficiency and Transportation

In fact, what targeted with increasing of energy efficiency and with transportation is to reduce emissions that lead
to air pollution to a minimum or even zero if possible. In terms of sustainability, the applications of smart campuses
and cities are multifaceted. These are listed as more use of buildings and transportation vehicles that utilize the
alternative energy sources and the energy more efficiently and taking measures that will reduce COz emissions
(Attard et al., 2020; Ridhosari and Rahman, 2020; Adedeji et al.,, 2019; Jokinen et al., 2019; Okeniyi et al., 2018).
An average of 90% of human life is spent in buildings (home, workplace, etc.); the results of the studies conducted
in this context have also revealed that approximately 60% of the world's energy consumption is due to buildings.
Therefore, numerous green building certification systems (LEED, BREEAM, etc.) have been developed on an
international and national scale (Golbazi et al., 2020; Wang et al., 2020; Ding et al., 2018; Shan and Hwang, 2018;
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Tan et al., 2014). Among these systems, LEED stands out compared to other certification programs. As a green
building, the library on the ASU campus has been designed in this way and made available to the active use of
students 24 hours a day. Within the library, the wireless network system, motion-sensitive lighting and faucet
systems, etc. have been used (Figure 6). In addition, by using environment-friendly materials in campus buildings
and improving the solid and liquid waste management, contribution to environmentally sensitive and ecological
campus applications is ensured. In terms of energy efficiency, it is considered to use exterior solar panels in
buildings to be constructed on the ASU campus. In this way, ensuring the savings in electricity and natural gas use
is targeted. Besides these, the lighting systems on campus are also energy efficient and the design of the roads has
been made in this way. Motion-sensitive, photocell luminaires have been preferred in order to save energy in
lighting systems located both indoors and outdoors. Card pass consisting of radio frequency identification (RFID)
systems are used in the campus of Aksaray University, in order to provide security and automation for vehicle
entrances and exits with building entrances and exits. In addition, there are gas and smoke detectors in all rooms,
classes and laboratories in order to ensure fire safety in buildings.

Figure 6. ASU library (green buildin examp) and lighting systems

In order to solve the air pollution problem, multifaceted scientific research projects are presented for creating a
clean air space on campus (Mesquita et al., 2020; Yalciner Cal and Aydemir, 2018; Mehta et al., 2017). To ensure
clean air space on campus, the use of fossil fuel vehicles needs to be reduced and instead of them, environment-
friendly vehicles need to be made prevalent. For this reason, the use of bicycles in on-campus transportation has
been made prevalent at the ASU campus (Figure 7). In addition, diverting individuals to public transport is
emerging as another alternative. As shown in Figure 7, in addition to ecological practices, directions and gathering
points are clearly indicated in the campus in order for the possible various natural disasters such as earthquakes.
As aresult, for a sustainable environment, it is necessary both to protect nature and to resolve the problems that
nature can create in the best way.

Figure 7. Bicycle parking poins and emergency meeting area on ASU campus
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4. Result and Discussion

In the light of current developments and data, it is a known fact that the cities that are the indicator of civilization
today will have important problems if the patterns of life, environment, energy, transportation, and consumption
do not change. The most important of the things that need to be done to prevent cities from falling into this
situation is to implement the “smart city” approach. In order to achieve this, it is required that the transformation
of the University campuses into green and sustainable settlements must be accelerated primarily and they must
act as laboratories in the transition of cities to the smart city model. However, one point to be considered here is
that basing of both the city and the universities on smart components depends on the human factor. Therefore, it
should be ensured that awareness of people is raised about this issue and practices are developed in this direction.
In this context, the establishment of network systems to ensure the relations between the city and the university
and creating databases are important in terms of the flow of information. Seminars and events should be organized
for the city to be impressed from the smart campus practices and the implementation of innovative technologies
(green building, solar panels, etc.) for environmental protection, and spreading of them throughout the city should
be ensured. In this study, smart campus-related works carried out at the ASU campus were evaluated. In the
direction of smart environment and living criteria that are in the Boyd Cohen Wheel, the categories of waste
management, transportation, energy and water management in the campus were evaluated in terms of both their
impact on the city and the sustainability of the campus. As a result of the investigations, it was concluded that
although there are deficiencies in our country regarding the Smart Campus, campuses are of great importance
today in terms of being a brand city. As a result, it can be said that because campuses are in various ways model
cities, works to be conducted in these areas can set an instance for smart cities as well.

Acknowledgement

This work was supported by Aksaray University Rectorate and Environmental Engineering Department.
Conflict of Interest

No conflict of interest was declared by the authors.

References

Abdelaal, M.S., 2019. Biophilic Campus: An Emerging Planning Approach for a Sustainable Innovation-Conducive University.
Journal of Cleaner Production, 215, 1445-1456.

Adedeji, P.A,, Akinlabi, S., Madushele, N., 2019. Powering the future university campuses: a mini-review of feasible sources.
Procedia Manufacturing, 35, 3-8.

Adeniran, A.E., Nubi, A.T., and Adelopo, A.O., 2017. Solid Waste Generation and Characterization in the University of Lagos for
a Sustainable Waste Management. Waste Management, 67, 3-10.

Alvarez-Campana, M., Lopez, G., Vazquez, E. V., Villagra, V., Berrocal, ], 2017. Smart CEI Moncloa: An Iot-Based Platform for
People Flow and Environmental Monitoring On a Smart University Campus. Sensors, 17, 2856.

Amaral, AR, Rodrigues, E., Gaspar, A.R,, Gomes, A., 2020. A Review of Empirical Data of Sustainability Initiatives in University
Campus Operations. Journal of Cleaner Production, 250, 119558.

Ampudia-Renuncio, M., Guirao, B., Molina-Sanchez, R.,, 2018. The Impact of Free-Floating Carsharing On Sustainable Cities:
Analysis of First Experiences in Madrid with The University Campus. Sustainable Cities and Society, 43, 462-475.

Ardito, L., Ferraris, A., Petruzzelli, A. M., Bresciani, S., Giudice, M. D., 2019. The Role of Universities in The Knowledge
Management of Smart City Projects. Technology Forecasting Social Change, 142, 312-321.

Attard, M., Camilleri, M.P.J., Muscat, A., 2020. The technology Behind a Shared Demand Responsive Transport System for a
University Campus. Research in Transportation Business & Management, in press, 100463.

Bahgelioglu, E., Bugdaya, E.S., Dogan, N.B., Simsek, N., Kaya, S.0., Alp, E., 2020. Integrated Solid Waste Management Strategy of
a Large Campus: A Comprehensive Study on METU Campus, Turkey. Journal of Cleaner Production, 265, 121715.

Bhatia, S., 2018. Sustainable Smart Universities for Smart Cities. Journal of Economics, Management and Trade, 21(12), 1-11.

Bi, T, Yang, X, Ren, M., 2017. The Design and Implementation of Smart Campus System. Journal of Computers, 12(6), 527-533.

Cohen, B, 2018. “Blockchain Cities and the Smart Cities Wheel” (2019). [Online]. Available:
https://medium.com/iomob/blockchain-cities-and-the-smart-cities-wheel-9f65c2f32c36

de Souza, T.B., Alberto, K.C., Barbosa, S.A., 2020. Evaluation of Noise Pollution Related to Human Perception in A University
Campus in Brazil. Applied Acoustics, 157, 107023.

Ding, Z., Fan, Z.,, Tam, V. W. Y,, Bian, Y., Li, S, Illankoon, I. M. C. S., Moon, S., 2018. Green Building Evaluation System
implementation. Building and Environment, 133.

Ferraris, A, Belyaeva, Z., Bresciani, S., The Role of Universities in The Smart City Innovation: Multistakeholder Integration and
Engagement Perspectives. Journal of Business Research, in press.

Fortes, S., Santoyo-Ramon, J. A, Palacios, D., Baena, E., Mora-Garcia, R., Medina, M., Mora, P., Barco, R,, 2019. The Campus as A
Smart City: University of Malaga Environmental, Learning, And Research Approaches. Sensors, 19, 1349.

Gasco-Hernandez, M., 2018. Building a Smart City: Lessons from Barcelona. Communications ACM, 61, 50-57.

General Directorate of Geographic Information Systems, 2019. “Smart Cities” (2019). [Online]. Available:
https://webdosya.csb.gov.tr/db/cbs/akillisehirler/

959



CELEBI et.al. 10.21923/jesd.703431

Golbazi, M., Danaf, A.E., Aktas, C.B., 2020. Willingness to Pay for Green Buildings: A Survey on Students’ Perception in Higher
Education. Energy and Buildings, 216, 109956.

Gorguly, S., Kocabey, S., 2020. An Energy Saving Potential Analysis of Lighting Retrofit Scenarios in Outdoor Lighting Systems:
A Case Study for a University Campus. Journal of Cleanr Production, 260, 121060.

Guerrieri, M., La Gennusa, M., Peri, G., Peri, G., Rizzo, G., Scaccianoce, G., 2019. University Campuses as Small-Scale Models of
Cities: Quantitative Assessment of a Low Carbon Transition Path. Renewable and Sustainable Energy Reviews, 113,109263.

Hajrasouliha, A., 2017. Campus Score: Measuring University Campus Qualities. Landscape and Urban Planning, 158, 166-176.

Huang, L., Xie, Z., Luo, X. G., 2015. Design and Implementation of Campus, Service Platform. Science of Surveying and Mapping,
9, 69-73.

Jiayu, H., Jiewei, Z., Qiaohui, T., Yang, S., 2019. Application of the Technology in Sponge Campus in China. International Journal
of Architecture, Arts and Applications, 5, 105-112.

Jokinen, ].P., Sihvola, T., Mladenovic, M., 2019. Policy Lessons from the Flexible Transport Pilot Kutsuplus in the Helsinki Capital
Region. Transport Policy, 76, 123-133.

Kayapinar Kaya, S., Dal, M., Askin, A., 2019. Comparison of The Public and Private University Campusses in Turkey in Terms of
the Sustainable-Ecological Parameters. Journal of Balikesir University Institute of Science and Technology, 21(1), 106-125.

Kog, H. E., 2014. Environmental Sustainability of University Campuses: A Practical Assessment Tool. Ph.D. dissertation, Middle
East Technical University, Ankara.

Liu, H. T., 2015. Strategy Research On the Construction of Intelligent Campus in Colleges and University. China Management
Informationization, 7, 206-207.

Marrone, P., Orsini, F.,, Asdrubali, F., Guattari, C., 2018. Environmental Performance of Universities: Proposal for Implementing
Campus Urban Morphology as an Evaluation Parameter in Green Metric. Sustainable Cities and Society, 42, 226-239.

Mehta, P., Zhang, X,, Thomas, R, Jadhav, N,, Lee, ]J., Conaghan, C., Rawte, R, 2017. Harvesting 3D Multiphysics Modeling
Techniques for Smart and Sustainable University Campus. Energy Procedia, 143, 851-858.

Mesquita, A.R,, da Silva, T.O., Pitanga, H.N., de Paula dos Santos, A., de Souza, T.D., de Lima e Silva, P., 2020. Guidelines to Design
Bicycle Routes On University Campuses: A Case Study at The Federal University of Vigosa. Case Studies on Transport Policy,
in press.

Neirotti, P., Marco, A. D., Cagliano, A. C,, Mangano, G., Scorrano, F., 2014. Current Trends in Smart City Initiatives: Some Stylised
Facts. Cities, 38, 25-36.

Okeniyi, ].0., Atayero, A.A., Popoola, S.I., Okeniyi, E.T., Alalade, G.M., 2018. Smart campus: Data on Energy Generation Costs from
Distributed Generation Systems of Electrical Energy in a Nigerian University. Data in Brief, 17, 1082-1090.

Ozdogan, B., Civelekoglu, G., (2019). Universite Yerleskeleri i¢in Ulusal Cevresel Siirdiiriilebilirlik Endeksinin Gelistirilmesi,
Miihendislik Bilimleri ve Tasarim Dergisi, 7(1), 65-80.

Puertas, R, Marti, L., 2019. Sustainability in Universities: DEA-GreenMetric. Sustainability, 11, 3766.

Ragazzi, M., Ghidini, F. 2017. Environmental Sustainability of Universities: Critical Analysis of a Green Ranking. Energy Procedia
119,111-120.

Ridhosari, B.,, Rahman, A, 2020. Carbon Footprint Assessment at Universitas Pertamina from The Scope of Electricity,
Transportation, And Waste Generation: Toward A Green Campus and Promotion of Environmental Sustainability. Journal
of Cleaner Production, 246, 119172.

Shan, M., Hwang, B, 2018. Green Building Rating Systems: Global Reviews of Practices and Research Efforts. Sustainable Cities
and Society, 39, 172-180.

Shugqin, C., Minyan, L., Hongwei, T., Xiaoyu, L. Jian, G., 2019. Assessing Sustainability On Chinese University Campuses:
Development of A Campus Sustainability Evaluation System and Its Application with A Case Study. Journal of Building
Engineering, 24, 100747.

Suwartha, N., Sari, R.,,2013. Evaluating Ul Greenmetric as A Tool to Support Green Universities Development: Assessment of
The Year 2011 Ranking, journal of Cleaner Production, 61, 46-53.

Swilling, M., Hajer, M., Baynes, T., Bergesen, ., Labbe, F., Musango, J. K., Ramaswami, A., Robinson, B., Salat, S., Suh, S., Currie, P.,
Fang, A., Hanson, A, Kruit, K., Reiner, M., Smit, S., Tabory, S., 2018. The Weight of Cities Resource Requirements of Future
Urbanization, United Nations Environment Programme, Nairobi, Kenya, Technical Report.

Tan, H,, Chen, S,, Shi, Q., Wang, L., 2014. Development of Green Campus in China. Journal of Cleaner Production, 64, 646-653.

Ul GreenMetric, “Turkey Universities Ranking,” (2019). [Online]. Available: http://greenmetric.ui.ac.id/country-
list2019/?country=Turkey

Vasileva, R, Rodrigues, L., Hughes, N., Greenhalgh, C., Goulden, M., Tennison, J., 2018. What Smart Campuses Can Teach Us About
Smart Cities: User Experiences and Open Data. Information, 9, 251.

Villegas-Ch, W., Palacios-Pacheco, X., Lujan-Mora, S., 2019. Application of A Smart City Model to A Traditional University
Campus with A Big Data Architecture: A Sustainable Smart Campus. Sustainability, 11, 2857.

Wang, B, Sun, S, Li, Y, Xie, Y.N,, Hou, Y.X, Jin, Q.T., Ren, Y.Y., 2020. Campus Wind Environment Evaluation in North China-A
Case Study of NCUT. Energy Reports, 6, 787-793.

Washington-Ottombre, C., Washington, G.L., Newman, J., 2018. Campus Sustainability in The US: Environmental Management
and Social Change Since 1970. Journal of Cleaner Production, 196, 564-575.

Wuy, Y, Yin, G. H, 2015. Some Thoughts On the Construction of Smart Campus. Information Computer (Theory), 13, 167-178.

Yalciner Cal, D., Aydemir, E., (2018). Determination of Emergency Assembly Points on Campus: A Case Study of Suleyman
Demirel University, Journal of Engineering Sciences and Design, 6(3), 520-531.

Yang, J., 2015. Discussion On the Construction Scheme of Intelligent Campus. Mobile Communication, 19, 40-44.

Yaqoob, L., Hashem, L. A. T.,, Mehmood, Y., Gani, A., Mokhtar, S., Guizani, S., 2017. Enabling Communication Technologies for
Smart Cities. IEEE Communications Magazine, 55, 112-120.

Yoshida, Y., Shimoda, Y., Ohashi, T., 2017. Strategies for A Sustainable Campus in Osaka University. Energy and Buildings. 147,
1-8.

960



